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Abstract

Prenatal diagnostic tests are invasive and are used to determine the genetic-based anomaly of the
fetus and provide information about the fetal karyotype. Noninvasive screening tests are also available
to identify high-risk pregnancies for chromosomal anomalies or birth defects. It is based on serum
analyte screening at different gestational ages and is used in pregnancy follow-up. There are noninvasive
prenatal tests (NIPT) that target fetal DNA and RNA in maternal plasma for diagnosis in earlier stages
of pregnancy. Free fetal DNA (cffDNA) analysis in maternal blood is used to screen for trisomy 21 and
other chromosomal aneuploidies. The availability of free fetal RNA (cffRNA) and DNA methylation
analysis in NIPT-based assays is under investigation. Fetal DNA is more stable than RNA and allows
genotyping, while its low copy number is a disadvantage and cffDNA gives false positive results in
maternal chromosomal abnormalities or malignancies. cffRNA analysis is gender- and polymorphism-
independent and is simple and inexpensive method. Therefore, it is predicted that RNA markers will be
more useful in reflecting pregnancy and fetal development. MicroRNAs (miRNAs) have been shown to
play role in changing physiological conditions during pregnancy and in conditions associated with fetal
development. miRNAs are released from placental syncyotrophoblasts into the maternal circulation via
exosomal particles and can be detected in maternal plasma. miRNAs allow stable and real-time
quantification. Therefore, it is thought that fetal miRNAs can be integrated into invasive methods and
even used as a noninvasive method. There are studies on the expression levels of pregnancy-associated
miRNAs. However, data investigating congenital anomalies of miRNAs are insufficient in literature.
There are only five studies in Pubmed that have focused only on trisomy-21-associated chromosome-
21-derived miRNAs (hsa-miR-99a, let-7c, miR-125b-2, miR-155 and miR-802). Much more data is
needed to identify miRNAs that can be used to screen for congenital anomalies.

Keywords: Noninvasive Prenatal Testing, Mirna, Fetal Dna, Fetal RNA

fetal 
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 metilasyon analizinin NIPT 

maternal kromozom anomaliler

kromozom- -miR-99a, let-7c, miR-125b-2, miR-155 ve miR-

Anahtar Kelimeler: Noninvaziv Prenatal Test, Mirna, Fetal Dna, Fetal RNA 

 

Prenatal Diagnosis and Screening Tests 

Prenatal diagnostic tests are invasive procedures that are used to determine the anomaly of the fetus 
due to a certain genetic cause and provide precise information about the fetal karyotype. The most 
common indication has been reported as advanced maternal age of 35 years and above. Other common 
indications are positive aneuploidy screening results, family history of hereditary genetic diseases, or 
abnormalities identified on ultrasound [1]. 

Identification of congenital defects in prenatal screening started with the use of ultrasound (USG) in 
the 1950s, and obstetric USG has come to the fore in the elapsed process. In the 1970s, the use of real-
time gray-scale imaging contributed to the development of prenatal diagnosis by allowing the evaluation 
of pregnancies at all stages of pregnancy, from the early stages of pregnancy. Obstetric imaging plays 
an important role in determining the gestational age and number of fetuses, evaluating fetal development 
and malformations, and supporting invasive diagnostic tests [2]. Second trimester transabdominal 
ultrasonography performed between 18 and 23 weeks of gestation is used to evaluate anatomical 
anomalies. In addition, first trimester ultrasonography is applied by transvaginal or transabdominal way 
in the evaluation of major anomalies that can be identified in the first trimester, such as anencephaly or 
cystic hygromas. Because some anomalies are known to be associated with certain aneuploidy or 
chromosomal defects, the likelihood of associated conditions increases when these anomalies are 
identified. The most important fetal finding detected in ultrasonographic evaluations at gestational 
weeks between 10 and 14. is NT increase, and it has been reported that approximately 34% of fetuses 
with increased NT have chromosomal anomalies [1,3,4]. 

Amniocentesis was the first prenatal chromosomal diagnostic test described in the 1950s [5]. In 
addition, it is still the only diagnostic test available during the 2nd or 3rd trimesters of pregnancy and 
can be performed at any gestational age after 15 weeks of gestation. In this technique, amniotic fluid 
obtained from the amniotic sac with the help of USG is used for analysis. Amniotic fluid is a valuable 
component for fetal development throughout pregnancy, in addition to being a protective fluid in the 
amniotic cavity. Since the amount of fluid taken during amniocentesis is completed in a short time after 
the procedure, there is no harm to the fetus in this respect. In addition to the evaluation of genetic 
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diseases, amniocentesis is also used to evaluate alpha-fetoprotein and acetylcholinesterase levels in 
amniotic fluid in order to detect the presence of intra-amniotic or fetal infection or neural tube defect 
using culture or polymerase chain reaction. Complications are more common in early gestational ages, 
and complications after application include fetal loss, bleeding and risk of infection. Fetal loss due to 
amniocentesis has been found to be approximately 1 in 900 in recent studies. Therefore, similar to CVS, 
the frequency of performing amniocentesis has decreased with the increased use of free fetal DNA 
screening [6 8]. 

Chorionic villus sampling (CVS) is the only diagnostic test available in the first trimester and is 
performed in earlier stages of pregnancy [1]. It is determined by diagnostic analyzes including 
fluorescent in situ hybridization (FISH), karyotyping, microarray, molecular testing and gene 
sequencing. CVS is done between weeks 10 and 14 of pregnancy. Although CVS has been applied 
before the 9th week in the past, it has been shown to increase the risk of extremity deformities and is 
not recommended today [3,9]. 

Chorionic villus sampling can be performed transcervically or transabdominally, and chorionic villi 
are collected for genetic evaluation using ultrasound without entering the amniotic sac [6,7]. The 
advantage of CVS is that it allows for earlier diagnosis and therefore safer pregnancy termination. 
However, the disadvantage of the test is that approximately 1% to 2% of CVS results may reflect limited 
mosaicism to the placenta rather than true fetal chromosomal anomalies. In recent years, the increasing 
use of free fetal DNA screening has resulted in a decrease in the rate of application of CVS. One of the 
reasons for this is that it causes pregnancy loss at a rate of approximately 1 in 455 [6,7]. 

In addition to the diagnostic tests performed, noninvasive tests such as serum analyte screening and 
free fetal DNA screening have been developed to screen for genetic anomalies during pregnancy [1]. 

Prenatal Screening Tests 

The goal of screening is to detect or identify disease risk in an asymptomatic, low-risk population. 
Unlike diagnostic tests that are applied to identify or confirm affected individuals, screening is intended 
to identify the population at high risk for a particular disease and to whom diagnostic testing should be 
performed. The purpose of prenatal screening tests is to identify women with high-risk pregnancies for 
chromosomal abnormalities or congenital defects. While ultrasound can be a diagnostic test as in the 
detection of neural tube defect, serum screening is designed to identify only pregnancies at increased 
risk [10]. 

Screening tests can be compared and evaluated using four criteria: sensitivity, specificity, positive 
predictive value, and negative predictive value. These are the validation criteria, and are indications that 
persons who are sick are well differentiated from those who are not sick in a screening test [10]. In 
addition, the repeatability or consistency of a test also affects its reliability. Because maternal serum 
analytes are measured for two or more fetuses (and placenta), analyte-based aneuploidy screening tests 
are less reliable in multiple pregnancies [11]. In the same way, free fetal DNA screenings are also not 
recommended in multiple pregnancies, as they contain DNA from two placentas [12,13]. In obese 
pregnant women, they are more likely to give a result that requires subsequent screening or diagnostic 
testing, due to reasons such as low fetal fraction in free fetal DNA screening [14]. 

In serum-based screening tests, various test criteria are performed at different weeks of pregnancy 
[Table 1][15]. 
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Table 1. Criteria for serum screening tests for aneuploidy [15]. 

Screening 
test 

Gestational 
age at screening 
(in weeks) 

Detection 
rate (%) for 
trisomy 21 

Positive 
screening rate (%) 

Analytics and 
/ or 
measurements 

First 
trimester 
screening 

10-13 * 82-87 5 NT, PAPP-A, 
hCG 

Triple 
screening 

15-22 69 5 hCG, AFP, uE3 

Quad 
screening 

15-22 81 5 hCG, AFP, 
uE3, DIA 

Integrated 10-13 and 15-
22 

96 5 Quad screening 
after first trimester 
screening 

Gradual 

sequential 
screening 

10 13 and 15
22 

95 5 Quad screening 
after first trimester 
screening 

Conditional 
screening 

10-13 and 15-
22 

88-94 5 Quad screening 
after first trimester 
screening 

Free fetal 
DNA 

after 9-10 
weeks 

99 0.5 Molecular 
evaluation of free 
fetal DNA in 
maternal serum 

AFP, Alpha-fetoprotein; DIA, Dimeric Inhibin-A; hCG, Human Chorionic Gonadotropin; PAPP-A, 
Pregnancy-Associated Plasma Protein A; uE3, Unconjugated Estriol. 

First trimester screening is a frequently used screening test that includes the combination of serum 
analyte measurement and ultrasonography examination in which nuchal translucency is measured, 
between 10 and 13 weeks + 6 days of gestation. With the first trimester screening test, a risk estimation 

-HCG and PAPP-A, maternal age, past pregnancy 
history, number of current fetuses, weight, race, and nuchal translucency. Some risk programs 
additionally include the presence or absence of nasal bone. 1/300 is widely used as the cut-off value for 
a high-risk outcome, but the cut-off value is recommended to be determined by the laboratory [15]. It is 
accepted that nuchal thickness greater than 3 mm is significantly associated with both aneuploidy and 
structural malformations [15 18]. In the first observational study describing this phenomenon, 
aneuploidy was confirmed in 35% of fetuses with nuchal translucency greater than 3 mm [16]. In 
particular, evaluation by ultrasonography is important in fetuses with a nuchal nuchal thickness greater 
than 3.5 mm in pregnancies with normal cytogenetic analysis, and fetal echocardiography should be 
recommended to evaluate the presence of structural cardiac malformations [15]. The most important 
advantage of first trimester screening is that the results are given at early gestational age. However, the 
fact that even a measurement inconsistency of only 0.5 mm in the measurement of nuchal translucency 
reduces significantly the sensitivity of this test is a disadvantage of it [19]. 

In the second trimester, triple, quad and integrated, gradual sequential and conditional screening tests 
can be performed. In triple screening, the combination of hCG, unconjugated estriol and AFP is used 
clinically. The sensitivity of detecting trisomy 21 was approximately 60%, but PPV remained at 
approximately 2%. In addition, if all three analytes were reduced, the probability of detecting trisomy 
18 reached 60%. In terms of test characteristics, the triple test is more reliable for trisomy 18 than for 
trisomy 21 because the false-positive rate is lower [20].
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The quad screen can be performed between weeks 15 and 22 of pregnancy and measures serum levels 
of proteins released by the pregnant woman, such as hCG, AFP, inhibin A, and unconjugated estriol. 
These protein measurements are combined with the patient's age, race, weight, number of fetuses in the 
current pregnancy, diabetes status, and gestational week to make a risk estimation. The detection rate 
has been reported as 81% and positive screening rate as 5%, the detection rate is slightly lower than the 
first trimester screening [38]. Its ability to screen for neural tube defects besides aneuploidy and being 
available because it does not require a sonograph are its important advantages [21]. 

Numerous screening modalities include both first trimester screening and quad screening. These 
methods include integrated screening, gradual sequential screening and conditional screening. In 
integrated screening, first trimester test is applied, the results of which are not presented to the patient 
or provider, and then quad screening is performed. All of these values are included in a single risk 
estimate to provide a comprehensive risk ratio when calculating the second trimester risk of aneuploidy 
for the patient. With a positive screening rate of 5%, and the detection rate of 96%, it has a higher rate 
than any available serum screening test other than free fetal DNA. The disadvantage is that it limits the 
time to evaluate options due to the relatively late results [1].

Both gradual sequential screening and conditional screening are associated with patients' first 
trimester screening outcomes. Gradual sequential screening includes first trimester screening, and quad 
screening. First trimester screening results are available to enable early screening and diagnosis for 
patients at high risk for aneuploidy. In conditional screening, first trimester results are divided into 3 
groups as high, medium and low risk. The high-risk group is then given a diagnostic test, while the low-
risk group does not receive any other tests. Quad screening is recommended for the medium risk group. 
In this screening method, the detection rate ranges from 80% to 94%, and the positive screening rate is 
5% [1]. 

In the period since prenatal screening for fetal aneuploidy became clinically available, there have 
been remarkable improvements in the rate of fetuses with aneuploidy detected and the rate of accurately 
identified chromosomal abnormalities. In addition, the pregnancy rate in women aged 35 and over has 
increased from approximately 5% to 15%, and as a result, aneuploidy screening has become a test that 
can be applied to all pregnancies rather than being a test that can be used only for pregnant women 
younger than 35 years [22]. 

Chromosomal abnormalities affect approximately 0.4% (1/250) of births according to population-
based registries including live births, fetal deaths, and pregnancy terminations [23]. Trisomy 21 accounts 
for more than 50% of cases, trisomy 18 accounts for 15% and trisomy 13 accounts for 5%. About 12% 
are sex chromosomal abnormalities such as 45 X0 and 47 XXX, XXY and XYY. The remaining 18% 
of chromosomal abnormalities are either not aneuploidy such as polypoid, mosaicism and structural 
rearrangements or are currently undetected on maternal serum screening [10]. 

With the increasing interest in noninvasive prenatal testing (NIPT), the use of techniques that provide 
a definitive diagnosis and allow targeting and analysis of fetal DNA and RNA in maternal plasma, 
instead of noninvasive tests based on analyzes of placental proteins and giving probability scores, are 
increasing. This opportnity was first suggested by the discovery of fetal DNA and mRNA in blood 
samples of pregnant women from early pregnancy, as a result of the normal process of placental 
physiology in the maternal circulation, and later it has also been shown that it can be isolated and may 
allow molecular analysis [24]. As of 2011, free fetal DNA (cffDNA) in maternal blood has started to be 
counted among noninvasive prenatal screening tests, with the recommendation of ACOG and the 
'Society for Maternal-Fetal Medicine'. In this technology, cffDNA fragments are isolated from the 
maternal serum obtained from the blood sample taken from the pregnant. This free DNA is mainly of 
placental origin and is released from apoptotic trophoblasts. Fetal fraction increases with gestational 
age, accordingly its measurement is considered reliable after 10 weeks of gestation at the earliest, since 
it is more likely to be found at a rate of more than 10%. Although cffDNA analysis has been found to 
have a 99% detection rate for trisomy 21 in current meta-analyses, it should be noted that it is a screening 
test [1,25]. 

Indications for free fetal DNA screening are determined as maternal age over 35 at birth, 
ultrasonographic findings showing an increased risk of aneuploidy, a history of trisomy in previous 
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pregnancies, balanced Robertsonian translocation in parents as it increases the risk of trisomy 13 or 21, 
and high-risk first trimester or second trimester aneuploidy screening results [12,26]. Fetal number and 
gestational age should be confirmed prior to testing, and the importance of ultrasound should not be 
underestimated to assess the presence of major identifiable anomalies in the first trimester, as this will 
alter the risk of pre-analysis aneuploidy [27]. 

It also has the ability to identify fetal Rh status and fetal gender with high accuracy in pregnancies at 
risk of rhesus (Rh) isoimmunization, which are among the advantages of free fetal DNA. However, the 
use of free fetal DNA is not recommended in pregnancies with other autosomal aneuploids or 
microdeletions, since it has not been extensively studied [12,15]. In addition, maternal chromosomal 
abnormalities or malignancy or mosaicism limited to the placenta may produce unreported or false 
positive results. Although screening with free fetal DNA has the best detection rate of any screening test 
for trisomy 21, sequential screening continues to have a higher detection rate for all chromosomal 
abnormalities than free DNA, and shows that many chromosomal abnormalities that can be identified 
in conventional serum screening can be missed with free fetal DNA [28]. 

On the other hand, free fetal RNAs (cffRNA) and DNA methylation analysis also offer opportunities 
to develop new applications for NIPT-based testing. DNA methylation and non-coding RNAs are 
associated with the regulation of gene expression. The mRNA gene expression profile of tissues is 
accepted as a reflection of cellular activities. Therefore, it has been reported that analysis of fetal-derived 
DNA methylation and transcriptomic profiles in maternal plasma may allow the observation of fetal or 
pregnancy-related diseases and pathologies beyond being directly related to genetic or chromosomal 
defects [29]. 

Since the expression levels of RNAs, which are important in the regulation of gene expression and 
protein synthesis, are tissue and time specific, it is suggested that analysis of cffRNAs can provide 
information about the pathophysiological status of fetal tissues for that process. In 2000, detection of 
fetal-derived Y-chromosome-specific zinc finger protein mRNA in maternal plasma using reverse 
transcription-PCR (RT-PCR) revealed the presence of fetal RNA in maternal blood [24]. In addition, 
the discovery of the presence of placental-derived mRNA [30] and miRNA [31] transcripts in maternal 
plasma revealed that the placenta is also important in fetal nucleic acid release. 

The detection rate of plasma fetal RNA is lower than that of plasma fetal DNA, due to its degradation. 
It has been reported that plasma mRNA species are packaged in subcellular particulate form and the 
particulate property of mRNA is at a very high stability compared to immature RNA molecules. On the 
other hand, although circulating miRNAs are mostly nonparticular, they are highly stable [24, 30, 31], 
and this is suggested to be due to the hairpin structure of miRNAs [29].  

In a study conducted in 2007, it is shown that trisomy 21 diagnosis could be made by determining 
the allele ratio of the associated SNP in heterozygous fetuses by using PLAC4 mRNA-SNP (single 
nucleotide polymorphism) located on chromosome 21. An additional advantage of this strategy is its 
insensitivity to the gestational age at which sampling was performed, unlike the current strategy using 
serum biochemical markers, and therefore, this strategy has been reported to be relatively easy to use in 
clinical practice. However, the main disadvantages of this method are that the method is dependent on 
polymorphism and can only be used for heterozygous fetuses [32]. 

The advantages of plasma fetal RNA analysis are that these markers can provide important data on 
the gene expression pattern of fetal tissues and are independent of gender and polymorphism [30]. 

Non-coding RNAs (ncRNAs) constitute approximately 95-98% of RNAs, which have many 
biological roles such as coding and decoding, regulation of gene expression and protein synthesis. 
ncRNAs include very high amounts of RNAs such as carrier RNA (tRNA) and ribosomal RNA (rRNA) 
and functionally important RNAs such as long ncRNA and miRNA [33]. MicroRNAs are expressed in 
all eukaryotic cell types and mediate post-transcriptional regulation of gene expression. miRNAs 
interact via a highly conserved 6-8 nucleotide region called the seed, in which they have partially 
conjugated sequences located in the 3'-UTR of target mRNAs. Thus, they play a role in the stability of 
targeted mRNAs and in the regulation of protein synthesis[34]. More than 2000 human miRNA species 
have been discovered so far, and the amount is increasing [35]. In humans, endogenous miRNAs 
regulate at least 30% of genes and thus coordinate many key-role cellular processes including 
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proliferation, DNA repair, differentiation, metabolism and apoptosis. Each miRNA has been shown to 
have a unique nucleotide sequence and expression pattern in certain cell types [34,36]. 

 

Figure 1. Schematic diagram showing miRNA biogenesis and miRNA-mediated target mRNA 
suppression [37].

Primary miRNAs are transcribed from miRNA genes in the nucleus by RNA polymerase II or III 
and then processed by Drosha and DGCR8 to form pre-miRNA. The pre-miRNAs are then transported 
to the cytoplasm by exportin 5 and RanGTP. In the cytoplasm, pre-miRNAs are cleaved by Dicer and 
two ssRNAs are formed. Finally, the ssRNAs integrate into the RISC protein complex, which includes 
AGO-2, Dicer, and TRBP. Functionally, the miRNA-RISC complex inhibits target mRNA expression 
through translational repression or mRNA cleavage.

Mature miRNAs have been shown to be free in blood plasma and all other biological fluids [38,39]. 
Extracellular circulating miRNAs have been shown to be highly stable even under adverse physiological 
conditions with high variability such as pH, boiling, multiple freeze-thaw processes and long storage 
periods. Unlike miRNAs, RNA species such as mRNA, rRNA, and tRNA are rapidly degraded in the 
nuclease-rich extracellular circulation. The mechanism of extracellular miRNA responsible for nuclease 
resistance, the presence of miRNAs in exosomes, and the protection of extracellular miRNA by 
packaging by membrane vesicles have been theorized [40]. In 2011, miRNAs packaged only with 
membrane vesicles were shown to be associated with proteins of the AGO family in plasma/serum and 
cell culture media, unlike the assumption that they are present in biological fluids. 

The stability of the AGO2 protein in protease-rich media clearly explains the resistance of miRNAs 
to nucleases in biological fluids [41]. Four human AGO proteins (AGO1, AGO2, AGO3, and AGO4) 
have been identified so far; all can mediate translation suppression of mRNA in ribosomes and mRNA 
degradation in P-bodies. However, only AGO2 can directly degrade mRNA in the cytoplasm (Fig.1). 
AGO carrying miRNA forms RISC by binding to GW182 from the C-terminal domain of the AGO 
protein. Importantly, only 1% of cytoplasmic AGO2 is found in P-bodies, while the majority is diffusely 
distributed in the cytoplasm [38]. Data to date suggest that the ways extracellular miRNAs can be 
protected from RNAase degradation include packaging by apoptotic bodies, excretion by vesicles and 
exosomes; or only to form complexes with AGO proteins. Also, small amounts of some miRNA species 
have been detected in purified fractions of high-density lipoprotein (HDL) in plasma (Fig. 2) [38,39,42]. 
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Figure 2. Encapsulation of extracellular miRNA, which may be bound only to the AGO protein, in 
apoptotic body, microvesicles and HDL particles [38]. 

Use of miRNAs in non-invasive prenatal screening

Pregnancy is a physiological state that changes by being regulated by genetic (for example, 
maternally inherited genes), environmental (such as nutrition) and physiological (inflammation, 
hypoxia) factors [37]. Many studies suggest that miRNA expression changes in response to these 
changes. At the same time, it has been reported that miRNAs respond to changing physiological 
conditions during pregnancy and contribute to a smooth pregnancy process. On the other hand, it has 
been reported that changes in the expression levels of miRNAs may cause or contribute to diseases that 
may occur during pregnancy (Figure 3) [37]. It has been shown to function during critical and important 
processes such as placental development, differentiation, migration, invasion, angiogenesis, 
proliferation, and apoptosis [43]. 

 

Figure 3. Expression changes of miRNAs in the placenta and uterus according to the effects of 
genetic, environmental and physiological factors during pregnancy [44]. 
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MicroRNAs are released from placental syncytiotrophoblasts into the maternal circulation via 
exosomal particles (Figure 4). Due to the role of miRNAs in placental development, abnormal 
expression of maternal circulating placental miRNAs has been shown to be associated with pregnancy 
complications such as preeclampsia, abortion, and gestational diabetes [37]. 

 

Figure 4. Intercommunication of miRNAs between fetus and mother during pregnancy and its 
association with pregnancy-related maternal and fetal disorders [37]. 

MicroRNAs could potentially help the early detection of clinical conditions associated with 
pregnancy or fetal development. A recent study revealed that miRNAs expressed from placental 
trophoblasts are miRNAs in the gene cluster of approximately 100 kb miRNA on chromosome 19, which 
is the effective region of the genome for normal placental and embryonic development [45]. In addition, 
placenta-derived miRNAs have been detected in maternal plasma and some miRNA expression levels 
have been shown to increase at various stages of pregnancy and decrease in the postnatal period [46]. In 
the in situ hybridization study performed on a trophoblast cell line, exosome-mediated release of miR-
517b was proven, and transfer of placental miRNAs to maternal plasma was demonstrated. Therefore, 
it has been reported that miRNAs can be used to monitor pregnancy-related physiological processes 
[47]. These data suggest that accurate analysis of miRNA expression levels can be used as a part of 
traditional invasive sampling methods in congenital anomaly detection, as well as fetal miRNAs in 
maternal plasma can be used as a noninvasive method (Figure 5)[48,49]. However, studies and data on 
this subject are quite insufficient. In the studies, as in aneuploidy screening programs, fetal trisomy 21 
was emphasized more because of its survival rate and being the most common aneuploidy. In fact, 
studies are only on chromosome-21-derived miRNAs (hsa-miR-99a, let-7c, miR-125b-2, miR-155 and 
miR-802). However, since miRNAs regulate multiple genes and multiple miRNAs can regulate the same 
gene, all miRNAs, not just those localized on chromosome 21, need to be investigated. Accordingly, in 
2018, in our study aiming to determine the miRNA profile as a noninvasive marker in the prenatal 
diagnosis of congenital anomalies, the expression levels of 49 miRNAs, not only limited to placental 
origin or chromosome 21 derived miRNAs, that are thought to be associated with congenital anomalies 
in both maternal plasma and concurrent amniotic fluid were examined (Table2) [50-52]. 
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Figure 5. Use of extracellular and intracellular miRNAs as biomarkers [49]. 

Table 2. Chromosome 21-derived miRNAs in maternal circulation and studies 

Article Yea
r 

Number 
of 
samples 

Sample 
type 

Method miR99
a

let7c mir125
b-2 

mir155 mir8
02 

Extracell
ular 
chromosome 
21-derived 
microRNAs 
in euploid & 
aneuploid 
pregnancies(
51) 

201
3 

12 
normal 
pregnanci
es  

12 
DS-
affected 
pregnanci
es 

10 
nonpregn
ant 
individua
ls  

5 
fetuses 

Plasma 

 

RT-PCR increas
ed

no 
change 

increas
ed 

increased --- 

Analysis 
of 
microRNA 
expression 
profile by 
small RNA 
sequencing 
in Down 
syndrome 
fetuses (52) 

 

201
3 

six DS 
and six 
matched 
control 

Fetal 
cord 
blood 
sample 

RT-PCR decreas
ed

decreas
ed 

decreas
ed 

decreased no 
chang
e 

Extracell
ular 
chromosome
21-derived 
microRNAs 
in maternal 
circulation: 
evaluation of 

201
3 

12 
women 
with 
normal 
course of 
gestation  

Plasma RT-PCR increas
ed

no 
change 

increas
ed 

increased --- 
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their 
diagnostic 
potential for 
screening of 
Down 
syndrome 
(53) 

12 
pregnanci
es bearing 
Down 
syndrome 
fetus  

6 non-
pregnant 
individua
ls 

Determinatio
n of mirna 

s a 

In Prenatal 
 

Of 
Congenital 
Anomaly 

201
8 

14 
pregnanci
es bearing 
fetuses 
with 
congenita
l 
anomalie
s, 

16 
pregnant 
women at 
risk as a 
result of 
screening 
test 

13 
pregnant 
women 
who are 
not at risk 

Plas
ma, 
amniotic 
fluid 

High 
through
put RT-
PCR

no 
change

no 
change 

no 
change 

decrea
sed 

no 
chang
e 

 

The most important point in screening tests is that these tests are patient-centered decision making; 
to ensure that each woman is informed about all risk factors and their specific risks based on her 
preferences. Expectant mothers can report many different decisions for aneuploidy screening or prenatal 
diagnosis and results. When the defect is identified at an early and appropriate gestational week, some 
pregnant women choose termination, while others want further screening or tests that can make a 
definitive diagnosis. After the final diagnosis, they may choose to receive counseling from experienced 
specialists who can help them in the preparation phase, especially in the care of the baby with a defect 
in the postnatal period. In these choices, it is very important that expectant mothers are fully informed 
about the risks, benefits, and limitations, and that this is done in appropriate timeframes [10,12,53]. 

The role of miRNAs in critical steps in pregnancy and fetal development, their specific expression 
levels, their stability in the maternal circulation, and most importantly, their detectability in maternal 
plasma only during pregnancy indicate that these regulatory factors can be used as a potential biomarker 
in NIPT. However, it is essential to have more studies and strong data on this subject. 

It is very important to determine a non-invasive test with the least risk, which can be used to detect 
congenital anomalies and/or to identify abnormal conditions associated with fetal development and 
pregnancy, which is accessible, easy to apply and can get results in a short time, and it will contribute 
greatly to the development of prenatal tests. 
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