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The Role of Cell-Free Fetal DNA as a Preventative Attempt to
Decrease the Severity of Genetic Disorders: A Review
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Abstract

The development of prenatal diagnosis has developed very rapidly over decades. Prenatal screening is
applied to a mother with high-risk pregnancy (threatening the life of the fetus), such as a too-old mother or
a too-young mother and having a certain disease in her medical history. Up until now, the curative method
to treat genetic disorder is still developed and perfected. Therefore, a preventative action during pregnancy
is important to do, such as Noninvasive Prenatal Testing (NIPT). NIPT method that is widely developed
is the circulating cell-free fetal DNA (cffDNA) testing that can be useful for determining the fetal gender,
the identification of specific single-gene disorders, blood type, paternity determination, and the potency of
regular use for testing chromosomal abnormalities. The detection of cell-free fetal DNA in the maternal blood
circulation provides a new expectation for NIPT, especially preventing the severity of genetic disorders.
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Introduction

The development of prenatal diagnosis has
developed very rapidly over decades. Firstly,
amniocentesis was developed at the beginning of 1970
and chorionic villus sampling (CVS) was developed at
the beginning of 1980.1>3 Invasive prenatal diagnosis
(CVS and amniocentesis) is not a low-risk option for all
mothers, because there are many limitations that need to
be improved. The invention of cell-free DNA (cf DNA)
began from a study conducted by Mandel and Metals
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in 1948 showing the availability of nucleic acid (DNA)
circulating in the peripheral blood.* Furthermore, a
further study was conducted by Bianchi et al., in 1997
to identify fetal cells in maternal blood report the
method to isolating the cells.’ Dennis Lo, in his research
findings, also reported the existence of cell-free fetal
DNA (cffDNA) circulation in the plasma of pregnant
women. These findings paved the way for developing
Noninvasive Prenatal Testing (NIPT). The discovery of
cell-free fetal DNA in maternal plasma in 1997 triggered
the scientists to develop a reliable method, namely
noninvasive prenatal diagnosis.

Cell-Free Fetal (cff) during Pregnancy: In 1953,
Peter Brian Medawar, in his publication, explained
the immunological tolerance during pregnancy. Peter
suggested that there was anatomy that became a barrier
between a mother and the fetus. For his finding, he was
awarded a Nobel prize in 1960.! However, as time went
by, his finding was proven wrong. During pregnancy,



fetal cells flow across the placenta to the maternal
circulation and vice versa, and the fetal cells can be
identified as stem cells.” Cell free fetal (cff) DNA is from
trophoblast cells. Hence, the fragment of fetal DNA is
released to the maternal circulation after the degradation
of trophoblasts, the apoptotic fetal cells circulating in
maternal blood can be the minor source of cffDNA.%?
In the maternal blood circulation during early and late
pregnancy, there are around 3 to 6% of the total cffDNA..°

In the current development by using microfluidic
digital polymerase chain reaction (PCR), it shows a
higher concentration of fetal DNA than expected of
around 10 to 12% from the total DNA in the maternal
plasma.!® The size of circulating cffDNA mostly in the
form of a short fragment of DNA,; its length is around
193 bp (base pair) and it can be detected since week 4
of pregnancy, even though it can be definitely known
since week 7 of pregnancy, and the concentration
is significantly increased during the last 8 weeks of
pregnancy. The half-life of cffDNA is around 16 minutes
and is undetectable 2 hours after giving birth.611,12:13

The Potency of Genetic Materials in Maternal
Plasma as Biomarkers for Fetal Abnormalities: A
study on genetic materials in maternal plasma during
pregnancy as biomarkers had a special challenge. It
is due to a high number of fetal components that can
pass through the placenta or are directly released
from the placenta, and it is important to note that the
fetal components can be isolated and distinguished
according to maternal biofluids.'# The followings are the
components of maternal plasma that potentially become
the biomarkers of fetal abnormalities:

(1) Protein: Human plasma proteome is an invaluable
resource to assess health status and since it reflects
the physiological status of an individual.'* Protein
as biomarkers in prenatal diagnosis for congenital
malformation has not been widely investigated and
understood. Clinically, the application of maternal
plasma proteins is an analysis of alpha-fetoprotein
(AFP) analysis for neural tube defects (NTD).!3

(2) Micro RNA: MicroRNA (miR) is a series of short
RNAs with a length of around 22 nucleotides and
it is functional for gene expression.'®!” A unique
microRNA profile can also be used as biomarkers
for congenital malformation. Congenital diseases
like congenital diaphragmatic hernia (CDH) and
congenital heart disease (CHD) can be associated
with the failure of miR gene expression.!'®1%-20.21
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In the development, the miR profile, besides being
a new diagnostic instrument in certain diseases,
potentially can be biomarkers for fetal health.

(3) Long Non-Coding RNAs: Long RNA non-
coding (IncRNA) is a DNA transcription with a
length of more than ~ 200 nucleotides and has no
protein code. Gu et al., identified five IncRNAs
(ENST00000436681, ENST00000422826,
AAS584040, AA709223, dan BX478947) from
maternal plasma to detect fetal congenital heart
disease. LncRNA has a big potency as prenatal
biomarkers yet it still needs further investigation.??

(4) Circular RNAs: Circular RNAs (CircRNA) are
circular RNA particles resulted from the ligation
of pre-mRNA (‘back-splicing’). CircRNA has a
circular structure and remarkably high stability in
biological matrices, such as plasma and saliva. A
study by Peng et al., showed that circ-ZNF609 was
detected in the tissue of a patient with Hirschsprung
(HD) disease. Since the stability of circRNA is
high and it plays a role in cell differentiation, it
fulfills the requirements as biomarkers for fetal
abnormalities.???*

(5) Circulating Fetal DNA: Circulating Fetal
DNA(cfDNA) is produced from the placenta to
maternal circulation during pregnancy; cfDNA
is from cytotrophoblast and apoptosis in the
syncytiotrophoblast or syncytiotrophoblast fusion in
the physiological condition. cfDNA as biomarkers
can provide information to patients for medical
decision-making without increasing the risk of
pregnancy loss and providing additional diagnostic
information, treatment planning, the strategy, and
the management of counseling.?

The Detection and the Clinical Application of cff
DNA: Isolating cffDNA is a special challenge. Several
problems generally encountered when detecting cffDNA
in maternal circulation: (1) the concentration of cffDNA
in the blood is relatively low; (2) the total cff DNA is
varied among individuals; (3) the cffDNA molecules are
less than the total of maternal DNA with aratio of20:1; (4)
the fetus inherits half of the maternal genome.?¢ The new
generation of NIPT technology emphasizes the cff DNA
testing during the first trimester using two method. First,
the use of next-generation sequencing (NGS) or known
as MPSS (Massively Parallel Shotgun Sequencing).
MPSS is a sophisticated and unique technology with a
less amount of DNA sequence. The second method is
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using the target sequence; this method uses a different
fraction of coding sequence and is detected in all
chromosomes, however, the target sequence amplifies
either non-polymorphic or polymorphic regions.!?’
The NIPT method refers to circulating cffDNA testing
and it can be used for fetal gender, the identification
of specific single-gene disorders, blood type, paternity
determination, and the potency of routine use for testing
Down Syndrome (DS) in all pregnancies.® Several latest
studies showed that the screening method is the most
effective way for trisomy 21, with a detection level of
more than 99% and a false positive rate of around 0.1%,
coming from cffDNA testing.

Conclusion

Non-Invasive Prenatal can be used as an initial health
screening test and enhanced by fetal examination to see
abnormalities either through diagnostic tools or maternal
serum biomarkers. One such serum biomarker is using
cffDNA for fetal and genetic diagnosis the chromosomal
conditions of this examination have a major influence on
the development of fetal medicine practice around the
world.
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