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The link between cell-free DNA,
inflammation and the initiation of
spontaneous labor at term
Mark Phillippe, MD, MHCM
n 1997, Denis Lo and colleagues first reported the presence Cell-free DNA and inflammation
I of free, extracellular DNA derived from fetal sources circu-
lating in the blood of pregnant women throughout gestation;
they labeled it cell-free “fetal”DNA (cffDNA).1 In a subsequent
series of publications, these investigators reported that cffDNA
makes up 3.4e6.2% of the total cell-free DNA in maternal
plasma, that cffDNA is present in short fragments with only
20% >193 base pair and none >313 base pairs, that cffDNA
circulating in maternal plasma has a half-life of only approxi-
mately 16 minutes, and that cffDNA levels in maternal plasma
increase 11- to 12-fold from mid to late gestation.2-4 Since that
time, reports by multiple investigators have confirmed the
observations by Lo et al, especially in regard to the marked
increase in cffDNA levels at the end of gestation.5-8 Of note, the
presence of cffDNA in maternal plasma and its increase at term
does not appear to be restricted to human pregnancies; several
published reports have described similar observations in other
mammals, which include subhuman primates.9-14
Diagnostic and physiologic utility of cell-free DNA
Although the clinical utility of cffDNA as a noninvasive tool

to perform fetal genetic analyses that include gender determi-
nation, testing forMendelian genetic disorders, and aneuploidy
screening has become well-established,15 the physiologic role
for the highly regulated release of cffDNA by the placenta and
fetalmembranes is yet to be determined clearly.16 In this regard,
several published reports have provided data that confirm a
significant relationship between elevated levels of cffDNA and
the onset of parturition, both preterm and at term.7,17-19 In
addition, experimental studies have confirmed the ability of
small DNA fragments (oligodeoxynucleotides) and DNA iso-
lated from fetal tissue to stimulate a proinflammatory cascade
within the pregnantmouse uterus that results in pregnancy loss
(ie, preterm deliveries and/or fetal resorptions).20-22
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The influx of inflammatory cells (especially macrophages
and neutrophilic leukocytes) and the increase in proin-
flammatory cytokines in response to DNA that was observed
during the experimental studies noted earlier are similar to the
inflammatory events that were observed in the human uterus,
cervix, and fetal membranes at or before the spontaneous
onset of labor.23-26 The DNA-mediated stimulation of a
proinflammatory response appears to be produced, at least in
part, by the Toll-like receptor-9 (TLR9), a pattern recognition
receptor involved in innate immunity.20-22,27 Of note, adult
vertebrate DNA is normally a poor stimulator for TLR9
because of its increased levels of cytosine methylation and
because adult DNA is poorly internalized into cells where it
can interact with TLR9, which is present within intracellular
endosomes.27,28 The exception to this situation appears to be
DNA that is released by the placenta and fetal membranes (ie,
cffDNA), which has been found to be hypomethylated and
able to be internalized and results in TLR9 stimulation that
leads to increased proinflammatory cytokine release.22,27

Cell-free DNA, methylation, and inflammation during
spontaneous labor

The report in this issue of the American Journal of
Obstetrics and Gynecology by Christina Herrera et al29 sought
to further test the hypothesis that cell-free DNA, especially
when hypomethylated, is associated with increased proin-
flammatory cytokine levels and with spontaneous labor.
Specifically, these investigators performed a prospective
cohort study to assess the total cell-free DNA concentrations,
the DNA methylation ratios, and interleukin-6 (IL6) levels at
26e30 and 34e36 weeks gestation and at the time of
admission for delivery at term. Fifty-five women completed
these studies, of which 20 women presented at term in active
labor and the other 35 were not in labor on admission. The
DNA in the cell-free portion of maternal plasma was
extracted and measured by fluoroscopy; DNA methylation
was assessed with the use of bisulfite conversion and
comparative DNA sequencing, and the plasma IL6 concen-
trations were measured with the use of a commercial enzyme-
linked immunosorbent assay. These investigators observed
that the methylation ratio in total cell-free DNA that was
isolated from maternal plasma was significantly higher for
women who were admitted in spontaneous labor when
compared with women who were not in active labor. They
also observed that total cell-free DNA and IL6 levels increased
significantly from 26 weeks gestation to term in plasma
samples that were obtained from the pregnant women who
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went into spontaneous labor, compared with those who did
not. The higher methylation ratio does not support the
hypothesis that spontaneous labor is associated with
decreased methylation of the cell-free DNA released by the
placenta and fetal membranes; however, as previously noted,
the cffDNA fraction represents only approximately 5% of the
total cell-free DNA circulating in the maternal blood.
Therefore, the hypomethylated cffDNA levels would be
overshadowed by the 20-fold high amounts of normally
methylated DNA in the maternal plasma. In contrast, the
increasing levels of cell-free DNA and IL6 in the maternal
blood during the third trimester that was observed by these
investigators do provide support for the hypothesis that
spontaneous labor is associated with factors that could lead to
the proinflammatory events that result in the spontaneous
onset of parturition.

Future investigation regarding cell-free DNA
As mentioned previously, adult vertebrate DNA is a poor

stimulant for a proinflammatory response; therefore, one
could hypothesize that the high levels of methylated cell-free
DNA that was found in the maternal systemic circulation by
Herrera et al is a protective mechanism that prevents the
potentially detrimental effects that would occur with a robust
systemic inflammatory response if hypomethylated cffDNA
was not overshadowed. In contrast, the proinflammatory
events that potentially stimulate parturition occur within the
pregnant uterus, where high levels of hypomethylated DNA
that are released by the placenta and fetal membranes would
be in position to stimulate local inflammatory and decidual
cells directly. To better understand these relationships, future
research by Herrera et al must assess the methylation status of
the cell-free DNA fraction that is released by the gestational
tissues (ie, the placenta and fetal membranes) and the effect
of this hypomethylated DNA on the innate immune response
that occurs locally within the pregnant uterus. -
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