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Fetal cells transfer to the mother dur-
ing pregnancy and can persist long-
term as microchimerism. Acquisition of
microchimerism may also occur during
pregnancy loss, either miscarriage or
pregnancy termination. Because nearly
half of all pregnancies end in loss, we
recently investigated the magnitude of
fetal cell transfer during pregnancy loss
and whether obstetric clinical factors
impacted cell transfer. Prospective mea-
surement of fetal cellular microchime-
rism before and after miscarriage and
termination of pregnancy demonstrated
a significant transfer of fetal cells in these
pregnancies, with higher concentrations
of fetal microchimerism in pregnancy
termination vs. miscarriage and in those
that were managed surgically vs. medi-
cally. The frequency of pregnancy loss as
a proportion of all pregnancies, and the
overrepresentation of fetal genetic abnor-
malities in pregnancy loss suggest that
the resultant acquisition of fetal micro-
chimerism could have a unique and sub-
stantial impact on women’s health.

The durable persistence of fetal cells (or
microchimerism) acquired by a woman
through natural fetal-maternal exchange
during pregnancy may be considered the
biological legacy of pregnancy. Long-term,
microchimerism may have both beneficial
and detrimental effects on health and has
been associated with both risk of and pro-
tection from diseases, e.g., systemic scle-
rosis' and breast cancer,? respectively. The
number and type of cells exchanged likely
varies by pregnancy outcome, and transfer
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can occur during pregnancy loss resulting
from miscarriage or elective pregnancy
termination.’® Several factors underscore
the need to characterize microchimerism
acquisition during pregnancy loss specifi-
cally. Nearly half of pregnancies end in
miscarriage or pregnancy termination;’”’
thus, cells acquired during these pregnan-
cies have the potential to substantially
impact maternal health. In fact, previ-
ous studies demonstrate that fetal micro-
chimerism is most commonly detectable
years after pregnancy termination com-
pared with other pregnancy outcomes.®’
Additionally, aneuploid or otherwise
genetically abnormal fetal cells are over-
represented in miscarriage and pregnancy
termination compared with uncompli-
cated term deliveries, and the implications
of acquiring genetically abnormal cells are
unknown.

We recently conducted a prospective
study to specifically characterize and quan-
tify the number of fetal cells transferred to
the maternal circulation during care for
miscarriage and pregnancy termination.”
Because clinical factors could influence
fetal cell transfer, we also explored rela-
tionships between aspects of obstetric care
and fetal microchimerism concentration.
Women undergoing treatment for single-
ton pregnancy loss were enrolled prospec-
tively after informed consent. Peripheral
blood samples were collected before and
approximately 30 min after treatment (n
= 150 samples from 75 women). In this
study, male microchimerism was con-
sidered a surrogate for fetal microchi-
merism. From Ficoll-purified peripheral
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Table 1. Fetal microchimerism detection and concentration after miscarriage and pregnancy

termination

Pre-treatment

Fetal microchimerism 4/75 (5%)
detection, n (%)
Fetal microchimerism 0(0.0-0.7), 0.1

concentration,*
median (range), mean

Post-treatment Post-treatment

(30 min) (2 weeks)
18/75 (24%) 2/5 (40%)
0(0.0-36.0), 10.6 0(0.0-0.7), 0.2

*In microchimerism genome equivalents per 100,000 maternal cells.

blood mononuclear cells (PBMC), DNA
was extracted, and quantitative PCR for a
male-specific DNA sequence, DYS14, was
performed.

Clinical characteristics that were con-
sidered included miscarriage vs. pregnancy
termination defined by sonographic via-
bility (the presence or absence of cardiac
activity by ultrasound), medical vs. sur-
gical treatment, and gestational age. As
expected, our population was enriched
for fetal abnormalities (both karyotypic
and structural) with 33% (10/30) of those
karyotyped demonstrating abnormalities
(most commonly Trisomy 21 and Trisomy
13) and 70% (28/40) of those for whom
tissue examination or formal autopsy was
performed demonstrating anomalies (most
commonly central nervous system anoma-
lies, cystic hygromas, or complex cardiac
defects). The median fetal gestational age
was 16.6 weeks (range 5.0-24.0 weeks).

We found that fetal cell transfer was
common in both miscarriage and abor-
tion, with a post-treatment range of fetal
microchimerism concentrations of 0-36
gEq of fetal microchimerism per 100,000
maternal cells, compared with 0-0.7
gEq per 100,000 before treatment (p <
0.001), results summarized in Table 1.
Exploratory analyses suggested that higher
concentrations of fetal cells were associ-
ated with abortion compared with miscar-
riage (rate ratio for detection 24.7, 95%
CI 1.6-389.8; among confirmed male
fetuses, rate ratio 26.9, 95% CI 1.6—456.4)
and with surgical compared with medical
management (rate ratio for detection 5.9,
95% CI 0.7-51.8; among confirmed male
fetuses, rate ratio 16.7, 95% CI 1.6-173.3).
Cellular fetal microchimerism did not vary
with gestational age.

Though we did not find an associa-
tion of gestational age with the quantity

www.landesbioscience.com

of fetal cells transferred when evaluated
immediately after pregnancy loss/termi-
nation in our population, gestational age
remains a factor that may differentially
influence immediate fetal cell transfer vs.
durable persistence. It has been hypoth-
esized that possible heightened “stemness”
of fetal cells early in gestation may facili-
tate maternal engraftment of fetal cells."
The focus of our recent work was on cel-
lular transfer early in pregnancy, with a
study population median gestational age
of 16.6 weeks (range 5.0-24.0 weeks).
The relationship between gestational age
and fetal-maternal transfer also differs
considerably for cell-free material com-
pared with intact cells. Studies of whole
blood or plasma, which reflect cell-free
fetal DNA, show gradually increasing
concentrations with increasing gestational
age.*'> In contrast, cellular transfer,
though also positively associated with ges-
tational age, appears to follow a different
pattern, with the large majority of trans-
fer occurring much later in pregnancy,
around the time of delivery in uncom-
plicated pregnancies.”* The relationship
between gestational age and cellular fetal
microchimerism is likely complex, reflect-
ing differential influences on the number
of cells transferred, and their engraftment
potential. In other words, though we did
not see a difference in the quantity of cells
transferred immediately after treatment
for pregnancy loss in subjects at 5-24
weeks of gestation, it remains unknown:
(1) how the number of cells immediately
transferred after delivery at gestational
ages beyond 24 weeks compares with ear-
lier gestational ages, and (2) whether long-
term engraftment varies dependent on
acquisition across gestational age.

These differences highlight the impor-

tance of investigating both the immediate
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and in particular the long-term reproduc-
tive consequences of fetal microchimerism.
Durable persistence of microchimerism is
of particular interest as it has been associ-
ated with later-life health status. Although
our study was not specifically designed to
evaluate fetal microchimerism concentra-
tions long after treatment for pregnancy
loss, we were able to evaluate a few samples
(n = 5) obtained approximately 2 weeks
after treatment. Of five samples tested, two
were positive for fetal cellular microchime-
rism (Table 1).

Another factor that may uniquely
influence later life health is fetal genetic
status. Aneuploidy is overrepresented
among pregnancy losses, and the poten-
tially important implications of acquisi-
tion of aneuploid microchimerism are
unexplored. Women who have given birth
to a child with Down Syndrome have
a higher risk of developing Alzheimer
dementia (a common risk in individuals
with Down Syndrome themselves)."”"”
Whether this could be related to micro-
chimerism from the child with Down
Syndrome is unknown, but it is notable
that both murine and human studies have
demonstrated localization of microchime-
ric cells in the brain of the recipient.'®"
Notably, higher concentrations of cell free
fetal DNA have been found in pregnancies
complicated by fetal aneuploidy compared
with normal fetuses.”® In our recent
study, we found no association of fetal cell
transfer with aneuploidy status, though
we were not powered for this specific com-
parison, and further studies are needed.
Speculatively, could aneuploid fetal cells
in maternal brain serve as a nidus for neu-
rofibrillary plaque formation and thus
serve as an explanation for the observed
epidemiologic association?

It is clear that pregnancy loss (miscar-
riage or pregnancy termination) can result
in acquisition of cellular fetal micro-
chimerism that can persist long-term.
Further investigation of the relationship
between pregnancy outcomes and both
immediate transfer and long-term persis-
tence of fetal microchimerism is needed
in order to better understand reproductive
influences on disease. Fetal microchime-
rism has been associated with both ben-
eficial and detrimental effects. Furthering
our understanding of the physiology of
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maternal-fetal cell transfer and the ways
in which obstetric management can influ-
ence the process may allow us to shift this
balance toward benefit. Many important
questions remain in this area, including:
How does transfer after delivery (at term
or preterm gestational ages) compare with
transfer after pregnancy loss? Are there
differences in factors that influence imme-
diate fetomaternal cell transfer compared
with factors that influence long-term per-
sistence of fetal microchimerism? What
are the implications of acquisition of
genetically abnormal fetal cells on a wom-
an’s health? At a societal level, increasing
maternal age at reproduction and its atten-
dant increase in failed pregnancy comple-
tion would imply that more women harbor
aneuploid fetal microchimerism now than
in any time in history. Could an increase
in aneuploid fetal microchimerism in the
population impact the societal burden of
certain diseases (e.g., Alzheimer disease)?
Additional studies are warranted to inves-
tigate this new scientific frontier.
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