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Fetal cell microchimerism is defined
as the persistence of pluripotent fetal
cells in the maternal body long after
delivery. The exact process by which fetal
cells cross the placental barrier and enter
maternal circulation is still being investi-
gated. We reported that fetal cells persist
only in the maternal bone marrow and
may give rise to subpopulations with the
ability to differentiate into the tissue-spe-
cific mature cells within injured maternal
organs. Moreover, most of the fetal cells
enter the maternal circulation during the
early stages of pregnancy. These results
indicate that the fetal cells with a mul-
tilineage potential, which were detected
in a variety of maternal organs during
pregnancy did not pass through the pla-
cental barrier; rather, they were derived
from the fetal cells that entered mater-
nal circulation early after implantation,
and sustained their population long after
delivery.

Fetal cell microchimerism is defined as
the persistence of fetal cells in the mater-
nal blood and tissues long after delivery."*
Microchimeric fetal cells are thought to
have the ability to colonize multiple tis-
sues and organs.*¢ Little is known about
the exact process by which fetal cells cross
the placental barrier to enter maternal cir-
culation. Previous studies have revealed
that migration of fetal cells into maternal
circulation starts during early gestation,
and the frequency of fetal cell-associated
DNA and cell free DNA in maternal
blood increases with gestational age in
humans.” In murine pregnancy both cell-
free DNA and fetal cells have similarly
been identified.®’
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Fetal  blood
numbers of a variety of stem cell types

contains  significant
during the first-trimester of pregnancy.
However, the frequency of these fetal
cells in fetal circulation declines with
advancing gestational age.'” There is a
possibility that most of the microchimeric
fetal cells enter the maternal circulation
before placenta formation. We tested this
hypothesis by inducing injuries in specific
maternal organs after performing hyster-
ectomies in female mice at different times
during pregnancy. Fetal cell residence
was then estimated in various maternal
organs. Wild female mice were cross-
bred with male transgenic mice, express-
ing enhanced green fluorescent protein
(EGFP)." Hysterectomies were performed
on days 6, 13 and 19 of pregnancy. Fetal
cells were then detected and quantified in
a variety of maternal organs via fluorescent
microscopy and quantitative polymerase
chain reaction (PCR) amplification of the
gfp transgene.

On post-hysterectomy day 60, fetal
cells were detected only in the maternal
bone marrow, regardless of when the hys-
terectomy was performed. Histological
analysis revealed that most of the detected
microchimeric fetal cells were morpho-
logically mature hematopoietic cells of
the neutrophil lineage, however, some
immature hematopoietic cells (having a
high nucleus-cytoplasm [N/C] ratio) also
detected. We created models of injury by
injecting streptozotocin and models of
ischemic injury by ligating the left main
coronary artery and the carotid artery to
induce myocardial and cerebral infarc-
tion, respectively. Quantitative real-time

PCR revealed that fetal DNA was present
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Figure 1. Ischemic injury by ligating the left main coronary artery and the carotid artery to induce myocardial and cerebral infarction, respectively.
Green fetal cells are observed only at the ischemic site of the maternal heart (A) and brain (B). Their morphological features were identical to that of
the maternal myocardial cells [expressed troponin T, (C)] and neural cells [expressed neuronal nuclear antigen, (D)].

only in the injured organs and that their
frequency was consistent in number, irre-
spective of the stage when hysterectomy
was performed. In the models of ischemic
injury, fetal DNA was detected specifi-
cally at ischemic sites. EGFP positive cells
were detected in the injured organs by
epifluorescence microscopy. Histological
analysis with hematoxylin-eosin staining
revealed that the morphological features
of the fetal cells were similar to that of
the following organ specific cells: pan-
creatic acinar cells, hepatocytes, tubular
epithelial cells of the kidney, myocar-
dial cells and neuronal cells. These fetal
cells were mononuclear; cells with two or
more separate nuclei were not detected.
The myocardial and neuronal fetal cells
expressed troponin T and neuronal
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nuclear antigen (NeuN)
(Fig. 1).

Our results are in partial agreement

respectively

with those of previous studies that showed
the presence of fetal cells in maternal
tissue following injuries using rodent
models.”>** However, these studies did
not examine the stage of pregnancy dur-
ing which the fetal cells start migrating,
because the injuries in maternal organs
were induced only after term delivery.
Our results show that fetal stem cells,
enter maternal circulation during the early
stages of pregnancy and the frequency of
these cells was constant, regardless of the
stage at which the hysterectomies were
performed. Moreover, because the hyster-
ectomies were performed with the fetus in
situ, the origin of the microchimeric fetal
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cells is not feto-maternal hemorrhage
following termination of pregnancy or
delivery, but rather, migration of the fetal
cells into maternal circulation before
placenta formation. These results sug-
gest that most of the fetal cells capable
of multilineage differentiation may have
entered the maternal circulation early
after implantation.”

The biological significance of this
physiological phenomenon is not yet
have

known, however, many studies

demonstrated that fetal cells tend to con-
centrate in clinically affected tissues.'®"
Therefore, fetal cell microchimerism may
mediate tissue repair, have a beneficial
effect on postnatal lifespan, and protect

against some diseases during pregnancy.
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