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Fetomaternal microchimerism

Some answers and many new questions
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he transfer of fetal cells into mothers

during pregnancy and their organ
specific integration is a well recognized
phenomenon in placental vertebrates.
Recently, it has been reported that some
fetal cells found in the mothers have pro-
genitor cell-like features such as multi-
lineage differentiation potential and as a
consequence they were termed pregnancy
associated progenitor cells (PAPC). The
multilineage differentiation potential
suggested some level of cellular plastic-
ity, which these cells share with other
stem or progenitor cells. In this con-
text, we have shown that PAPCs indeed
express neural stem cell and markers for
developing neurons in the brain and that
PAPCs morphologically mature into
neurons over time. The stem/progeni-
tor properties of PAPCs raises the hope
that they might be valuable for study-
ing the functional integration of foreign
cells into preexisting tissues and organs,
for example in cellular therapies. The
functional integration of transplanted
cells and their connectivity to the host
circuitry is still a major bottleneck in cel-
lular therapies particularly for the brain.
The animal models of fetomaternal
microchimerism might provide valuable
insights into the mechanism how cells
survive, migrate, integrate and differen-
tiate in a foreign environment of a host.
This review discusses some of the recent
findings in the field of fetomaternal
microchimerism. It also tries to identify
some major gaps of knowledge and raises
some questions resulting from the recent
advances. Studying fetomaternal micro-
chimerism and the properties of PAPCs
in greater detail might pave the way to
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advance cell based regenerative medicine
as well as transplantation medicine.

Fetomaternal microchimerism (FMc) is
a special form of chimerism observed in
placental vertebrates in whom a small
number of fetal cells called PAPCs migrate
into the mother and integrate into mater-
nal organs during pregnancy. In humans,
PAPCs have been described to persist in
mothers almost three decades postpar-
tum' suggesting that they have long-term
survival and engraftment capabilities. The
phenomenon of cell migration between
fetus and mother during pregnancy has
already been described as early as in the
1950s in humans as well as in vertebrate
animal models such as the mouse.*” From
a clinical perspective, fetal cells circulat-
ing in the mothers were initially promis-
ing as a less invasive approach for prenatal
diagnostics.®® Furthermore, the presence
of fetal cells was also hypothesized to con-
tribute to pregnancies-associated disorders
such as autoimmune diseases.”'? Recent
studies of FMc in animal models have
been of great value as they have provided
fundamental novel insights into the devel-
opmental capacity/plasticity of these fetal
cells. Lately, reports have emerged that
some PAPCs possessed features of progen-
itor cells.!”*¥ PAPCs have been reported
to differentiate into a multitude of dif-
ferent cell types in maternal organs such
as in the blood,” the skin'*'® and in the
central nervous system.”?” PAPCs were
also found in the liver and kidney where
they participated in tissue regeneration
after injury.?*? Despite the expression
of tissue specific cellular phenotypes, the
mechanism for functional integration of
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identity.

Figure 1. Three PAPCs are shown (yellow, white arrows) coexpressing the fetal cell marker GFP
and the neuronal marker B-3 tubulin in the cellular layer of the hippocampus of a murine mother.
Note that PAPCs show axonal and dendritic aborizations, which are comparable to those from
endogenous maternal hippocampal neurons. This indicates that PAPCs adopted a site specific

PAPCs into most of the studied organs
still requires further extensive research.

Our group has recently shown that
PAPCs with a neuronal phenotype can
be detected in maternal mice up to seven
months postpartum (Fig. 1).%° This dem-
onstrated that fetal cells can persist long-
term in the brain as neurons in many
different brain regions, potentially for the
life time of a mouse. Acquisition of neu-
ronal cell fate was not the consequence
of cell fusion but PAPCs differentiated
intrinsically which probably involved a
gradual process from a stem/progenitor
like cell type via immature neurons to
mature neurons. Furthermore, the pat-
terns of marker gene expression in PAPCs
were very reminiscent of stage specific
marker gene expression described for adult
neural stem cells and their differentia-
tion.”® This suggested that PAPCs in the
brain exhibited some features of typical
neural stem cells.

A major focus of interest recently has
been to elucidate mechanisms of PAPC
migration and attraction to particular
sites in the maternal body. To this end,
injury and cancer models have been used
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to investigate targeted migration of these
cells and it was found that injury'¢-2*2
as well as cancer®®® attracted PAPCs.
Although not much is known about the
underlying mechanisms, it can be specu-
lated that cytokine cytokine-receptor
systems might be involved in fetal cell
migration and attraction. However, spe-
cific mechanisms attracting fetal cell
types to different maternal tissues, par-
ticularly to non-injured tissues have yet
to be identified. Along their journey, e.g.,
to the brain, PAPCs have to cross at least
two major endothelial barriers, the placen-
tal as well as the blood-brain barrier. The
mechanisms facilitating endothelial trans-
migration are not understood. Although
it could well be that PAPC migration is
stochastic and does not require any spe-
cific signaling, further studies are needed
to decipher migratory properties of PAPCs
and possible mechanisms involved.

The major and currently the most
limiting factor is the notoriously low fre-
quency of detectable PAPCs in mothers.
However, some improvement has been
made by increasing the number of PAPCs
through experimental break-down of the
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placental barrier.?®

These experiments,
however, did not address whether the extra
cells are true PAPCs with multilineage dif-
ferentiation potential or whether at least in
part they are an influx of non-PAPC cells
as a consequence of the break-down of a
functional placental barrier. But generally
any approach to increase the frequency
of PAPCs in mothers has the potential to
enhance our understanding of FMc.

Although a lot has been learned about
the potential of PAPCs in terms of their
homing, survival and differentiation into
different organ specific cell types, much
more needs to be learned about the ori-
gin as well as the identity of PAPCs. As it
currently stands, the definition of PAPCs
is operational and is simply based on the
presence of fetal cells, sometimes dif-
ferentiated, in the mother but does not
include any clear functional criteria for a
defined population of cells. Of foremost
interest in this context is also the ques-
tion whether PAPCS are a unique type of
stem or progenitor cell with multilineage
differentiation potential or whether dif-
ferent progenitor cells with limited dif-
ferentiation potential migrate, home and
differentiate into specific sets of organs in
the mother. A major challenge here could
be that PAPCs might be a moving tar-
get since it may be difficult to determine
whether a cell of fetal origin is still in its
immature stage when found in the mother
or whether it has undergone some level of
differentiation already. Genetic tracking
experiments of specific fetal cell popula-
tions might provide the required insights.
Currently, however, neither the unique
stem cell nor the limited progenitor cell
hypothesis can be verified by the available
data.

Furthermore, for PAPCs to truly move
towards possible clinical applications, the
isolation as well as propagation of PAPCs
in vitro with multilineage potential has yet
to be mastered. This is of utmost impor-
tance, firstly for performing the neces-
sary in vitro studies addressing questions
regarding the basic biology of PAPCs,
e.g., their differentiation potential, and for
achieving clinically relevant numbers of
transplantable cells by scaled-up in-vitro
production of PAPCs.

Another striking feature of PAPCs
in the human system is the long-term



persistence of foreign cells in mothers that
requires some level of immune tolerance
by the mother or a mechanism, which
allows PAPCs to evade an attack by the
maternal immune system. The mecha-
nisms of immune evasion could be of
critical importance as PAPCs could teach
us the trick of how cells could escape any
immune response by the host. If such
escape properties are a cardinal feature of
PAPCs that is maintained also in differ-
entiated PAPCs this, in combination with
their multilineage differentiation poten-
tial, might be of clinical relevance.

In summary, it has become evident
recently that PAPCs seem to share some
common features with stem or progenitor
cells at least with regard to the differen-
tiation potential although self-renewal
capacity of PAPCs has not been demon-
strated yet. This feature provides some
hope that PAPCs could be of clinical sig-
nificance for regenerative medicine. Also
a lot can be learned from PAPCs that
might be of relevance for cellular thera-
pies as their transfer to mothers mimics
an allogenic transplantation paradigm.
Although fetomaternal microchimerism is
intriguing and persistent microchimerism
was unexpected, a major question will be
whether or not fetomaternal microchime-
rism is a biological accident happening
during pregnancy without any relevance
to fetus and mother, or whether there is
yet unknown biological significance to it.
It also remains to be seen whether PAPCs
are capable of revolutionizing stem cell
therapy approaches in the future.
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