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T cell activation in utero: self or non-self discrimination
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Fetal development in humans happens in the placenta,
which has been believed to be a total sterile environment.
As so, it should be quite unexpected to find activated T cells
in cord blood, especially in the fetus blood.

Zhang et al. (1) published an article in Science
Translational Medicine showing the presence of activated or
memory T cells (I'M) in human cord blood. Different from
previous studies reporting the presence of CD45RO" cells
in cord blood (2), the authors elegantly used multicolor flow
cytometry and transcriptomics to study cord blood activated
T cells and their profile. It turned clear that cord blood TM
from healthy individuals are pre-activated cells, capable of
producing IFN-y and IL-4 and express TBX1 and GATA3,
as master genes for Thl and Th2 development, respectively.
Along with this line, the Thl and Th2 cells also express
chemokine receptors in accordance with their functional
phenotype. Some of the cord blood T cells expressed
RORec, although no IL-17A was detected unless the cells
were stimulated ex-vivo in the presence of IL-23 and IL-1
eta. Also, by using transcriptomics, Zhang er a/. (1) showed
that the different T'M subsets, based on their chemokine
receptor expression, could be separated as a function of
gene expression.

The important question raised by these findings
is: how T cells are activated in a presumed sterile
microenvironment? Are they responding to some unique
non-inherited maternal antigen (NIMA)? Does a given
specific antigen provide their stimulation? If so, the
T cell repertoire should be skewed and a preferential
representation of some specificity(ies) would be present.
The authors compared the T cell repertoire of naive (Ty),
regulatory (Treg) and memory cells from the collected
healthy cord blood samples. Amazingly, the T, repertoire
was polyclonal as well as the ones from Ty and Treg, thus
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indicating no preferential expansion/stimulation of the Ty,
subpopulation. Although being polyclonal, the repertoire
differed between Ty and T but was quite similar when
T\ were compared with Treg. This suggests stimulation
by autoantigens (Figure I) since thymic derived Tregs are
autorreative and have a repertoire similar to Ty, cells in the
cord blood.

Another possibility to explain the generation of intra-
uterus activated T, although less likely, would be the
presence of subclinical infections. However, the samples
used were from delivery of healthy pregnant mothers
without any sign of infection.

This led us to think if there are any extrinsic antigens
in the placenta. In this respect, the presence of bacteria in
the placenta has been associated with pre-term birth (3),
as a polimicrobial disease. Placental contamination has
been thought to happen from the outside of the mother’s
body, with migration of the infectious agent arising from
the vagina, into the uterine cavity. Curiously, the most
frequent bacteria in the vagina of pregnant women are
lactobacilli and this is not found in the baby, who harbors
enterobacteria and bifidobacteria in their intestines, like
their mom’s intestinal flora. How colonization happens is
not clear, except that it is not coming from the external
environment, but seems to be already present during
pregnancy (4).

More recently, Aagaard et al. (5) published an article
in Science Translational Medicine where placenta’s from
320 women were investigated regarding the presence of
bacteria. These authors identified a microbial community
in the placenta that correlated with antenatal infection,
as expected. However, and most intriguing was the
demonstration of a small, although consistent microbiome
present in healthy pregnant women. Even more interesting,
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Figure 1 Activated/memory T cells are present in the fetal
circulation at the expense of antigen recognition. Presumably, T
cells (T) on the fetal side of the placenta, meet antigen drained
through the chorionic villi. Where antigen presentation is taking
place, as well as the need for DCs, are unanswered questions.
Schematically, we represented antigen uptake and antigen
presentation inside the fetal placental circulation. One major
issue concerns the antigen that is being recognized. Self- antigens
(orange) could be good candidates (see text) (A). Microbial antigens
(green) are even better candidates to activate fetal T cells, besides
providing antigen they can activate antigen presenting cells (B).
Moreover, both possibilities can be taking place simultaneously (C).

The role of these activated T cells, if any, remains to be uncovered.

when they compared placental microbiome species
composition with the microbiome of different body
sites, placental microbiome is closer to that found in the
oral cavity than to any other site of the body, including
intestines. Yet, although being similar, placental and oral
microbiomes are quite different when metabolism was
evaluated, with overrepresentation of metabolism for
cofactors and vitamins in the placentas than in any other site
of the body, suggesting a metabolic role for these bacteria.
The fact that comes to light is that the placenta
is not a sterile environment. On the contrary, it is a
microenvironment rich in bacterial antigens and as so,
being potentially able to stimulate adaptive immunity.
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Accordingly, we can expect the generation of co-stimulatory
signals or the presence of pathogen associated molecular
patterns (PAMPs) able to stimulate the innate immunity in
order to trigger the adaptive immune response with resulting
T cell activation (Figure I). On the other hand, it is known
that commensal microbiota can escape the immune response
and whereas some species can be tolerogenic, others are not
(6-10), contributing to inflammation or homeostasis.

If the activated T cells present in the cord blood of
healthy normal babies, delivered by C-section or through
vaginal route, are doing any good or not remains to be
defined. On the same token, the microbiome might activate
and be controlled by these few activated T cells, and this
fine control might be important for intestinal maturation
and maturation of the immune system.

In the near future we hope to understand the meaning
of activated T cells during pregnancy. It will be necessary
to establish the kinetics of appearance of such cells as well
as the microbiome, and their mutual relationship. By now,
the only thing we can say is that there are activated T cells
in cord blood from healthy babies delivered from healthy
mothers. If there is any meaning for these T), in the fetus/
neonate and whether these are recognizing auto-antigens
from the baby, maternal antigens or microbial antigens
remain an interesting and important issue to be defined.
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