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PLACENTA

When the past informs our

future

Comparing the genes expressed at the maternal-fetal interface in

different species helps to pinpoint those that contribute to a healthy

pregnancy by regulating the activity of the immune system.
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our belly button is the last reminder of

arguably the most fascinating yet fleeting

organ you ever had: the placenta. Simul-
taneously taking on the role of lungs, liver, gut
and kidneys, this temporary structure develops
during pregnancy to provide the fetus with oxy-
gen and nutrients while also removing waste
products (Burton and Fowden, 2015). The pla-
centa also features the maternal-fetal interface,
where the cells of the mother and the fetus work
together to develop the structures and avenues
of communication necessary for a successful
pregnancy. Disrupting this process can result in
complications such as preeclampsia or preterm
birth, which affects around 15 million pregnan-
cies worldwide every year (Blencowe et al.,
2012; Erlebacher, 2013).

Yet, it is almost impossible to safely study the
maternal-fetal interface during pregnancy:
instead, researchers can turn to its evolutionary
history. Indeed, how the interface came to be is
inseparable from the way it operates and mal-
functions today. In particular, comparing and

contrasting this process across diverse species
can highlight innovations in specific pathways or
genes. Now, in elife, Vincent Lynch and col-
leagues - including Mirna Marini¢ as first author,
Katelyn Mika and Sravanthi Chigurupati — report
on using this approach to identify the genes
that the maternal-fetal interface needs to form
and work properly in placental
(Marinic et al., 2021).

Marini¢ et al. — who are based at the Univer-
sity of Buffalo, the University of Chicago and
AbbVie — gathered gene expression data from
the maternal side of the maternal-fetal interface
from 28 species ranging from frogs to people.
Of the 20,000 genes studied, just 149 had pla-
cental expression which, when mapped onto the
evolutionary tree, suggested that these genes
had started to be expressed at the maternal-
fetal interface when placental structures first
emerged.

One of the 149 genes, known as HAND2
(short for heart and neural crest derivatives-
expressed protein 2), encodes a regulatory pro-
tein that contributes to the embryo getting
implanted into the wall of the uterus (Mestre-
Citrinovitz et al., 2015). However, it has also
been associated with preterm birth, and could
be important later on for a healthy pregnancy
(Brockway et al., 2019).

To understand how HAND?2Z is involved in the
later stages of pregnancy, Marini¢ et al. used
short-tailed opossum data and human cell cul-
tures to create a model for the role of this gene
at the maternal-fetal interface. The experiments
revealed that HAND2 regulates IL15, a gene

animals

LaBella. eLife 2021;10:e67169. DOI: https://doi.org/10.7554/eLife.67169

10f3


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://doi.org/10.7554/eLife.61257
https://doi.org/10.7554/eLife.67169
https://creativecommons.org/
https://creativecommons.org/
https://elifesciences.org/?utm_source=pdf&utm_medium=article-pdf&utm_campaign=PDF_tracking
https://elifesciences.org/?utm_source=pdf&utm_medium=article-pdf&utm_campaign=PDF_tracking
http://en.wikipedia.org/wiki/Open_access
http://en.wikipedia.org/wiki/Open_access

ELife Insight

Placenta | When the past informs our future

A O Frog BA

Platypus “
Wallaby M\ _
Opossum @

@ Hanp2
Expression at Armadillo AP
the Maternal-
Fetal Interface Dog h
@ HAND2 Cow L]
Expression 9
Inferred in e
Ancestor Baboon ﬂ\
J Placental Maternal
Human
Mammals "

Maternal
O Chicken y Uterine Wall

Uterine Lining

Maternal-Fetal

Interface Early

Pregnancy

Late

Pregnan;
Fetal egnancy

Placenta

Figure 1. Studying evolution to understand the genes that shape the maternal-fetal interface. (A) The expression
of HAND?Z (large red circles) was measured at the maternal-fetal interface across multiple placental and non-
placental species. Marini¢ et al. then used ancestral reconstruction to infer that the expression of HANDZ2 (small
red circles) at the maternal-fetal interface arose in the ancestor of all placental mammals (shown in purple). In the
wallaby, the expression of HANDZ2 has a distinct evolutionary origin, which is most likely associated with other
derived pregnancy traits in this species. (B) The placenta (fetal; purple) and uterine wall (maternal; gray) meet at
the maternal-fetal interface, where nutrients and waste are exchanged, and communication systems are
established. (C) During early pregnancy, HANDZ2 is highly expressed at the maternal-fetal interface: the resulting
increase in IL15 expression leads to immune natural killer cells (NK cells) being recruited to the interface (top),
where they help to shape the structure. As pregnancy progresses, decreased HANDZ2 and IL15 expression alters
the recruitment of NK cells, which may have a role in determining when birth should start.

that encodes a cytokine — a type of small signal-
ing protein that helps to regulate the activity of
the immune system. While it was once thought
that the maternal immune system was turned
down to accommodate the ‘foreign cells’ of a
fetus, scientists now know that it actively helps
to establish and maintain a healthy pregnancy
(Racicot et al., 2014). In particular, the immune
system may contribute to triggering the onset of
birth.

Marini¢ et al. discovered that early in preg-
nancy, HANDZ is present at high levels at the
maternal-fetal interface. In turn, this increases
the local expression of IL15, which then recruits
natural killer cells, a component of the immune
system that shapes the maternal-fetal interface.
As pregnancy progresses, the expression of
HAND?Z2 and IL15 decreases; this might aid in the
correct timing of birth by reducing levels of nat-
ural killer cells at the interface (Figure 1C).

To help diagnose, treat and prevent preg-
nancy disorders, we must first understand the
tightly choreographed ballet of cells and com-
munication signals that sustains healthy gesta-
tion. Examining the differences in gene
expression between humans and closely related
species helps to uncover new elements of this
careful dance. By looking back at our past, Mar-
ini¢ et al. work to prevent future preterm births.
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