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In a paper in PNAS (1) we show that, in opossums,
endometrial inflammation follows attachment of the
embryo to the uterine wall. We argue that this is similar
to what occurred in the first live-bearing mammals,
and that inflammatory signaling seen at implantation
in eutherians evolved from this attachment-induced
inflammation. In a letter on our paper, Liu (2) presents
evidence of endometrial inflammatory gene expres-
sion in mice before embryonic attachment. Liu infers
that inflammatory signaling at implantation cannot be
a consequence of embryonic attachment because in-
flammation precedes implantation in mice and hu-
mans. Liu alternatively proposes that inflammation
during implantation in eutherians has evolved be-
cause the embryo coopted L-selectin expression,
allowing it to “act” like a leukocyte and facilitate en-
dometrial infiltration. This is an interesting hypothesis,
because it may explain why inflammatory signaling is
necessary for eutherian implantation.

Liu’s (2) argument reduces to the following infer-
ence: In the opossum, endometrial inflammation fol-
lows embryo–endometrium interaction. In eutherians,
however, inflammatory processes associated with re-
ceptivity occur before attachment and, thus, cannot
be homologous to the inflammatory reaction in opos-
sums, which follows attachment. Liu finally proposes
that “implantation in eutherians is derived from ances-
tral inflammatory reaction by mimicking the leukocyte
capture in blood vessels” (2).

Mimicry of leukocyte capture by the blastocyst is an
interesting hypothesis that can explain why inflammation
is necessary for implantation (3), but is insufficient to ex-
plain the evolutionary origin of inflammatory signal-
ing. The first step of inflammation is local secretion of
proinflammatory signals, mainly by macrophages
and fibroblasts. These signals recruit leukocytes from

the bloodstream, which use L-selectin to invade
inflamed tissues. L-selectin–dependent invasion is a
reaction to an inflammatory process and supports the
progression of inflammation rather than its initiation.
Thus, L-selectin expression by the embryo cannot
explain the broad inflammatory reaction observed
during implantation in eutherians (4). The recruit-
ment, in evolution, of L-selectin to invade the endo-
metrium can only work if there is already a source of
inflammatory signals, which was ancestrally due to
embryo attachment.

Furthermore, it is not surprising that the ancestral
inflammatory signaling is partially assimilated in the
normal uterine cycle of eutherians. Genetic assimila-
tion occurs when environmentally induced pheno-
types are incorporated into normal development
independent of the environmental stimulus (5). This
also occurred with endometrial decidualization in pri-
mates (6). Applied to early pregnancy, we envision
that inflammation occurred so reliably at the begin-
ning of pregnancy that it was incorporated into normal
uterine cycling in eutherians, enhancing implantation
success. Even with partial assimilation, inflammatory
signals are still modulated by the presence of the
blastocyst, as demonstrated by Liu (2).

To conclude, we show how Liu’s (2) findings and
our results (1) fit into an evolutionary scenario (Fig.
1). The inflammatory reaction evolved as a direct
consequence of the first maternal–fetal interaction
following the evolution of pregnancy (7). Once in-
flammation was established as a regular event during
gestation, the embryo evolved the ability to invade
endometrial tissue by recruiting the invasive machin-
ery used by leukocytes. After that, inflammation be-
came partially independent of embryo attachment
by genetic assimilation.
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Fig. 1. Phylogeny of major extant mammalian lineages. We have noted where transformations to the maternal–fetal inflammation response have
occurred along branches. 1) Uterine inflammation occurs as a result of the presence of a fetus in utero; this is distinct from the ancestral
egg-laying case where uterine inflammation did not occur (1, 4). 2) The blastocyst evolves to invade maternal uterine tissue, perhaps by recruiting
the L-selectin pathway and “mimicking” leukocyte cell behavior. 3) The inflammation response is assimilated and induced at some level without
attachment, this occurs because of its necessity for the success of implantation and reproduction. Inflammation is a mechanism of receptivity,
attracts the blastocyst, and initiates implantation; this explains why uterine biopsies promote implantation success in in vitro fertilization (8, 9).
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