Implantation in eutherians: Which came first, the
inflammatory reaction or attachment?
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In PNAS, Griffith et al. (1) examine the transcriptome
changes in the opossum uterus during pregnancy. The
authors find that term pregnancy, which is correlated
with the loss of the eggshell in the opossum, is characterized by an inflammatory response consistent with
implantation in humans and mice. They suggest that
implantation in eutherians was derived from an ancestral inflammatory attachment reaction. This is a very
interesting hypothesis. However, from the aspect of
mouse and human implantation, it seems that inflammatory reaction occurs before attachment.
L-selectin expressed by trophoblast cells of the
blastocyst is a crucial mediator of embryo attachment
(2). It is well-known that L-selectin plays a key role in
leukocyte capture from the bloodstream, raising the
possibility that embryo implantation is a mimicry of
the leukocyte–endothelium interaction. In humans
and monkeys, the inflammatory marker prostaglandinendoperoxide synthase 2 (PTGS2) is significantly elevated in receptive endometrium compared with
prereceptive endometrium (3, 4). In mice, leukemia inhibitory factor (LIF) transiently increases in mouse
uterus before implantation (5). LIF is an IL-6 class cytokine with proinflammatory potential (6). These data
indicate that the endometrium before implantation is
already in an inflammatory state under the control of
ovarian steroids. Hence, by acting like a leukocyte,
the embryo sticks and migrates into the “inflamed”
endometrium.
Does the preimplantation floating embryo contribute to the uterine inflammatory reaction? To answer

this question, mouse uterine tissues were collected on
the morning of day 4 pseudopregnancy (PP) and
natural pregnancy (NP), respectively. In the PP model,
female mice were mated with vasectomized males and
thus no embryo exists in the uterus. Through RNA-seq, I
identified a total of 223 differentially expressed genes,
of which 146 genes were up-regulated and 77 genes
were down-regulated in NP compared with PP (Fig.
1A). Based on an enrichment test (7), immune response
was the only gene ontology term that was significantly
enriched among differentially expressed genes [falsediscovery rate (FDR) < 0.05]. Strikingly, the PTGS2 gene
was significantly up-regulated in NP compared with
PP (fold-change = 6.29, FDR = 0.0312). This result
was further confirmed by quantitative RT-PCR (Fig.
1B) and Western blot (Fig. 1C). My data suggest that
the preimplantation embryo may educate the endometrium into an inflammatory state.
In conclusion, inflammatory reaction happens before attachment during implantation. The preimplantation inflammatory reaction in the uterus is at least
partially caused by the embryo. Therefore, I propose
an alternative hypothesis that implantation in eutherians is derived from ancestral inflammatory reaction
by mimicking the leukocyte capture in blood vessels.
This hypothesis can better explain the data obtained
from mouse and human implantation.
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Fig. 1. (A) Volcano plot for the comparison of RNA-seq data between PP and NP. Nonchanged genes are shown in blue, while differently
expressed genes (fold-change > 2 and FDR < 0.05) are denoted in red or green. n = 3. (B) Validation of PTGS2 gene expression by quantitative
RT-PCR. Data are presented as the mean ± SEM. Primer sequences: PTGS2-Forward: cagatgactgcccaactccc, PTGS2-Reverse:
tgaacccaggtcctcgctta; RPL7-Forward: gcagatgtaccgcactgagattc, RPL7-Reverse: acctttgggcttactccattgata. (C) Western blot validation.
Antibodies for PTGS2 (D5H5, 74 kDa) and ACTB (D6A8, 45 kDa) were obtained from Cell Signaling Technology.
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