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The successful transformation of 
uterine spiral arteries by invasion 

trophoblasts is critical for the forma-
tion of the human hemochorial placenta. 
Placental trophoblast migration and 
invasion are well regulated by various 
autocrine/paracrine factors at mater-
nal–fetal interface. Human placental 
multipotent mesenchymal stromal cells 
(hPMSCs) are a subpopulation of villous 
mesenchymal cells and have been shown 
to produce a wide array of soluble cyto-
kines and growth factors including HGF 
(hepatocyte growth factor). The function 
of hPMSCs in placental villous micro-
environment has not been explored. 
The interaction between hPMSCs and 
trophoblasts was proposed in vitro in a 
recent article. HGF produced by hPM-
SCs was able to engage c-Met receptor on 
trophoblast and induced the trophoblast 
cAMP expression. The cAMP activated 
PKA, which in turn, signaled to Rap1 
and led to integrin β1 activation. The 
total integrin β1 protein expression by 
trophoblasts was not affected by HGF 
stimulation. Hypoxia downregulated 
HGF expression by hPMSCs. HGF and 
PKA activator 6-Bnz-cAMP increased 
trophoblast adhesion and migration that 
were inhibited by PKA inhibitor H89 or 
Rap1 siRNA. Thus, hPMSCs-derived 
paracrine HGF can regulate trophoblast 
migration during placentation. These 
findings provided insight revealing at 
least one mechanism by which hPM-
SCs implicated in the development of 
preeclampsia.

Comment

At the human maternal–fetal interface, 
placental villous trophoblasts form the 

cell column and differentiate toward 
extravillous trophoblasts (EVTs). EVTs 
acquire invasive capability and begin to 
migrate into the maternal decidua. The 
maternal uterine spiral arteries, which 
have high resistance before pregnancy 
are subjected to remodeling through 
replacement of the vascular endothelium 
and smooth muscle cells by invasion 
of trophoblasts. EVT invasion leads to 
the transformation of the uterine spiral 
arteries into large diameter with high-
flow and low-resistance vessels that are 
capable of mediating efficient gas and 
nutrient exchange between mother and 
fetus. These steps are critical events for the 
successful formation of the hemochorial 
placenta in humans. Faulty vascular 
remodeling of uterine spiral arteries 
impairs placental blood flow resulting in 
placental hypoxia, which in turn, leads 
to release of placental factors into the 
maternal circulation causing systemic 
inflammatory reaction and endothelial 
activation with subsequent development 
of preeclampsia.1 Trophoblast invasion of 
decidua is regulated by a series of signaling 
events that include the cross talk between 
trophoblast and decidual at the maternal–
fetal interface. Previous studies have 
suggested that migratory and invasive 
functions of EVT cells are well regulated 
in an autocrine/paracrine manner by 
a variety of factors in the EVT cell and 
decidual microenvironment, which 
include growth factors, growth factor-
binding proteins, proteoglycans, and the 
extracellular matrix components that 
interact with receptors and their ligands 
on the EVT cell surface.2,3 These factors 
that regulate EVT migration and invasion 
can further be classified into three groups. 
The first group contains the autocrine 
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factors derived from trophoblasts, which 
include IGF-II (insulin-like growth 
factor-II), metalloproteinase (MMP)2, 
MMP9,4 urokinase-type plasminogen 
activator,5 Nodal and ALK7 (activin 
receptor-like kinase 7),6 sHLA-G (soluble 
human leukocyte antigen-G),7 NO 
(nitric oxide),8 and C1q,9 etc. These 
factors expressed by EVT may drive the 
trophoblast migration or interact with 
the factors either secreted by deciduas or 
expressed on the cell surface of deciduas. 
Factors derived from deciduas include 
TGF-β (transforming growth factor-β), 
dercorin,10 IGFBP-1 (insulin-like growth 
factor-binding protein-1), TIMP-3 (tissue 
inhibitors of matrix metalloproteinase-3),4 
RANTES (regulated on activation, 
normally T-expressed, and presumably 
secreted), and MIP-1α (macrophage 
inflammatory protein-1α),11 etc. These 
factors may either restrain or promote 
EVT migration through the ligands 

produced by EVT. The third group 
contains the factors derived from placental 
villous mesenchyme that include IGF-I12 
and hepatocyte growth factor (HGF),8 etc. 
These factors play as paracrine factors that 
trigger the EVT migration and modulate 
the distance of their invasion12 (Fig.  1). 
Such a signal diminishes with distance 
as the EVT migrate away the anchoring 
villus and is self-limiting when the in 
situ decidual factor eventually inhibit the 
stimulatory signal.12

The placental villous stroma expresses 
HGF and its receptor c-Met is present 
in the trophoblasts. HGF is known 
to stimulate trophoblast motility via 
phosphatidylinositide 3-kinase and 
mitogen-activated protein–kinase 
signaling cascades.13,14 In a recent report, 
we set up an in vitro model to examine 
HGF-c-Met signaling in SSEA4-
positive human placental mulitipotent 
mesenchymal stromal cell (hPMSC) and 

trophoblast interaction. hPMSCs are a 
subpopulation of villous stromal cells. 
We have demonstrated that hPMSCs 
express mesenchymal stem cell markers 
such as SSEA4, CD44, CD54, CD73, 
CD90, CD105, and CD166, Oct4, 
and are abundant in the villous stroma. 
Because of the energy demand and 
increasing metabolism, reactive oxygen 
species are increased during pregnancy. 
The hPMSCs can secret paracrine factors 
that protect endothelium from oxidative 
injury via interleukin 6 signal transducer/
STAT3 and manganese superoxide 
dismutase activation.15 Manganese 
superoxide dismutase scavenges oxidative 
stress-induced cellular reactive oxygen 
species that may function as signaling 
intermediaries. This mechanism reveals 
that villous endothelial cells can be 
protected against oxidative damage by 
paracrine factors conferred by hPMSCs.15 
Our previous data revealed the paracrine 
factors contain various cytokines 
and growth factors.15 Furthermore, 
hPMSCs can be induced to differentiate 
into endothelial cells and involve in 
vascularization through integrin α5β1 
in vitro and in vivo.16 These observations 
indicate that hPMSCs may participate 
in the vascularization of placental villus. 
In addition to contributing to the vessel 
formation through differentiation and 
integration into vascular structure, we 
further observed these SSEA4-positive 
hPMSCs that adjacent to the trophoblasts 
of cell columns can modulate trophoblast 
migration by paracrine mechanisms 
during placentation.17 In that report, we 
proposed hPMSCs secreted HGF, which 
modulated trophoblast migration and 
increased MMP9 expression through 
c-Met receptor ligation and production 
of the second messenger 3′,5′-cyclic 
adenosine monophosphate (cAMP), 
leading to protein kinase A (PKA)-
induced Rap1 and integrin β1 activation 
of trophoblasts (Fig.  2). Thus, villous 
mesenchymal stromal cells, especially 
hPMSCs, have a novel function to induce 
lining trophoblast migration in placental 
villous microenvironment.

Rap1 belongs to the Ras subgroup of 
small GTPases. It cycles between the 
active GTP-bound and inactive GDP-
bound forms, which is regulated by a 

Figure 1. Schematic representation of placental anchoring villus on maternal decidua. The extravil-
lous cytotrophoblasts migrate from cell column and infiltrate the deciduas through the factors 
derived either from villous mesenchyme, trophoblast, or decidua. ALK7, activin receptor-like kinase 
7; HGF, hepatocyte growth factor; hPMSC, human placental multipotent mesenchymal stromal 
cell; IGF-I/II, insulin-like growth factor-I/II; IGFBP-1, insulin-like growth factor-binding protein-1; 
MIP-1α, macrophage inflammatory protein-1α; MMP, metalloproteinase; NO, nitric oxide; RANTES, 
regulated on activation, normally T-expressed, and presumably secreted; sHLA-G, soluble human 
leukocyte antigen-G; TGF-β, transforming growth factor-β; TIMP-3, tissue inhibitors of matrix 
metalloproteinase-3; uPA, urokinase-type plasminogen activator.
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diverse family of guanine nucleotide 
exchange factors and GTPase-activating 
proteins. Various extracellular signals 
activate Rap1 and its functions ranged 
from the influence of cell proliferation 
and differentiation to endocrine secretion, 
integrin-mediated cell adhesion, and 
morphogenesis.18 The common second 
messengers such as cAMP, calcium, and 
diacylglycerol are involved in transducing 
the extracellular signal to Rap1. Exchange 
protein directly activated by cAMP-1 and 
-2 (Epac-1 and Epac-2) are activated both 
in vitro and in vivo by direct binding 
of cAMP. They have been shown to 
increase Rap1 activity and promote Rap1-
dependent cell adhesion via integrin β1. 
PKA is a target for cAMP and Rap1 is 
activated by PKA.18 However, in several 
cell types, the Rap1 downstream signaling 
may be regulated through different 
effectors of the cAMP transduction 
cascade. For example, Epac signaling 
pathway is associated with the cAMP-
mediated functional differentiation 
(hCG production) and syncytialization 
of human BeWo trophoblasts.19 Further 
report reveals that cAMP/Epac1/Rap1 
signaling cascade stimulates BeWo 
trophoblast fusion through promoting 
placental transcription factor glial cell 
missing 1 phosphorylation, which is PKA-
independent.20 The Epac/Rap1 signaling 
pathway involves in cAMP-mediated 
decidualization of human endometrial 
stromal cells.21 In the recent report, we 
observed the extravillous trophoblast cell 
line (HTR-8/SVneo) expressed PKA and 
c-Met. HGF and PKA-specific agonist 
6-Bnz-cAMP activated PKA. Stimulation 
of HTR-8 trophoblasts with HGF or 
6-Bnz-cAMP had no effect on total 
integrin β1 protein, but significantly 
enhanced the expression of activated form 
of integrin β1, suggesting PKA-dependent 
inside-out signaling.17 The HTR-8 
trophoblasts expressed Epac-1 and Epac-
2, but their effects on Rap1 need further 
clarification (Fig. 2).

Shallow trophoblast invasion and 
defective maternal spiral artery remodeling 
are common to both intrauterine growth 
restriction and preeclampsia.22-24 Although 
the mechanism of defective trophoblast 
invasion is unknown, abnormal trophoblast 
integrin expression and hypoxia have been 

implicated.22-24 Supported by the previous 
findings that HGF expression was 
decreased in preeclamptic placentas,25 in 
the recent article we further demonstrated 
the number of hPMSCs was reduced 
in preeclamptic placentas and they 
produced less HGF than comparable cells 
isolated from gestational age-matched 
control placentas.17 Additionally, cAMP 
expression in preeclamptic placentas was 
lower than that of controls. Hypoxic 
treatment of hPMSCs resulted in a 
significant decrease of HGF production 
compared with normoxic controls.17 
However, the molecular mechanisms of 
the downregulation of HGF in response 
to hypoxia in hPMSCs are not known. In 
the study of vascular smooth muscle cells, 
TGF-β and cAMP are reported to involve 
in the reduction of HGF production in 
hypoxia.26,27 Stimulated vascular smooth 
muscle cells with cAMP analog enhance 
HGF production.27 Thus, cAMP seems 
to have a reciprocal function in HGF 
signaling transduction.

In conclusion, we suggest trophoblast 
migration depends on signals acquired 
from villous stromal hPMSCs during 
placentation. Through paracrine interplay 
of signaling and effector molecules, 
HGF produced by hPMSCs mediates 
mesenchymal–epithelial interactions 
via cAMP/Rap1/integrin β1 pathway. 
Here, we provide a novel mechanism that 
hypoxia downregulates HGF expression 
by hPMSCs and reduces trophoblast 
migration are relevant to the development 
of preeclampsia.
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