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Abstract: Ghrelin and its growth hormone secretagogue receptor (GHSR) have been found in the
placenta, both in endothelial and trophoblast cells. Ghrelin has been shown to decrease blood pressure
in several systems and improve endothelial function by stimulating VEGF production. Because
locally increased Ghrelin was detected in the preeclamptic fetoplacental unit, we hypothesized its
involvement in the fibrinolysis and vascular tone typically observed in preeclamptic patients. This
study aimed to evaluate the synthesis of plasminogen activators (PAs), PA inhibitor-1 (PAI-1), and
urokinase-type PA (uPA) receptor (uPAR) in human umbilical vein endothelial cells (HUVECs) since
the components of the PA/plasmin system are vital players in the extracellular matrix remodeling
process necessary for angiogenesis. HUVECs were treated for 24 h with increasing concentrations of
Ghrelin (10~ 11-10=7 M) or IL-1p (0.1 ng/mL). PAs, PAI-1, and uPAR mRNAs were determined by real-
time PCR and PA activity was determined by casein underlay. We demonstrated an increase in uPA,
tissue-type PA (tPA), and uPAR mRNA; a reduction in PAI-1 mRNA in HUVECs treated with Ghrelin;
and an increase in total uPA activity. In conclusion, our results suggest a potential compensatory
physiological mechanism for Ghrelin in response to the maternal endothelial dysfunction observed
in the preeclamptic fetoplacental unit.
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1. Introduction

Ghrelin is a 28-amino-acid hormone produced primarily by the stomach and small
intestine. Ghrelin is involved in a series of metabolic functions, mainly stimulating the
release of GH by the pituitary gland through its growth hormone (GH) secretagogue re-
ceptor (GHSR). Two identified transcript variants are expressed in several tissues: GHSR
type 1la, the fully functional receptor, and type 1b, the biologically inactive receptor, is
expressed in various peripheral human tissues, including kidney, heart, and blood ves-
sels [1]. Ghrelin has also been found in the human placenta [2], where its expression varies
with the pregnancy proceeding. It is highly expressed in the first trimester, peaks in the
second trimester, and drops to its lowest in the third trimester [3]. The presence of Ghrelin
and its functional receptor GHSR-1a in the placenta and the pregnancy-related changes
of Ghrelin expression in the placenta suggest a functional role for Ghrelin in placental
formation, differentiation, and function [4]. The presence of Ghrelin in cord blood has been
found to be inversely correlated with birth weight [5], suggesting a role in the control of
fetal growth and prevention of the development of metabolic diseases often associated
with large birth weight [6]. Moreover, Ghrelin protein can be detected in trophoblast cells,
mainly localized in the cytotrophoblast cells [3], thus indicating that Ghrelin may play a
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physiological role in healthy pregnancy and embryo implantation [7]. Placental Ghrelin
may have an immunomodulatory role in pregnancy. Tolerance, immunosuppression, and
immunomodulation must be established for a successful pregnancy. Hattori [8] found
the expression of Ghrelin and its receptor in human immune cells. In addition, Dixit [9]
demonstrated that Ghrelin exerts inhibitory effects on the expression and production of
pro-inflammatory cytokines such as IL-1b, IL-6, and TNF-alpha.

The placenta is known to be a source of hormonal and non-hormonal substances with
angiogenic and vasoactive properties that play an important role in maintaining pregnancy,
maternal adaptations, and mother-fetus interaction [10]. Moreover, endothelial integrity,
regular fibrinolytic activity, and substances influencing the vascular tone are important
to ensure normal vascular function. Alterations in blood flow may be responsible for
placental infarction and fetal growth restriction observed in some pregnancy diseases
mainly characterized by vascular disorders [11]. Vaso-regulatory imbalance in favor of
vasoconstriction and endothelial dysfunction are among the significant characteristics of
preeclampsia (PE) [12,13]. Ghrelin could be involved in these functions since it has been
shown to positively influence endothelial cell proliferation, migration, and tube formation.
Increasing production of pro-inflammatory molecules has been shown in several diseases
such as metabolic syndrome, atherosclerosis, and hypertension, and inflammation is one
of the first events leading to endothelial dysfunction. Ghrelin has been shown to play
an important role in controlling endothelial dysfunctions and decreasing blood pressure
in several systems [14-16]. Its action is mediated by the stimulation of the expression
of endothelial nitric oxide synthase (eNOS), thus increasing NO production. In human
aortic endothelial cells, it has been shown that Ghrelin stimulates NO production via
phosphorylation of eNOS, PI 3-kinase, and AKT through its receptor GHSR-1a [17]. How-
ever, the action of Ghrelin can also be mediated via NO-independent mechanisms [1,18].
Moreover, Ghrelin improves endothelial function by promoting angiogenesis through the
Jagged1/Notch2/VEGF pathway [3].

The increased blood pressure in hypertension has been correlated with alterations in
fibrinolytic activity [19]. The endothelium controls intravascular thrombosis by secreting
molecules that prevent blood clot formation. Among these molecules, the plasmino-
gen/plasmin system plays an important role in the dissolution of blood clots and the
control of atherosclerosis, hemostasis, and thrombosis [20]. The plasminogen/plasmin
system is composed of the inactive proenzyme plasminogen, which is converted into plas-
min by the plasminogen activators (PAs): urokinase-type (uPA) and tissue-type (tPA) [21].
Plasmin, besides fibrin degradation, can degrade proteins of the extracellular matrix, di-
rectly and indirectly, by activating matrix metalloproteases [22,23]. Specific PA inhibitors
(PAIs), PAI-1 and PAI-2, balance PA activity, thus limiting plasminogen activation and
plasmin formation [24]. The PAI-1 inhibitor is predominantly a regulator of uPA, to which
it binds covalently. PAI-1 at high levels prevents angiogenesis and tumorigenesis while
facilitating tumor growth and angiogenesis at physiological levels [25]. Furthermore, in the
absence of PAIL both tumor growth and angiogenesis are blocked. PAI-1 knockout mice
have reduced vascularization on both the maternal and fetal sides of the placenta [26]. In
addition, although tPA and uPA are secreted proteases, both can bind to the cell surface
via specific cell surface receptors, thus protecting them from the inhibitory actions of the
abundant plasma inhibitors [21].

The abnormal growth of the fetus requires an adequate supply of maternal blood
brought into the placenta’s intervillous spaces. Therefore, the placenta, during its develop-
ment, undergoes important morphological modifications associated with remodeling of
uterine and fetal tissue and vascularization. As described above, the plasminogen/plasmin
system has been associated with tissue remodeling and vessel formation. Moreover, the
production of plasminogen activators and their inhibitors has been demonstrated by the
trophoblast at the time of implantation when vessel remodeling is observed [7]. Frequently,
in many diseases characterized by vascular disorders, endothelial injury also results in
a dysregulation of the fibrinolytic system. For instance, in PE, a significant reduction in
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uPA concentrations in maternal plasma has been described [27-29], whereas PAI-1 lev-
els were significantly increased [30]. Similar alterations have been found in umbilical
cord circulation [31].

It has been demonstrated that human umbilical vein endothelial cells (HUVECS)
express mRNA for Ghrelin and both subtypes of GHSR receptors [32]. These findings
suggest that these endothelial cells represent not only the site of synthesis but also a
target of action of Ghrelin, which may exert a possible paracrine/autocrine action on this
endothelium. Hence, there is an increased interest in the effects of Ghrelin on HUVECsS,
which, therefore, represent a good model for studying endothelial functions in the feto-
mother unit.

Based on these data, this study aimed to verify whether Ghrelin could act on the
protagonists of cell invasion and angiogenesis by evaluating its ability to influence the
expression of uPA, tPA, PAI-1, and uPAR in HUVECs.

2. Materials and Methods
2.1. Chemicals

Ghrelin (#031-40) was obtained from Phoenix Pharmaceuticals, Inc. Burlingame, CA,
USA. Trypsin, antibiotics, and Hank’s balanced salt solution were purchased from Sigma
Aldrich Co. (St. Louis, MO, USA). Interleukin-1 (IL-1f3; #1 457 756), was obtained from
Roche Diagnostics (Indianapolis, IN, USA). Heparin was obtained from Parke-Davis Spa
(Lainate, MI, Italy). Medium 199 and fetal bovine serum (FBS) were purchased from Life
Technologies, Inc. (Thermo Fisher Scientific, Rome, Italy).

2.2. Human Umbilical Vein Endothelial Cell Cultures

Human umbilical cords were obtained from healthy women who underwent uncom-
plicated term pregnancies. After collection, the umbilical cord was rapidly immersed in
sterile saline solution (0.9% NaCl) and immediately processed for endothelial cell isolation
as previously described [33]. The endothelial cells showed the typical cobblestone aspect
and by immunostaining with an antibody versus factor VIII-related antigen [33].

After isolation, cells were plated on tissue culture flasks (25 cm?), grown in medium
199 containing 10% heat-inactivated FBS, antibiotics, endothelial cell growth factor, and
heparin, and cultured in 5% CO, /95% air at 37 °C; cells reached confluence after 1-3 days
of culture. Confluent cells were detached with trypsin and plated in 60 mm dishes.

Informed consent was obtained from each patient.

2.3. Total RNA Extraction and Quantification

To evaluate tPA, uPA, uPAR, and PAI-1 expression, HUVECs were plated in 60 mm
tissue culture dishes. Once grown to confluence, the cells were incubated with fresh serum-
free medium alone (controls) or containing IL-1$ (0.1 ng/mL) as a positive control or with
Ghrelin (10~'-10~7 M) with or without IL-1p. After 24 h, HUVECs were treated for total
RNA extraction. Total RNA was extracted using TRI-Reagent (Sigma-Aldrich). Total RNA
was reverse-transcribed in a final volume of 20 pL using the M-MLV Reverse Transcriptase
kit (Invitrogen, Milan, Italy) according to the manufacturer’s instructions. The presence
of transcripts for uPA, uPAR, tPA, and PAI-1 was evaluated by SYBR Green Real-Time
PCR on an Applied Biosystems Real-Time PCR System using SYBR Green Universal PCR
Master Mix (EuroClone, Milan, Italy), following the manufacturer’s recommendations.
Each sample was normalized to its RPLPO content [34]. The results were calculated using
the AACt method and were expressed as fold increase with respect to C, arbitrarily set at
1. The primers utilized are shown in Table 1. The primers’ specificity was confirmed by
melting curves.
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Table 1. Sequence of oligonucleotides used as real-time PCR primers.

Gene Primers Product Length (bp)

RPLPO Fw:5-TAAACCCTGCGTGGCAATCC-3/ 150
Rv:5'-CTTGGAGCCCACATTGTCTG-3

WPA Fw:5'-GGGAGATGAAGTTGAGGTGG-3' 166
Rv:5'-GTTATACATCGAGGGCAGGC-3'

WPAR Fw:5'-CTATCGGACTGGCTTGAAGATC-3/ 103
Rv:5'-GCTTCGGGAATAGGTGACAG-3/

PAL1 Fw:5-AGAACCTGGGAATGACCGAC-3 169
Rv:5'-ATGCGGGCTGAGACTATGAC-3'

{PA Fw:5'-CGCAGGCTGACGTGGGAGTA-3’ 290

Rv:5'-GTGGGCGGCAGAGAGAATCC-3

Fw—forward primer, Rv—reverse primer.

2.4. Gel Electrophoresis and Casein Underlay

For PA enzymatic activity detection, HUVECs were plated in 35 mm tissue cul-
ture dishes. Once grown to confluence, the cells were incubated with fresh serum-free
medium alone (controls) or containing IL-1$ (0.1 ng/mL) as a positive control or with
Ghrelin (10-11-1077 M). After 24 h of treatment, aliquots of conditioned media and cell
homogenates were separated by electrophoresis in 8% polyacrylamide slab gels in the
presence of sodium dodecyl sulfate (SDS-PAGE) under nonreducing conditions according
to the procedure of Laemmli [35]. PA was then visualized by placing the Triton-X-washed
gel on a casein agar-plasminogen underlay, incubated at 37 °C in humidified chambers,
and at the end photographed under dark-field illumination, as previously described [36].
Molecular weights were calculated from the position of prestained markers that were
subjected to electrophoresis in parallel lines. The lytic zones were plasminogen-dependent.
Densitometric analysis of the bands was performed using Image]J softwarel.52a (NIH).

2.5. Dissociation of High-Molecular-Weight PA Forms

To dissociate tPA and uPA from the PAI inhibitors, media were treated with neu-
trophilic agents to convert the PA high molecular bands into the active forms of PAs [37].
The medium was mixed with an equal volume of 2% SDS in TRIS-HC1 pH 7.5. After
30 min incubation at room temperature, 1 M hydroxylamine (Sigma-Aldrich) was added to
the sample and incubated for an additional 90 min at room temperature. Samples were
dialyzed against 0.1% SDS, 0.065 M Tris-HCI pH 6.8 and then analyzed for PA activity by
gel electrophoresis and casein underlay.

2.6. Data Analysis

Statistical analysis was performed using ANOVA followed by the Tukey-Kramer test for
comparisons of multiple groups. Values with p < 0.05 were considered statistically significant.

3. Results
3.1. Effects of Ghrelin on uPA, uPAR, tPA, PAI-1 mRNA Expression

To determine whether Ghrelin was able to affect the mRNA levels of molecules of the
plasminogen/plasmin system, HUVECs obtained from six separate cord preparations were
plated in 60 mm dishes and cultured for 24 h in medium alone (C), IL-1f3 (0.1 ng/mL), or in
the presence of increasing concentrations of Ghrelin (ranging from 107! to 10~7 M). Two
60 mm dishes for each experimental group were utilized in each independent experiment.
At the end of culture, total RNA was extracted and analyzed by RT-PCR. As expected, IL-13
(0.1 ng/mL) increased uPA, uPAR, and PAI-1 mRNA levels. As shown in Figure 1A,B,D,
treatment of HUVECs with Ghrelin caused a dose-dependent increase in uPA, uPAR, and
tPA mRNA levels, while PAI-1 mRNA was decreased (Figure 1C).
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Figure 1. Effect of IL-1$3 and Ghrelin on uPA (A), uPAR (B), PAI-1 (C), and tPA (D) mRNA levels
in HUVECs. Total RNA was prepared from HUVECs cultured for 24 h with either medium alone
as control (C), IL-1f 0.1 ng/mL, or increasing Ghrelin concentrations. Total RNA was subjected to
real-time PCR using the specific primer sets shown in Table 1. The levels of the transcripts were
normalized with the house-keeping gene (RPLP0). Each bar represents the mean £+ SEM of six
separate experiments using total RNA preparations from different cords. Results are expressed as
fold increase with respect to the control set equal to 1. * p < 0.05, ** p < 0.01, *** p < 0.005 vs. C values.

3.2. Effects of Ghrelin on uPA, tPA, and PAI-1 Production

To investigate whether Ghrelin could modulate PA activity in HUVECsS, the cells were
cultured for 24 h medium alone (C), IL-1f (0.1 ng/mL), and Ghrelin (10~8-10~7 M). PA
activity was assayed in the conditioned media (Figure 2A) and cell lysates (Figure 2B) with
casein underlay. As shown in Figure 24, in the conditioned medium, we observed a band
with an apparent molecular mass of about 55 kDa, corresponding to human uPA. A lower
band at 33 kDa represents one of the two chains present in uPA after its activation [38].
This band contains the proteolytic domain and is evidenced in the gel at 33 kDa. No bands
were observed at the molecular mass of 68 kDa corresponding to human tPA. Both Ghrelin
and IL-1p induced uPA activity. In addition, a doublet at higher molecular weight was
present in the casein underlay, suggesting the presence of PAI-PA complexes.
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Figure 2. Effect of Ghrelin on HUVEC PAs and PAI production. HUVECs were cultured for 24 h
with medium alone (C), IL-1B (0.1 ng/mL), and Ghrelin (10~8-10=7 M). Aliquots of conditioned
media (20 pL) (A) and cell lysate (15 L) (B) were analyzed by zymography. The photographs were

(55 kDa)

taken after 24 h of incubation at 37 °C. The figures shown are representative zymographies of four
independent experiments. LMW-uPA (low—-molecular-weight uPA). All bands were plasminogen-
dependent. PA activity was measured by densitometric scanning of zymographies. Data represent
the mean 4 SEM of four independent experiments. Values are reported as fold increase with respect
to the control set equal to 1. (C) uPA activity in conditioned media (55 kDa), (D) uPA activity in
cell lysates, and (E) PA activity associated with PAI in conditioned media. * p < 0.05, ** p < 0.01 vs.

C values.
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When cell lysates were examined (Figure 2B), only the uPA band was present. Despite
the presence of tPA-mRNA in the cells, no free tPA activity was present in both medium
and cell lysates.

PA activity was measured by densitometric scanning of zymographies. As shown in
Figure 2, uPA activity increased in the conditioned medium (Figure 2C) and cell lysate
(Figure 2D). The activity at higher molecular weight increased after stimulation with
Ghrelin (Figure 2E). However, this last measure might not represent the actual amount
of the enzyme bound to the PAI since PAs are tightly bound to their inhibitor, and the
dissociation under the condition of these experiments is casual and never complete.

3.3. PAI and PA Dissociation

In order to understand if the tPA is absent because it is all bound to its inhibitor,
conditioned media were treated with nucleophilic reagents to dissociate PAI and PAs [37].
The presence of PAs was evidenced by gel electrophoresis and casein underlay. After
60 min of incubation at 37 °C, in the presence of 0.1% SDS and 1.5 M NH4OH, we observed
the dissociation of these high-molecular-weight bands into bands at MW 68 and 55 kDa,
corresponding to tPA and uPA proteins, respectively. The results are shown in Figure 3.
The treatment of the conditioned medium resulted in the dissociation of these proteins into
their respective 68 and 55 kDa forms. After dissociation, we observed an increase in tPA
activity (Figure 3B) and a slight decrease in uPA activity (Figure 3C) in response to both
stimulations. However, these values did not reach significance.
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Figure 3. Effect of treatment with neutrophilic agents to convert the PA high molecular bands into
the active forms of PAs. HUVEC-conditioned media were treated as described in the Section 2
and analyzed by zymography. The photographs were taken after 24 h of incubation at 37 °C.
(A) representative zymography of three independent experiments. LMW-uPA (low—-molecular—
weight uPA). PA activity was measured by densitometric scanning of zymographies. Data represent
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the mean £ SEM of three independent experiments. Values are reported as fold increase with respect
to the control set equal to 1. (B) tPA activity (68 kDa) and (C) uPA activity (55 kDa) after dissociation
from PA /PAI complex.

4. Discussion

Ghrelin is present in the human placenta, and it has been shown to increase in
pregnancy-induced hypertension [39] and in mild and severe PE compared to healthy
controls [40]. Ghrelin is a potent vasodilator in humans capable of reversing the effects
of endothelin-1 both in in vitro and in vivo studies with trials carried out on volunteers
where intravenous injection of the peptide leads to a reduction in blood pressure in the
middle artery [41,42]. This ability, together with the high levels of Ghrelin circulating in
human plasma, considerably higher than those of other vasoactive peptides, and with
the localization of GSH-R in the cardiovascular system, suggest that Ghrelin may have
a vasodilatory role in the regulation of vascular tone. Moreover, Ghrelin activates the
Jagged1/Notch2 pathway, inducing increased VEGF, which decreases in PE [3], showing a
positive effect on hypertension in pregnancy.

In this study, we show that Ghrelin modulates the PA /plasmin system component in
endothelial cells obtained from the human umbilical cord (HUVECS). The decrease in PAI-1
and the concomitant increase in uPA let us hypothesize a net increase in the proteolytic
activity, thus favoring angiogenesis and tissue remodeling during placenta formation [28].

The components of the PA /plasmin system are vital players in the extracellular matrix
remodeling process necessary for angiogenesis [43]. Ghrelin has been shown to affect HUVEC
proliferation, migration, and tube formation [3], therefore promoting angiogenesis. Frequently,
in many diseases characterized by vascular disorders such as PE, endothelial injury also results
in a dysregulation of the fibrinolytic system [44]. The impairment of fetoplacental vascular
function(s) is associated with maternal endothelial cell dysfunction and altered expression of
PA system components. Higher levels of tPA and PAI-1 and lower levels of uPA and PAI-2
have been detected in plasma of women with severe PE [27-30]. Moreover, Roes et al. [31]
found that in PE, the fetal fibrinolytic system was also affected. In fact, they found a very high
increase in PAI-1 levels and a decrease in uPA levels in the umbilical cord of preeclamptic
patients, suggesting a decreased fibrinolysis in the fetal circulation.

We demonstrated that Ghrelin significantly increased the expression of uPA-, its
receptor uPAR-, and tPA-mRNA. Conversely, Ghrelin had an inhibitory effect on PAI-1
mRNA expression. It is known that the extracellular enzymatic activity produced by
endothelial cells represents the net expression of activity resulting from the interplay
between plasminogen activators and plasminogen activator inhibitors [45]. Therefore, the
presence of mRNA might not reflect the levels of proteins nor their activity as proteolytic
enzymes. For this reason, we analyzed PA activity in media and cell lysates. As shown
in Figures 2 and 3, different results were obtained when we observed enzymatic activity.
Casein underlay showed an increase in uPA activity in HUVECs after Ghrelin treatment,
both in conditioned media and in cell lysates. Conversely, despite the presence of tPA-
mRNA, we could not detect tPA activity either in conditioned media or cell lysates. When
we analyzed the conditioned media with casein underlay, we observed the presence of
high-MW bands that suggested the presence of PAI/PAs complexes. Therefore, in our
media, the absence of tPA activity could be ascribed to the inhibitory action of PAI, and in
particular of PAI-1, which is the major form of PAI secreted by endothelial cells [46]. In fact,
after the treatment of conditioned media with nucleophilic reagents to dissociate PAI and
PAs, it was possible to observe the presence of both uPA and tPA with casein underlay.

Urokinase PA is a secreted protein; however, once secreted, uPA can bind to its
receptors on the cell membrane. The binding to the receptor protects uPA from its inhibitors
but, at the same time, allows the formation of plasmin on the cell surface, focusing the
extracellular matrix degradation in the pericellular space [47]. Our data showing the
increased expression of uPA and its receptor uPAR align with the increase in uPA associated
with cell lysates observed via casein underlay (Figure 2B). Studies on HUVECs evidenced
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the ability of the uPA/u-PAR complex to stimulate, in a dose-dependent manner, the
migration and proliferation of endothelial cells [48]. In fact, the u-PAR receptor allows the
potentiation of proteolytic activity on the cell surface [47]. Moreover, uPAR can function as
a receptor for components of the extracellular matrix and also provide mitogenic signals,
which induce the proliferation of invading cells [49].

Interestingly, the production of Ghrelin varies with the progression of pregnancy,
increasing in the first trimester, peaking in the second trimester, and dropping to its lowest
in the third trimester [3]. In early-onset PE patients (<34 weeks), Ghrelin was reduced
compared to control group. This reduction was consistent with the stronger association
between abnormal placental development and trophoblastic invasion and early-onset
preeclampsia [50]. On the contrary, Ghrelin production is increased in late-onset PE [3]. It
has been suggested that the decrease in Ghrelin may be involved in the onset of early-onset
PE. At the same time, the increase in Ghrelin levels in the plasma of late-onset PE patients
may be a compensatory physiological mechanism in response to maternal endothelial
dysfunction [3]. As regards the embryo, the presence of Ghrelin in the placenta in the first
trimester and its characteristic expression pattern, which sees it highly expressed in the
cytotrophoblast cells, i.e., in the embryonic cells mainly involved in invasion, suggest an
active role of the peptide in the placentation process. Studies on sheep’s placenta show that
the peak expression of Ghrelin occurs in the phase of active proliferation of the placenta [51].
Therefore, our results, considering the expression of Ghrelin that parallels the process of
cytotrophoblastic invasion, lead us to hypothesize that one of the roles played by the peptide
in the placenta is to stimulate the production of uPA to favor the placentation process either
favoring trophoblast cell migration and invasion and stimulating angiogenesis.

Oxidative stress can negatively affect the endothelium, and Ghrelin has been shown
to ameliorate endothelial functions by reducing inflammation and oxidative stress via
activation of AMPK (AMP-activated protein kinase) [52,53]. Interestingly, AMKP activation
has been shown to inhibit PAI-1 production via adipocytes [54] and to inhibit the NF-
kb binding on PAI-1 promoter in HUVECs [55]. Therefore, it is possible to hypothesize
the Ghrelin can control PA proteolytic activity by modulation of PAI-1 expression via
cAMP-PKA-AMPK signaling.

5. Conclusions

In conclusion, we demonstrated that Ghrelin increased the production of uPA and
its receptor significantly. Moreover, the proteolytic activity was further increased because
of the decreased production of PAI-1 caused by Ghrelin. It is essential to know that
extracellular proteolysis, necessary for normal capillary morphogenesis, requires to be
appropriately balanced by protease inhibitors. Therefore, our results, together with the
data showing stimulation of VEGF [3], lead us to hypothesize that one of the roles played
by the peptide in the placenta is to favor the placentation process.
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