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Abstract

Placenta tissue contains multiple biologically active substances, such as amino acids, trace elements, hormones, and cytokines
required for fetal growth. Therole of the placenta as a healthimprovement product can also be as placenta extracts containing different
peptides. The beneficial use of placenta membrane has been described with periodontal tissue regeneration. These positive effects
could be due to the presence of biological mediators in the placenta membrane and peptides. We explored the effect of a specific
placenta extract (molecular weight cutoff of 30kDa) housing five small peptides, LSSPATLNSR, ASISLPR, ILLEVNNR, ESLITLIEK, and
QPLLLDDR, on human gingival epithelial cell behavior. Results show that placenta peptide at 0.1-100pg/mL significantly increased
the proliferation of epithelial cells at 48 and 96h, and at 10 and 100ug/mL accelerated cell migration, contributing to faster wound
closure than that in the control. Cell proliferation and migration were supported by increased Epidermal Growth Factor (EGF)
secretion and a decrease in metalloproteinase MMP-2. This is the first study to report a novel biological activity of placenta peptide

as a wound-healing contributor in human gingival epidermal cells.
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Introduction

The placenta is a vital tissue for fetal and maternal health
throughout gestation, providing an interface for the exchange of
nutrients and waste. The placenta is also a source of hormones and
immune factors that facilitate pregnancy maintenance and fetal
growth [1]. One of the main roles of the placenta is the establish-
ment of an immune barrier [2]. Placenta tissue expresses angio-
tensin Il (Ang II), renin, and Angiotensin-Converting Enzyme (ACE)
[3]. Ang II has been shown to modulate the production of Vascular
Endothelial Growth Factor (VEGF) and Placental Growth Factor
(PIGF) in vascular endothelium and smooth muscle cells via acti-
vating AT1R [4]. In normal pregnancy, both VEGF and PIGF can be
found in the trophoblast as well as the maternal decidua. VEGF and
PIGF are involved in the development of the placental vasculature
by controlling the growth of blood vessels in the chorionic villi [5].

The placenta contains multiple biologically active substances,
such as amino acids, trace elements, hormones, and cytokines, sug-
gesting its use as a wound-coverage biological membrane [6-8]. The
role of the placenta as a health improvement product can also be as
Placenta Extracts (PE). Indeed, human placenta extracts have been
shown to display anti-inflammatory and antioxidant properties [9].
Human placenta generated nitic oxide in mouse peritoneal macro-
phages and suppressed Lipopolysaccharide (LPS)-induced proin-
flammatory protein expression and reduced cell death by 24% [10].

The primary bioactive components of the placenta are placen-
tal peptides [11] that prevent the generation of reactive oxygen
species and tumor necrosis factor o (TNF-a) [12]. Porcine placen-
ta peptides have been found to improve endothelial cell viability,
proliferation, migration, and angiogenesis by exhibiting angiogen-
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ic growth factor recovery and inhibiting endothelial cell apoptosis
[13]. As an active biological agent, porcine placenta could thus serve
as an alternative for the treatment of diabetic wounds [14]. Porcine
placenta reportedly improved immunity by modulating the expres-
sion of cytokines, including interleukin-2 (IL-2) and IFN-y, and by
increasing the phagocytic rate of macrophages and the conversion
rate of T cells [15]. In the liver of non-alcoholic steatohepatitis mice
fed a high-cholesterol, high-fat diet, placenta peptide extracts were
shown to decrease lipid accumulation and peroxidation, insulin re-
sistance, inflammatory and stress signaling, and fibrogenesis [16].

The alcalase enzyme reportedly hydrolyzed the placenta, re-
leasing glycine, glutamic acid, and histidine within the peptide se-
quence [17,18]. The peptides released from the porcine placenta
and processed through ultrafiltration had a Molecular Weight (MW)
cutoff of 30kDa and led to the identification of the following pep-
tide sequences: LSSPATLNSR, ASISLPR, ILLEVNNR, ESLITLIEK, and
QPLLLDDR. These are the most abundant peptide sequences with
a tendency to control antioxidant activity, anti-diabetic activity,
and ACE inhibition [18]. Some other peptides containing tyrosine,
phenylalanine, and tryptophan have been reported as controlling
oxidative stress [13,19]. Several in vitro studies have proven that

Materials and Methods

Placenta Peptide Extraction and Purification
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crude porcine placenta contains relaxing growth factors that im-
prove a variety of bioactivities [20,21].

The beneficial use of placenta membranes has also been re-
ported in dentistry as improving clinical periodontal parameters
[22,23]. These beneficial effects on periodontal tissue regeneration
could be due to biological mediators in the placenta membrane and
the placenta peptides [24]. The Ultrafiltration (UF) from 100kDa
to 30kDa cutoff enabled the isolation of different permeates. The
one obtained with a 30kDa cutoff allowed for the isolation of UF4,
consisting of LSSPATLNSR, ASISLPR, ILLEVNNR, ESLITLIEK, and
QPLLLDDR. UF4 displays radical scavenging activities (DPPH@®/
ABTS@+), ferric-reducing power, 3-carotene bleaching inhibitory
activity, nitric oxide scavenging activity, angiotensin-converting
enzyme inhibition, and anti-a-amylase/a-glucosidase activity, with
high antioxidant stability demonstrated in an in vitro gastrointes-
tinal tract model [24]. These studies suggest the possible positive
behavior of UF4 in promoting wound healing. We thus examined
the effect of UF4 on gingival epithelial cell adhesion and prolifera-
tion as well as on gingival epithelial cell migration and the secretion
of EGF and MMP-2.

Crude PPH

Ultrafiltration
through
100 kDa NMW

UF2 Permeate

Ultrafiltration
through
30 kDa MW

UF4 Permeate

UF1 Retantate

UF3 Retentate

Figure 1: Schema summarizing the process to obtain UF4. The crude porcine placenta hydrolysate was Ultrafiltered (UF) through a 100kDa
cutoff filter leading to a UF 1 retentate, and an UF2 permeate UF2. The UF2 was ultrafiltered through a 30kDa cutoff filter, resulting in a retentate
UF3 and a permeate UF4. The UF4 was used to perform the experiments.
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Porcine placenta hydrolysis was created using the previously
described method [24]. The ground porcine placenta was mixed
with a 0.05M of glycine-NaOH buffer solution to achieve a protein
concentration of 10% (w/w of placenta protein). The pH of the
solution was then adjusted to 9.5 prior to incubation in a shaking
water bath at 50°C. Alcalase was then added at a 10% concentra-
tion (based on porcine protein concentration) with constant stir-
ring (120rpm) until the Degree of Hydrolysis (DH) reached 30%.
After collecting the samples, the process was completed by heating
the solution for 10 min at 95°C. The solution was then centrifuged
at 4500rpm for 20 min (RC-5B Plus Centrifuge, Sorvall, Norwalk,
CT, USA). Polysulfone hollow fiber membranes with MW cutoffs
of 100kDa and 30kDa were used to separate the supernatant by
means of a Biichner funnel filtering kit and a Rocker 400 vacuum
pump (Rocker Scientific Co., Ltd., New Taipei, Taiwan). In the first
step, 100kDa filtering was used to collect permeated fractions (Fig-
ure 1). The permeated fraction was subsequently passed through
the 30kDa MW cutoff to obtain the permeated fraction (UF30P).
The UF30P sample was then purified using a C18 Zip Tip (Merck
Millipore, Darmstadt, Germany). The peptide samples were exam-
ined by LC-MS/MS using an Ultimate 3000 Nano/Capillary LC Sys-
tem (Thermo Scientific, UK) linked to a hybrid quadrupole Q-Tof
impact II"™ (Bruker Daltonics) connected to a nano-captive spray
ion source, which enabled us to identify the highest peptides pres-
ent in the UF4, namely, LSSPATLNSR, ASISLPR, ILLEVNNR, ESLITLI-
EK, and QPLLLDDR.

Gingival Epithelial Cells

The immortalized human epithelial cell line, GMSM-K, devel-
oped by Valerie Murrah (Department of Diagnostics Sciences and
General Dentistry, University of North Carolina at Chapel Hill, NC,
USA) [25], was used in this study. The cells were grown in a Dul-
becco-Vogt modification of Eagle’s and Ham’s F12 media (Invitro-
gen Life Technologies, Burlington, ON, Canada) supplemented with
10% fetal calf serum and growth factors, including 24.3pg/mL of
adenine, 10pg/mL of human epidermal growth factor, 0.4pug/mL
of hydrocortisone, 5pug/mL of bovine insulin, 5pug/mL of human
transferrin, and 2x10-9 M of 3,3',5'-triiodo-L-thyronine. When the
epithelial cells reached 80% confluence, they were used to perform
our different experiments.

Effect of Placenta Peptide UF4 on Gingival Epithelial Cell Mor-
phology and Adhesion

Gingival epithelial cells (2x105) were seeded into 6-well tissue
culture plates in one ml of culture medium containing peptide UF4
at 0, 0.1, 1, 10, or 100mg/mL. The cells were incubated in a 5%
CO2 humid incubator at 37°C for 24h, after which time the medium
was changed to eliminate nonadherent cells; subsequently, photos
were taken under an inverted optical microscope. To quantitatively
analyze the effect of placenta peptide UF4 on gingival epithelial cell
adhesion, we performed a thiazolyl tetrazolium salt (MTS) colori-
metric assay (ab197010, Abcam, Cambridge, UK). Each experiment
was repeated in triplicate, with three different experiments.
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Effect of Placenta Peptide UF4 on Gingival Epithelial Cell Pro-
liferation

The effect of this peptide on gingival epithelial cell proliferation
was evaluated at 48 and 92h. Cells were seeded (2x104) into 6-well
culture plates and cultured for 24h to allow for adequate adhesion.
Thereafter, the medium was refreshed, and UF4 at various concen-
trations (0.1, 1, 10, and 100ug/mL) was added or not to the culture.
The cells were incubated thereafter in a 5% CO2 humid incubator
at 37°C. The medium and the UF4 were changed every other 24h.
Following 48 and 96h of stimulation or not with UF4, cell prolif-
eration was assessed by MTS colorimetric assay, as we previously
reported [26]. The experiments were repeated four independent
times, and the results were presented as the mean +SD.

Effect of Placenta Peptide UF4 on Gingival Epithelial Cell Mi-
gration

Gingival epithelial cells were seeded (2x105) into wells of
6-well plates and cultured until they reached confluence. Crossed
scratch wounds were created on each confluent monolayer using
a 200uL sterile pipette tip perpendicular to the bottom of the dish.
The culture medium was then refreshed with new medium supple-
mented with placenta peptide UF4 at various concentrations (0.1,
1, 10, and 100ug/mL), with the cells incubated in a CO2-humid at-
mosphere at 37°C. Cell migration was monitored using an inverted
optical microscope and was photographed at different time points
up to 48h. Wound closure (cell migration) was then analyzed using
NIH Image] (32 bit) public-domain image processing software to
measure the noncovered surface between the opposite edges of the
wound as a function of time. The UF4-stimulated and non-stimu-
lated cell cultures were compared, with the difference considered
significant when p<0.05. Results were reported as the mean +SD,
n=>5.

Effect of Placenta Peptide UF4 on EGF And MMP-2 Secretion by
Gingival Epithelial Cells

Cells were seeded (2x105) into wells of 6-well plates and cul-
tured in a 5% CO2 humid atmosphere at 37°C for 48h, after which
time the cells were stimulated with placenta peptide UF4 at dif-
ferent concentrations (0, 0.1, 1, 10, or 100mg/mL) for 24h. At the
end of this stimulation period, the culture medium of each well was
collected and used to measure MMP-2 and EGF concentrations.
The levels of these mediators were measured using ELISA kits
(Cedarlane Canada, Burlington, ON, Canada), and absorbance was
measured using a Microplate Reader Model 680 (Bio-Rad, Philadel-
phia, PA, USA). The sensitivity of the MMP-2 ELISA kit is 0.033ng/
mL, and that of the EGF ELISA kit is 0.7pg/mL. Four measurements
were performed for each condition (n=4).

Statistical Analyses

Each experiment was performed at least three times, with the
experimental values expressed as means +SD. The statistical signif-
icance of the differences between the control (absence of placenta
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peptide) and test (presence of placenta peptide) values were deter-
mined by two-way ANOVA. Posteriori comparisons were performed
using Tukey’s method, while normality and variance assumptions
were verified using the Shapiro-Wilk test and the Brown and For-
sythe test, respectively. All the assumptions were fulfilled. The p
values were declared significant when <0.05. The data were ana-
lyzed using GraphPad INSTAT version 3 software.

Results and Discussion

Placenta Peptide UF4 Increased Gingival Epithelial Cell Mor-
phology and Adhesion

Placenta peptide UF4 promoted gingival epithelial cell prolif-
eration. In the first set of experiments, we evaluated the effect of
UF4 on gingival epithelial cell adhesion, showing that this peptide
had no negative effect on cell shape and adhesion. Figure 1A shows
adherent cell density and shape in both the UF4-exposed and non-
exposed cultures. Quantitative measurement using MTS colorimet-
ric assays confirmed the non-toxic effect of UF4 on cell adhesion
Figure 1B. Indeed, this peptide promoted the adhesion of gingival
epithelial cells better than did the control, as the absorbance went
from 0.82+0.01 in the control to 1.02+0.09 with 0.1pg/mL of UF4,
0.04+0.03 with 1 and 10pg/mL, and 0.95+0.03 with 100pg/mL of
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the peptide.

Cell adhesion is the first step in preparing the cell for prolif-
eration [27,28]. We therefore evaluated the effect of UF4 on gingi-
val epithelial cell growth (Figure 2), showing a significant increase
of viable cells in the UF4-treated culture, compared to what was
observed in the control. At 48h of stimulation, absorbance Figure
2A went from 0.66+0.07 in the control to 0.75+0.02 with 0.1pg/
mL, 0.83+0.06 with 1pg/mL, 0.91+0.03 with 10pg/mL, and finally
1.11+0.1 with 100pg/mL of UF4. The differences were significant
(p<0.05) between the UF4-stimulated conditions and the non-stim-
ulated control and when comparing the UF4 concentrations to each
other. A similar observation was made following the exposure of
gingival epithelial cells to UF4 for 96h Figure 2B. For example, ab-
sorbance increased from 1.33+0.03 in the control to 2.07+0.08 with
100pg/mL of UF4. Previous studies using porcine placenta extract
report that these peptides attenuated high glucose-induced intra-
cellular ROS overproduction, which improves the viability, prolif-
eration, migration, and angiogenesis of endothelial cells [14]. Fur-
thermore, porcine placenta extract also increased Ki-67 expression
and promoted splenocyte proliferation [29]. These probing data
and our results suggest that porcine placenta peptide could pro-
mote wound healing.

Cellviability (absorbamce al + = 430 nm)

L] (-4 ] 1 "W -]

Peptide UF 4 [ag/mi)

stimulated and nonstimulated (Ctrl) cells.

Figure 2: Cell morphology and distribution after stimulation with placenta peptide UF4. Gingival epithelial cells were seeded in the presence
of UF4 and cultured for 24h. (A) Adherent cells were observed under an optical microscope and photographed. Photos are representative of four
independent experiments. (a) nonstimulated control; (b) with UF4 at 0.1mg/ml; (c) UF4 at 1mg/ml; (d) UF4 at 10mg/ml, and (e) UF4 at 100mg/
ml. Scale bar = 20um. (B) Adherent cells were assessed by MTS assay, n=4. ***p<0.001 as a statistical difference when comparing the UF4-
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Placenta Peptide Increased Gingival Epithelial Cell Migration

Because UF4 was found to promote gingival epithelial cell ad-
hesion and proliferation, this could improve cell migration after a
wound. We thus investigated this hypothesis using a cell scratch as-
say and found that exposure of the wound culture to UF4 promoted
cell migration leading to wound closure. As shown in Figure 3, the

Copyright© Mahmoud Rouabhia

distance separating the wound edges decreased with time. This de-
crease was more noticeable in the UF4-treated culture than it was
in the control. Our results support other observations that human
placenta crude extract stimulates endothelial cell growth and mo-
tility [30]. The cell migration follow-up using an optical microscope
was quantitatively confirmed by measuring the distance separating
the two edges at different times post-scratch (Figure 3).

-
ha

=

Cell growth (Absorbance,
4= 490 nm)
&

0 01 1 10 100
Peptide UF 4 (ug/mi)

Cell growth (Absorbance,
2= 490 nm)
=
o

1] R | 1 10 100
Peptide UF 4 (ug/ml)

comparison of the different peptide concentrations.

Figure 3: Placenta peptide UF4 promoted gingival epithelial cell proliferation. Cells were stimulated for 48 and 96h with various
concentrations of UF4 then cell growth was assessed by colorimetric assay. (A) After 48h (B) After 96h of stimulation (n=5). **p<0.01, ***p<0.001.
Free asterisks refer to the statistical difference when comparing the UF4-stimulated and non-stimulated (Ctrl) cells. Bars with asterisks show the

Scale bar = 20 mm. (AU) = arbitrary unit; (UF4) = ultrafiltration 4.

Figure 4: Placenta peptide UF4 promoted gingival epithelial cell migration. After the wound, UF4 was added to the culture medium, and
the cell migration was observed and photographed at 24h post-wound. (a) photo immediately after wound; (b) nonstimulated control; (c) UF4 at
0.1mg/ml; (d) UF4 at 1mg/ml; (e) UF4 at 10mg/ml; and (f) UF4 at 100mg/ml. Photos are representative of four independent experiments (n = 4).
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Figure 4 shows a significant (p<0.05) decrease of the uncov-
ered area following stimulation with UF4, particularly at 10 and
100pug/mL. Of interest here is that when comparing the effects of
each UF4 concentration to each other, the high amounts of UF4 (10
and 100pg/mL) promoted cell migration better than did the low
amounts (0.1 and 1pg/mL) (Figure 4).

Our overall cell migration results demonstrate that placenta
peptide had a positive effect on cell migration, thus suggesting their
potential to promote wound healing [31,32]. These results agree
with those reporting on human placenta extract and endothelial
cell migration [30].

Placenta Peptide Promoted the Secretion of EGF by Gingival
Epithelial Cells

Proliferation and migration are two cellular events that involve
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different mediators [33,34]. Growth factors such as EGF play an
active role in stimulating cells to proliferate [35,36]. Because UF4
was found to increase gingival epithelial cell proliferation and mi-
gration, we proceeded to evaluate the secretion of EGF by gingi-
val epithelial cells after stimulation with UF4. Our results (Figure
5) indicate a significant (p<0.05) increase of secreted EGF, as the
concentration went from 310+0.4pg/mL in the control to 314pg/
mL with 10pg/mL of UF4 and 315+0.5pg/mL with 100pg/mL of
UF4. The increased level of EGF confirms its stimulating effect on
gingival epithelial cell proliferation; indeed, this factor reportedly
promotes the growth of different cell types [35,36]. The secretion
of other growth factors, such as FGF and IGF [37,38], could also be
stimulated by UF4 promoting epithelial cell proliferation and mi-
gration. Further research must therefore be conducted to confirm
this hypothesis.
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Figure 5: Quantitative measurement of the cell migration after wound then stimulation with placenta peptide UF4. Confluent gingival
epithelial cell monolayers were scratched and exposed to UF4 at different concentrations. Wound closure referring to cell migration was followed
at different times up to 48h (n=4). The noncovered area was measured using NIH-ImageJ software after each time. The non-stimulated and
UF4-stimulated cultures were compared, as were the UF4 concentrations.
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Figure 6: Placenta peptide UF4 increased EGF and decreased MMP-2 secretion by gingival epithelial cells. Cells were cultured in the
presence of UF4 at various concentrations for 24h. The culture medium was then collected, filtered, and used to measure the levels of EGF. (A)
and MMP-2 (B) As reported in the M&M. Results means +SD from triplicate assays of three different experiments. *p<0.05; **p<0.01; ***p<0.001.
Free asterisks refer to the statistical difference when comparing the UF4-stimulated and non-stimulated (Ctrl) cells. Bars with asterisks show the
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In addition to growth factors, such as EGF, UF4 modulates the
secretion of MMP-2 by gingival epithelial cells. As shown in Figure
6, we observed a significant (p<0.01) decrease in the secretion of
MMP-2 by gingival epithelial cells following stimulation by UF4 for
24h (Figure 6).

The levels of secreted MMP-2 ranged from 4.7+0.2 ng/mL in
the control to 4.1+0.12 ng/mL with 1pg/mL of UF4, 3.9+0.1 ng/
mL with 10pg/mL of UF4, and finally 2.7+0.17ng/mL with 100ug/
mL of UF4. These results demonstrate the possible wound healing
regulation by UF4 through MMP-2 secretion. Indeed, MMP-2 is se-
creted by fibroblasts as well as endothelial and epithelial cells [39].
MMP-2 is an essential cytokine that mediates type IV collagen pro-
teolysis, an essential constituent of the basement membrane [40].
MMP-2 also contributes to the equilibrium of extracellular matrix
production and degradation [41]. Of interest here is that the levels
of MMP-2 decreased following the stimulation of gingival epithe-
lial cells by UF4. Similar observations are reported with diabetic
fibroblasts following exposure to electrical stimulation [42]. The
decrease of MMP-2 we observed with UF4 suggests an improved
Extracellular Matrix (ECM) buildup for better wound healing. Thus,
UF4 could promote wound healing by decreasing proteolytic en-
zyme activities to reduce the degradation of the needed ECM and
allowing for epithelial cell adhesion and growth. Therefore, this
work supports other findings43 suggesting the potential of using
placenta peptide to improve wound healing.

Conclusion

This study demonstrates that placenta peptide increases gingi-
val epithelial cell proliferation and migration. The effect of placenta
peptide could be through such growth factors as EGF, contributing
to cell growth and migration. Our results also show that placenta
peptide decreases the secretion of MMP-2 by gingival epithelial
cells. This decrease could prevent the degradation of ECM, con-
tributing to better cell adhesion and growth. Our overall findings
suggest using placenta peptide to promote wound epithelialization.
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