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Abstract Objectives Plasma rich in growth factors (PRGF) is presumed to be able to stimulate
the regeneration of skin and periodontal tissue. This effect can be attributed to the fact
that PRGF contains fewer leukocyte-derived interleukins in comparison to platelet-rich
plasma (PRP). However, a comparison of the effects of PRGF and PRP on gingival
epithelial cells has not been conducted yet. Therefore, our objective was to clarify and
compare the effects of PRGF and PRP on gingival epithelial cell proliferation, wound
healing, and gene expression.
Materials and Methods PRGF and PRP were obtained from three donors. A complete
medium containing bovine pituitary extract (BPE) and growth factors was used as a
positive control (PC), while a medium without BPE was used as a negative control (NC).
We evaluated the presence of platelets and leukocytes, as well as the number of
leukocytes, in PRP and PRGF using the cell block method and a cell counting chamber.
We assessed gingival epithelial cell proliferation with WST-1 and wound healing by
using cell-free culture inserts. To examine the mRNA expression of tumor necrosis
factor-α (TNF-α), which is related to cell growth inhibition, and integrin β4, which
contributes to cell adhesion, we used quantitative reverse transcription polymerase
chain reactions (RT-PCRs) under PRGFand PRP samples in vitro. The nonparametric data
were analyzed using the Kruskal–Wallis test.
Results Large quantities of platelets were observed in both PRGF and PRP. The
leukocyte concentration in PRGF was generally lower than that in PRP. Our report
indicated that cell proliferationwas significantly higher in PRGF than in PRP on day 1 and
2. We found that there was no significant difference in the wound closure rate between
PRGF and PRP in comparison to their respective control groups. The quantitative RT-
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Introduction

The surface of a wound is covered with blood components
such as blood clots, blood cells, and fibrin. The wound
begins to refill with granulation tissue. Epithelial cells
migrate into the blood components and granulation tissue,
covering the wound surface and maturing for differentia-
tion.1 For a wound to heal, it is important for the epithelial
barrier to protect it from infection.2 To protect against
infection, claudins regulate the gate function as paracellular
tight-junction channels.3 Additionally, antimicrobial pepti-
des such as β-defensin limit bacterial invasion.4 Thus, an
epithelial barrier separates the gingival connective tissue
from the external environment and protects it from bacte-
ria.5 To establish the epithelial barrier, oral mucosal cells
must proliferate and migrate toward the wound area to
promote closure.6 Regenerative therapy for promoting the
wound healing process consists of stem cell implantation,
scaffold construction, and signal transduction.7 Signal
transduction methods are useful for mediating growth
factors such as epidermal growth factor (EGF), platelet-
derived growth factor (PDGF), and insulin-like growth
factor (IGF).8 However, the need to target various kinds of
cells in wound healing demands a balanced combination of
mediators. This could be explained by the fact that a
mixture of growth factors would be more effective than a
single purified molecule.9 Based on this, platelet-rich plas-
mas (PRPs) are developed by centrifuging whole blood to
concentrate various growth factors released from plate-
lets.10 These varied growth factors promote tissue regener-
ation and wound healing. Therefore, PRP is applied to
pressure ulcers11 and burns of the skin.12 Derivatives of
PRPs include formulations such as leukocyte-platelet–rich
plasma (L-PRP), platelet-rich fibrin (PRF),13 and plasma rich
in growth factors (PRGF).14 Because the platelet concentra-
tion in PRP is higher, it may possibly become contaminated
with leukocytes during the production process.15 Chouk-
roun has developed PRF that is collected without any anti-
coagulants and is immediately centrifuged.13 PRF extracts
contain higher levels of platelets and PDGFs such as PDGF,
transforming growth factor-β (TGF-β), and vascular endo-
thelial growth factor (VEGF).15 Furthermore, the modified
PRF was developed as leucocyte-poor PRF. The main differ-
ence is that only very low amounts of leucocytes are
collected owing to the specific separator gel.16 These have
attracted attention due to their ease of preparation, clinical
efficacy, and ability to eliminate proinflammatory factors.

An improved system for producing PRP has been devel-
oped by the Biotechnology Institute (BTI, Basque, Spain).17 In
recent years, a system called ENDORET PRGF has been
approved for bioadaptation in Japan. This system is said to
enable clearer fraction separation of platelets, leukocytes,
and erythrocytes than the conventional L-PRP method. The
system makes it possible to obtain PRGF by excluding the
fraction of leukocytes.18 Previous research has shown that in
comparison to PRP, PRGF contains several significantly poor
subtypes of interleukin released from leukocytes.15,19 Fur-
thermore, it is conceivable that PRGF reduces inflammatory
microenvironments by altering the secretion of interleukin,
which is induced to promote tissue regeneration.20 In recent
years, PRGF has been attracting attention for the regenera-
tion of not only the alveolar bone but also periodontal tissue,
especially in dental clinical practice. Several in vitro studies
have recently demonstrated that PRGF promotes the prolif-
eration of the cells that compose periodontal tissue, includ-
ing gingival fibroblasts, alveolar osteoblasts, and vessel
endothelial cells.21,22

In this study, we targeted L-PRP and PRGF as platelet
concentrates. The reason for this is to compare PRGF—amulti-
platelet plasma derived from L-PRP, minus the leukocyte
fraction—with L-PRP to elucidate the differences in the effects
of leukocyte-derived factors on oral cells. However, due to the
lack of research on the oral epithelium, no consensus has been
reached on how PRGF promotes or inhibits proliferation and
migration in vitro, especially in comparison to PRP.

Wehypothesize that PRGF (rather than PRP) promotes the
proliferation andmigration of gingival epithelial cells. To test
this hypothesis, we compared how the use of PRGF and PRP
affected cell proliferation, wound healing, and the expres-
sions of genes that can be attributable to cell proliferation
and migration.

Materials and Methods

Collection and Preparation of PRGF and PRP
This study was approved by the Ethics Committee of Matsu-
moto Dental University (approval number 0363) and con-
ducted in accordance with the principles of the Declaration
of Helsinki (version 2013). After receiving their informed
written consent, blood was collected from healthy donors
into 9-mL tubes with 3.8% (wt/v) sodium citrate. The donors
were male, aged 28, 30, and 38 years, respectively. None of
the donors had any systemic diseases (►Table 1). The evalu-
ation of blood components, cell proliferation, and the

PCR revealed insignificant differences in mRNA expression as TNF-α and integrin β4
between PRGF and PRP in comparison to the each of their respective control groups.
Conclusion Our research indicated that PRGF can promote the proliferation of
gingival epithelium more than PRP, contributing to the healing of periodontal tissue.
TNF-α and integrin β4 mRNA expression may not be significantly involved in wound
closure within the gingival epithelium under the influence of PRGF and PRP.
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quantitative reverse transcription polymerase chain reac-
tions (RT-PCR)was performed on samples from three donors,
whereas the wound healing assay was conducted on the
sample from one donor (a 38-year-old male). Blood was
centrifuged at 580 g for 8minutes at room temperature
(Endoret System, BTI Biotechnology Institute, S.L., Spain) to
obtain PRGF and PRP. To prepare PRGF, the whole plasma
column, except the layer that contains leukocytes, was
collected from one-third of the tubes of each donor. To obtain
PRP, the last 1mL of plasma (including the buffy coat) was
gathered from the rest of the tubes, in addition to the
leukocyte layer over the red fraction. The obtained PRGF
and PRP were incubated at 37°C for 1 hour (Hybridization
IncubatorHB-80, Taitec, Saitama, Japan). The incubated PRGF
and PRP were centrifuged at 1000 g for 10minutes at room
temperature. Supinates of PRGF and PRP were dispensed to
store at �80°C before adding the medium for all assays.

Cell Block Preparation Method
The cell block preparation method was applied to the O.T.C.
compound (Sakura Finetech Japan, Tokyo, Japan).23 The O.T.C
compound consists of 10.24% polyvinyl alcohol, 4.26% poly-
ethylene glycol, and an inert substance composed mainly of
85.50% water. It is primarily used as an embedding medium
for frozen tissue sections. After centrifuging whole blood,
these cellular fractions of PRGF and PRP were collected and
fixed in 99.5% ethanol (Wako/FUJIFILM, Osaka, Japan) for
30minutes. The ethanol was discarded and left for 1minute.
The O.C.T. compound was added dropwise and stirred.
Subsequently, 99.5% ethanol was added and left until the
O.C.T. compound hardened. The cells hardened with O.C.T
compound were then placed in a tissue embedding cassette
(Murazumi, Osaka, Japan). The embedded cells were sub-
jected to Paraffin infiltration for 14 hours (ETP, Sakura Fine-
tech Japan, Tokyo, Japan). After the paraffin blocks were
processed, 3-µm specimens were sectioned and stainedwith
conventional Hematoxylin-Eosin to observe themorphology
of the cells, followed by a Giemsa staining to identify the
platelet.

Microscopic Cell Count
Leukocytes were counted using Türk’s solution and counting
chambers.24 As part of the examination, 18 or 20 µL of Türk’s
solution (Sigma-Aldrich, Saint Louis, Missouri) were mixed
with 2 µL of the PRP or 20 µL PRGF sample, respectively, to
stain the leukocytes. After 1minute of staining, these mix-

tures of PRGF or PRP were transferred to a Burker-Turk
counting chamber (Erma Inc., Saitama, Japan) or Fuchs-
Rosenthal counting chamber (Sunlead Glass Corp., Saitama,
Japan). All visible PRGF and PRP leukocytes in the four
squares of the counting chamber were counted via micro-
scopic observation using 40-fold and 100-foldmagnification,
respectively.

Cell and Cell Culture
Normal human gingival epithelium progenitors, pooled
(HGEPp; CELLnTEC Advanced Cell Systems, Bern,
Switzerland) were cultured in Cnt-57 medium (CELLnTEC
Advanced Cell Systems, Bern, Switzerland).

A BPE-containing mediumwas used as the PC, and a BPE-
free medium was used as the NC. The medium was supple-
mented with 15% PRGF or 15% PRP at 37°C in 5% CO2.

Cell Proliferation
HGEPp were seeded in 96-well culture plates at a density of
1,000 cells/well (2,857 cells/cm2) and maintained in a cell
incubator at 37°C and 5% CO2 for 24 hours. The culture
medium was then replaced with PC, NC, PRGF, and PRP.
Cell proliferation after 1, 2, 3, 7, and 14 days was quantified
using the WST-1 (tetrazolium salt, 4-[3-(4-iodophenyl)-2-
(4-nitrophenyl)-2H-5-tetrazolio]-1,3-benzene disulfonate)
colorimetric assay (Sigma-Aldrich, Saint Louis, Missouri).
At each interval, wells were incubated with WST-1 reagent
at 37°C for 1hour, followingwith themanufacturer’s instruc-
tions. Absorbance at 450/620 nm is directly proportional to
the number of living cells. Background values were sub-
tracted from the sample values.

Wound Healing Assay
To quantify the wound healing potential of PRGF and PRP,
HGEPp were plated in culture inserts (NUNC, Thermo Fisher
Scientific Inc., Massachusetts) placed on a 24-well plate at
high density and grown until confluence. After the inserts
were carefully removed, two separated cell monolayers with
a cell-free gap of �500µm thickness were created. The cells
were washed with Phosphate-buffered saline and incubated
in triplicate with PC, NC, PRGF, and PRP for 8, 12, 14, 16, 18,
20, 22, and 24hours. To quantify the area of wound healing,
phase contrast images of the central part of the septum
before treatment and after each treatment interval were
captured with an all-in-one fluorescence microscope (BZ-
X710, Keyence, Osaka, Japan). The gap area was measured at
8, 12, 14, 16, 18, 20, 22, and 24hours from initial treatment
using ImageJ Software (NIH, Bethesda, Maryland). The
wound closure rate was defined as: (area of intercellular
gap immediately after removing the insert� area of the
intercellular gap at each time point)/(area of intercellular
gap immediately after removing the insert).

Real-Time RT-PCR
To compare transcription levels of a panel of genes in the
differently treated HGEPp, a real-time RT-PCR was per-
formed. Thus, HGEPp were grown for 24 hours with PC, NC,
PRGF, and PRP. Total RNA was extracted as per the

Table 1 Leukocyte count of PRGF and PRP

Age (y old) Gender PRGF (�106/mL) PRP (�106/mL)

28 Male 0.3 5.0

30 Male 0.5 6.0

38 Male 0.2 6.2

Median 0.3 6.0

Abbreviations: PRGF, plasma rich in growth factors; PRP, platelet-rich
plasma.
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manufacturer’s protocol (Direct-zol RNA Microprep, Zymo
Research, Irvine, California), and treatedwith TRIzol Reagent
(Invitrogen, Darmstadt, Germany) for 15minutes at room
temperature. Total RNA was stored at �80°C until use. For
each sample, cDNA was synthesized from 250ng total RNA
using the SuperScript IV Reverse Transcriptase (Invitrogen,
Vilnius, Lithuania). Real-time PCR assays were performed
with a Thermal Cycler Dice Real-Time System II (Takara Bio
Inc., Shiga, Japan). The reactionmixture contained 1 µL cDNA
from the RT reaction, together with forward and reverse
specific primers (10 µM each) and TB Green Premix Ex Taq II
(Takara Bio Inc., Shiga, Japan) in a final reaction volume of
25 µL. The thermal cycling conditions were as follows: an
initial polymerase activating step at 95°C for 3minutes
(denaturation step), followed by 40 cycles, 30 seconds at
60°C (annealing step/extension step), during which data
were collected. Each assay included a NC consisting of the
absence of cDNA. Expression data were generated from
amplification reactions with samples and controls run in
triplicate and performed on different cDNA samples reverse
transcribed from RNA prepared from independent culture
assays. Optical data obtained by real-time PCRwere analyzed
using the Thermal Cycler Dice Real-Time System II Software
Version 5.11 (Takara Bio Inc., Shiga, Japan). The expressions
of housekeeping genes such as β-actin were analyzed. All
primers were synthesized commercially (Sigma-Aldrich,
Saint Louis, Missouri). The sequences of the primer pairs
are detailed in ►Table 2.

Statistical Analysis
Nonparametric relative expression data were analyzed using
the Kruskal–Wallis test to compare leukocyte count, absor-
bance of WST-1, percent of the area of wound healing, and
log-transformed mRNA expression levels among PC, NC,
PRGF, and PRP. All statistical analyses were performed using
EZR (Saitama Medical Center, Jichi Medical University, Sai-
tama, Japan), a graphical user interface for R (www.r-project.
org; The R Foundation for Statistical Computing, Vienna,
Austria).25 p-values <0.05 were considered statistically
significant.

Results

Cytological Feature and Leukocyte Count of PRGF and
PRP
At first, we qualitatively examined the blood components of
PRGF and PRP using the cell block method and conventional
Hematoxylin-Eosin and Giemsa staining. The Hematoxylin-
Eosin section presented the representative blood compo-
nents of the PRGF and PRP groups (►Fig. 1A [a–f]). The PRGF
group contained only platelets without leukocytes (►Fig. 1A

[a, b]). In contrast, there were a lot of leukocytes in the PRP
group (►Fig. 1A [d–f]). The leucocytes were composed of
many neutrophils (►Fig. 1A [e]) and a few lymphocytes
(►Fig. 1A [f]). Additionally, the Giemsa-stained section
exhibited a large number of platelets, which appeared red-
orange in both PRGF (►Fig. 1A [c]) and PRP (►Fig. 1A [g])

Fig. 1 (A) Representative blood components of PRGF and PRP. Platelets are shown in PRGF (A [a–c], arrows). PRP contains platelets (A[g],
arrows), including leukocytes such as neutrophils (A [e], arrow) and lymphocytes (A [f], arrow). (B) Leukocyte count of PRGF and PRP. Two
different plasma preparations as PRGF and PRP of the three donors. Although not significant, the leukocyte concertation in PRP tends to be
higher than that in PRGF (p¼ 0.089). The data are expressed as a median. PRGF, plasma rich in growth factors; PRP, platelet-rich plasma.

Table 2 Primers and Conditions Used for Real-Time RT-PCR

Gene Forward primer (5′-3′) Reverse primer (5′-3′)

β-actin AGCCTCGCCTTTGCCGATCC TTGCACATGCCGGAGCCGTT

lntegrin β4 CGCCGTCTGGTAAACATC AGTAGCTTCACCTGCAACTC

TNF-α TTCTCCTTCCTGATCGTGGC TCGAGAAGATGATCTGACTGCC

Abbreviations: RT-PCRs, reverse transcription polymerase chain reactions; TNF-α, tumor necrosis factor-α.
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groups. We quantitatively examined the blood components,
such as the leukocytes, of the PRGF and PRP groups. Although
not significant, the leukocyte concentration in the PRP group
tended to be higher than that in PRGF one (p¼0.089;
►Fig. 1B; ►Table 1).

Cell Proliferation
The absorbance was measured after adding WST-1 to HGEPp.
The WST-1 test showed that the absorbance of PRGF was
significantly higher than that of PRP on day 1 (p¼0.008) and
day 2 (p¼0.003). On day 1, the absorbance in the PRP group
was significantly lower than that in the PC (p¼0.009). On day
2, the absorbance was significantly higher in the PRGF group
than in the NC (p¼0.036). The PRP group displayed a signifi-
cantly lower absorbance than the PC on day 2 (p¼0.012). On
days 3, 7, and 14, there was no significant difference in
absorbance between the PRGF and PRP groups (►Fig. 2).

Wound Healing Assay
We examined the wound closure rate of HGEPp under the
influence of PRGF and PRP, PC, and NC. ►Fig. 3A shows the
state of wound closure affected by each cell culture medium
during the 8- to 24-hour follow-up. The chronological pho-
tography on 0hour exhibited a diameter of 500 µm intracel-
lular space immediately after removing the cell culture
insert. ►Fig. 3B shows the cell closure ratio of the gingival

epithelial cells under the different cell culture mediums. The
statistical results showed no significant difference in the
wound closure rate of the PRGF and PRP groups, by compari-
son with each of respective control groups at each observa-
tion time (p>0.05).

Quantitative RT-PCR
ThemRNA levels of both tumor necrosis factor-α (TNF-α) and
integrin β4 were not significant in the comparison between
the PRGF and PRP groups and the positive and NCs (p>0.05;
►Fig. 4A, B). The expression levels of each gene were
normalized by the quantitative value of β-actin.

Discussion

In our research, we hypothesized that PRGF containing few
leukocytes enhances the proliferation and healing of gingival
epithelial cells in comparison to leukocyte-rich PRP in vitro.
Our results indicated that PRGF tended to have fewer white
blood cells than PRP. In addition, both PRPG and PRP had
large numbers of platelets. The cell proliferation was signifi-
cantly higher in the PRGF group than in the PRP group on
days 1 and 2. However, there was no significant difference in
the wound closure rate between both groups in comparison
to their respective control groups. Moreover, a quantitative
RT-PCR indicated no significant difference in the gene

Fig. 2 Cell proliferation. Quantification of gingival epithelial cells’ proliferation on PC, NC, PRGF, and PRP. There are statistically significant
differences in cell proliferation between PRGF and PRP in comparison to the PC and NC on days 1 and 2 (ap< 0.05, bp< 0.001). All data are
expressed as a median. NC, negative control; PC, positive control; PRGF, plasma rich in growth factors; PRP, platelet-rich plasma.
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expressions of TNF-α and integrin β4 in comparison to each
of their respective control groups.

Previous in vitro studies of PRGF have limited their focus
to periodontal mesenchymal cells, such as gingival fibroblast
and osteoblast.21 However, the influence of PRGF on gingival
epithelium remains poorly understood. To the best of our
knowledge, this is the first study to clarify that PRGF affects
epithelial cells (especially gingival epithelial cells) in terms of
proliferation, wound closure rate, and the associated gene
expression.

In the early days, PRGFwas found to be responsible for cell
proliferation as opposed to PRP. In contrast, the quantitative
RT-PCR indicated no significant difference between either
group in the gene expression of TNF-α, which is understood
to suppress cell proliferation, relative to their respective

control groups. Previous research revealed that the synthesis
of TNF-α is significantly increased when 10ng/mL IL-8 is
exposed to gingival epithelial cells.26 However, the IL-8
content in PRGF is 0.1 ng/µL, and that in even PRP is only
3.5 ng/µL.19 In addition, less than 80ng/mL of TNF-α does not
affect cell viability.26 The concentration of IL-8 derived from
PRPmay thus be insufficient for the production of TNF-α not
to decrease cell viability.

The significant difference in proliferation between PRGF
and PRP can be attributed to the concentrationof IL-1β. The IL-
1β content in PRP is significantly higher than that in PRGF.15 A
previous comprehensive analysis of genes with immortalized
human gingival epithelial cells treated with IL-1β showed
upregulation of ornithine decarboxylase contributing to apo-
ptosis, while downregulation of classical cell cycle promoting

Fig. 3 Wound healing assay on gingival epithelial cells. (A) Representative image of wound healing over time under different treatments
(8, 16, 24 hours) as PC (B–D), NC (E–G), PRGF (H–J), and PRP (K–M). At hour 0, the phase contrast microscope exhibits a diameter of 500 µm
intracellular space (A). (B) Median of the wound closure rate of gingival epithelial cells after treatment with the different cell culture mediums
belonging to the PC, NC, PRGF, and PRP during the 8- to 24-hour follow-up. There is no significant difference in the wound closure rate shown by
the PRGF and PRP groups in comparison to the PC and NC at each interval (p> 0.05). NC, negative control; PC, positive control; PRGF, plasma
rich in growth factors; PRP, platelet-rich plasma.

Fig. 4 TNF-α (A) and integrin β4 (B) mRNA expression of gingival epithelial cells. Gingival epithelial cells show no significant gene expression
levels such as TNF-α and integrin β4 between PRGF, PRP, PC, and NC (p> 0.05). All data are expressed as a median. NC, negative control; PC,
positive control; PRGF, plasma rich in growth factors; PRP, platelet-rich plasma; TNF-α, tumor necrosis factor-α.
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genes such as cyclin B.27 Given this context, PRGF is likely to
increase proliferation due to the influence of IL-8.

Relative to the respective control groups, there was no
significant difference between either groups in terms of the
wound closure rate and the gene expression of TNF-α of
gingival epithelial cells. Previous literature has reported that
TNF-α induces regulators of the actin cytoskeleton in epider-
mal keratinocytes, increasing their motility.28 In addition,
gingival epithelial cells promote migration by increasing
actin production.29 For this reason, the expression levels of
TNF-α mRNA in gingival keratinocytes may not cause
changes to the actin cytoskeleton, contributing to no alter-
ation in motility.

A wounding healing model with Diabetic rats and in vitro
research revealed thatmacrophages releasing TNF-αplays an
important role in re-epithelialization, through cell migration
rather than cell proliferation.30 A study with normal mice
and a TNF-α neutralizing antibody clarified that the physio-
logical low level of TNF-α is involved in the process of wound
healing in the skin.31 In our study, the gene expression levels
of TNF-α in the PRGF and PRP groups were not different from
those in the control group. This result suggests that they did
not alter epithelial cell migration, causing no significant
changes in the rate of wound closure.

The lackof any significant difference inwound closure rate
between PRGF and PRP can be attributed to the concentra-
tion of EGF and integrin β4. Several previous studies have
indicated that 5,000 pg/mL and 10,000 pg/mL of EGF cause an
increase in the expression of integrin β4 of mouse32 and
humans33 keratinocytes, respectively, whereas the adminis-
tration of EGF immediately after the scratching of cells
significantly promoted the migration of mouse32 keratino-
cytes. However, the concentration of EGF in PRP and PRGF
were only 279 pg/mL and 489 pg/mL, respectively.34 In other
words, these concentrations are lower than the ones men-
tioned above. As discussed so far, these lower concentrations
of EGF in PRGF and PRPmay cause no significant difference in
the integrin β4 mRNA expression levels, thus contributing
negligibly to the migration speed of gingival epithelial cells.

Research with scratch-wounded airway epithelial cells
indicated that an integrin-β4 influences actin reorganiza-
tion, thereby accelerating cell proliferation and the wound
closure rate.35 In contrast, actin cytoskeleton regulates the
movements of α6β4 integrin.36 Therefore, integrin β4 and
actin have a bidirectional relationship and are involved in cell
migration. This explains why there was no difference in
integrin β4 gene expression and the wound closure rate
between the PRGF and PRP groups.

PRGF promoted cell proliferation more effectively than
PRP on days 1 and 2, but no significant differences in wound
closure rates were observed. It has been reported that
changes in wound area occur when the migration and
proliferation of mouse keratinocytes are inhibited separately
in vivo.37 Following the inhibition ofmigration,wound repair
is directly delayed. In contrast, following the inhibition of
proliferation, the tissue compensates by increasing the over-
all size of the repair region to cause no significant delays in
wound repair.37 Therefore, the low proliferation of L-PRP

could have been compensated for by the increased tissue size
of the repair cells. In other words, the proliferative advantage
of PRGF did not contribute to improving wound closure
outcomes compared with L-PRP.

PRGF and PRF induce the antimicrobial peptides β-defen-
sin-2 in keratinocytes.38 In addition, PRGF treatment of
keratinocytes caused an increase in the expression of the
psoriasin gene and protein that were mediated by EGFR and
IL-6R.38 Moreover, PRF induced a significant expression of
the psoriasin gene and protein when applied to skin
wounds.38 Therefore, PRGF and PRF can induce further
antimicrobial peptides in keratinocytes, demonstrating the
importance of their effect on growth factors and interleukin,
their positive impact on the epithelial barrier, and their
usefulness for the wound healing process.

This study has certain limitations. First, PRGFand PRP were
obtained fromblood samples fromonly threeMongoloidmale
volunteers in their 20s and 30s. In contrast, the primary
cultured gingival epithelial cells used in our experiment
were commercially obtained from three Caucasoid females
in their 20s. Therefore, gender, age, and individual differences
were not accounted for in our experiments. The experiment
thus did not reflect clinical practice for applying platelet
concentrates. In subsequent research, we aim to receive both
blood and cells from donors. Second, we did not quantify the
concentration of the interleukins and growth factors derived
from leukocytes and platelets. The concentrations of interleu-
kins and growth factors used in the discussion section are
based on previous research on PRGF and PRP.15,19,34 In subse-
quent research, we aim to quantify interleukins and growth
factors in PRP and PRGF. Then, we will examine the relation-
ship among them quantitatively in terms of the absorbance
with WST-1 and percent of wound healing.

Conclusion

In summary, our research indicated that PRGF can promote
the proliferation of gingival epithelium more than PRP,
contributing to the healing of periodontal tissue wounds.
TNF-α and integrin β4 mRNA expression may not be signifi-
cantly implicated in wound closure with gingival epithelial
cells, affected by PRGF and PRP.
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