ORIGINAL ARTICLE

IJEDS

10.5005/jp-journals-10029-1131

Platelet-rich Fibrin Influences on Proliferation and
Migration of Human Gingival Fibroblasts

"Hao TT Nguyen, 2My TN Nguyen, 3Van NL Trinh, *Nga Y Tran, °Lan TQ Ngo, 5Thuy AV Pham, "Ha LB Tran

ABSTRACT

Aims: Our study focused on the fabrication of platelet-rich fibrin
(PRF) and evaluated its influences on cell behaviors, including
proliferation and migration.

Materials and methods: Platelet-rich fibrin was prepared from
human peripheral blood according to Choukroun’s method
without using nonanticoagulant and foreign factors for platelet
activation. Platelet-rich fibrin architecture was studied by
hematoxylin and eosin staining. The investigation of PRF effects
on human gingival fibroblasts (hGFs) was conducted via PRF
liquid extract. Cell proliferation was determined via the number
of cells after a period of time incubated in PRF liquid extract.
Influence of PRF liquid extract on the migration of hGFs was
conducted via scratch wound healing assay.

Results: Histological staining reviewed the natural fibrin fiber
matrix of PRF. Platelet-rich fibrin liquid extract promoted hGF
proliferation after 7 days of cultivation. Human gingival fibroblast
proliferation in PRF liquid extract was more superior than those
cultured in complete medium. Platelet-rich fibrin was also found
to be able to promote the migration of hGFs for up to 48 hours.

Conclusion: These results indicated that PRF is suitable to be
used as autologous natural biomaterial in supporting wound
healing and in further application in periodontitis treatments.
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INTRODUCTION

Periodontal inflammation is a common disease and is
also a high risk factor for tooth loss all over the world.
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Currently, the demand for periodontal treatment is quite
high. A lot of treatments are conducted. However, the
wound healing process takes a long time and the patients
have to pay the high cost for treatment. Development of
new materials to support the wound healing process in a
short time and low cost used in the treatment of periodon-
tal disease is an issue that needs to be studied. Healing
process after surgery is an important factor to be consid-
ered to assess the effectiveness of clinical treatment. The
activated elements combined as healing aids are signal
proteins that regulate inflammatory responses and stimu-
late the wound healing process. Clot formation is the first
phenomenon in the wound healing process. Platelets do
not only have a role in preventing bleeding, but it is also
one of the important factors stimulating wound healing.
Ross et al,! first announced the regeneration ability of
the platelets through the growth factors released from
activated platelets in 1974. In 2005, Nevins et al* have
used growth factors from platelets [platelet-derived
growth factor (PDGF)] as a supporting factor for treating
alveolar bone defect combined with tricalciumphosphate
beta (3-TCP). The treatment combined with PDGF had
restored alveolar bone defects after 3 months; half of the
time was shortened than (3-TCP therapy for 6 months.
Thus, based on the capacity to release growth factors
from activated platelets, their role helps in stimulating
cell proliferation, new blood vessel formation, etc. The
development of platelet-rich products attracted the atten-
tion of scientists for studying and applying platelets with
high concentrations in wound healing. The first platelet-
rich product is platelet-rich plasma (PRP). Platelet-rich
plasma was created by Robert E Marx et al.> Under this
procedure, the blood was collected with anticoagulant
and twice centrifuged to obtain plasma with high platelet
concentration. The platelets in plasma were activated by
adding bovine thrombin and calcium chloride to release
growth factors. According to this study, the number of
platelets in PRP was picked three times compared with
normal platelet counted in the blood and PRP-enhanced
bone regeneration in maxillofacial surgery. Many materi-
als are used in combination with PRP in bone regenera-
tion. However, the impact of PRP in stimulating bone
healing in these studies still causes controversy.

The direct use of additional factors in collecting
PRP can lead to the formation of adverse reactions or
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antibodies to coagulation factors, such as factors V, XI,
and thrombin. Platelet-rich fibrin (PRF) is considered as
the potential second-generation platelet-rich products.*
Platelet-rich fibrin was first published in France by
Choukroun et al in 2001.° Platelet-rich fibrin was applied
more and more in order to support the wound healing
process because of many advantages compared to the
PRP, such as the simple and effective collecting process,
no added substances from the outside to activate the
platelets, arrested platelets into the fibrin network, and
support for hemostasis, cell migration, and proliferation.
Platelet-rich fibrin is obtained from the blood without
anticoagulant and centrifuged just one-time to obtain
PRF matrix. The platelets in the fibrin fiber network were
activated to release growth factors without additional
components, such as bovine thrombin and calcium
chloride. Platelet-rich fibrin is applied in many clinical
trials, but the mechanism of PRF to the wound healing
has not been studied much. For developing applications
of PRF in clinical treatment, the research about the
scientific base of PRF should be promoted. The collection
and application of PRF as a support material in the
wound healing would be a new step for the treatment of
periodontitis in the world, toward a safe, effective, less
costly, and time-saving periodontal therapy.

Many researchers used PRF for supporting wound
healing in clinical treatment of gingival recession and
implant surgery. Platelet-rich fibrin was used to support
the recovery of alveolar bone in implant surgery and
this study had obtained encouraging results. In 2006,
Choukroun® combined PRF with lyophilized bone
allograft for alveolar bone augmentation. Histological
evaluation showed the formation of new bone structure
and connective tissue surrounding in groups with or
without using PRF. However, the time to complete bone
structure is 4 months when using PRF and the time
was shortened compared to nonuse of PRF which is
8 months. Platelet-rich fibrin created by the process of
Choukroun was used in implant surgery, which showed
bone regeneration after 6 months of surgery, according
to research by Mazor et al.’° This study also confirmed
that PRF is a simple, inexpensive material that can be
used to restructure the alveolar bone in implant surgery.
In addition, the PRF can be pressed to create a PRF
membrane for the application. Gassling et al” announced
that PRF membranes were better than commercial
collagen membranes (BioGide®) in compatibility and
in supporting the proliferation of periosteal cells, and
found them to be suitable as a scaffold in periosteal
tissue engineering. In a study of Simonpieri et al,®*’ on
using PRF membrane combined with freeze-dried bone
allograft and 0.5% meronidazole solution in implant

surgery obtained some positive results. Platelet-rich fibrin
membrane protects graft materials, reduces infection, and
stimulates the gingival tissue formation surrounding the
implant, and bone graft materials were not lost over time.
Platelet-rich fibrin membrane connects the graft materials,
the matrix supporting the formation of new blood vessels,
stem cell adhesion, and migration of osteoblasts into
the transplant center. After 3 months, the implant can
be transplanted. After 6 months of implantation, with the
support of the PRF, the implant has been fixed by a thick
layer of surrounding gingival tissue and can be fixed only
after less than 10 months of treatment. Cosmetic results
after treatment remain stable after 4 years. In addition to
recovery and regeneration of alveolar bone structure, the
PRF also supports in treating gingival recession when
combined in treatment therapy. Some researchers applied
PRF in the treatment of gingival recession, such as Aroca
et al'’ and Anilkumar et al."! Hafez et al'? studied the
use of PRF membrane to cover the implant immediately
after implantation. In this study, autologous bone graft
material (from the chin) was combined with fibrin to fill
bone defects around the implant; then PRF membrane
was used to cover around the implant. The histological
evaluation and clinical results showed wound healing
of soft tissue around the implant and the bone structure
was stable. Platelet-rich fibrin membrane will be easily
applied as a material in the process of periodontal
healing and regeneration. There are a lot of studies
on PRF applications in the treatment of alveolar bone
defects, implant restorations, periodontal treatment, and
gingival recession. However, there are only a few studies
on the mechanism of PRF in stimulating wound healing,
especially in stimulating internal stem cell sources related
to periodontal regeneration. This research was conducted
to evaluate the effectiveness of PRF on the migration and
proliferation of human gingival fibroblasts (hGFs).

MATERIALS AND METHODS

Isolation and Culture of Human
Gingival Fibroblasts

Human gingival fibroblasts were isolated from explanted
gingival connective tissue. Briefly, human explanted
gingival connective tissues were collected from healthy
adults at the University of Medicine and Pharmacy,
Ho Chi Minh City, Vietnam. The gingival tissues were
sterilized in phosphate buffer saline (PBS, Gibco) sup-
plemented with antibiotics [500 ug/mL streptomycin
(Sigma, USA) and 500 UI/mL penicillin (Sigma, USA)].
The tissues were then washed three times in PBS and
cut into 4 x4 mm small pieces and cultured in complete
medium [Dulbecco’s Modified Eagle medium: Nutrient
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mixture F-12 (DMEM/F12-Sigma, USA) supplemented
with 10% fetal bovine serum (FBS—Sigma, USA), 100 ug/mL
streptomycin (Sigma, USA), and 100 UI/mL penicillin
(Sigma, USA)]. Human gingival fibroblasts that outgrew
from the tissue were harvested for further subculture
period. Human gingival fibroblasts at passage 4 (P4) were
used for the study.

Preparation of PRF

Blood samples were collected from healthy and nonsmok-
ing volunteers (the age range of 20-30) with no history of
aspirin intake or other medications that might interfere
with coagulation over the previous 2 weeks. Platelet-rich
fibrin preparation was performed according to a previ-
ously reported protocol" with modification. Briefly, 10 mL
blood was drawn from the antecubital vein in test tube
without an anticoagulant and centrifuged immediately
(within 2 minutes) by a Hettich Universal 220 machine at
2,500 rpm for 15 minutes. After centrifugation, there were
three layers: Platelet-poor plasma (PPP) as a supernatant,
a PRF clot in the middle, and a red blood cell (RBC) base
at the bottom of the tube. The resulting PRF clots were
harvested with sterilized forceps and separated from
RBC base using scissors.

Platelet-rich Fibrin Extraction

Platelet-rich fibrin extract was prepared according to the
reported method."* Briefly, PRF clots formed from each
10 mL blood sample were incubated in 25 mL DMEM/
F12 at 37°C for 24 hours. After incubation, PRF clots were
compressed using forceps in order to collect the fluid
component into the incubated medium. The obtained
solution was used as PRF extract for further experiments.

Histological Evaluation

Platelet-rich fibrin clot was cut into small samples and
fixed in 10% formalin. The fixed samples were embedded
in paraffin and cryo-sectioned in 5 pm slide and stained
with hematoxylin and eosin for histological evaluation.

Effect of PRF on Cell Proliferation

To evaluate the PRF’s role in cell proliferation, hGFs were
seeded in 96-well plate (Corning Life Science) at the
concentration of 10° cells/well and cultured for 24 hours.
Culture medium was replaced by PRF liquid extract and
cultured for the next 1, 3, 5, and 7 days to investigate the
effect of PRF on cell proliferation. Complete medium and
FBS-free medium were used as controls for comparison.
At each indicated time points, cells were detached by
trypsinization (0.25% Trypsin/ethylenediaminetetraace-
tic acid — Sigma, USA), stained with Trypan Blue (Sigma,

USA), and counted with hemocytometer to determine the
number of cells.

Effect of PRF on Cell Migration

Scratch wound healing assay mimics cell migration
during wound healing in vivo,"® which is suitable for
studying the effect of PRF on cell migration. This assay
was conducted according to a previous publication.!®
Human gingival fibroblasts were seeded into 35 mm
Petri dishes (5% 10* cells per dish) and cultured until 80%
confluence. A scrape was produced in the monolayer on
each dish using a pipette tip. Nonadherent cells were
removed by washing once in PBS. Platelet-rich fibrin
extract was added in the dishes and cultured for the next
24,48, and 72 hours. Cell migration into the empty scraped
surface under PRF extract condition was monitored using
light microscopy (Olympus, Japan) and compared with
cell migration under culture medium condition.

RESULTS
Morphology of hGFs

Human gingival fibroblasts were isolated using tissue
explant method. Cell migration out from the tissue was
observed after 3 days of the primary culture. There were
many cell shapes and appearances at the early cultivation
period (Fig. 1A). After 5 days of incubation, more cells
outgrew from the tissue (Fig. 1B). The cells continued
to grow and cover all the culture surfaces in 15 days
(Figs 1C and D). Cells proliferated up to 80% confluence
and gained homogenous morphology with bipolar and
elongated shape which was found to be similar to human
fibroblasts in published studies.!”!®

Fabrication of PRF

Platelet-rich fibrin was prepared by centrifugation at
2,500 rpm for 15 minutes. Platelet-rich fibrin clot is in the
upper phase after centrifugation, whereas RBCs were spun
down at the bottom of the tube (Fig. 2A). Platelet-rich fibrin
clots were harvested using sterilizing forceps (Fig. 2B).
Hematoxylin and eosin staining images visualized a
fibrin fiber network architecture (Fig. 3), in which fibrin
fibers appeared light pink, whereas RBCs and leukocytes
were intensely red and dark blue respectively. Platelets
were also dark blue; however, they were recognized as
small spots in comparison with leukocytes.

Influence of PRF on Cell Proliferation

The influence of PRF on hGF proliferation was shown as
a histogram of the time-dependent cell number (Graph 1).
Human gingival fibroblasts maintained the normal
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. i
Figs 1A to D: Primary culture of human gingival fibroblast at day 3 (A), day 7 (B), day 1

i

S G

20x magnification

Figs 2A and B: Platelet-rich fibrin clots after centrifugation. Platelet-
rich fibrin clot are in the upper phase and RBCs are at the bottom
of the tube

proliferation in complete medium after seeding and
7-day cultivation period indicated by the significant
increase in total cell culture yields from days 1 to 7;
whereas, there was cell death after extended incubation
in FBS-free medium. Human gingival fibroblast treated

: A Ko oy :.‘;‘j‘_ R
Fig. 3: Hematoxylin and eosin staining of PRF clot. Fibrin fibers
are stained pink. Red arrows indicate RBCs. Blue arrows indicate
leukocytes. Yellow arrows indicate platelets. 40x magnification
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with PRF liquid extract represented a significantly better
proliferation. Total cell yields in PRF liquid extract group
were estimated to be twice higher than those in complete
medium group at days 5 and 7. The result indicated that
PRF was able to promote the proliferation of hGFs.
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Graph 1: Viability of hGFs cultured in complete medium (blue line),
FBS-free medium (yellow line), or PRF liquid extract (red line) from
days 0 to 7. *means p<0.05

Influence of PRF on Cell Migration

Scratch wound healing assay was conducted to assess
the influence of PRF on cell migration. A scratch was
performed on the hGF monolayer (Figs 4A and B). After
24 hours incubation, hGF treated with PRF liquid extract
migrated into the scratch area as similar as those treated
with complete culture medium (Figs 4C and D). Further-
more, there was no obvious difference in cell migration for
both treatments after 48 hours incubation (Figs 4E and F).
The result suggested that PRF was able to promote the
migration of hGFs.

DISCUSSION

Platelet-rich fibrin which is the second-generation PRP is
fabricated according to Choukroun’s published protocol
without introducing any anticoagulants and foreign
factors, such as bovine thrombin or calcium chloride.
Therefore, PRF is considered as a natural autologous
self-derived biomaterial.*!* Platelet-rich fibrin is a strong
natural fibrin matrix, which is similar with the fibrin
network in blood clots, and is produced as sealing mem-
branes used in periodontitis treatments. The benefits
of PRP in dentinogenesis were demonstrated via its
influences on human dental pulp stem cells through cell
proliferation and alkaline phosphatase activity."” In this
study, the potential function of PRF in wound healing
was investigated on hGFs for cell proliferation and migra-
tion, which would provide evidence for the use of PRF
in periodontitis treatments. Our results showed that
PRF promoted the proliferation and migration of hGFs.
Cell viability was detected to be increasing when extend-
ing the periods of time incubation in PRF liquid extract.
In contrast, FBS-free medium, which is used for PRF
extraction, did not maintain cell growth. Besides, hGFs
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Figs 4A to F: Human growth fibroblast migration under PRF liquid
extract treatment in comparison with hGFs culture in complete
medium. Arrows indicate the range of cell migration
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did not only proliferate in PRF liquid extract, but also
achieve nearly twice higher amount in comparison with
hGFs cultured in complete medium. Therefore, it was
strongly demonstrated that PRF could release growth
factors under incubated condition and supported cell
proliferation. This result is suitable with previous publica-
tions about PRF-derived growth factors, such as PDGF-
AB, transforming growth factor {3, vascular endothelia
growth factor, insulin-like growth factor 1.2

CONCLUSION

Periodontitis is inflammation of the tissues surrounding
the tooth affecting the gingiva, periodontal ligaments
and the bone and in its severe forms there can be loss
of bone that supports the tooth, resulting in the tooth
becoming loose and even causing tooth loss.?! The end
goal of tissue engineering is to develop products capable
of healing diseased or lost tissues and organs. Periodontal
regeneration is considered to be organically promising
but clinically capricious.?
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Upon the simple protocol modified from Choukroun
method, we successfully fabricated PRF and demonstrated
its influences on promoting the proliferation and
migration of hGFs. From these results, PRF can be applied
in clinical periodontitis treatments, especially in treating
inflamed gingiva and periodontal tissues. It is expected
to provide an appropriate support for wound healing,
improve efficiency, and less time consuming. Evidences
of PRF effects on hGFs would become a development
premise for further research and investigation of PRF on
the cells involved in wound healing, and to promote the
clinical application of PRF for dental care.
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