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In vitro cell-type specific
biological response of
human periodontally related
cells to platelet-rich plasma
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In vitro cell-type specific biological response of human periodontally related cells to
platelet-rich plasma. J Periodont Res 2005, 40: 489-495. © Blackwell
Munksgaard 2005.

Objectives: Platelet-rich plasma is a blood-derived fraction containing high con-
centrations of platelets and growth factors. Applied in the form of a gel on surgical
wounds, it is able to stimulate hard and soft tissue repair and has been proposed
for use in the field of periodontal regeneration. However to date, little is known
about the biological interactions between platelet-rich plasma and periodontally
related cells. In this study, we investigated the effects between platelet-rich plasma
and cell populations involved in periodontal regeneration, namely primary human
periodontal ligament cells, gingival fibroblasts and keratinocytes.

Material and methods: The proliferation of human periodontal ligament cells,
gingival fibroblasts and keratinocytes by [*H]thymidine incorporation was
assessed. The alkaline phosphatase activity and type I collagen levels of human
periodontal ligament cells were also evaluated by a spectrophotometric assay and
western blot analysis, respectively.

Results: Incubation of human periodontal ligament cells with platelet-rich plasma
resulted in time-dependent growth stimulation (up to fourfold of control at 72 h).
Likewise, an increase in the specific activity of alkaline phosphatase (fourfold at
6 days) and collagen (twofold at 7 days) was observed. Platelet-rich plasma also
enhanced human gingival fibroblasts proliferation by twofold, whereas it inhibited
human keratinocytes growth by 40%, with respect to their own controls at 72 h.

Conclusion: Cell populations related to periodontal tissue were differently affected
by platelet-rich plasma. In fact, a strong stimulation of human periodontal liga-
ment cells proliferation, a minor increase in the growth rate of human gingival
fibroblasts and a marked decrease of human keratinocytes proliferation were
evident. In addition, in human periodontal ligament cells increased collagen and
alkaline phosphatase activity levels were observed. These findings appear inter-
esting in view of platelet-rich plasma utilization in periodontal regeneration.
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A major goal of periodontal therapy is
the reconstruction of the injured tissues
to their original form and function
through the regeneration of all the lost
components of periodontium: cemen-

tum, periodontal ligament fibres and
alveolar bone. Periodontal regener-
ation is a complex multifactorial pro-
cess involving intricate interactions
between at least four different cell

populations within the periodontal
wound: periodontal ligament cells,
bone cells, gingival fibroblasts and
epithelial cells (1). Periodontal liga-
ment cells play a major role in this
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process, being able to synthesize the
constituents of the periodontal liga-
ment as well as differentiate into ce-
mentum and bone-forming cells (2-6).
The expression of osteoblast-like
properties, such as the production of
alkaline phosphatase, has been widely
described and suggested to be of piv-
otal importance for the regeneration of
periodontal tissues (6-11). However,
even after debridement, root surface
appears to favour the attachment of
epithelial cells, compared to periodon-
tal ligament cells, interfering with the
formation of an organized periodontal
tissue (2, 12, 13). Various approaches
have been proposed to promote perio-
dontal regeneration, using membranes,
in order to avoid the apical migration
of epithelium (guided tissue regener-
ation), or specific substances able to
induce the regenerative process, such
as growth/differentiation factors or
enamel matrix derivatives (induced
tissue regeneration). However, so far,
complete regeneration of the perio-
dontal components, although possible,
is still not entirely predictable (1, 14,
15), and concerns about the high costs
of these remedies, as well as the
implications of the exogenous origin of
some of them, remain.

Platelet-rich plasma consists of a
blood-derived fraction containing high
concentrations of platelets and growth
factors. Applied in the form of a gel on
surgical wounds, it is able to stimulate
hard and soft tissue repair. Platelet-
rich plasma was first used in maxillo-
facial surgery (16, 17) but it has been
proposed also in the field of perio-
dontal regenerative procedures
(18-21).

As known, in addition to haemos-
tasis and inflammation, platelets are
involved in wound healing and repair
of mineralized tissue. Once activated at
the site of injury, platelets release a
large amount of cytokines that stimu-
late cellular chemotaxis, proliferation
and differentiation (22, 23). Several
studies demonstrated the mitogenic
effect of platelet-rich plasma on cells
such as fibroblasts, osteoblasts, and
mesenchymal stem cells (24-28).
However, limited information about
the interaction of platelet-rich plasma
with periodontally related cells and its

role in periodontal regeneration is
available.

The aim of this study was to
investigate the effects of platelet-rich
plasma on the biological behaviour of
cell populations involved in periodon-
tal wound healing and regeneration,
namely primary human periodontal
ligament cells, gingival fibroblasts and
keratinocytes.

Material and methods

Tissue culture biochemicals were
obtained  from  Gibco-Invitrogen
(Grand Island, NY, USA), plasticware
from Falcon BD Labware (Franklin
Lakes, NJ, USA) and chemicals from
Sigma Chemical Co. (St. Louis, MO,
USA), if not otherwise specified.

Preparation of the cellular models

Human periodontal ligament cells and
gingival fibroblasts were obtained by
using an enzymatic method. Perio-
dontal ligaments aseptically
scraped out from the middle part of
roots of periodontally healthy teeth
extracted from adult patients. Human
gingival tissue was obtained from perio-
dontal operations (e.g. frenulectomies,
flap operations). In all cases, patients
were duly informed of the nature and
extent of the study, and their informed
consent was obtained according to the
Helsinki Declaration. Both collected
tissues were washed two times with
phosphate-buffered saline (150 mm
NaCl, 20 mMm sodium phosphate
pH 7.2) supplemented with antibiotics
(100 U/ml penicillin, 100 pg/ml strep-
tomycin) and cut into small pieces with
a sterile surgical blade. Tissue frag-
ments were digested in 1 ml of Dul-
becco’s modified Eagle’s medium-F12
(DMEM-F12) containing antibiotics
and 1 mg/ml type IV collagenase
(Worthington Biochemical, Freehold,
NJ, USA) at 37°C for 3 h. Released
cells were harvested, plated in complete
DMEM-F12 containing antibiotics
and 10% fetal bovine serum, and
incubated at 37°C in a 5% CO,
humidified atmosphere. First cell islets
were visible after 3-4 days and con-
fluence was reached in about
2-3 weeks. During this period, fresh
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medium was added two times per
week, never removing the entire con-
ditioned medium. After the confluence
was reached, cells were trypsinized and
cultures expanded.

Human keratinocytes were pur-
chased from Gibco-Invitrogen and
cultured in serum-free keratinocyte
growth medium.

Cells between the second and fifth
passage were used in our experiments.

Collection and preparation of
platelet-rich plasma

Platelet-rich plasma was prepared fol-
lowing a simple protocol. Venous
blood samples from healthy volunteers
were withdrawn into sterile 4.5-ml
glass tubes (Vacutainer, Becton &
Dickinson, Rutherford, NJ, USA)
containing citric acid—citrate—dextrose
anticoagulant (ACD-A) at ratio of
1:10. After blood was centrifuged at
300 g for 10 min at room temperature,
two phases were obtained: the upper
(plasma) and the lower phase (red and
white blood cells). The upper millilitre
was collected as platelet-poor plasma.
The remaining plasma, platelet-rich
plasma, was aspirated and immediately
used. Platelet-rich plasma was added to
complete medium at 1:10 ratio, and
incubated at 37°C for 30 min: the
presence of fetal bovine serum allowed
platelet aggregation and degranula-
tion. Conversely, when serum-free
keratinocyte growth medium was used,
platelet activation was induced adding
1 U/ml of human thrombin (Immuno
AG, Vienna, Austria). In any case, the
incubation resulted in the formation of
a gel that was successively disaggre-
gated and removed before adding the
medium, enriched in platelet-derived
growth factors, to the cells.

Mitogenic assay

Cell proliferation was measured by ra-
diolabelled thymidine incorporation. In
brief, cells were plated at low density in
12-well plates (10* human periodontal
ligament cells/cm?, 6 x 10* human gin-
gival fibroblasts/em® and 2 x 10*
human keratinocytes/cm?) with appro-
priate medium. The following day, fresh
medium with platelet-rich plasma or



without (control) was added to each cell
type. The effect of platelet-rich plasma
on human periodontal ligament cells
proliferation was measured over time at
24, 48 and 72 h. Furthermore, in order
to compare the effect of platelet-rich
plasma on different cell types, human
periodontal ligament cells, gingival fi-
broblasts and keratinocytes growth rate
at 72 h was also assessed. In all cases,
cells were pulse-labelled with 1 pCi/ml
[*H]thymidine (Amersham Life Science,
Buckinghamshire, UK) for the last 16 h
of culture, washed two times with
phosphate-buffered saline and lysed
with 2 ml/well of 1% sodium dodecyl
sulfate—0.3 M NaOH. The incorporated
thymidine was measured with a liquid
scintillation counter (Wallac 1409 DSA,
Perkin-Elmer, MA, USA).

Collagen extraction and analysis

Equivalent numbers of human perio-
dontal ligament cells (10%), derived from
cultures grown in the absence or pres-
ence of platelet-rich plasma for 7 days,
were rinsed with phosphate-buffered
saline and resuspended in 0.5 ml 0.5 m
acetic acid containing 350 pg/ml pepsin.
After 16 h of gentle shaking at 4°C, the
extract was centrifuged at 20,000 g for
20 min. The supernatant was discarded
and the pellet was dissolved in lysis
buffer (50 mm Tris/HCl pH 7.4,
150 mm NaCl, 0.1% NP-40, 100 pg/ml
phenylmethylsulfonyl fluoride, 100 pg/
ml  N-tosyl-L-phenylanine  chloro-
methyl-ketone, 1 pg/ml  leupeptin,
0.83 pg/ml chemostatin, 10 pug/ml soy-
bean trypsin inhibitor, 0.5 mm dithio-
threitol, 7.4 mg/ml  p-nitrophenyl
phosphate, 1 mm sodium ortho-vana-
date, 40 mM sodium fluoride and 1 mm
sodium pyrophosphate). Cell extracts
were separated by 6% sodium dodecyl
sulfate—polyacrylamide gel electro-
phoresis and transferred onto a nitro-
cellulose membrane (Amersham).
Membrane was incubated with specific
monoclonal antibodies (Santa Cruz
Biotechnology, Santa Cruz, CA, USA)
for 1 h at room temperature. The
immunocomplexes were detected by the
enhanced chemoluminescent technique
(ECL: Amersham). Images were pro-
cessed and analysed by the IMAGEJ 1.33
software (NIH, Bethesda, MD, USA).
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Alkaline phosphatase activity

Human periodontal ligament cells
were plated at 10* cells/cm? in 12-well
plates. After 24 h, medium with
platelet-rich plasma or without (con-
trol) was added. At 3 and 6 days,
control and platelet-rich plasma-trea-
ted cells were harvested for measuring
alkaline phosphatase activity. After
medium was removed, the cells were
washed two times with Tris-buffered
saline (20 mm  Tris/HCI pH 7.4,
150 mm NaCl) and solubilized by
adding 100 pl/well of lysing buffer
(Tris-buffered saline plus 0.25% Triton
X-100, 0.5 mm phenylmethylsulfonyl
fluoride, 0.5 mm dithiothreitol). The
lysates were centrifuged at 13,000 g for
Smin at 4°C and the supernatants
used for the determination of alkaline
phosphatase activity and protein con-
centration.  Alkaline  phosphatase
activity was determined by measuring
the release of p-nitrophenol from
disodium p-nitrophenyl phosphate.
The reaction mixture contained 0.1 m
diethanolamine buffer pH 10.5,
0.5 mm MgCl,, 12 mm p-nitrophenyl
phosphate and cell extract, in a final
volume of 0.5 ml. The mixture was
incubated at 37°C for 30 min and the
reaction was stopped by the addition
of 0.5 ml of 0.5 NaOH. The enzy-
matic activity was determined on the
basis of the absorbance at 405 nm.
The specific activity is expressed as
Units/mg of protein. One unit is
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defined as the amount of enzyme that
hydrolyses 1 nmol of p-nitrophenyl
phosphate/min under the specified
conditions.

Statistical analysis

All experiments were performed in
triplicate and repeated three times to
ensure reproducibility. Means and
standard deviations (SD) were calcu-
lated, and data were statistically ana-
lysed by Student’s t-test or one-way
ANoOVA followed by the Tukey post hoc
test for comparisons. Difference was
considered significant at a p-value
< 0.05.

Results

Effects of platelet-rich plasma on
human periodontal ligament cells,
gingival fibroblasts and
keratinocytes proliferation

The effect of platelet-rich plasma on
human periodontal ligament cells,
gingival fibroblasts and keratinocytes
cell growth was determined by
[*H]thymidine incorporation. Platelet-
rich plasma treatment induced a strong
time-dependent increase of human
periodontal ligament cells proliferation
(Fig. 1). A significant difference
between platelet-rich plasma-treated
cells and control cells became apparent
at 48 h, and further increased to up to
fourfold of control at 72 h.
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Fig. 1. Time-dependent growth stimulation of human periodontal ligament cells by platelet-
rich plasma. The cells were plated at a density of 10*/cm? in 12-well plates. Medium with
platelet-rich plasma (PRP) or without (control) was added 24 h later. After 24, 48 and 72 h,
cell growth was measured as ["H]thymidine incorporation. Values are given as counts per
minute (cpm). Data are shown as means + SD of results from three independent experi-

ments. *p < 0.001 vs. the respective control.
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The increased growth rate of plate-
let-rich plasma-treated human perio-
dontal ligament cells was associated
with a remarkably more spindle-like
morphology, as well as with an evident
multilayered disposition of the cells
(Fig. 2).

Platelet-rich plasma differently influ-
enced human periodontal ligament
cells, human gingival fibroblasts and
human keratinocytes growth rate com-
pared to their own controls. In fact, a
72-h exposure to platelet-rich plasma
increased human periodontal ligament
cells fourfold (Fig. 3A) and increased
human gingival fibroblasts proliferation
to a lesser extent (twofold) (Fig. 3B).
Conversely, in the same experimental
conditions, human  keratinocytes
growth was inhibited by 40% (Fig. 3C).

Effects of platelet-rich plasma on
human periodontal ligament cells
collagen levels

Type I collagen synthesis was markedly
stimulated by platelet-rich plasma. As
shown in Fig. 4, in human periodontal
ligament cells cultures treated with
platelet-rich plasma for 7 days, colla-
gen levels twofold higher than control
were measured.

Effects of platelet-rich plasma on
human periodontal ligament cells
differentiation

The basal alkaline phosphatase specific
activity of human periodontal ligament
cells cultures was measured and resul-
ted in considerably higher levels (about
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Fig. 2. Microscopic appearance of human periodontal ligament cells treated with platelet-
rich plasma (PRP) or without (control) for 72 h. A multilayered disposition was evident in
treated cells compared to control. The images are representative of three independent

experiments (magnification x 100).
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Fig. 3. Cell-type specific effect of platelet-rich plasma on human periodontal ligament cells
(HPDL) (A), human gingival fibroblasts (HGF) (B) and human keratinocytes (HK) (C)
proliferation. The cells were plated at low density (see Material and methods for details) in
12-well plates. Medium with platelet-rich plasma (PRP) or without (control) was added 24 h
later. After 72 h, cell growth was measured as [*H]thymidine incorporation. Values are given
as counts per minute (cpm). Data are means + SD of results from three independent

experiments. *p < 0.001 vs. the respective control.

10-fold) than that of human gingival
fibroblasts (data not shown).

When human periodontal ligament
cells were exposed to platelet-rich
plasma for 3 days and 6 days (Fig. 5),
a significant increase of alkaline phos-
phatase specific activity was observed
of up to fourfold over control.

Discussion

Among the variety of periodontal
regeneration techniques, the possibility
to utilize a totally autogenous prepar-
ation such as the platelet-rich plasma,
obtainable by simple and low cost
procedures, is particularly fascinating.
However, at the present time, no def-
inite data about both the effect of
platelet-rich plasma on periodontally
related cells and its clinical efficacy in
periodontal regeneration are available.
In this in vitro study, we aimed to
clarify some molecular aspects under-
lying the utilization of platelet-rich
plasma for the regeneration of perio-
dontal tissues.

Our experiments allowed the quan-
tification of the platelet-rich plasma
mitogenic activity on human perio-
dontal ligament cells. Only one study
previously reported the platelet-rich
plasma-induced proliferation of perio-
dontal ligament cells, as measured
by an immunocytochemical staining
method (26). In our study, human
periodontal ligament cells growth was
assessed measuring the [*H]thymidine
incorporation. After an incubation
time from 24 to 72 h with platelet-rich
plasma, a marked time-dependent
increase of human periodontal liga-
ment cells proliferation compared to
control resulted. Conversely, a signifi-
cantly different behaviour was evident
for human gingival fibroblasts and
epithelial cells when exposed to plate-
let-rich plasma, suggesting a cell-type
specific effect. In fact, platelet-rich
plasma-treated human gingival fibro-
blasts exhibited a minor increase in the
growth rate compared to human perio-
dontal ligament cells (twofold vs.
fourfold of the respective controls),
whereas, in the same conditions, pri-
mary keratinocytes were inhibited.
From a clinical point of view, the
effects induced by platelet-rich plasma
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Fig. 4. Type I collagen levels increase by platelet-rich plasma in human periodontal ligament
cells cultures. Equivalent numbers of cells (10°), derived from cultures grown with platelet-
rich plasma (PRP) or without (control) for 7 days, were processed for western blot analysis
for type I collagen. Images were processed and the densitometric analysis performed by the
IMAGE] software. The results are representative of three independent experiments.
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Fig. 5. Alkaline phosphatase specific activity increase by platelet-rich plasma in human
periodontal ligament cells cultures. Cells were plated at a density of 10*/cm? in 12-well plates.
Medium with platelet-rich plasma (PRP) or without (control) was added 24 h later. After 3
and 6 days, the alkaline phosphatase specific activity was measured by means of a spectro-
photometric assay. Values are given as U/mg protein. Data are means + SD of results from
three independent experiments. *p < 0.001 vs. the respective control.

could synergistically operate in pro-
moting periodontal regeneration. As
known, the main reason of failure of
the periodontal regenerative proce-
dures is the apical migration of the
junctional epithelium and gingival
connective along the root surface
inside the defect. Thus, platelet-rich
plasma could enhance the regenerative
process either by stimulating human
periodontal ligament cells (and only to
a minor extent human gingival fibro-
blasts) proliferation or by inhibiting
that of epithelial cells. On the other
hand, the mitogenic effect also
observed on human gingival fibro-

blasts, although not completely desir-
able for the regeneration of deep
periodontal tissues, cannot be under-
valued, justifying the use of platelet-
rich plasma in soft tissue grafting pro-
cedures and likewise explain the
favourable wound healing observed
when platelet-rich plasma is clinically
applied (29, 30).

Type I collagen is the main protein
synthesized by mesenchymal cells; it
represents the major constituent of
periodontal ligament fibres and is
essential for their normal architecture.
Collagen levels significantly increased
when human periodontal ligament cells
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were exposed to platelet-rich plasma.
This finding is in line with the results
obtained by Kawase er al. (31) by
means of immunocytochemical staining
techniques. The increased extracellular
matrix synthesis, in combination with
the above-mentioned growth stimula-
tion, could be important in promoting
the regeneration of periodontal liga-
ment fibres.

Finally, in our conditions, platelet-
rich plasma addressed the differenti-
ation of human periodontal ligament
cells toward the osteoblastic pheno-
type. In fact, as shown in Fig. 5, the
exposure to platelet-rich plasma signi-
ficantly stimulated the alkaline phos-
phatase activity of human periodontal
ligament cells with respect to control.
As known, alkaline phosphatase rep-
resents an early marker of osteoblastic
phenotype expressed at high levels by
these cells (6-11). Thus, platelet-rich
plasma-mediated stimulation of alka-
line phosphatase could enhance perio-
dontal regeneration, offering to human
periodontal ligament cells the instru-
ments required for the mineralization
of hard tissues composing the deep
periodontium.

The reported in vitro effects on per-
iodontally related cells are similar to
those described for some platelet-
released growth factors. In particular,
platelet-derived growth factor and
transforming growth factor-f act as
strong mitogenic and anabolic factors
and are reported to markedly stimulate
the proliferation of fibroblasts and
periodontal ligament cells, as well as
the extracellular matrix formation
(32-35);  moreover, transforming
growth factor-f is known to have an
inhibitory effect on epithelial cell pro-
liferation (32, 36). Platelet-rich plasma
contains high levels of these growth
factors, together with other active
molecules such as fibrin and fibrino-
peptides released during clot formation
(24-26). Thus, platelet-rich plasma
could affect behaviour of periodontally
related cells by a platelet-derived
growth factor- and/or transforming
growth factor-B-mediated action, al-
though further mechanisms involving
other mediators cannot be excluded.

In conclusion, the cell-type specific
growth modulation, together with the
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increase in human periodontal liga-
ment cells collagenous matrix and
alkaline phosphatase activity, repre-
sent important biological effects of
platelet-rich plasma on periodontally
related cells and appear interesting in
view of its utilization in the periodontal
tissue regeneration.
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