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Platelet-rich plasma (PRP) is a source of a lot of growth factors and other
soluble proteins that can modulate tissue regeneration. Skin fibroblasts play a main role
in tissue remodeling and wound repairing. We decided that the human umbilical cord
blood platelet-rich plasma (CPRP) affect fibroblast proliferation and cell migration assay.
A fibroblast culture was established from a neonatal foreskin. Various concentrations of
PRP were prepared from human umbilical cord blood sources and applied to primary
human dermal fibroblasts. Cell proliferation was measured by MTT assay. We showed
that human umbilical cord blood platelet-rich plasma stimulate the proliferation and
migration of dermal fibroblasts and that stimulation by CPRP is dose dependent. Human
umbilical cord blood platelet-rich plasma can be used to treat chronic skin defects,
without triggering an immune response.
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Since skin damage including burns is the
most common injuries in the worldwide , in
developing countries especially are the major
health problems because of severe side effects
and limited financial resources1 so healing of
burn’s wound could affect the healing of disease
or  infection. Wound healing is a complex and
dynamic process that includes fast reconstruction
of cellular structures and layers of tissue that are
damaged2 this process needs  the interaction
between cells ,including fibroblasts, smooth muscle
cells ,immune cells and factors such as growth
factors, hormones, etc3. In general, there are four
distinct stages in the healing of wounds:
hemostasis stage, inflammation stage, proliferation
and maturation or remodeling stage in which
fibroblast cells play an important role of all2.

Tissue regeneration begins with
degranulation of platelets and clotting leading to
the release of various cytokines, clotting factors
and inflammatory response. Platelets are naturally
stimulating the secretion of growth factors that
initiate physiological healing in acute injuries.
Platelet-rich plasma (CPRP) contains the increased
levels of growth factors (GF) in their biologically
determined ratios, including platelet-derived growth
factor (PDGF), transforming growth factor-beta
(TGF-b), insulin-like growth factor-1 (IGF-1),
epidermal growth factor (EGF), and vascular
endothelial growth factor (VEGF), as well as the
plasma components fibrin, fibronectin, and
vitronectin4-6. CPRP plays a significant role in the
repair process types of cells, such as osteoblasts,
fibroblasts, epithelial cells, endothelial cells and
adult mesenchymal stem cells, on a large number
of patients5, 7, 8.

Fibroblasts are critical in supporting
normal wound healing, involved in key processes
such as breaking down the fibrin clot, creating new
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extra cellular matrix (ECM) and collagen structures
to support the other cells associated with effective
wound healing, as well as contracting the wound9.

Considering the above mentioned and the
role of fibroblast cells and growth factors to heal
the wounds caused by burns, we decided to
examine the CPRP effect on fibroblast proliferation
and migration of cells.

MATERIAL AND METHOD

Cell culture
Human fibroblast cells were isolated from

human foreskin and cultured in Dulbecco’s
modified Eagle’s medium (DMEM) containing 10%
fetal bovine serum (FBS), antibiotics such as:
streptomycin, penicillin incubated in 5% Co2
incubator   at 37 ° C.  Culture media was replaced
every 3 days. When the cells’ density sticking to
the bottom of the flask reached 70 - 80 percent,
cells’ passage was done using 25% Trypsin-EDTA
solution. Cells from passages 3 and 4 were used.
CPRP Preparation

Umbilical cord blood was collected in
lithium heparin–coated collection tubes and
initially centrifuged at 350 g for 10 min to separate
the red blood cell (RBC) portion from the platelet-
rich plasma. Next, the platelets are pelleted by a
hard centrifugation of buffy coat plasma at 1600 g
for 10 min. Dilutions of the CPRP (5%, 10%, 15%,
20% and 50%) were produced by diluting with
standard serum-free media for the various
experiments.
Proliferation

Proliferation of the skin fibroblasts was
assessed using with total cell number by
Colorimetric (crystal violet) proliferation assay. The
treatment media used in these studies were serum-
free media (negative control), 10% FCS (positive
control), 5%, 10%, 15%, 20% and 50% CPRP. As
described earlier, all dilutions were prepared with
serum-free media.

The viability of cells is determined by
MTT assay. This method is based on the succinate
dehydrogenase enzyme activity in mitochondria
of living cells that turns the yellow MTT solution
into the insoluble purple formazan crystals, which
can be then dissolved in DMSO and measured
with ELISA plate reader. Approximately (1×105) cells
were transferred to 96-well plate and incubated for

24 h at 37 ° C, then treated with different
concentration of CPRP. The volume of the well
was 100 micro liters. Micro plates containing cell
extract for 24, were incubated in the same
conditions. 10ml solution of MTT (5mg/ml) was
added to each well and was incubated for 3 hours.
100 ml DMSO was replaced with incubated MTT
medium. Then the optical absorbance was
measured at a wavelength of 570 nm with ELISA
reader. The viability percentage of cells affected
by different concentration of the extracts was
calculated by dividing the absorbance of treated
wells to the absorbance of control well and then
multiplied by 100.The results (mean ± SEM) are
expressed using SPSS software10.
Wound healing assay

Fibroblast cells were added to the six-well
plate and allow the plate to fill up the 70% level.
After the formation of a cell layer on the bottom of
the plate, by using the yellow sampler tip, the
bottom of wells was scratched horizontally. Then
we rinsed several times with PBS solution for
extracting the isolated cells from the medium, using
different doses of CPRP all wells were treated and
allow cells migrate to gap. Cell migration into the
scratch area was analyzed by invert microscope11.
Statistical analysis

The Mann-Whitney test was used for
comparison between groups, with values of p ≤
0.05 being regarded as significant. Data are
presented as means ± SD.

RESULTS

Proliferation
The platelet-rich plasma was prepared by

a simple centrifugation process from Umbilical cord
blood resulting in a concentration of platelets
approximately three to four times the baseline count
in cord blood.

The results of the MTT assay are shown
in Table 1, with the various treatment media
readings presented as ratios compared to the
negative control. All components of the CPRP
significantly stimulated the growth of fibroblasts
when compared to the negative control. Fibroblast
growth was enhanced in a dose dependent manner.
All fibroblast cultures retained normal morphology.

The proliferation of human dermal
fibroblasts peaked on day 4 of culture in the
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presence of 10% or 20% Umbilical cord platelet-
rich plasma and decreased in a dose-dependent
manner in the presence of 5% or 50% Umbilical
cord platelet-rich plasma. Not only was Cell
proliferation observed a little in the serum-free
controls, but it markedly increased in the presence
of CPRP.
Wound healing assay

The results of the Wound healing assay
that are shown as a boxplot in Figure 2. 5%, 10%,
15%, 20% and 50% CPRP had a significant
stimulatory effect on the migration of the skin
fibroblast cells in comparison with the serum-free
media (P < 0.05). 20% CPRP showed a trend toward
having a positive effect on migration comparing to
the negative control, although statistical
significance was not reached.

 

 

Fig. 2. Wound healing images after treatment
with 20% CPRP (A=0h, B=12h C=24 and D=48h).

(Olympus X-10 inverted microscope)

Fig. 1. Proliferation of fibroblasts in the presence
of the human umbilical cord blood platelet-rich
plasma (MTT assay). Concentration of CPRP;
10% FBS in the medium as a positive control;
medium without any additives as a negative

control (C). Results shown are the means
of four parallel cultures ± SD

DISCUSSION

The wound healing process is a complex
mechanism characterized by four distinct phases:
hemostasis, inflammation, proliferation and
remodelling. All these events are coordinated by
cell interactions and soluble growth factors
released by various cell type. Platelet-rich plasma
is a concentrate of human platelets containing
platelet growth factors, as well as plasma
components such as fibrin, fibronectin, and
vitronectin [12]. It has been postulated that the
growth factors within PRP may be secreted in a
pulsed fashion, which is the natural mechanism of
release, rather than being delivered in a single dose,
as is the case when using recombinant growth
factors12. Platelet Rich Plasma is a biological source
of various growth factors which stimulate the
proliferation of gingival fibroblast, osteoblast,
periodontal ligament fibroblast, stromal stem cell,
endothelial cell and enhance healing of ulcers.

In our study we showed that CPRP
stimulates the proliferation primary fibroblast cell
culture in vitro, because CPRP was associated with
releasing a large amounts of PDGF-AB and TGF-
beta13. The frequency of hematopoietic stem cells
and progenitor cells in UCB is greater than the
frequency in bone marrow and peripheral blood.
CPRP is rich source growth factors including EGF,
TGF-beta, IGF-1, Ang-2 and PDGF. CPRP may
suppress cytokine release, limit inflammation and
thereby promote tissue regeneration. TGF-beta in
CPRP stimulated undifferentiated mesenchymal cell
proliferation, regulates mitogenic effect. PDGF
stimulates chemotaxis and mitogenesis in fibroblast
cell8. In addition, the use of human UCB as a stem
cell source has several advantages over other cell
sources, for example, human UCB is abundant and
can be obtained with non-invasive methods that
raise none of the ethical issues related to other
human adult stem cell sources.

In this study, we aimed the quantification
of a dose-dependent affected by diluting the CPRP
preparation with culture media and compared the
response of cells to CPRP preparations. Correlation
between CPRP growth factor concentrations and
cell function was not an aim, because in the clinical
setting, clinicians are not usually aware of the
concentration of individual growth factors.

The results of this study did not show a



1712 HASHEMI et al., Biosci., Biotech. Res. Asia,  Vol. 13(3), 1709-1713 (2016)

consistent difference in effectiveness between the
different CPRP concentrations, but 20% CPRP
concentration has strongest effect in human dermal
fibroblast proliferation. showed that 20% peripheral
blood PRP has strongest effect in human dermal
fibroblast, because they could not measure higher
concentration with MTT8. These results correspond
with Krasna with other author’s findings8, 14  that
previously shown the lower concentrations of PRP
may have superior effects on cell function.
Furthermore, in a rare in vivo study that utilized
different PRP concentrations, Weibrich et al found
that both high and low PRP concentrations were
inferior to intermediate concentrations of PRP in
promoting peri-implant wound healing15.

The results of this study suggest that
CPRP could be a very effective enhancer of wound
healing. This should Figure 2 Comparison wound
healing after treatment with 20% CPRP on dermal
fibroblast at several times. CPRP contain plasma
components such as fibrin, fibronectin, and
vitronectin which are known to be cell adhesion
molecules that actively promote cell attachment,
as well as forming a matrix scaffold that supports
migration and other cellular functions16.

The results of this study show that CPRP,
when applied directly to human skin fibroblasts,
can exert a significant effect on cell function of
human skin fibroblasts in an in vitro model.
Although no adverse effects were noted in this in
vitro study, it is still possible that the in vivo use
of CPRP could potentially lead to unwanted
immunogenic reactions. Hence, the clinical use of
CPRP requires further investigation.

Overall, the results of this study show
that the use of CPRP promotes wound healing–
related fibroblast function, potentially results in
faster and more predictable healing of tissues. This
may have important wound healing associated with
diabetic ulcer regeneration procedures.

CPRP could potentially be utilized as pre-
prepared alternatives in clinical procedures and as
a nutrient source to support in vitro cell growth in
tissue engineering applications.
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