[ Downloaded from wjps.ir on 2025-08-23 ]

198

Original Article

The Role of Human Adult Peripheral and Umbilical
Cord Blood Platelet-Rich Plasma on Proliferation
and Migration of Human Skin Fibroblasts

Seyedeh-Sara Hashemi', Mahdokht Mahmoodi', Ali Reza Rafati*?, Farzad Manafi’,

1. Burn and Wound Healing Research Center,

Shiraz University of Medical Sciences,
Shiraz, Iran;

2. Division of Pharmacology and
Pharmaceutical Chemistry, Sarvestan
Branch, Islamic Azad University,
Sarvestan, Iran;

3. Stem Cell Technology Research Center,
Shiraz University of Medical Sciences,
Shiraz, Iran

*CO-Corresponding Authors:

Ali Reza Rafati, DVM, PhD;

Assistant Professor of Division of

Pharmacology and Pharmaceutical

Chemistry,

Sarvestan Branch, Islamic Azad

University, Sarvestan, [ran

Tel/Fax: +98-71-36281506

E-mail: alireza_rafati57@yahoo.com

Davood Mehrabani, VMD, MPH, PhD;

Assistant Professor of Stem Cell

Technology Research Center,

Shiraz University of Medical Sciences,

Shiraz, Iran

Tel: +98-71-37844478

E-mail: alireza_rafati5S7@yahoo.com
rafati@iausarv.ac.ir

Received: May 13, 2016

Revised: January 29, 2017

Accepted: February 12, 2017

www.wjps.ir /Vol.6/No.2/May 2017

Davood Mehrabani®”

ABSTRACT

BACKGROUND

Wound healing is a complex and dynamic process following
damage in tissue structures. Due to extensive skin damage
caused by burn injuries, this study determined the role of human
adult peripheral and umbilical cord blood platelet-rich plasma on
proliferation and migration in human skin fibroblasts.
METHODS

Platelet-rich plasma (5, 10, 15, 20 and 50% PRP) from human
umbilical cord blood and adult peripheral blood were provided
and added to fibroblasts cultured from a human skin sample.
Migration and proliferation of fibroblasts were assessed in
comparison to 10% FBS and by the fibroblast responses to a
concentration gradient.

RESULTS

All components of the umbilical cord blood PRP 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. No
significant difference was noted between umbilical cord blood
and adult peripheral blood PRP preparations regarding cell
proliferation and migration, but the difference to 10% FBS was
significant. 1% and 50% PRP reduced cellular proliferation. The
20% umbilical cord blood PRP and 10% adult peripheral blood
PRP had a significant stimulatory effect on the migration of the
skin fibroblast cells in comparison with 10% FBS.
CONCLUSION

As PRP could promote the migration and proliferation of dermal
fibroblasts, it can be safely added in cultures when treatment
of chronic wounds without triggering the immune response
is needed.
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INTRODUCTION

Tissue regeneration is beginning with
degranulation of platelets and clotting leading
to the release of various cytokines, clotting
factors and inflammatory response.! Since
growth factors play an important role in the
repair process, the use of platelet-rich plasma
(PRP) is of great importance.” Platelets naturally
stimulate the secretion of growth factors that
can initiate the physiological healing process in
acute injuries. PRP is widely used as a source of
growth factors not only for hard and soft tissue
regeneration, but also in plastic surgery.’

Human umbilical cord blood (HCB) has
great potential to be adopted for research and
therapeutic purposes. Human umbilical cord
blood Platelet-rich plasma (PRP) contains
increased levels of growth factors (GF), including
epidermal growth factor (EGF), vascular
endothelial growth factor (VEGF), fibroblast
growth factor (FGF), insulin-like growth
factor-1 (IGF-1), interlukins and interferons,
which are used for growth, proliferation and
differentiation of cells in fetal blood.” Other
constituents of HCB include serum albumin,
tansferrin and fibronectin, mineral ,ghrelin,
adiponectin, vitamin A and E and several
essential fatty acids.®’

PRP plays an important role in the
repair process for many types of cells, such
as osteoblasts, fibroblasts, epithelial cells,
endothelial cells and adult mesenchymal stem
cells.>*? Fibroblasts are critical in supporting
normal wound healing, involved in key processes
such as breaking down the fibrin clot, creating
new extra cellular matrix (ECM) and collagen
structures to support cells associated with wound
healing, as well as contracting the wound."” Lam
and co-workers have used cord blood plasma for
the expansion of cord blood cells and showed
that expansion of the megakaryocytic lineage
was consistently higher, but reduced CD34+
cells."! Cord blood plasma has also been used to
culture T cells for adoptive immunotherapy.'

However, to the best of our knowledge, a
direct comparison of human umbilical cord
blood and adult peripheral blood PRP on
cellular proliferation and migration has not
been reported in the literature. The aim of this
study was to evaluate the effect of PRP on the
important wound healing—related cell functions
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of proliferation and migration and to determine
whether there is any difference in the effect
elicited by human umbilical cord blood and
adult peripheral blood PRP.

MATERIALS AND METHODS

Primary cultures of fibroblasts were initiated
from the full-thickness human skin sample
(n=3) derived from cosmetic surgery that were
trransferred to the laboratory. The samples were
washed three times to remove any probable
infection. The skin sample was then cut into 2-3
mm pieces and put in 0.25% trypsin (Gibco Life
Technologies) at 4°C overnight to separate the
epidermal layer from the dermis. The dermis
was cut into very small pieces (5 mm?) using
curved scissors and the pieces were transferred
into a collagenase Type II (200 IU/ml) solution
in an incubator at 37°C for 2 h.

The suspension was centrifuged at 500 xg
for 5 min. The pellet was resuspended in culture
medium. The isolated cells were counted using
hemocytometer and seeded into culture dishes
at cell density of 2x10° cells/cm? The cells
were cultured in a CO2 incubator at 37°C and
the culture medium was changed twice a week.
When the cells’ density adhered to the bottom of
the flasks and reached to 70-80 confluence, cell
passaging was done using 0.25% Trypsin-EDTA
solution. Cells from passages 3 and 4 were used
in the study.

Platelet-rich plasma was provided from
whole adult peripheral or umbilical cord blood
collected in lithium heparin—coated tubes and
initially centrifuged at 350 g for 10 min to
separate the red blood cells (RBC) from the
platelet-rich plasma. The upper layer of the RBC
portion was the platelets containing the largest
amount of growth factors, and hence having
the greatest potential of biological activity, that
was mixed with the upper 1 mm of RBCs. The
inclusion of this small RBC layer imparted a
red tinge to the PRP. The PRP portion was then
extracted and centrifuged again at 1000 g for 10
min. Dilutions of the PRP (5, 10, 15 and 20%)
for the various experiments were produced by
diluting with standard serum-free media.

Proliferation of the skin fibroblasts was
assessed using the total cell number by
Colorimetric (crystal violet) proliferation assay.
The treatment media used in these studies were
serum-free media (negative control), 10% FBS
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(positive control), 5, 10, 15, 20 and 50% PRP.
As described earlier, all dilutions were prepared
with serum-free media. The viability of cells
was determined by MTT assay. Approximately
1x10° cells were transferred to 96-well plate and
incubated for 24 h at 37°C, and treated with
different concentration of PRP. The volume of
the well was 100 micro liters.

Micro plates containing cell extract for 24h,
were incubated in the same conditions. A total
of 10 ml solution of MTT (5 mg/ml) was added
to each well and was incubated for 3 hours.
One-hundred milliliter of DMSO was replaced
with incubated MTT medium. Then the optical
absorbance was measured at a wavelength of 570
nm with ELISA reader. Viability percentage of
cells that were affected by different concentration
of the PRP was calculated by dividing the
absorbance of treated wells to the absorbance
of control well and then multiplied by 100. The
results (mean+SEM) were expressed using SPSS
software (version 12, Chicago, IL, USA).

The migration assay was carried out using
Trans well Permeable with a 6.5-mm diameter,
8.1 m pore size, as previously described.” Briefly,
migration from one side of the membrane to the
other was examined after 6 h in the presence of
six formulations of treatment media— serum-free
media (negative control), 5, 10, 15, 20 and 50%
PRP. Three hundred micro-litters of treatment
media was placed into the lower compartment

of a 24 well plate and allowed to incubate for 30
min. Cells were seeded at a concentration of 2x10°
cells diluted in 100 ml of media and delivered
onto the upper surface of the permeable insert.

As the PRP preparations had a viscous
consistency and settled at the lower part of the
well, a concentration gradient was achieved.
After incubation for 6 h, the permeable insert was
removed, and the outer membrane was carefully
wiped dry to remove non-migrated -cells.
Thereafter, the permeable inserts, containing
only the cells that had migrated through the
membrane to the inner surface, were placed into
fresh well plates containing 300 pl crystal violet
for 15 min. The stained cells on the inner surface
of the permeable insert were then solubilized
with 33% glacial acetic acid, and the absorbance
was read in a spectrophotometer at 570 nm.

One-way ANOVA test was used to assess the
effect of the various PRP preparations on cell
function. To identify the statistically significant
differences between the various treatments,
post hoc analysis was carried out using SPSS
software and the Bonferroni test. Statistical
differences between groups were accepted for
P-values less than 0.05.

RESULTS

The results of the MTT assay of umbilical cord
blood PRP were shown in Table 1, regarding

Table 1: Proliferation of fibroblasts in the presence of the human adult peripheral blood PRP (MTT assay).
Concentration of PRP; 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.

Concentration of adult PRP in the medium

0/7
0/6
0/s
0/4

0/3

MTT 570 nm

0/2

0/1

0
1% 5% 10%

15% 20% 50% 10%FBS (o

® Adult PRP| 0/227 | 07495 | 0/624

0/312 | 0/349 | 0/261 | 0/305 | 0/206
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various treatment media readings presented
as ratios compared to the negative control. All
components of the umbilical cord blood PRP
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 24 hour of culture in the
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 blood PRP. Cell proliferation was few in the
serum-free controls, but it markedly increased in
the presence of umbilical cord blood PRP.

The results of the adult peripheral blood PRP
MTT assay were shown in Table 2, demonstrated
that during 24 h, adult peripheral blood PRP
stimulated cell proliferation when compared
to 10% FBS (p<0.05), and all other PRP
concentrations (p<0.05 for all comparisons).
Furthermore, the use of 10% adult peripheral
blood PRP resulted in a statistically significant
increase in proliferation when compared to10%
FBS (p<0.05). When PRP was compared to the
positive control of 10% FBS, 1% adult peripheral
blood PRP (p<0.05) and 50% PRP (p<0.05)
exhibited a significant reduction in cellular
proliferation, while there was no difference
between 10% FBS and PRP (1% and 50%).

201

The 20% umbilical cord blood PRP and 10%
adult peripheral blood PRP had a significant
stimulatory effect on the migration of the skin
fibroblast cells in comparison with the serum-
free media (p<0.05). The 5, 15%, 20 and 50%
PRP showed a trend toward having a positive
effect on migration compared to the negative
control, although statistical significance was not
reached a significant difference (Figure 1).

DISCUSSION

In vitro cell, fibroblast culture play an important
role in science, medicine and industry.'*'” We
evaluated the PRP potential in proliferation
and migration of dermal fibroblasts as a dose-
dependent effect of PRP. We showed that PRP
had substantial effects on the proliferation and
migration of human skin fibroblast in vitro. PRP
was derived from both adult peripheral blood
as the source most often used for its generation,
and also from human umbilical cord blood. PRP,
when applied directly to human skin fibroblasts,
significantly increased fibroblast proliferation
and migration which was more for umbilical
cord blood PRP as compared to adult peripheral
blood PRP, likely due to greater amounts of
PDGF and FGF umbilical cord blood PRP.

PRP is known to contain various growth
factors, including PDGF and TGF-B, which

Table 2: Proliferation of fibroblasts in the presence of the human umbilical cord blood PRP (MTT assay).
Concentration of PRP; 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.

Concentration of umbilical cord PRP in the medium

0/4s
0/4
0/35
0/3
0/25
0/2

MTT 570 nm

0/15
0/1
0/05

0
1% 5% 10%

15%

20% 50% 10% FBS C

™ UCPRP| 0/198 | 0/234 | 0/358

0/297

0/397 0/272 0/305 0/206
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Fig. 1: Cell Migration Assay a. Control-12 hours, b. Control-24 hours, ¢. UC PRP -12 hours, d. UC. PRP -24 hours,
e. A. PRP-12 hours, f. A. PRP -24 hours). Cell migration assay shows the movement of fibroblasts (indicated by
arrow lines towards the imaginary line drawn in the center of the image) captured at 12 and 24 h after incubation

using phase-contrast microscope.

play important roles in hard and soft tissue
regeneration,'®! plastic surgery, and sports
injuries to regenerate vascular tissue and to serve
as a scaffold during post-operative healing.?*!
Beneficial roles of PRP in tissue regeneration
have been proposed. In the dental research field,
PRP has been studied as a potential means by
which to deliver growth factors to a wound
healing site to promote tissue regeneration.

Moreover, use of PRP prepared from a patient’s
own blood will likely reduce harmful immune
responses.’>? It was shown that PRP are used as
a source of growth factors that control healing,
angiogenesis and promotion of proliferation for
fibroblasts, causing differentiation of human
dermal fibroblasts into myofibroblasts and
promoting wound contraction, and as a potential
therapeutic agent for skin wound healing.***

www.wjps.ir /Vol.6/No.2/May 2017
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Recent evidence suggests that human umbilical
cord blood platelet-rich plasma stimulate
the proliferation and migration of dermal
fibroblasts.?

Regarding migration, the results of this
study indicated that two concentrations of
umbilical cord blood PRP (15 and 20%)
significantly stimulated migration of skin
fibroblasts. The effect of umbilical cord blood
PRP on cell migration has not been widely
studied but our findings are consistent with
reports that PRP promoted migration of
osteoblasts,'*?” periodontal ligament cells," and
skin fibroblasts.?® The overall stimulatory effect
of PRP on cell proliferation is well established
in the literature especially when platelet lysate
supernatant is used.?”” Indeed, these authors
showed that PRP-enhanced collagen I synthesis
and postulated that the viscous fibrin-rich PRP
preparation promoted a relatively complex cell
response involving both cell proliferation and
differentiation, rather than simply inducing
proliferation as seen when only the concentrated
platelet lysate supernatant is used.

It has been shown that different concentration
of PRP samples generated from umbilical
cord blood PRP contained significantly higher
levels of PDGF-AB/BB and FGF-2 with well
documented effects on the proliferation of
mesenchmal stem cells.?* The finding that adult
peripheral blood PRP had similar effectiveness
to umbilical cord blood PRP that may be
important in relation to tissue engineering
applications, where PRP has been used to
promote cell growth and differentiation.’?*
PRP generated from umbilical cord blood also
contained greater amounts of VEGF, a key
molecule in the promotion of angiogenesis and
neovascularization. In contrast, PRP derived
from adult peripheral blood contained more
SDF-1, a chemokine demonstrated in multiple
previous reports to stimulate chemotaxis of
mesenchmal stem cells.™

This study compared the effect of umbilical
cord blood PRP and adult peripheral blood PRP
and showed that there was no difference between
these two potential sources. It will be of great
interest to determine whether the growth factors
and chemokines measured in the current study
will account for all of the activities of umbilical
cord blood PRP or whether novel biomolecules
or factors whose presence has not been reported
in cord blood that might also contribute to the

203

greater potency of umbilical cord blood PRP
reported herein. Platelets are well documented to
contain mitogenic growth factors and molecules
that promote tissue repair and angiogenesis.
Therefore, in the situation where adult PRP
may not be available, umbilical cord blood PRP
could be used with the expectation of producing
similar effects on cell proliferation and migration
needed in wound healing.

ACKNOWLEDGEMENTS

The authors wish to thank Shiraz University of
Medical Sciences for financial support.

CONFLICT OF INTEREST
The authors declare no conflict of interest.
REFERENCES

1 Rajabi H, Sheikhani Shahin H, Norouzian
M, Mehrabani D, Dehghani Nazhvani S.
The healing effects of aquatic activities
and allogenic injection of platelet-rich
plasma (PRP) on injuries of Achilles tendon
in experimental rat. World J Plast Surg
2015;4:66-73.

2 Krasna M, Domanovi¢ D, Tomsic A,
Svajger U, Jeras M. Platelet gel stimulates
proliferation of human dermal fibroblasts in
vitro. Acta Dermatovenerol Alp Pannonica
Adriat 2007;16:105-10.

3 Modarressi A. Platlet Rich Plasma (PRP)
Improves Fat Grafting Outcomes. World J
Plast Surg 2013;2:6-13.

4 Shamosi A, Mehrabani D, Azami M,
Ebrahimi-Barough S, Siavashi V, Ghanbari H,
Sharifi E, Roozafzoon R, Ai J. Differentiation
of human endometrial stem cells into
endothelial-like cells on gelatin/chitosan/
bioglass nanofibrous scaffolds. Artif' Cells
Nanomed Biotechnol 2017,45:163-73.

5 Tekkatte C, Gunasingh GP, Cherian KM,
Sankaranarayanan K. “Humanized” stem
cell culture techniques: the animal serum
controversy. Stem Cell Int 2011;2011:504723.

6 Jariwala M, Suvarna S, Kiran Kumar G, Amin
A, Udas AC. Study of the concentration of trace
elements fe, zn, cu, se and their correlation in
maternal serum, cord serum and colostrums.
Indian J Clin Biochem 2014;29:181-8.

7 Diindar NO, Diindar B, Cesur G, Yilmaz N,

www.wjps.ir /Vol.6/No.2/May 2017



https://wjps.ir/article-1-323-en.html

[ Downloaded from wjps.ir on 2025-08-23 ]

204

10

11

12

13

14

15

16

17

www.wjps.ir /Vol.6/No.2/May 2017

ibroblast proliferation by peripheral and umbilical PRF

Siitcu R, Ozgiiner F. Ghrelin and adiponectin
levels in colostrum, cord blood and maternal
serum. Pediatr Int 2010;52:622-5.
Horimizu M, Kawase T, Nakajima Y,
Okuda K, Nagata M, Wolff LF, Yoshie
H. An improved freeze-dried PRP-coated
biodegradable material suitable for connective
tissue regenerative therapy. Cryobiology
2013;66:223-32.

Wroblewski AP, Mejia HA, Wright VJ.
Application of platelet-rich plasma to
enhance tissue repair. Oper Tech Orthop
2010;20:98-105.

Bainbridge P. Wound healing and the role
of fibroblasts. J Wound Care 2013;22:407-8.
Lam AC, Li K, Zhang XB, Li CK, Fok TF,
Chang AM, James AE, Tsang KS, Yuen
PM. Preclinical ex vivo expansion of cord
blood hematopoietic stem and progenitor
cells: duration of culture; the media, serum
supplements, and growth factors used; and
engraftment in NOD/SCID mice. Transfusion.
2001;41:1567-76.

Kim YM, Jung MH, Song HY, Yang HO,
Lee ST, Kim JH, Kim YT, Nam JH, Mok
JE. Ex vivo expansion of human umbilical
cord blood-derived T-lymphocytes with
homologous cord blood plasma. Tohoku J
Exp Med 2005;205:115-22.

Tiede K, Boxall AB, Tear SP, Lewis J,
David H, Hassellov M. Detection and
characterization of engineered nanoparticles
in food and the environment. Food Addit
Contam Part A Chem Anal Control Expo
Risk Assess 2008;25:795-821.

Mehrabani D, Booyash N, Aqgababa H,
Tamadon A, Zare S, Dianatpour M. Growth
kinetics, plasticity and characterization of
hamster embryonic fibroblast cells. /tal J Zool
2016;83:306-11.

Mehrabani D, Tajeddini M, Tamadon A,
Dianatpour M, Parvin F, Zare S, Rahmanifar
F. Establishment, characterization and
cryopreservation of Fars native goat fetal
fibroblast cell lines. Asian Pacific J Rep
2016;5:247-51.

Mehrabani D, Mahboobi R, Dianatpour
M, Zare S, Tamadon A, Hosseini SE.
Establishment, culture, and characterization
of guinea pig fetal fibroblast cell. Vet Med Int
2014;2014:510328.

Mehrabani D, Manafi N. Skin fibroblasts
culture and plastic aesthetic surgery. World

18

19

20

21

22

23

24

25

26

27

28

J Plast Surg 2013;2:2-5.

Martinez-Zapata MJ, Marti-Carvajal AJ, Sola
I, Exposito JA, Bolibar I, Rodriguez L, Garcia
J, Zaror C. Autologous platelet-rich plasma for
treating chronic wounds. Cochrane Database
Syst Rev. 2016;5:CD006899.

Andia I, Abate M. Platelet-rich plasma in the
treatment of skeletal muscle injuries. Expert
Opin Biol Ther 2015;15:987-99.

Manafi A, Kavianifar K, Moradi M, Manafi
A, ManafF. Effects of platelet-rich plasma on
cartilage grafts in rabbits as an animal model.
World J Plast Surg 2012;1:91-8.

Waiker VP, Shivalingappa S. Comparison
between conventional mechanical fixation
and use of autologous platelet rich plasma
(PRP) in wound beds prior to resurfacing
with split thickness skin graft. World J Plast
Surg 2015;4:50-9.

Dietrich F, Duré GL, Klein CP, Bampi VF,
Padoin AV, Silva VD, Braga-Silva J. Platelet-
Rich fibrin promotes an accelerated healing of
achilles tendon when compared to platelet-rich
plasma in rat. World J Plast Surg 2015;4:101-9.
Cervelli V, Gentile P, Brinci L, Pasquali
CD, Bocchini I, Angelis BD. Use of platelet
rich plasma (PRP) and hyaluronic acid in
treatment of extremity gunshot injuries: a
case report. World J Plast Surg 2016;5:80-4.
Kushida S, Kakudo N, Suzuki K, Kusumoto K.
Effects of platelet-rich plasma on proliferation
and myofibroblastic differentiation in
human dermal fibroblasts. Ann Plast Surg
2013;71:219-24.

Gentile P, De Angelis B, Agovino A, Orlandi
F, Migner A, Di Pasquali C, Cervelli V. Use
of platelet rich plasma and hyaluronic acid
in the treatment of complications of achilles
tendon reconstruction. World J Plast Surg
2016;5:124-32.

Hashemi S.S, Servatkhah M and Rafati
AR. The in vitro effect of different cord
blood platelet rich plasma concentrations on
proliferation of dermal fibroblasts. Biosci
Biotechnol Res Asia 2016;13:1709-13.
Bouwmeester H, Dekkers S, Noordam MY,
Hagens WI, Bulder AS, de Heer C, ten
Voorde SE, Wijnhoven SW, Marvin HJ,
Sips AJ. Review of health safety aspects of
nanotechnologies in food production. Regul
Toxicol Pharmacol 2009;53:52-62.
McClements DJ. Edible lipid nanoparticles:
digestion, absorption, and potential toxicity.



https://wjps.ir/article-1-323-en.html

[ Downloaded from wjps.ir on 2025-08-23 ]

29

30

Prog Lipid Res 2013;52:409-23.

Borel T, Sabliov CM. Nanodelivery of
bioactive components for food applications:
types of delivery systems, properties, and
their effect on ADME profiles and toxicity
of nanoparticles. Annu Rev Food Sci Technol
2014;5:197-213.

NgF, Boucher S, Koh S, Sastry KS, Chase L,
Lakshmipathy U, et al. PDGF, TGF-beta, and
FGF signaling is important for differentiation
and growth of mesenchymal stem cells
(MSCs): transcriptional profiling can identify
markers and signaling pathways important
in differentiation of MSCs into adipogenic,
chondrogenic, and osteogenic lineages. Blood

31

32

33

205

2008;112:295-307.

Molchanova EA, Paiushina OV, Starostin V1.
Effects of growth factors on multipotent bone
marrow mesenchymal stromal cells. Izv Akad
Nauk Ser Biol 2008;6:645-62.

Rodrigues M, Griffith LG, Wells A. Growth
factor regulation of proliferation and survival
of multipotential stromal cells. Stem Cell Res
Ther 2010;1:32.

Murphy MB, Blashki D, Buchanan RM,
Yazdi IK, Ferrari M, Simmons PJ, et al.
Adult and umbilical cord blood-derived
platelet-rich plasma for mesenchymal stem
cell proliferation, chemotaxis, and cryo-
preservation. Biomaterials 2012;33:5308-16.

www.wjps.ir /Vol.6/No.2/May 2017



https://wjps.ir/article-1-323-en.html
http://www.tcpdf.org

