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Abstract

Large scale in vitro expansion of human mesenchymal stem cells still involves
the supplementation of culture media with Fetal Bovine Serum (FBS). However,
in order to avoid the risks of contaminants by FBS and xenogenic compounds,
respectively, clinical grade stem cell culture should turn to other options.
Chemically defined, serum-free culture media have been developed for specific
cultures, but are not universally applicable yet. Another successful approach
in replacing FBS in stem cell culture is the use of human platelet preparations,
whereby bulk thrombocytic growth factors are added to basal culture media,

2015; Published: December 31, 2015 thereby providing a human-based, xeno-free culture system. Platelet-Rich

Plasma (PRP) has a long clinical history in bone regeneration therapy. Since
most of the growth factors entrapped in platelet a-granules are also essential
mitogens for cells in in vitro culture, lysates of human thrombocytes have
attracted attention as an effective supplement for cell culture media. There is
still some confusion in the terminology of PRP, leukocyte-PRP (L-PRP), platelet
releasate, and platelet lysate. Another uncertainty is the amount of plasma and
plasma proteins, respectively, in the preparations and the effects on the cultured
cells. We developed lysates of washed human platelets obtained by apheresis,
yielding a cell-free, low protein extract, highly enriched in thrombocytic growth
factors (human platelet lysates, hPL). In the present report we briefly review the
rationale behind the use of platelet extracts, will bring some systematic order
into the terminology, and will provide guidelines for the preparation of a cell-free,
low protein hPL.
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(xeno-free) stem cell culture conditions [10-12]. The use of FBS in
manufacturing medicinal products is seen critically by EMA, the
European Medicines Agency, and new guidelines were drafted
recently (www.ema.europa.eu/ema/pages/includes/document/open_
document.jsp?webContentld=WC500143930).

Introduction

The supplementation of basal cell culture media with Fetal
Bovine Serum (FBS) has become a well accepted routine practice in
cell and tissue culture [1-3]. FBS provides hormones, growth factors
and cytokines, and attachment factors required for growth and

proliferation, and for attachment of human and animal cells in vitro. Thus, human-based, xeno-free culture conditions are desirable

[13]. The method of choice would be the supplementation of basal
culture media with growth factors of human origin that support cell
growth and proliferation in vitro. During wound healing after tissue
injury e. g., multifarious endogenous growth factors are released
from activated, degranulating thrombocytes, and assisting in blood
clotting and vessel repair [14].

However, FBS is a cocktail of undefined qualitative and
quantitative composition, which is added to a chemically defined
basal medium. In addition, considerable ethical concerns in terms
of the 3Rs (replacement, reduction, refinement; [4]) were raised
regarding the mode of blood collection and FBS harvest, respectively,
from bovine fetuses [5,6]. Furthermore, since FBS is a by-product of
the beef industry, global supply and availability of FBS is dependent
on many factors and can be highly fluctuating [7]. Finally, the
fraudulent blending of FBS batches with adult bovine serum albumin,
water and cell growth promoting additives further questioned the use
of FBS [8,9].

In this respect, in the past decade, human Platelet Lysates
(hPL) have been proven a valuable non animal-derived alternative
to FBS in culture media for animal and human cells [15], including
mesenchymal stem cells [16,17]. HPL as well as other lysate
preparations (see below, and Table 1) represent an allogenic, even
autologous medium supplement for the propagation of all kinds of

The advent of stem cell technologies paved the way for new  hyman cells, without any xenogenic or immunogenic risks.

developments in cell therapy and regenerative medicine. However,
clinical trials and any future therapeutic application of mesenchymal
stem cells recommends to avoid any usage of animal serum in in
vitro cell expansion. The risk of contamination and immunogenicity
of FBS revealed the necessity of animal-derived component-free

Early reports on the successful application of platelet lysates
to replace FBS used bovine blood to prepare platelet concentrates
[18]. Since then, a number of reports using human thrombocyte
concentrates as source material were published [19-22]; reviewed in
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Table 1: Classification, mode of preparation and characteristics of platelet lysate preparations [23,26,36].

Product Mode of Preparation, Characteristics, Advantages / Disadvantages
Platelet concentrates are routinely prepared at certified blood donation centers (blood banks) for transfusion therapy of thrombocytopenic
Platelet patients. The mode of platelet collection is either by thrombapheresis of a single donor, or from pooled buffy coat units of at least four donors.
Platelets can either be suspended in autologous plasma or in platelet additive solution (PAS). Platelet concentrates contain> 2 x 10t donor
Concentrates . . . . ) o
(PCs) platelets per unit. Platelet concentrates are the starting material for subsequent lysate preparations. Lysates can be prepared by either specific

platelet activation resulting in a-granule exocytosis, or by platelet degranulation/disruption by freeze/thawing. The latter preparation contains all
factors platelets are composed of.

Pure Platelet-rich

The starting material for P-PRPs are platelet concentrates in anticoagulated autologous plasma. PRPs contain high concentrations of allogenic

Plasma (P-PRP)

plasma proteins, like albumin, fibrinogen, and immunoglobulins.

Leukocyte- and
Platelet-rich
Plasma (L-PRP)

L-PRP contains a high quantity of leukocytes, that may result in high amounts of cytokines in the lysate preparations, which might affect the

cultured cells.

Acellular Platelet-
poor Plasma
(PPP)

PPP is the plasma supernatant after centrifugation of anticoagulated whole blood. Allogenic PPP can be used to resuspend platelet

concentrates.

Platelet Releasate

Platelet releasates mainly contain those thrombocytic a-granule factors, that were specifically released after physiological platelet activation.
However, releasates may also contain residues of activating compounds, like thrombin, collagen, ADP, epinephrin, or thrombin-receptor
activating peptide (TRAP). This can be omitted by physical/mechanical platelet degranulation by freeze/thawing.

Human Platelet
Lysate (hPL)

hPL is a cell-free, low protein human platelet lysate preparation. Apheresis- or buffy coat-derived platelets are washed by gentle centrifugation,
resuspended in saline solution and lysed by freeze/thawing. The preparation is highly enriched in thrombocytic growth factors, but exhibits a
low content of plasma proteins (albumin, fibrinogen, immunoglobulins) [15].

[23-25]. However, there is no consistency in the mode of preparation
of lysates described in the literature, leading to confusion in the
terminology [26,27]. We therefore extend earlier attempts to define
a consensus terminology [26,27]to those platelet lysate preparations,
that were specifically elaborated as serum alternatives in cell culture
media (Table 1) .

PRP, platelet-rich plasma, originated from bone regeneration
surgery [28,29]. PRP is an autologous platelet concentrate in a small
volume of plasma. It was the objective to deliver growth factors to
sites requiring osseus grafting. PRP as cell culture supplement also
delivers thrombocytic growth factors, however, together with plasma
factors and attachment proteins (e.g. fibronectin). In contrast to
low protein platelet lysates in 0.9% NaCl saline or in buffered salt
solutions, respectively (hPL, see below), PRP still contains a vast
array of unknown und undefined plasma proteins, e. g. fibrinogen,
and antibodies [5]. In order to minimize immunogenic effects and
adverse reactions of blood group antibodies with the cultured cells,
respectively, platelets of donors with blood group O were resuspended
in plasma of blood group AB. Samples of group O blood lack A or B
blood group antigens, while AB plasma is devoid of anti-A and anti-B
antibodies [30,31]. The content of fibrinogen in PRP requires the
addition of heparin, a xenogeny component, in order to avoid the
formation of coagulated fibrin fibers that deposit in culture vessels
due to the presence of Ca* in culture media. However, the effects of
heparin on cultured cells have not been fully established yet. Recent
reports describe that heparin at higher concentration in culture media
may impair cell proliferation [25].

L-PRP (leukocyte- and Platelet-Rich Plasma) usually contains a
high quantity of leukocytes, which might not always be desired, as it
may result in high amounts of cytokines in the lysate preparations.
However, no data are available on the subclass of cytokines and their
amounts present. Cytokines may have a considerable impact on the
cultured cells [25].

Platelet lysates can either be produced by physiological activation
of thrombocytes with e. g. thrombin, ADP, collagen or Thrombin
Receptor-Activating Peptide (TRAP), termed platelet releasates

(Table 1), or by mechanical disruption of platelets via freezing and
thawing [15,23]. Furthermore, when platelets are gently washed and
resuspended in buffered saline before lysis, low protein lysates highly
enriched in thrombocytic growth factors was obtained (designated
hPL).

The present report is intended to describe those points to
consider that we experienced in our laboratory with (1) the isolation
and enrichment of human donor platelets from platelet concentrates
after thrombapheresis, (2) the washing and resuspending the platelets
in buffered saline, and (3) the lysis of platelets and the preparation of
cell-free, low protein human platelet lysates (hPL).

As outlined above, activation of
thrombocytes, a broad array of growth factors are released from
platelet a-granules, required for subsequent wound healing after
injury [14]. This release can be reproduced by in vitro activation
of human donor platelet concentrates to prepare extracts highly
enriched in growth factors that support growth and proliferation of

cells in culture [15-17]; reviewed in [23-25].

during physiological

Human donor platelets for therapeutic intravenous infusion have
a shelf life of 5 days. Therefore, outdated donor platelet concentrates,
used immediately after the date of expiration, are the source material
of choice for hPL preparation [32-34].

Due to the ease of lysate preparation from expired platelet units, a
number of preparative protocols have been published. However, the
procedures described in the literature are highly variable and depend
on the source material, and on the various research groups and
laboratories, respectively. In addition, national legal regulations on
the use of blood-derived products must be taken into consideration
(e. g. U. S. Food and Drug Administration, www.fda.gov; European
Medicines Agency, www.ema.europa.eu). To our knowledge, specific
safety criteria of platelet concentrates as starting material and/or of
plateletlysates derived thereof for GMP-compliant cell expansion have
not been elaborated yet. Quite recently platelet lysate preparations are
also commercially available (e. g. PELOBiotech, www.pelobiotech.
com; Mill Creek Life Sciences, www.millcreekls.com).

Submit your Manusecript | www.austinpublishinggroup.com

J Stem Cells Res, Rev & Rep 2(1): id1021 (2015) - Page - 02


http://www.fda.gov
http://www.ema.europa.eu
http://www.pelobiotech.com
http://www.pelobiotech.com
http://www.millcreekls.com

Gerhard Gstraunthaler

Austin Publishing Group

Based on own experience, we would like to report on the
preparation of hPL as an alternative growth supplement for
mesenchymal stem cell culture media.

Specific comments

As described above, the source material for hPL is either pooled
bufty coat units or donor thrombocyte concentrates obtained by
apheresis. Usually, apheresis platelet concentrates have a significantly
lower contamination with leukocytes and erythrocytes than buffy
coat-derived platelet units, which are allowed to contain < 3 x 10°
erythrocytes per donor bag. Thus, lysates from buffy coats may
contain considerable amounts of hemoglobin (Hb). However, neither
the effects of Hb on cultured cells, nor the impact on cell metabolism
by Hb-mediated iron load have been investigated yet. Expired donor
platelets are provided by local blood banks. These donor platelet
samples have been collected under European Guidelines, are of
the highest quality that can be achieved, have been approved for
therapeutic application, and underwent rigorous quality testing (e.g.
absence of HIV, hepatitis A, B, C, etc.).

First of all, when donor platelet units are obtained, they should be
processed in fresh, unfrozen state. Frozen samples (e.g. -20 °C) would,
however, yield Platelet-Rich Plasma (PRP), since platelets would be
activated during rethawing. Therefore, proper storage conditions of
apheresis donor bags and buffy coat units, respectively, and their
subsequent handling during lysate preparation are a prerequisite to
limit the risk of unwanted spontaneous platelet activation.

Leukocyte-depleted platelet concentrates in either Platelet
Additive Solution (PAS) after thrombapheresis or in plasma-rich
suspension from bufty coat units usually have a platelet count of >
2 x10'.

Apheresis donor platelet concentrates, containing > 2 x 10"
donor platelets, were transferred under sterile conditions into 250-
ml centrifugation cups and centrifuged at 6,000 x g for 20 min at
10°C. The supernatant was aspirated and the platelets were washed
with 0.9% NaCl. Platelets of one bag were resuspended in 15 ml
0.9% NaCl yielding a final cell count of approx. 1.5 x 10" platelets/
ml. These washing steps decreased the content of plasma proteins, in
particular fibrinogen and other clotting factors, so that the addition
of heparin, as described for Platelet Rich Plasma (PRP) preparations,
could be omitted [22,31,35]. Mean protein content of approx. 140
hPL preparations was < 10 mg/ml [15]. Furthermore, a 10- to 20-fold
enrichment in thrombocytic a-granule factors compared to human
serum could be achieved (Table 1 in [15]). Although it is argued that
plasma proteins (e.g. fibronectin) may coat culture dishes to improve
cell attachment, the protein content in our hPL preparations (approx.
10 mg/ml) seems to be sufficient for adherent cell lines in plastic
culture dishes [15]. Optional, for sensitive cells pre-coated culture
vessels (collagen, fibronectin, laminin) can be used.

The platelet suspension was stored at -20°C before lysates were
prepared by three freeze/thawing cycles. Freezing and subsequent
thawing is the simplest method, resulting in a mechanical disruption
of concentrated platelets [15,23]. The method is fast and effective.
Since freeze-thawing results in physical disruption of platelets, no
impurities of chemical activators, like thrombin, Thrombin Receptor-
Activating Peptide (TRAP), or ADP are present in the final hPL.

Aliquots were again stored at -20°C. Before supplementation of
serum-free culture media, aliquots were thawed and spun at 8,000
x g for 10 min at 4 °C to remove platelet debris. Additionally, the
supernatants, containing the bioactive platelet factors, were sterile
filtered (0.22 pum) before added to serum-free culture media at a
concentration of 5 % (v/v).

As for the switch to serum-free media, the change to hPL-
supplemented culture media also requires careful adaptation of cells
to the altered culture conditions. Several adaptation protocols have
been described [3]. Typically, cultured cells have to undergo a gradual
weaning process which involves progressive adaptation to the new
culture conditions. However, one must keep in mind that changes
in the culture media may result in an unwanted selection of a certain
population of cells. It is therefore necessary to check the performance
of cultures and to monitor cellular morphology and function during
weaning.

This is of specific importance for Mesenchymal Stem Cells
(MSC), where 3 questions have to be answered: (1) can MSC of
different provenance be cultured in the presence of hPL? If so, (2)
can MSC, under those culture conditions, be kept in undifferentiated
state? And (3) can MSC under hPL be triggered to differentiate into
specific mesodermal lineages as in the presence of high FBS? We
recently showed, that hPL-supplemented culture media fullfilled
the 3 criteria: Adipose-Derived mesenchymal Stem Cells (ADSC)
could be expanded under hPL-supplemented culture conditions,
and the cells maintained their undifferentiated oligopotent
phenotype. Original data can be seen in the open access version of
the publication: http://www.synergypublishers.com/downloads/
jabbv2nlal/ [16]. Furthermore, ADSC under hPL retained their full
mesodermal differentiation potential towards adipogenic, osteogenic
and chondrogenic phenotypes, published in open access at http://
www.synergypublishers.com/downloads/jabbv2n2al/ [17].

To summarize, hPL has been shown to be a safe, allogenic
alternative to FBS, providing a human-based, xeno-free culture
system, e. g. for mesenchymal stem cell expansion in vitro. The
cocktail of thrombocytic factors supported growth and proliferation
of human and animal epithelial cell lines (HK-2, MDCK, LLC-PK,,
OK), and of human lymphoblastoid lines (Raji, THP-1), accessible
at http://www.altex.ch/All-issues/Issue.50.html?iid=128&aid=4 [15].
Addition of hPL to quiescent epithelial cultures stimulated the ERK1/2
MAPK signaling pathway, strongly indicating the mitogenic potential
of thrombocytic a-granule growth factors [15]. In addition, hPL were
successfully applied for the propagation of Adipose-Derived Stem
Cells (ADSC) [16,17]. Thus, human platelet lysates can be regarded as
the most valuable replacement of fetal bovine serum in the culture of
animal and human cells, including stem cells [1,23-25,36].

Acknowledgement

Work in our laboratory was generously supported by the ProCare
Private Foundation, Ziirich, Switzerland, and by SET, Foundation for
the Promotion of Alternate and Complementary Methods to Reduce
Animal Testing, Frankfurt am Main, Germany.

References

1. Gstraunthaler G. Alternatives to the use of fetal bovine serum: serum-free cell
culture. ALTEX. 2003; 20: 275-281.

Submit your Manuseript | www.austinpublishinggroup.com

J Stem Cells Res, Rev & Rep 2(1): id1021 (2015) - Page - 03


http://www.synergypublishers.com/downloads/jabbv2n1a1/
http://www.synergypublishers.com/downloads/jabbv2n1a1/
http://www.synergypublishers.com/downloads/jabbv2n2a1/
http://www.synergypublishers.com/downloads/jabbv2n2a1/
http://www.altex.ch/All-issues/Issue.50.html?iid=128&aid=4
http://www.ncbi.nlm.nih.gov/pubmed/14671707
http://www.ncbi.nlm.nih.gov/pubmed/14671707

Gerhard Gstraunthaler

Austin Publishing Group

. van der Valk J, Mellor D, Brands R, Fischer R, Gruber F, Gstraunthaler G, et
al. The humane collection of fetal bovine serum and possibilities for serum-
free cell and tissue culture. Toxicol In Vitro. 2004; 18: 1-12.

. van der Valk J, Brunner D, De Smet K, Fex Svenningsen A, Honegger P,
Knudsen LE, et al. Optimization of chemically defined cell culture media--
replacing fetal bovine serum in mammalian in vitro methods. Toxicol In Vitro.
2010; 24: 1053-1063.

Balls M, Goldberg AM, Fentem JH, Broadhead CL, Burch RL, Festing MF,
et al. The three Rs: the way forward: the report and recommendations of
ECVAM Workshop 11. Altern Lab Anim. 1995; 23: 838-866.

Brunner D, Frank J, Appl H, Schoffl H, Pfaller W, Gstraunthaler G. Serum-
free cell culture: the serum-free media interactive online database. ALTEX.
2010; 27: 53-62.

. Jochems CE, van der Valk JBF, Stafleu FR, Baumans V. The use of fetal
bovine serum: ethical or scientific problem? ATLA. 2002; 30: 219-227.

Brindley DA, Davie NL, Culme-Seymour EJ, Mason C, Smith DW, Rowley
JA. Peak serum: implications of serum supply for cell therapy manufacturing.
Regen Med. 2012; 7: 7-13.

Gstraunthaler G, Lindl T, van der Valk J. A plea to reduce or replace fetal
bovine serum in cell culture media. Cytotechnology. 2013; 65: 791-793.

Gstraunthaler G, Lindl T, van der Valk J. A severe case of fraudulent blending
of fetal bovine serum strengthens the case for serum-free cell and tissue
culture applications. Altern Lab Anim. 2014; 42: 207-209.

10. Halme DG, Kessler DA. FDA regulation of stem-cell-based therapies. N Engl
J Med. 2006; 355: 1730-1735.

11. Mannello F, Tonti GA. Concise Review: No breakthroughs for human
mesenchymal and embryonic stem cell culture: conditioned medium, feeder
layer, or feeder-free, medium with fetal calf serum, human serum, or enriched
plasma, serum-free, serum replacement nonconditioned medium, or ad hoc
formula? All that glitters is not gold! Stem Cells. 2007; 25: 1603-1609.

12. Martin MJ, Muotri A, Gage F, Varki A. Human embryonic stem cells express
an immunogenic nonhuman sialic acid. Nat Med. 2005; 11: 228-232.

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

14. Werner S, Grose R. Regulation of wound healing by growth factors and
cytokines. Physiol Rev. 2003; 83: 835-870.

15. Rauch C, Feifel E, Amann EM, Spotl HP, Schennach H, Pfaller W, et al.
Alternatives to the use of fetal bovine serum: human platelet lysates as a
serum substitute in cell culture media. ALTEX. 2011; 28: 305-316.

16. Rauch C, Wechselberger J, Feifel E, Gstraunthaler G. Human platelet lysates
successfully replace fetal bovine serum in adipose-derived adult stem cell
culture. J Adv Biotechnol Bioeng. 2014; 2: 1-11.

17. Rauch C, Feifel E, Florl A, Pfaller K, Gstraunthaler G. Human platelet lysates
promote the differentiation potential of adipose-derived adult stem cell
cultures. J Adv Biotechnol Bioeng. 2014; 2: 39-48.

18. Johansson L, Klinth J, Holmqvist O, Ohlson S. Platelet lysate: a replacement
for fetal bovine serum in animal cell culture? Cytotechnology. 2003; 42: 67-
74.

19. Bernardo ME, Avanzini MA, Perotti C, Cometa AM, Moretta A, Lenta E, et
al. Optimization of in vitro expansion of human multipotent mesenchymal
stromal cells for cell-therapy approaches: further insights in the search for a
fetal calf serum substitute. J Cell Physiol. 2007; 211: 121-130.

20. Doucet C, Ernou |, Zhang Y, Llense JR, Begot L, Holy X, et al. Platelet lysates
promote mesenchymal stem cell expansion: a safety substitute for animal
serum in cell-based therapy applications. J Cell Physiol. 2005; 205: 228-236.

21.

22

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34

35.

36.

Lange C, Cakiroglu F, Spiess AN, Cappallo-Obermann H, Dierlamm J, Zander
AR. Accelerated and safe expansion of human mesenchymal stromal cells in
animal serum-free medium for transplantation and regenerative medicine. J
Cell Physiol. 2007; 213: 18-26.

. Schallmoser K, Bartmann C, Rohde E, Reinisch A, Kashofer K, Stadelmeyer

E, et al. Human platelet lysate can replace fetal bovine serum for clinical-
scale expansion of functional mesenchymal stromal cells. Transfusion. 2007;
47: 1436-1446.

Bieback K. Platelet lysate as replacement for fetal bovine serum in
mesenchymal stromal cell cultures. Transfus Med Hemother. 2013; 40: 326-
335.

Hemeda H, Giebel B, Wagner W. Evaluation of human platelet lysate versus
fetal bovine serum for culture of mesenchymal stromal cells. Cytotherapy.
2014; 16: 170-180.

Shih DT, Burnouf T. Preparation, quality criteria, and properties of human
blood platelet lysate supplements for ex vivo stem cell expansion. N
Biotechnol. 2015; 32: 199-211.

Dohan Ehrenfest DM, Rasmusson L, Albrektsson T. Classification of platelet
concentrates: from pure platelet-rich plasma (P-PRP) to leucocyte- and
platelet-rich fibrin (L-PRF). Trends Biotechnol. 2009; 27: 158-167.

Dohan Ehrenfest DM, Bielecki T, Mishra A, Borzini P, Inchingolo F,
Sammartino G, et al. In search of a consensus terminology in the field of
platelet concentrates for surgical use: platelet-rich plasma (PRP), platelet-rich
fibrin (PRF), fibrin gel polymerization and leukocytes. Curr Pharm Biotechnol.
2012; 13: 1131-1137.

Marx RE. Platelet-rich plasma: evidence to support its use. J Oral Maxillofac
Surg. 2004; 62: 489-496.

Sanchez AR, Sheridan PJ, Kupp LI. Is platelet-rich plasma the perfect
enhancement factor? A current review. Int J Oral Maxillofac Implants. 2003;
18: 93-103.

Bieback K, Hecker A, Kocadmer A, Lannert H, Schallmoser K, Strunk D, et al.
Human alternatives to fetal bovine serum for the expansion of mesenchymal
stromal cells from bone marrow. Stem Cells. 2009; 27: 2331-2341.

Kocaoemer A, Kern S, Kliiter H, Bieback K. Human AB serum and thrombin-
activated platelet-rich plasma are suitable alternatives to fetal calf serum for
the expansion of mesenchymal stem cells from adipose tissue. Stem Cells.
2007; 25: 1270-1278.

Chesterman CN, Walker T, Grego B, Chamberlain K, Hearn MT, Morgan FJ.
Comparison of platelet-derived growth factor prepared from release products
of fresh platelets and from outdated platelet concentrates. Biochem Biophys
Res Comm. 1983; 116: 809-816.

Fekete N, Gadelorge M, First D, Maurer C, Dausend J, Fleury-Cappellesso
S, et al. Platelet lysate from whole blood-derived pooled platelet concentrates
and apheresis-derived platelet concentrates for the isolation and expansion
of human bone marrow mesenchymal stromal cells: production process,
content and identification of active components. Cytotherapy. 2012; 14: 540-
554.

. Jonsdottir-Buch SM, Lieder R, Sigurjonsson OE. Platelet lysates produced

from expired platelet concentrates support growth and osteogenic
differentiation of mesenchymal stem cells. PLoS One. 2013; 8: e68984.

Horn P, Bokermann G, Cholewa D, Bork S, Walenda T, Koch C, et al. Impact
of individual platelet lysates on isolation and growth of human mesenchymal
stromal cells. Cytotherapy. 2010; 12: 888-898.

Burnouf T, Strunk D, Koh MBC, Schallmoser K. Human platelet lysate:
replacing fetal bovine serum as a gold standard for human cell propagation?
Biomaterials. 2016; 76: 371-387.

J Stem Cells Res, Rev & Rep - Volume 2 Issue 1 - 2015
ISSN : 2381-9073 | www.austinpublishinggroup.com
Gstraunthaler et al. © All rights are reserved

Citation: Gstraunthaler G, Rauch C, Feifel E and Lindl T. Preparation of Platelet Lysates for Mesenchymal Stem
Cell Culture Media. J Stem Cells Res, Rev & Rep. 2015; 2(1): 1021.

Submit your Manuseript | www.austinpublishinggroup.com

J Stem Cells Res, Rev & Rep 2(1): id1021 (2015) - Page - 04


http://www.ncbi.nlm.nih.gov/pubmed/14630056
http://www.ncbi.nlm.nih.gov/pubmed/14630056
http://www.ncbi.nlm.nih.gov/pubmed/14630056
http://www.ncbi.nlm.nih.gov/pubmed/20362047
http://www.ncbi.nlm.nih.gov/pubmed/20362047
http://www.ncbi.nlm.nih.gov/pubmed/20362047
http://www.ncbi.nlm.nih.gov/pubmed/20362047
http://www.ncbi.nlm.nih.gov/pubmed/11660368
http://www.ncbi.nlm.nih.gov/pubmed/11660368
http://www.ncbi.nlm.nih.gov/pubmed/11660368
http://www.ncbi.nlm.nih.gov/pubmed/20390239
http://www.ncbi.nlm.nih.gov/pubmed/20390239
http://www.ncbi.nlm.nih.gov/pubmed/20390239
http://www.ncbi.nlm.nih.gov/pubmed/11971757
http://www.ncbi.nlm.nih.gov/pubmed/11971757
http://www.ncbi.nlm.nih.gov/pubmed/22168489
http://www.ncbi.nlm.nih.gov/pubmed/22168489
http://www.ncbi.nlm.nih.gov/pubmed/22168489
http://www.ncbi.nlm.nih.gov/pubmed/23975256
http://www.ncbi.nlm.nih.gov/pubmed/23975256
http://www.ncbi.nlm.nih.gov/pubmed/25068932
http://www.ncbi.nlm.nih.gov/pubmed/25068932
http://www.ncbi.nlm.nih.gov/pubmed/25068932
http://www.ncbi.nlm.nih.gov/pubmed/17050899
http://www.ncbi.nlm.nih.gov/pubmed/17050899
http://www.ncbi.nlm.nih.gov/pubmed/17395775
http://www.ncbi.nlm.nih.gov/pubmed/17395775
http://www.ncbi.nlm.nih.gov/pubmed/17395775
http://www.ncbi.nlm.nih.gov/pubmed/17395775
http://www.ncbi.nlm.nih.gov/pubmed/17395775
http://www.ncbi.nlm.nih.gov/pubmed/15685172
http://www.ncbi.nlm.nih.gov/pubmed/15685172
http://www.ncbi.nlm.nih.gov/pubmed/21603148
http://www.ncbi.nlm.nih.gov/pubmed/21603148
http://www.ncbi.nlm.nih.gov/pubmed/21603148
http://www.ncbi.nlm.nih.gov/pubmed/12843410
http://www.ncbi.nlm.nih.gov/pubmed/12843410
http://www.ncbi.nlm.nih.gov/pubmed/22130485
http://www.ncbi.nlm.nih.gov/pubmed/22130485
http://www.ncbi.nlm.nih.gov/pubmed/22130485
http://www.academia.edu/6294849/Human_Platelet_Lysates_Successfully_Replace_Fetal_Bovine_Serum_in_Adipose-Derived_Adult_Stem_Cell_Culture
http://www.academia.edu/6294849/Human_Platelet_Lysates_Successfully_Replace_Fetal_Bovine_Serum_in_Adipose-Derived_Adult_Stem_Cell_Culture
http://www.academia.edu/6294849/Human_Platelet_Lysates_Successfully_Replace_Fetal_Bovine_Serum_in_Adipose-Derived_Adult_Stem_Cell_Culture
http://www.synergypublishers.com/downloads/jabbv2n2a1/
http://www.synergypublishers.com/downloads/jabbv2n2a1/
http://www.synergypublishers.com/downloads/jabbv2n2a1/
http://www.ncbi.nlm.nih.gov/pubmed/19002929
http://www.ncbi.nlm.nih.gov/pubmed/19002929
http://www.ncbi.nlm.nih.gov/pubmed/19002929
http://www.ncbi.nlm.nih.gov/pubmed/17187344
http://www.ncbi.nlm.nih.gov/pubmed/17187344
http://www.ncbi.nlm.nih.gov/pubmed/17187344
http://www.ncbi.nlm.nih.gov/pubmed/17187344
http://www.ncbi.nlm.nih.gov/pubmed/15887229
http://www.ncbi.nlm.nih.gov/pubmed/15887229
http://www.ncbi.nlm.nih.gov/pubmed/15887229
http://www.ncbi.nlm.nih.gov/pubmed/17458897
http://www.ncbi.nlm.nih.gov/pubmed/17458897
http://www.ncbi.nlm.nih.gov/pubmed/17458897
http://www.ncbi.nlm.nih.gov/pubmed/17458897
http://www.ncbi.nlm.nih.gov/pubmed/17655588
http://www.ncbi.nlm.nih.gov/pubmed/17655588
http://www.ncbi.nlm.nih.gov/pubmed/17655588
http://www.ncbi.nlm.nih.gov/pubmed/17655588
http://www.ncbi.nlm.nih.gov/pubmed/24273486
http://www.ncbi.nlm.nih.gov/pubmed/24273486
http://www.ncbi.nlm.nih.gov/pubmed/24273486
http://www.ncbi.nlm.nih.gov/pubmed/24438898
http://www.ncbi.nlm.nih.gov/pubmed/24438898
http://www.ncbi.nlm.nih.gov/pubmed/24438898
http://www.ncbi.nlm.nih.gov/pubmed/24929129
http://www.ncbi.nlm.nih.gov/pubmed/24929129
http://www.ncbi.nlm.nih.gov/pubmed/24929129
http://www.ncbi.nlm.nih.gov/pubmed/19187989
http://www.ncbi.nlm.nih.gov/pubmed/19187989
http://www.ncbi.nlm.nih.gov/pubmed/19187989
http://www.ncbi.nlm.nih.gov/pubmed/21740379
http://www.ncbi.nlm.nih.gov/pubmed/21740379
http://www.ncbi.nlm.nih.gov/pubmed/21740379
http://www.ncbi.nlm.nih.gov/pubmed/21740379
http://www.ncbi.nlm.nih.gov/pubmed/21740379
http://www.ncbi.nlm.nih.gov/pubmed/15085519
http://www.ncbi.nlm.nih.gov/pubmed/15085519
http://www.ncbi.nlm.nih.gov/pubmed/12608674
http://www.ncbi.nlm.nih.gov/pubmed/12608674
http://www.ncbi.nlm.nih.gov/pubmed/12608674
http://www.ncbi.nlm.nih.gov/pubmed/19544413
http://www.ncbi.nlm.nih.gov/pubmed/19544413
http://www.ncbi.nlm.nih.gov/pubmed/19544413
http://www.ncbi.nlm.nih.gov/pubmed/17255520
http://www.ncbi.nlm.nih.gov/pubmed/17255520
http://www.ncbi.nlm.nih.gov/pubmed/17255520
http://www.ncbi.nlm.nih.gov/pubmed/17255520
http://www.ncbi.nlm.nih.gov/pubmed/6651847
http://www.ncbi.nlm.nih.gov/pubmed/6651847
http://www.ncbi.nlm.nih.gov/pubmed/6651847
http://www.ncbi.nlm.nih.gov/pubmed/6651847
http://www.ncbi.nlm.nih.gov/pubmed/22296115
http://www.ncbi.nlm.nih.gov/pubmed/22296115
http://www.ncbi.nlm.nih.gov/pubmed/22296115
http://www.ncbi.nlm.nih.gov/pubmed/22296115
http://www.ncbi.nlm.nih.gov/pubmed/22296115
http://www.ncbi.nlm.nih.gov/pubmed/22296115
http://www.ncbi.nlm.nih.gov/pubmed/23874839
http://www.ncbi.nlm.nih.gov/pubmed/23874839
http://www.ncbi.nlm.nih.gov/pubmed/23874839
http://www.ncbi.nlm.nih.gov/pubmed/20662607
http://www.ncbi.nlm.nih.gov/pubmed/20662607
http://www.ncbi.nlm.nih.gov/pubmed/20662607
http://www.ncbi.nlm.nih.gov/pubmed/26561934
http://www.ncbi.nlm.nih.gov/pubmed/26561934
http://www.ncbi.nlm.nih.gov/pubmed/26561934

	Title
	Abstract
	Introduction
	Specific comments

	Acknowledgement
	References
	Table 1

