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Summary

Human bone marrow mesenchymal stromal cells (hWMSC) are promising candidates for new treatment options in trans-
plant and regenerative medicine. However, most expansion protocols still use fetal calf serum (FCS) as growth factor
supplement, which is a potential source of undesirable xenogeneic pathogens. We established an easy and reproducible
expansion protocol for hMSC based on the addition of platelet lysate (PL) obtained from human thrombocyte concent-
rates. Both CFU-F and cumulative cell numbers were significantly increased compared to the conventional FCS-based
medium. The generated cells meet all criteria for MSCs, e.g. plastic adherence, spindle-shaped morphology, surface
marker expression, lack of hematopoietic markers, and differentiation capability into 3 mesenchymal lineages. Human
MSC expanded with PL revealed favorable immunological properties in vitro. Gene expression profiles showed up-
regulation of cell cycle and DNA replication genes and downregulation of developmental, differentiation, adipogenic
and MHC II genes. Thus, PL provides a safe component for accelerated and safe hMSC expansion.
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Introduction

Multipotent mesenchymal stromal cells (MSC), also named
mesenchymal stem cells, are characterized by adherence to plastic
when maintained in standard cultures in vitro, by expression of
surface antigens CD105 and CD90 but lack of hematopoietic
markers CD34 and CD45, and by differentiation into osteoblasts,
adipocytes and chondroblasts in vitro [1]. Since their first
description [2], a multitude of work has been carried out to show
their properties and functionality in vitro and in vivo [3,4,5]. MSC
have been shown to display a considerable therapeutic potential
in pre-clinical [6,7,8,9,10,11] and clinical [12,13,14,15,16]
studies for the treatment/regeneration of neuronal degeneration,
osteogenesis imperfecta, graft-versus-host disease, support of
hematopoietic engraftment, metabolic diseases, and bone and
cartilage tissues, as well as renal and myocardial infarction. To
date, all reported clinical trials are employing hMSC generated
in medium supplemented with fetal calf serum (FCS). FCS,
however, is a source of undesirable xenogeneic antigens, and
carries the risk of transmitting animal viral, prion and zoonose
contaminations. Additionally, FCS has been implicated with
anaphylactic or arthus-like immune reactions in patients who
received cells generated in FCS-supplemented medium [17], even
leading to arrhythmias after cellular cardioplasty [18]. Uptake of

FCS components is an active process [19]. Although up to 99.99%
of FCS can be removed by sequential cultivation of MSC first
in FCS, followed by autologous or heterologous serum [20], a
residual risk still remains.

Very recently, human platelet lysates (PL) have been shown to
serve as a safe substitute for animal serum for hMSC expansion
[21,22,23], but the resulting hMSC are still not fully characterized.
We have extensively analyzed animal-serum free culture conditions
for hMSC expansion using platelet lysate as a substitute for FCS.
Compared to FCS-supplemented culture conditions, we found
a significant increase of both CFU-F as well as cumulative cell
numbers after expansion. Our optimized protocol uses 5% of
PL as growth supplement. Cells obtained by this protocol meet
all criteria for MSCs, e.g. plastic adherence, spindle-shaped
morphology, surface marker expression, lack of hematopoietic
markers, and differentiation capability into 3 mesenchymal
lineages. MSC retained their immune-privileged potential by
suppressing the allogeneic reaction of T-cells. Additionally, gene
expression profiles showed decreased mRNA levels of MHC
II components. Taken together, our GMP-compatible protocol
allows for safe and accelerated expansion of hMSC, which could
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be of interest for cell and tissue therapies.
Results and discussion

In comparing the additives FCS and PL, the media used consisted
of o-MEM containing glutamax, the stable form of glutamine,
supplemented either with + 10% preselected fetal calf serum
(FCS; BioWhittaker, Apen, Germany) + 1% glutamine or 5%
freshly thawed platelet lysate (PL) + 10 IU Heparin (Roche,
Grenzach-Wylen, Germany; 5000 IU/ml) per 5 ml medium. The
isolation of hMSC already revealed a higher number of CFU-F
in PL-containing medium (Table 1) as well as larger colonies
(Figure 1). In line with the CFU-F numbers, the expansion
capabilities of hMSC grown in PL were considerably higher
(Figure 2), reaching twice as many cells after only 40 days. With
regard to morphology, a more elongated cell appearance has been
observed in PL-cultures, resulting in significantly higher cell
numbers per growth area.

Table 1: Isolation of hMSC with FCS- or PL-supplemented media.
Values are shown for 107 plated cells.

oaMEM+FCS
415+ 97

aMEM+PL
1181 £ 244

meant SE

Figure 1: Isolation of hMSC by plating 5 x 10° mononuclear cells/well in
3 ml. Shown are crystal violet-stained CFU-F in FCS- or PL-supplemented
media 14 days after seeding.

oMEM+FCS aMEM+PL

Figure 2: Accelerated expansion of MSC in PL- compared to FCS-

containing medium aMEM. Shown are cumulative cell numbers of one

example out of 11 experiments. Each symbol respresents a single time
oint of trypsinization.
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PL contains 7 fundamental growth factors actively secreted by
platelets: PDGF-aa (platelet derived growth factor), -Bf, -of,
TGF-B1 (transforming growth factor) and -f2, VEGF (vascular
endothelial growth factor) and EGF (epidermal growth factor)
[24,25]. The growth factors PDGF, TGF, EGF and FGF (fibroblast
growth factor) have been described as mitogens for MSC [4].
Thrombocyte concentrates are regularly produced and applied
in everyday clinical life, and meet all criteria for a safe and
well-controlled growth factor source. The main reason for the
superiority of PL therefore may originate in the release of these
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factors. We thoroughly analyzed PL with either Human 27-plex
(BIO-RAD) or ELISA and showed that inflammatory and anti-
inflammatory cytokines as well as a variety of mitogenic factors
are contained in PL (Table 2). Previously, it has been shown that
thrombocytes release certain amounts of mitogenic cytokines,
varying for PDGF-af, for example, between 35-133 ng/ml [25].
For effective expansion of MSC, an optimized preparation of
PL is needed. It consists of pooled PL from at least 10 donors
(to equalize for differences in cytokine concentrations) with a
minimum concentration of 3 x 109 thrombocytes/ml. Beside this,
the accelerated growth under the influence of PL is supported
by differential gene expression profile showing an upregulation
of cycle-promoting proteins and downregulation of genes for
differentiation, attachment, and apoptosis [26].

Evaluation of the surface antigens CD34, CD45, CD59, CD90
and CDI105 by flow cytometry revealed a similar phenotype
as with FCS-medium, i.e. a lack of the hematopoietic markers
CD34 and CD45 and expression of CD59, CD90 and CD105 (not
shown). Additionally, both expansion media enabled a subsequent
differentiation of hMSC into osteo-, adipo- and chondrogenic
lineages. An exception in the quantity of differentiating cells was
found for adipogenic differentiation. The formation of adipocytes
was delayed and required longer induction times. This result is
supported by the downregulation of genes involved in fatty acid
metabolism [26]. We assess this decreased adipogenic/lipogenic
ability as a favorable property, because in mice the intra-arterial
injection of MSC for treatment of chronic kidney injury has
revealed formation of adipocytes [27].

MSC have been described as immunomodulatory by impairing
T-cell activation without inducing anergy. We tested the
immunomodulatory properties of PL-expanded hMSC in vitro
in the mixed lymphocyte reaction (MLR). MLRs were carried
out with different combinations of allogeneic human peripheral
blood mononuclear cells (hPBMC) used as effectors (E) and
irradiated stimulators/activators (A) at ratios of 1:1. Human MSC
(M) added to the MLR were from unrelated healthy donors. In
all 6 experiments, hMSC added at effector/stimulator/MSC ratio
of 1:1:1 suppressed T cell proliferation efficiently (p=0.000004).
The average inhibition at this ratio was 84.8 + 9.7% (Figure 3).
In contrast to FCS-generated hMSC, no dilution effect of the
MSC-effect with decreasing numbers [28] was observed. This
result is supported by differential gene expression showing a
downregulation of MHC II compounds in hMSC (Figure 4).
Addition of PL-generated hMSC leads to significantly decreased
immunostimulation of allogeneic T cells caused by MSC.
Expanded hMSC express MHC I but not II complexes although
MHC II is present intracellularly, and can be induced by addition
of interferon gamma (IFN-y) [29]. The lack of MHC II on
hMSC has been interpreted so far as evidence for their non-
stimulating properties, so that MSC are transplantable between
MHC-incompatible individuals. The downregulation of MHC II
in hMSC expanded in PL-supplemented medium makes the cell
preparations even more safe and useful for application in cell-
replacement therapies. It has been shown that both autologous and
allogeneic MSC can be used without significant immune reactions
[30,31,32] and PL-MSC could make the allogeneic use even safer.
We expect, according to the results of decreased allo-stimulation
under the influence of PL-MSC, a broader applicability of these
MSC.



Table 2: Determination of factor-concentrations in PL. Anti-inflammatory cytokines are shown in bold, inflammatory in italic. The human-plex
method presents the concentration in [pg/ml] from undiluted PL, while in the ELISA PL was diluted to a thrombocyte concentration of 1 x 10%ml and used

as 5% in medium (the values therefore have to be multiplied by at least 20). < : below the detection limit.

Human 27-plex [pg/ml]

IL-1B IL-2 IL-4 IL-5 IL-6 IL-7 IL-8 IL-9 IL-10
< 32410 1610 < 438 23413 269119 263103 81+47
IL-12 IL-13 IL-15 IL-17 G-CSF GM-CSF IFN-y TNF-a MCP-1
19.2 1157 < < 7335 49.2 2073+798 153+98 84143
MIB-1B IL-1Ra Eotaxin bFGF IP-10 MIP-1a PDGF bb RANTES VEGF

< 7724158 253121 86447 < < 4383046767 | 7089+1732 1023+109

ELISA (n=6, 5% PL) [pg/ml]

TGF PDGF bb IGF-1 EGF bFGF HGF VEGF
453741409 9154+ 379 6344124 89+24 1645 1322 50+20

Figure 3: Inmunomodulatory properties of hMSC are preserved after
cultivation in PL-supplemented medium. Bar graph shows the relative
percentage of Ki-67+ CD3+ cells in the presence of effector (E), irradiated
activator (A), and PL-generated MSCs (M) in various ratios. Data represent
relative mean values + SD of proliferating Ki-67 positive T-cells from 6
experiments.
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Additional gene expression data shows that PL-generated MSCs
might be particularly good candidates for regenerative therapy in
CNS damage. They express the gene Pricklel, which is involved in
neuro-regeneration, to an eight-fold higher degree when compared
to MSCs cultured in FCS-supplemented media. Mouse Pricklel
and Prickle2 are expressed in postmitotic neurons and promote
neurite outgrowth [33]. Furthermore, MAG (Myelin-associated
glycoprotein) is expressed at 13-fold lower amount. MAG is a
cell membrane glycoprotein, and may be involved in myelination
during nerve regereneration. The lack of recovery after central
nervous system injury is caused, in part, by myelin inhibitors
including MAG. MAG acts as a neurite outgrowth inhibitor for
most neurons tested, but stimulates neurite outgrowth in immature
dorsal root ganglion neurons [34]. These differentially regulated
genes would favor the use of PL-cultured hMSC for regeneration
of neuronal injury. Additionally, the 12-fold higher expression
of RAR (retinoid acid receptor) -responsive 1 gene (TIG1) [35],
9-fold higher expression of Keratin 18 [36], 5.7-fold higher
expression of the cellular retinol binding protein 1 CRBP1 [37],
and Prickle 1 suggest a less tumorigenic phenotype of the MSCs
after cultivation in PL-supplemented media.

Figure 4: Differential gene expression profile reveals the downregulation of MHC

Il compounds in MSCs cultured in PL- compared to FCS-supplemented media. Gene
expression values are shown as log, of raw fluorescence for MHC Il genes involved in antigen

Conclusions: Isolation and expansion of hMSC
using PL as medium supplement allows for rapid
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JIuzart TpOMﬁOHI/lTOB AJISl YCKOPEHHOT'0 Pa3MHOKEHU I
ME3CHXUMHBIX CTPOMAJBHBIX KJIE€TOK Y€JI0BE€KA

Jlanre K., Yakuporany @., llInucc A., Kannaano-Ooepmann X., Hangep A.P.

Pe3rome

Mesenxumublie ctpomaibHblie Ki1eTkd (MCK) U3 KOCTHOro Mo3ra uesnoBeka sIBJISIOTCS IEePCIEKTUBHBIMU
KaHIuJaTaMy JUIs HOBBIX CHOCOOOB JIEUEHHUS B TPAHCIUIAHTALIMOHHOH M pEreHepaTHBHOW MEIHIIMHE.
OnHako OONBIIMHCTBO MPOTOKOJIOB KYJIBTHBHPOBAHHSI BKIIOUAIOT (DeTaTbHYIO TEIT4bi0 CBIBOPOTKY (DTC)
B KAueCTBE MCTOYHMKA (PAKTOPOB pocTa, KOTOpas SBISETCS MOTCHUUATBHBIM HCTOYHUKOM UYIKEPOITHBIX
nmatoreHoB. HemaBHo ObLIO MOKa3aHo, 9To ju3arhl TpoMOoruToB (JIT) sBistoTcs Ge3omacHO 3aMeHOM
KUBOTHOM CBIBOpOTKH Ml pasMHoxkeHUus MCK, Ho o6pasyromuecs MCK cirabo oxapakrepuzoBasbl. JIT
COJIEPIKUT OCHOBHEBIE (DaKTOPBI pOCTa, aKTUBHO cekpeTupyeMblie TpoMmbonutamu: PDGF-aa, -Bf, -off, TGF-B1
u -p2, VEGF u EGF. MbI co3nainu j1erko BOCIpou3BOAUMBIN TPOTOKOM A1t KyasTypsl MCK ¢ noGaBienuem
JIT u3 xoHuenTparoB TpomboruToB uenoBeka. Kak KOE-®, Tak u o0Iiee 4uCiIO KJIETOK CYNIECTBEHHO
BO3pacTaiy, MO CPaBHEHHWIO CO CTaHAapTHOW cpenoi, comepxkameir DTC. Obpasyromuecss KICTKH
COOTBETCTBYIOT BceM kputepusM s MCK, takuM, kak: NpuIHIaHue K MIACTHUKY, BepeTeHOO0Opa3Has
dopma, FKcTIpeccHs TOBEPXHOCTHBIX MaPKEPOB, OTCYTCTBUE T€MOIIOITHIECKUX MAapKEPOB U CIIOCOOHOCTH K
nudepeHIIpoBKe B TPU POCTKa Me3eHXUMHBIX KiieTok. MCK uenoBeka, pasmuoxennsie ¢ JI'T, mposBisiau
OnaronpusTHbIE UMMYHOJOTHYECKHUE CBOWCTBA B KyJbType. MBI IPOBEPSIN UMMYHOMOAYJIHPYIOLIUE
cBorictBa MCK, pasmuoxennbix ¢ JIT, B cMmemanHOH nTHUMQOIHUTAPHON peakuuu, MTPOBOAMMOHN C
MOHOHYKJIeapaMUH KPOBH Y€JIOBEKa, CIOJIb30BAHHBIMH KaK 3 (PEKTOPHI UK 00IyUYeHHBIE CTUMYJISTOPBI
B cootHomenuu 1:1:1. Tlpu moGaBienuu MCK k cMmemaHHOW KyJbType OTMEUaioch 3(PQPeKTHBHOE
nofasienne T-kietounas mpommdeparnun (P=0,000004), mpu cpennem ypoBHe nomaBieHus 84,8+9.7%.
OTOT pe3ynbraT noaTBepxkaacTes auddepeHunanbHOi SKCpeccueil TeHOB, MOKa3bIBAIOIIEH CHIKEHUE
MHC II 8 MCK. Kpome Toro, npouin reHHOH 3KCIpPeccuu MoKa3ail aKTUBALUIO F€HOB KJIECTOYHOTO
nukia u perukanuu JJHK, Hapsy ¢ mogaBieHreM reHoB, CBI3aHHBIX C pa3BUTHEM, TU(QepeHInpPOBKOii,
agunoreHe3oM. Takum oOpaszom, JIT sBisiercss 0e30macHbIM KOMIOHEHTOM CpPEA JJIS YCKOPEHHOI'O H

6e3omacHoro pasmuokenust MCK.

KuaroueBbie cioBa:

ME3CHXHUMHBIC CTPOMAJIBHBIC KJIETKH, JIHU3AT TpOM60]_II/ITOB, (1)aKTOpLI pocra,
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