MITOGENIC STIMULATION OF HUMAN MESENCHYMAL STEM CELLS BY PLATELET RELEASATE SUGGESTS A
MECHANISM FOR ENHANCEMENT OF BONE REPAIR BY PLATELET CONCENTRATE
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Introduction: Platclets arc known to perform multiple functions during
injury and tissuc repair.  While their role in hemostasis is well understood,
their mechanism of action in promoting wound healing requires further
characterization. As a repository of multiple growth factors such as PDGF,
EGF, VEGF, and TGF-Beta (1), degranulation of platclets at wound sites
scrves to initiatc or enhance the healing cascade. Armed with this knowledge,
clinicians have uscd platelet concentrates in conjunction witli bone graft
materials to cnhance osscous repair (2, 3). In addition, experimental evidence
has shown that when PDGF or platelet concentrates arc combined with
demineralized bonc or certain other materials, augmentation of bone
formation cnsucs (4, 5). The purposc of this study was 1o begin clucidating
the cellular mechanisms that underlic these obscrvations.  Since mesenchymal
stem cells (MSCs) arc known 1o be an essential componcent of the tissuc repair
process, we sought to characterize clements of their response to platclet
conccentrates in the controlled in vitro cnvironment.

Methods: Platclet rich plasma (PRP) was isolated from approximately 55 ml
of fresh human blood (IRB-approved protocol) using the Symphony™
Platclet Concentration System (DcPuy AcroMed, Raynham, MA), designed 1o
be uscd at the point-of-carc for obtaining a platclet concentrate from a small
amount of blood. Samples of the starting matcrial and platelet concentrates
were analyzed to determine the absolute concentrations of platclets. PRP,
platclet poor plasma (PPP) and unfractionated blood were clotted with
thrombin (1000 U/ml in 100 mg/m| CaCl:) by adding | part thrombin stock
solution 1o ninc paris PRP, PPP or blood to yicld a final thrombin
concentration of 100 U per ml. The soluble platclet releasates from the clotted
preparations were isolated by centrifugation and clcarced by ultrafiltration.
PRP and PPP rcleasates were diluted in scrum-frcc DMEM to generate
appropriatc final dilutions of PRP.

Human MSCs (hMSCs) were isolated and culturc-cxpanded from bonc
marrow (IRB-approved protocol) as described previously.  In order to
evaluatc the mitogenic activity of PRP, sccond passage hMSCs were replated
at a density of 3x10* cclls per cm® in serum-free DMEM. Cells were allowed
to attach and incubatc for 48 h, at which time culturc medium was replaced
with test media. Test media consisted of DMEM supplemented to 10% and
20% (v/v) with undiluted PRP rcleasate.  In addition, DMEM was
supplemented to 10% (v/v) with PRP rclcasate that was diluted in PPP such
that the final concentration of PRP relcasate ranged from 0.625- to 2.5-fold of
that in native peripheral blood. For comparison, control media consisted of
scrum free medium, or DMEM supplemented to 10% (v/v) with the following
preparations: fetal bone serum sclected for optimal growth and rctention of the
hMSC phenotype (WMSC Growth medium), PPP reicasate alonc, or scrum
from clotted human blood. hMSCs were allowed to incubate in test and
control media for 7 days with complctc media changes taking placc on day 4.
At the ond of the 7 day time course, cells were relcased with trypsin and
counted with a hemocytometer.

Results: The cfficicncy of platclet recovery was ~66%, thus creating a ~5-
fold concentration following rcmoval of PPP from thc disposable
concentration device. For cxample, this produced a PRP concentrate of 1600
x 107 plateicts per pl, which is a 5-fold enrichment compared to the 315 x 10°
platelets per pl in the same patient's peripheral blood. Exposure of hMSCs to
PRP relcasate caused a dramatic mitogenic cffect in a dose-dependent manncr
(Figure 1). Culturcs that reccived media supplemented with 5-fold and 10-
fold PRP rcleasate gencrated 848% and 720% morc hMSCs by day 7 than
cultures incubated in hAMSC Growth medium (p < 0.01). Cultures exposcd to
2.5- or 1.25-fold PRP concentrations similarly responded with incrcases of
325% ( p < 0.05) and 356% (p < 0.01), respectively. Intcrestingly. the 1.25-
fold rcleasatc was more mitogenic than the scrum from a fresh blood clot,
which stimulated prolifcration by 208% (p < 0.05). And lastly, it is uscful to

note that the PPP supported proliferation comparable 1o the selected lot ol
fetal bovine scrum in hMSC Growth Medium.  This is important since the
data regarding the mitogenic action of PPP is a critical control i this study.
against which the effects of PRP must be measured.

WMSC Proliferation as a Function of

o0 §-day Exposure to Platelet Releasate Concentrations

K00

700 :
£
=
& S0 .
=
g 400 . -
2300 i
o .

200 L

100 I_E_l |{_l T :

N : 5 |£

SF GM Pi PP 0,028 125 28 s "

Fold Enrichment of Platcier Releasate

Figure 1. Mitogenic responsce of hMSCs to culture media supplemented with
various conccntrations of platclet relcasate.  Numbers on x-axis represen
fold-concentrations of platclels used 1o generate releasate relative o
peripheral blood platelet concentration. For controls, WMSCs were incubated
in scrum-free medium (SF). hMSC Growth medium (GM), peripheral blood
clot relcasate (PB), or PPP rcicasate (PPP). Statistical differences calculated
using two-tailed paired T-tests arc shown relative 10 hMSC Growth medium
control, *p < 0.01 and **p < 0.05.

Discussion: PRP rclcasatc posscsscs the ability to stimulate proliferation of
hMSCs in a dosc-dependent manner. While these cxperiments demonstrate
that scrum from a frcsh human blood clot, and cven PPP, can stimulate cell
proliferation, up to 90% of the mitogenic activity in PRP releasate 1s derived
from the concentrated platclets. In the sctting of wound healing or nssue
repair, concentrated PRP - could therefore  stimulate proliferation  of
mesenchymal progenitor cells that give rise to musculoskelctal tissues such as
cartilage and bone. PRP may therefore serve to accelerate or cnhance the
healing responsc by increasing the size of the local repair blasiema.

In the sct of in vitro experiments described here, continuous exposure 1o
high levels of PRP relcasate was shown 10 cause robust proliferation of MSCs
in the absence of specific ostcoinductive molccules.  In tssue repuair sies.
however, where diffusion will eventuaily reduce the local concentration of
such a relcasate, cclis of the repair blastema will have the opportunity 10
respond to other bone or cartilage differentiation signals in the local
cavironment.  In addition, Slater ¢t al (6) have shown that platclet
concentrates cxcrt a stimulatory cffect on human fetal ostcoblast-like cells and
maintain their differentiated function. It is possible, therefore, that following
initial cxposurc 1o the symphony of factors in PRP, MSCs and other
responding cclls arc primed to progress through the maturational stages
required for structural tissuc synthesis at cven faster rates. Experiments
underway in the laboratory now are aimed at exploring this mechanism and
other carly events of tissuc repair mediated by platclets and their releasate.
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