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Abstract

Platelet derived growth factors have been shown to stimulate cell proliferation efficiently in vivo1,2 and in vitro. This effect has been reported for
mesenchymal stromal cells (MSCs), fibroblasts and endothelial colony-forming cells with platelets activated by thrombin3-5 or lysed by freeze/thaw
cycles6-14 before the platelet releasate is added to the cell culture medium. The trophic effect of platelet derived growth factors has already been
tested in several trials for tissue engineering and regenerative therapy.1,15-17 Varying efficiency is considered to be at least in part due to individually
divergent concentrations of growth factors18,19 and a current lack of standardized protocols for platelet preparation.15,16 This protocol presents a
practicable procedure to generate a pool of human platelet lysate (pHPL) derived from routinely produced platelet rich plasma (PRP) of forty to
fifty single blood donations. By several freeze/thaw cycles the platelet membranes are damaged and growth factors are efficiently released into the
plasma. Finally, the platelet fragments are removed by centrifugation to avoid extensive aggregate formation and deplete potential antigens. The
implementation of pHPL into standard culture protocols represents a promising tool for further development of cell therapeutics propagated in an
animal protein-free system.

Video Link

The video component of this article can be found at https://www.jove.com/video/1523/

Protocol

1. Starting material

Start with platelet rich plasma (PRP) units prepared by cytapheresis or derived from buffy coats.

2. Sterility check

For sterility check take a sample of 20 mL from each PRP unit by transferring the volume to a connected small bag (Baxter). Disconnect this bag
by welding.

3. Freezing of PRP units

Immediately after preparation, freeze the PRP units down to at least -20°C in the original storage bag without further manipulation.

4. Thawing of HPL units

When bacterial tests are negative, thaw human platelet lysate units, now called HPL units at 37°C (water bath) until the ice clots disappear. Do
not warm the HPL.

5. Pooling of HPL units

Take at least ten to fifteen thawed HPL units for one platelet lysate pool to prepare a standardized product. Connect the HPL bags consecutively
to the pooling double bag (MacoPharma) and transfer the HPL into these two bags. Disconnect the empty HPL bags by welding. Get a final
volume of 3 to 4 L of pooled human platelet lysate (pHPL) by mixing the content of the two bags. Connect a small bag (Baxter) and take a
sample of 20 mL pHPL for sterility check of the pooled product. Disconnect this bag by welding.
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6. Portioning of the pHPL

Portion the pHPL to get suitable aliquots for further processing. Connect small bags (Baxter) to the pooling double bag (Macopharma) and
transfer volumes of up to 250 mL to the small storage bags (Baxter). Disconnect the filled bags by welding.

7. Re-freezing of the pHPL aliquots

Increase the rate of platelet fragmentation and the amount of released growth factors by a further freeze/thaw step. Freeze the small bags of
portioned pHPL again at least -20°C.

8. Re-thawing and portioning of the pHPL aliquots

Thaw the pHPL bags at 37°C (water bath). Transfer the content into 50 mL vials (Falcons BD) by cutting the tube of the bag using sterile scissors
and pouring the pHPL into the vials. Perform this step in a laminar flow bench to avoid bacterial or fungal contamination.

9. Removal of platelet fragments

As platelet fragments tend to aggregate and may induce alloimmunization, remove them from the pHPL. Centrifuge the pHPL vials therefore
at 4,000g (15 minutes, 4°C). In a laminar flow bench pipette the supernatant plasma into the final storage vials (Falcons BD) and discard the
platelet pellets to avoid fragments in cell culture.

10. Storage of pHPL

Freeze aliquots of 50 mL pHPL vials again at least-20°C and store them for experimental use.

11. Use of pHPL in cell culture

Initially add preservative-free heparin to the medium to avoid gel formation. Thaw a pHPL aliquot at 37°C and supplement the culture medium by
addition of 8 – 10%.

Mediums

MSC-Medium:

Use 500 mL of a-MEM, add 56 mL of thawed pHPL (see also reference 1 for further details) and 2 IU/mL (=224 μl of stock solution) of
preservative-free Heparin (avoids coagulation of the medium through clumping of the fibrinogen in the plasma) to reach a final concentration of
10% pHPL. Additionally add Penicillin (100U/mL) /Streptomycin (100μg/mL) solution and 2mM of L-Glutamin (both Sigma).

Filter the medium through a 20 μm-pore size vacuum filter (Millipore). Label the bottle appropriately (content, date).

ECFC-Medium:

Use one bottle (500 mL) of EBM, add the cytokine-aliquots, 56 mL of pHPL, 10 IU/ml (=1120μl of stock solution) of preservative-free Heparin,
Penicillin (100U/mL) /Streptomycin (100 g/mL) solution and 2mM of L-Glutamin to the basal medium and filter with a 20 μl-pore size vacuum filter
(Millipore). Label the bottle appropriately (content, date).
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Figure 1:Preparation of platelet-rich plasma from a whole blood donation from a local blood bank or any other authorized provider. After
centrifugation the blood can be separated into plasma, buffy coat and red blood cells. Four buffy coat units, blood group O and one blood group
AB plasma can be pooled before centrifugation to separate the platelet rich plasma. A regular quality platelet-rich plasma unit of approximately
300mL should contain 1x109 platelets per mL or 3x1011 platelets total.
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Discussion

In some regions platelet rich plasma (PRP) may be obtained from buffy-coats otherwise being a waste product of packed red blood cell
production from tested blood donations (Figure 1). Optimally, PRP is used immediately for further preparation of pHPL, as in outdated platelet
concentrates the availability of growth factors may be reduced due to platelet storage lesions and degradation20. It is further recommended
to produce PRP by matching platelets of blood group O with plasma of blood group AB to avoid possible influences of ABH antigens and
isoagglutinins. Up to now, cell cultures have mostly used fetal bovine serum (FBS) which bears the risk of xenoimmunization21 and transmission
of known and unknown pathogens. Alternatives such as autologous serum or serum-free media did not yet succeed in replacing FBS in many
applications.22 In previous studies we have compared the effects of pHPL and FBS on expansion of mesenchymal stromal cells revealing a
higher efficiency of pHPL in cell propagation.7,8,23 The isolation and large scale expansion of endothelial progenitor cells under animal serum-
free conditions in EGM-2 supplemented with pHPL has been shown by Reinisch et. al.11 and is further presented as a JoVE protocol by Nicole A.
Hofmann. The protocols for preparing MSC and ECFC medium preparations are described in Figures 2 and 3.

The use of pHPL as a potent substitute for FBS represents an attractive step towards an animal serum-free Good Manufacturing Practice
(GMP)-compliant development of cell therapeutics for clinical application.9,24
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