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Abstract: Attempts to look for FBS substitute showed that platelet rich plasma (PRP) was
able to replace fetal bovine serum (FBS), and in some studies even showed better performance
than FBS. However, most studies that compared FBS to xeno-free materials such as platelet
rich plasma, allogeneic human AB serum, or autologous plasma to culture bone marrow
derived stem cells did not conduct the study on primary cultures, as they used passaged cells.
Therefore, in this study we used PRP supplemented medium in primary cultures to isolate
MSCs from bone marrow without mononuclear cell enrichment step. Processing of bone
marrow was done by simple centrifugation at 400g to separate the pellet from supernatant,
followed by centrifugation of supernatant to get the remaining stem cells. Both first and second
pellets were cultured in 10% PRP containing alpha minimum essential medium (αMEM). The
time needed for the cells to attach in the supernatant derived primary culture, time to become
confluent and harvested, cell yields in primary culture harvest (pellet and supernatant) were
noted. After second centrifugation, supernatant yielded a pellet, and both pellets from first and
second centrifugation contained mesenchymal stem cells (MSCs) that can be isolated due to
their plastic adherent property. Supernatant derived pellet culture became confluent faster
compared to those from first centrifugation. In conclusion: PRP supplemented α MEM can be
used to isolate MSCs from bone marrow using simple centrifugation method.
Keywords: Bone marrow; Mesenchymal stem cell; Platelet rich plasma; Xeno-free.

Introduction
Mesenchymal stem cells (MSCs) have been used in various clinical trials,1-5 and showed promising
results in in vitro studies and animal models for various kinds of degenerative diseases.3, 6-8 In classical media
composition and most previous studies, MSCs were isolated using fetal bovine serum (FBS) supplementation. 9
However, FBS contains xeno-material and a study showed that FBS induced humoral response in rats; 10 thus
the use of FBS in culture medium might pose rejection problems in patients, which might be severe as in
anaphylactic shock. Therefore, it is very important to avoid the use of xeno-material in the isolation,
propagation, and processing of MSCs for patients’ use.
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Attempts to look for FBS substitute showed that platelet rich plasma (PRP) was able to replace FBS,
and in some studies even showed better performance than FBS. 11 Platelet rich plasma can be purchased from
blood banks, and is guaranteed to be free from infectious disease causing organisms; thus is safe for patients.
The use of PRP in culture needs processing to release growth factors from the platelets. However, various
studies used various PRP processing, i.e. thrombin, thrombin-CaCl2 activation, or freeze thaw cycles using
various freezing temperatures and various cycle numbers.11 A study on freeze thaw cycles using -20oC as
freezing temperature that compared one to three cycles showed that there was no significant difference in
growth factor levels between one, two, and three cycles. 12
Most studies that compared FBS to xeno-free materials such as PRP, allogeneic human AB serum, or
autologous plasma used FBS for isolation (primary cultures) of bone marrow (BM) and adipose tissue (AT)
derived MSCs, and did comparisons on passaged cells.13-16 Specifically for BM derived MSCs, most studies
used mononuclear cell enrichment by gradient centrifugation before primary culture to isolate MSCs. 9, 13, 14
Recently, a simple method was described without mononuclear cell enrichment, which directly cultured rabbit
BM derived pellet in FBS containing medium after simple centrifugation at 400g. 17
Therefore in this study, we combined the method to isolate MSCs from bone marrow without
mononuclear cell enrichment step and the use of 10% PRP containing medium in primary culture to isolate the
MSCs.

Materials and Methods
This was an in vitro study that was conducted in Stem Cell Medical Technology Integrated Service
Unit, Cipto Mangunkusumo Central Hospital - Faculty of Medicine Universitas Indonesia, Jakarta, Indonesia,
from June through July 2014. Ethical approval for this study was obtained from the Ethic Committee for
Medical Research, Faculty of Medicine Universitas Indonesia, ethical clearance no 165/H2.F1/ETIK/2014.
Samples
Bone marrow samples (10-12 ml) were taken from donor’s iliac crest or medullary femoral bone, after
they signed the informed consent form. The samples were transported in heparin containing syringe and were
processed in one hour.
Procedures
The samples were transferred into two 15 ml conical tubes, and a same amount of complete medium
was added. The complete medium consisted of a final concentration of 100U Penicillin/100µg Streptomycin/ml
(Gibco 15140-122) , 0.25 µg Fungizone/ml (JR Scientific 50701), 10U/ml heparin (Inviclot), 1% Glutamax
(GIBCO A12860-01), 10% PRP (Indonesian Red Cross), and alpha minimum essential medium (αMEM
[GIBCO 12000-022 1]). The samples were centrifuged at 400g (Hettich EBA20) for 10 minutes. The
supernatant were recovered and pellets were transferred into a T25 flask. A same volume of complete medium
was added to the pellets. The flask was incubated in 37oC and 5% CO2.
The supernatant was centrifuge at 400 g for 10 minutes, and the pellet were re-suspended in 1 ml
complete medium and cultured in a well of a 12 well plate, in 37oC and 5% CO2. The well was observed daily
to look for attached fibroblastic cells. When enough fibroblastic cells were attach, both the well and flask were
washed in 1 ml and 5 ml phosphate buffered saline pH 7.4 (Sigma P3813), respectively several times until they
were free from red blood cells. Further, 1 ml and 5 ml of fresh complete medium was added to the well and
flask respectively. Both plate and flask were observed daily, and every 2-3 days, medium changes were done,
until one of the clones was 90% confluent, and ready for harvesting.
The cells were detached using TrypLE Select (Gibco 12563-011), and viable cell yields were counted
using trypan blue dye exclusion method, and noted. Sample-1 pellet culture was passaged in three T25 flasks,
and part of passage-1 (P-1) MSCs was induced to differentiate into chondrocyte (prolonged culture method)18,
osteocyte (StemPro osteogenesis [GIBCO A10072-01]), and adipocyte (StemPro adipogenesis [GIBCO
A10070-01]).
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Data collection and analysis
Data collected were time needed for the cells to attach in the supernatant derived primary culture, time
to become confluent and harvested. Cell yields in primary culture harvest (pellet and supernatant) were noted.
The data were presented as tables.

Results And Discussion
We got three samples; two samples were taken from iliac crest and one from medullary femur (femoral
fracture). Samples that were taken from iliac crest contained few fat cells, but the sample from medullary femur
contained a lot of fat cells, which were difficult to wash. Supernatant derived primary cultures were
contaminated by osteoclast-like cells, especially sample-1, but the contaminants were still attached after five
minutes in TrypLE Select. Therefore, minimizing the time in TrypLE Select might avoid further contamination.
The first time fibroblastic cells appeared in supernatant derived primary culture, time to become
confluent, and cell yields in pellet and supernatant derived primary culture can be seen in Table 1. Yield of P-1
was 4,500,000 MSCs. P-1 induced cells that differentiated into chondrocytes, osteocytes and adipocytes can be
seen in Figure-1.
Table 1. Time needed for attachment and confluent in supernatant and pellet culture, and primary
culture yield
Time
Primary culture yield (viable cells)
Fibroblastic cell
Confluent
Supernatant
Pellet
Total
attachment
Supernatant
Pellet
1 (10 mL)
6 days
13 days
18 days
10,800
360,000
370,800
2 (10 mL)
6 days
13 days
15 days
57,600
136,000
193,600
3 (12 mL)
6 days
13 days
20 days*
194,400
134,000
328,400
*extensive washing of contaminating fat and hematopoetic cells caused some attached MSCs to detach
Sample
(volume)

Adipogenic differentiation 400x
Bone marrow derived MSCs

Adipogenic differentiation-oil
red- 400x
Bone marrow derived MSCs

Osteogenic differentiation 40x
Bone marrow derived MSCs

Osteogenic differentiationalizarin red- 40x
Bone marrow derived MSCs
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Chondrogenic differentiation –
unstained -40x
Bone marrow derived MSCs
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Chondrogenic differentiation –
alcian blue-200x
Adipose tissue derived MSCs

Fig. 1. P-I induced cells into adipocytes, osteocytes and chondrocytes
In this study we used xeno-free material for the isolation and harvest of bone marrow derived MSCs.
After centrifugation, the supernatant still contained MSCs, and was cultured separately from the pellet. As
pellet culture was covered by a thick layer of red blood cells, attachment of MSC can not be seen, and
attachment in supernatant culture was used as a sign that MSCs were already attached, and the pellet culture
could be washed, which was followed by medium change. Moreover, the supernatant yielded additional amount
of cells with variable yield. In sample-3, supernatant culture yielded more than pellet culture.
A study showed that gradient centrifugation separated mononuclear cell primary culture in 10% FBS
yielded 2,000,000 MSCs from 50 ml bone marrow aspirate,19 a little higher compared to our result, when both
supernatant and pellet culture results were combined . Most studies on bone marrow derived MSC isolation
used fibroblastic colony forming unit (CFU-F) as their outcome measure.20-23 Therefore, it is difficult to
compare to our study, as our study measured viable cell number, while a CFU-F might contain variable number
of cells, which depended on the colony size. Colony size may range from small (10-50 cells), medium size (50250 cells), and large (more than 250 cells).22
A study on gradient centrifugation and serum free commercial medium showed that yield of passage-1
was 100,000 MSCs/ml of bone marrow aspirate,20 much lower than our result for sample-1. Bernardo et al
(2007) study that used freezed-thawed PRP as in our study showed that platelet lysate containing medium was
superior compared to FBS containing medium for clonogenicity and proliferative capacity of MSCs. 21 Horn et
al (2010) showed no significant difference between clonogenicity of 10% PRP lysate and 10% FBS containing
medium, but 10% PRP lysate containing medium showed more large clone proportion compared to 10% FBS
containing medium. However, there were differences between PRP batches in term of proliferation rate that was
tested by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay.23 Variation in PRP
batches can be minimized by pooling the batches.
Our study showed that there were donor variation in the yield of primary culture of bone marrow
derived MSCs, and this result was corroborated by the result of Phinney et al (1999), who found that there were
variations between donors, and the highest was twelve fold the lowest yield. Phinney et al study used iliac crest
bone marrow samples,24 while in our study we used two iliac crest and one femoral fracture derived bone
marrow samples. Moreover, Phinney et al showed that MSCs from different donors has different osteogenic
capacity, and suggested that the MSCs were a mixture of progenitor cells at various stages of differentiation. 24
Our study showed that the P1-cells from the pellet fraction that were isolated by PRP containing
medium were MSCs as they could be induced into adipocyte, chondrocyte and osteocyte lineage. This result
was in line with other studies using PRP supplemented media,21,23 though further researches are needed to
elucidate the surface markers, and possibility of subtle differences in differentiation potentials between donors,
supernatant versus pellet culture, and PRP batches.

Conclusion
Platelet rich plasma supplemented α MEM can be used to isolate MSCs from bone marrow using
simple centrifugation method.
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