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Abstract 
Mesenchymal stromal cells (MSC) have shown their benefits in graft-versus-host disease (GVHD), 
with five unsettled matters: 1) MSCs expansion in medium with Fetal Bovine Serum (FBS) and its 
risk of xenoreaction; 2) The number of cells indicated for therapy that is relatively high, with the 
need to optimize the expansion, number and time wise; 3) The utilization of third party donors; 4) 
Culture passage number (P); and 5) Source of the cells. This study was designed to determine the 
superiority of the Platelet Lysates (PL) over FBS on the expansion of MSC, the optimal cell’ plating 
density and days between each pass, and to investigate if donor total nucleated cells (TNC) ob- 
tained from the washouts of discharged bags and filters of hematopoietic stem cell transplantation 
(HSCT) can be expanded to be used at clinical grade. TNC were removed, plated and after the first 
passage were cultivated in different concentrations with FBS or PL, and the number of days to 
reach 80% of confluence was observed. Next, cultures with the same plating density were fed ei- 
ther with PL or with FBS and after seven days counted to analyze how much they had grown in that 
period. The proliferation of mesenchymal stromal cells in the presence of PL and SFB was aver-
aged 11.88 and 2.5 times, respectively, in a period of 7 days. The highest concentration of plating 
cells using PL took less time to reach confluence as compared with the three lower ones. This 
study suggests that the PL is the best choice as a supplement to expand MSC and to allow the pro-
liferation of enough number of MSC at P2 for clinical use. 
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1. Introduction 
Mesenchymal stem cells (MSCs), also referred to mesenchymal stromal cells, are considered as non-hemato- 
poietic multipotent stem cells with self-renewal properties and ability to differentiate into mesoderm tissues. 
MSCs were first described by Friedenstein et al. in the 1970s, as cells morphologically similar to fibroblasts and 
with a high ability to adhere to plastic surfaces [1]. MSC must express CD105, CD73 and CD90, and lack ex-
pression of CD45, CD34, CD14 or CD11b, CD79a or CD19 and HLA-DR surface molecules. Also, MSC must 
differentiate into osteoblasts, adipocytes and chondroblasts in vitro [2] [3]. 

Despite the suggested role in regenerative medicine as a broadly applicable stem cell source [4], there are 
mounting evidences of predominantly paracrine activity particularly in the setting of allogeneic hematopoietic 
stem cell transplantation where the beneficial effects have been shown on steroid resistant acute graft versus 
host disease (aGVHD) [5]-[7], on enhancing HSC engraftment [8]-[10], on conditioning regimen damaged tis-
sue repair [11], and on bone marrow stromal repair [12].  

MSC can be readily expanded and purified ex vivo from adipose and bone marrow mononuclear cells ob- 
tained from animals and humans [13]-[16], and also MSC can be isolated and expanded by bone marrow dis- 
charged bags and filters left over after the hematopoietic stem cell transplant [17]. In humans, the best known 
source of mesenchymal stem cells is the bone marrow [18], but it has also been isolated from other organs and 
tissues, such as skeletal muscle and dermis [19], adipose tissue [16], synovium [20], umbilical vein endothelium 
[21] and saphenous vein [22], kidney [23], umbilical cord blood and placenta [24] [25], cartilage [26], ligamentt 
[27] and lung [28].  

Clinical grade MSC expansion is usually obtained by using fetal bovine serum (FBS) supplemented medium 
[29] with its potential safety hazards. It has shown the presence of FBS antibodies in humans after lymphocyte 
infusions [30] [31]. Furthermore, the World Health Organization (WHO) has published its concerns about xe- 
noreactions following the infusion of bovine products in clinical practice [32]. In a recent study, the utilization 
of the platelets lysates (PL) has showed a protective effect on the MSCs chromosomal instability, when com-
pared to FBS supplemented medium [33], further favoring human products to prepare culture cell for therapy.  

Based on this, several groups are exploiting the expansion potential of human derived products obtained from 
PL [13] [34]-[37]. While the optimal number of cells to be infused is a problem not yet solved, it has been de-
fined empirically for clinical efficacy that for clinical efficacy it required deliver to recipient 2 × 106 MSC/Kg 
[6], making it essential to find a safe method to obtain enough cells in the shortest period of time. We describe 
here our experience in ex vivo expansion of PL supplemented MSC, compare its expanding potential to that ob-
tained with FBS supplementation, and test different culture cell densities to obtain clinical grade MSC cultures 
in the shorter period of time. 

2. Materials and Methods 
2.1. Bone Marrow Donors 
Healthy bone marrow donors for HSCT were invited to participate and their residual cells were utilized after 
written informed consent. 

After written informed consent, discharged bags and filters of BM aspirates were obtained from six healthy 
hematopoietic stem cell donors (median age 23.5 years). Total nucleated cells (TNC) were isolated by elution 
with saline (NaCl 0.9%, Baxter, SP, Brazil) of the residual cells left over in the bags and 200 μm filters after the 
infusion of whole Bone Marrow (BM) explants for HSCT [17]. The obtained cells were then placed in conical 
tubes (Falcon, Becton, Dickinson and Company, CA, USA), centrifuged and the pellet was resuspended in a 
complete culture medium supplemented with FBS or PL plated at density of 300,000 nucleated cells/cm2. 

2.2. Platelets Lysates Preparation 
PL preparation was based on the method described elsewhere [35]. In short, platelets concentrate bags from 6 
donors were obtained from the Hospital de Clinicas de Porto Alegre Blood Bank immediately before their dis- 
charge time. The bags were frozen at −80˚C overnight and thawed at 37˚C in the next day. This procedure was 
repeated for five times. Next, the lysed product was centrifuged at 3220 g, for 30 minutes, four times and the 
supernatant filtered through a 0.22 μm filter and heparinized. The final product was stored at −20˚C for up to 3 
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months. 

2.3. Culture Medium 
Dulbecco’s modified Eagle’s medium (DMEM) (Gibco, Invitrogen corp., Carlsbad, CA, USA) was prepared 
with 1% penicillin G (100 U/ml) and streptomycin (100 μg/ml; Gibco) and supplemented with either 10% of 
FBS or PL. 

2.4. Cells and MSCs Cultures 
TNC were directly plated in duplicates with FBS or PL medium, at concentration of 300,000 cell/cm2. The ad- 
herent cells were trypsinized and counted at seven days of culture, irrespective of the confluence percentage. In 
another set of experiments, the first adherent cells layer, either expanded in the presence of PL or FBS, was de- 
tached with Trypsin/EDTA (Invitrogen, USA) after obtaining 80% of confluence. After the first passage, the 
eluted cells were plated in the same medium as before, at concentration of 2000 (1 × 104/ml), 3000 (1.5 × 
104/ml), 4000 (2 × 104/ml), 5000 (2.5 × 104/ml), 6000 (3 × 104/ml) and 7000 (3.5 × 104/ml) cells/cm2, and the 
number of days to reach 80% of confluence was recorded. MSC viability was evaluated by Trypan Blue stain- 
ing. 

2.5. Flow Cytometry Analysis 
Cultured cells were stained with CD105 PE, CD45 FITC, CD73 PE, CD14 FITC, CD90 PE, HLA-DR FITC, 
CD29 PE, CD34 PE (Becton, Dickinson and Company, USA), assayed in flow cytometer (FACSCalibur, Becton 
Dickinson) and the data analyzed with Paint-A-Gate program. 

After detached the cells, the viability was determined and adjusted the concentration for 2 × 106 cell/mL in 
PBS, and then the cells were distributed in flow cytometry tubes (50 μL/tube). In which tube, 5 uL - 10 uL of 
antibodies (according to the manufacturer’s recommendations for the optimal volume of antibody to be used) 
were added in the appropriate combinations: CD105 PE, CD45 FITC, CD73 PE, CD14 FITC, CD90 PE, HLA- 
DR FITC, CD29 PE, and CD34 PE (Becton, Dickinson and Company, USA) for 50 μL of cell suspension. The 
cells were incubating for 30 min at 4˚C, protected from light and 1 mL of PBS were added. After that, the cells 
were centrifuged at 1.200 rpm for 10 min and removed the supernatant to eliminate unbound antibodies and then 
the cells were resuspended in 0.5 mL PBS. The cells were assayed in a flow cytometer (FACSCalibur, Becton 
Dickinson) and the data analyzed with Paint-A-Gate program. 

2.6. Differentiation Assay 
At the end of cell culture, the cells obtained from all sets of experiments were tested for osteogenic, adipogenic 
and chondrogenic differentiation. Osteogenic differentiation was induced in Dulbecco’s modified Eagle’s me- 
dium low glucose (DMEN Low) (Gibco, Invitrogen Corp., USA), FBS (Gibco, Invitrogen Corp., USA), ascor- 
bic acid (0.2 mmol/L) (Acros Organics, Belgium), β-glycerophosphate (10 mmol/L) (Sigma, Germany) and 
dexamethasone (0.1 μmol/L), (Hypofarma, Brasil) for 30 days. Adipogenic differentiations were induced in Is- 
cove’s Modified Dulbecco’s IMDM (Gibco, Invitrogen, USA) supplemented with 20% platelets poor human 
plasma, heparin (5.000 UI/ml) (Eurofarma, Brasil), indomethacin (0.2 mmol/L) (Merck Sharp & Dohme, USA) 
dexamethasone (0.1 μmol/L), and insulin (10 μmol/L) (Eli Lilly, Mexico). Chondrogenic differentiation was in- 
duced in DMEM Low supplemented with insulin (Cellofarm, Brazil), ascorbic acid and TGF-β (Invitrogen, 
USA). Osteogenic, adipogenic and chondrogenic differentiation was stained by Alizarin Red staining (Sigma, 
Germany), Oil Red (Sigma, Germany), and Alcian Blue (Sigma, Germany)), respectively, as previously de- 
scribed [38]. 

2.7. Statistical Analysis 
Results are presented as arithmetic median and standard error. Differences between PL and FBS cultures were 
analyzed by Student-T test and the time to obtain 80% of adherence in each cell concentration was tested by 
Generalized Estimating Equations. Differences were considered significant for p < 0.05. Statistical analysis was 
performed with software SPSS 18.0.  
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The study was approved by the Ethics Committee at the Hospital de Clínicas de Porto Alegre under the num- 
ber 08-601 and conducted at the Center for Cell Technology and Culture of the Experimental Research Center at 
the same hospital, under Good Manufactuting Practices (GMP) conditions. 

3. Results 
TNC were isolated from the washouts of discharged bags and filters of whole BM explants infusion utilized for 
HSCT from 6 different donors. The median age of donors was 23.5 years. The Table 1 summarizes information 
from these donors. 

3.1. Expansion of MSC in PL and FBS Medium 
The minimum number of platelets from which PL obtained was 5.5 × 1010. As showed in Table 2, in PL sup- 
plemented medium the cell expansion was 3.75-fold higher than the expansion observed in FBS medium (p = 
0.005). 

3.2. Plating Cell Density 
A higher plating concentration (3.5 × 104/mL) was more efficient to obtain 80% of confluence in the shorter 
time (6 days), when compared to 1.0, 1.5 or 2.0 × 104/mL (7.55 to 8.55 days) p = 0.005 (Table 3). As expected, 
 

Table 1. Main characteristics from donors of 
filter and bags of whole BM explants infusion.  

Donor Sex Age 

MSC01BF Male 26 

MSC02BF Female 20 

MSC03BF Female 14 

MSC04BF Male 44 

MSC05BF Male 57 

MSC06BF Female 21 

 
Table 2. Comparison of cell expansion in PL and FBS supplemented 
medium in seven days of culture (plating cell density of 5000 
cells/cm2 (2.5 × 104/ml)).                                    

Supplement PL FBS p 

Mean expansion (Standard error) 11.88(4.08) 2.5(1.06) 0.005* 

 
Table 3. Number of days to obtain 80% of confluence and cell plating density in 10% 
PL or FBS supplemented medium.                                           

cell/ml PL median days to confluence (SD**) FBS median days to confluence (SD**) 

1 × 104 8.55(2.07) 13.91(3.30) 

1.5 × 104 8.00(2.10) 13.00(3.63) 

2 × 104 7.55(1.97) 12.45*(3.45) 

2.5 × 104 7.09*(1.97) 12.27*(3.55) 

3 × 104 6.55*(1.29) 11.55*(3.45) 

3.5 × 104 6.00*(1.41) 11.27*(2.90) 

PL: 10% PL supplemented DMEM medium; FBS: 10% FBS supplemented DMEM medium; *p < 0.05. 
**SD: standard deviation. 
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in FBS supplemented medium the time to reach 80% of confluence was longer when compared to PL medium (p 
= 0.005). Interestingly, with FBS there was no significant difference in plating density of 2.0 × 104 cell/ml or 
more, only a density lower than that was significantly less efficient (p = 0.005) (Table 3). 

3.3. Clinical Grade MCS Expansion from the Washouts of Discharged Bags and  
Filters Left over from BM Infusion Utilized for HSCT 

In the presence of 10% PL, with plating density of 5000 nucleated cells/cm2 (2.5 × 104/ml) we were able to con- 
sistently obtain clinical grade number of cells at the third passage (Figure 1), with at least two logs of expansion 
(10 × 109 or 10 × 1011 cells) more than enough for the treatment of a 70 kg patient with cell therapy. The mean 
time from mononuclear cells plating to P3 was 35 days. 

3.4. Quality Control of Expanded MSC 
Osteogenic (Figure 2(a)), adipogenic (Figure 2(b)) and chondrogenic (Figure 2(c)) differentiation was ob- 
tained in all cultured conditions at the end of the third passage.  

All cell products irrespective of the culture medium were >90% CD105, CD73, CD90 and CD29 positive and 
negative for CD45, CD14, HLA-DR and CD34. 

4. Discussion 
Here we show that PL is significantly more efficient (p = 0.05) than FBS supplemented medium for the ex vivo 
expansion of BM MSC. Our results are in accordance to Blande et al. [35], for adipocyte derived MSC, and 
Schallmoser et al. for BM derived MSC. The latter group suggested that the utilization of platelets bags from 10 
donors yielded more consistent results than the utilization of individual donors [39]. Yet, another study exploited 
further this issue showing that there is a variability amongst different platelet donors and that PL expansion po-  
 

 
Figure 1. Cell growth according to the culture passages: Expansion of cell 
culture removed from filter and bag until P3, when a total of cells obtained 
ranged from 10 × 109 to 10 × 1011 cells.                              

 

 
Figure 2. Plasticity of MSC grown under our conditions was shown by differ- 
rentiation into (a) adipocytes (in oil red O staining), (b) osteoblasts (in alizarin 
red staining) and (c) chondrocytes (in alcian blue staning).                  



V. Valim et al. 
 

 
30 

tential is correlated with the concentration of platelet derived growth factor and to lesser extent to the number 
platelets from which the PL was prepared [40]. Both studies pointed to the importance of the amount of protein 
and growth factors in the PL preparation. Perez-Ilzarbe and col., on the other hand, failed to show a significant 
difference on expansion potential between FBS and PL enriched or not with basic Fibroblast Growth Factor 
(bFGF) [41]. In our study, PL from 6 different donors, which is the average number of donors utilized in pool 
platelets concentrates for clinical application, was significantly superior to FBS (p = 0.005) for BM MSC expan- 
sion. Our results were reproducible irrespectively of the PL lot utilized (data not shown).  

Third party MSC infusion for cellular therapy is acceptable and it has been shown in vitro that pooling of 
MSC from several donors generate higher and more stable immune suppression [42]. However, MSC have 
shown to be permissive to viruses [43] [44]. In the HSCT setting, the receptor is already subjected to unknown 
infections or to a possible chromosomal abnormality carried by the HSC donor [45] [46] since HSCT is a life 
saving procedure these are considered unavoidable collateral risks. The ideal scenario for in vitro expanded 
MSC therapy would be to obtain MSC from the same HSC donor, thus minimizing additional risks. There are, 
however, practical implications for that. The main obstacle is to obtain BM MSC from unrelated donors particu- 
larly when the HSC comes from a different institution, city or country. Washouts of discarded bone marrow 
collection and filters can be an alternative as it has been shown by us and others [17] to yield a high number of 
MSC, particularly when expanded in a PL enriched medium. A second obstacle is being able to obtain enough 
number of cells in a short period of time. Here we showed that plating 2.5 to 3.5 × 104 cell/ml in a PL supple-
mented medium significantly diminishes (p = 0.005) the time to obtain 80% confluence and hence speed up the 
passages while, as has been also shown by others [42], plating fewer cells concentration yields a higher number of 
cells. The former plating density could be utilized for first infusion while the latter would be for the following.  

Sundin and cols. noted that the use of TNC from washouts bone marrow discharged bags and filters was not 
sufficient to obtain enough cells grown in the presence of 10% FBS [47]. Capelli and col [48] comparing 10% 
FBS with 5% PL concluded PL to be superior in obtaining a higher number of cells although in P5/6. In our 
study utilizing 10% PL we were able to obtain clinical grade number of cells in a shorter period of time (P2/3) 
Figure 1.  

5. Conclusion 
In conclusion, here we showed that the utilization of 10% PL is superior to 10% FBS, and that it’s also superior 
to obtaining MSC from washouts bone marrow discharged bags and filters for the proliferation of clinical grade 
donor MSC to be utilized for therapy in the HSCT setting. 
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