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Abstract: Background. Mesenchymal stem cells (MSCs) 
are currently exploited in numerous clinical trials to 
investigate their potential in immune regulation, hemato-
poesis or tissue regeneration. The most common source 
of MSCs for clinical use is human bone marrow. To gener-
ate sufficient numbers of cells relevant to clinical use in 
most cases the high volumes (20-50 ml) of bone marrow 
aspirates are taken. Methods. In this pilot study, 8 healthy 
bone marrow donors were included. Two different MSC 
extraction methods were evaluated: MSCs extraction 
from 60 ml of bone marrow using density gradient and 
MSCs extraction from 6 ml using red blood cell (RBC) 
lysis. Results. Our results showed that after RBC lysis the 
efficient amount of human MSCs can be isolated from 10 
times less bone marrow volume (6 ml). Moreover, using 
small volume of bone marrow the adequate therapeutical 
dose of MSCs could be achieved during similar period of 
time (3-4 weeks). In conclusion, we have shown that MSCs 
isolation using RBC lysis is an effective and more advanta-
geous method in comparison to standard MSCs isolation 
using density-gradient. Using RBC lysis from small volume 
of bone marrow the same amount of MSCs were obtained 
as usually using large volume and density-gradient.
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1  Introduction
Mesenchymal stem cells (MSCs) are multipotent stromal 
cells that can differentiate into variety types of cell [1]. 
MSCs are currently exploited in numerous clinical trials 
to investigate their potential in immune regulation, hema-
topoiesis and tissue regeneration [2]. Unfortunately, small 
number of MSCs are circulatig in the human body and 
usually they must be isolated and subsequently expanded 
in order to generate clinically relevant numbers of cells 
[3]. The most common source of MSCs for clinical use is 
the human bone marrow [4]. According the literature, in 
various clinical trials for MSCs cultivation, high volumes 
of bone marrow aspirates (20-50 ml) are taken [5-7]. Com-
monly MSCs are isolated by density gradient centrifuga-
tion [8]. However, aspiration of high volume bone marrow 
is invasive and painful to donors [9], during the procedure 
premedication or general narcosis must be used. On the 
other hand the density gradient centrifugation is diffi-
cult to standardize [10]. Due to these reasons application 
of easier standardized and less frustrating methods for 
patients in clinical trials is needed. The aim of our article 
is to present the quick and donor saving MSCs extraction 
from bone marrow method.

2  Materials and methods

2.1  Study design

8 healthy donors were included in our pilot study (period 
from the June of 2013 to November of 2013). All donors have 
signed an Informed patient consent form approved by the 
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Vilnius Regional Committee of Biomedical Research (Lith-
uania, 2011-09-06 permission No. 158200-09-381-104).

2.2  Bone marrow collection

The bone marrow was collected in the operating room 
under the general narcosis. For the first 4 donors 60 ml 
of bone marrow was aspirated aseptically from the iliac 
crest: 10 vacutainers (volume 6 ml) with lithium heparin 
(BD Biosciences, France) were taken from each donor. For 
remaining 4 donors – only 6 ml of bone marrow were taken 
(1 vacutainer of 6 ml with lithium heparin). Procedure 
was performed using Standard operating procedure in 
the Vilnius University Santariskiu Clinic, Children Heam-
atology and Transplantation Center. Directly after bone 
marrow aspiration all vacutainers were gently vortexed 
and immediately (<30 min.) transported at room tem-
perature to the Biobank of Scientific Research Center of 
National Cancer Institute. In the Biobank laboratory bone 
marrow were directly processed for the MSCs extraction. 
Two different methods were used for MSC extraction.

2.3  MSCs extraction using ficoll gradient

Using centrifugation through a ficoll gradient, 60 ml of 
bone marrow (10 vacutainers of 6 ml) was processed. 
The bone marrow was diluted (1:1) with standard RPMI 
1640 medium (Invitrogen, UK) and transferred in the 50 
ml conical centrifuge tubes (BD Biosciences, France) on 
the ficoll gradient (Ficoll-PaqueTM Plus, GE Healthcare 
Bio-Sciences AB, Uppsala). Proportion of ficoll and bone 
marrow was 1:3; centrifugation was performed for 20 min 
at 300 g. After centrifugation mononuclear cells were care-
fully collected at an whitish ring and transferred in the 
new 50 ml conical centrifugation tubes (BD Biosciences, 
France) and washed twice with 20 ml DMEM medium 
(Invitrogen, UK) containing 10% of fetal bovine serum 
(FBS, Invitrogen, UK). After washing, the mononuclear 
cells were counted with the Bürker counting chamber 
(LO-Laboroptik GmbH, UK) and plated into the 175 cm2 
ventilated flasks (BD Biosciences, France) in the density 
of round cells 100x106/flask. Cells were cultivated for 24 
hours in the DMEM medium (Invitrogen, UK) containing 
10% of FBS in the incubator (CO2Cell, Germany) under 
standard condition 5% of CO2 and 37°C.

2.4  MSC extraction using red blood cell lysis

For MSC extraction using red blood cell lysis method, 6 
ml of bone marrow (1 vacutainer of 6 ml) was used. The 
total amount of the vacutainer (6 ml) was transferred to 
the 50 ml conical centrifugation tube and Erythrocyte lysis 
buffer (remaining reagent from QIAamp RNA Blood Mini 
Kit, Qiagen GmbH, Germany) was added in the proportion 
1:5. The tube was mixed manually for 1 minute and cen-
trifuged immediately for 5 min at 480 g. Promptly, after 
centrifugation the top layer was discarded and the pellet 
was resuspended with 5 ml of RPMI 1640 medium and 
washed twice using centrifugation in same conditions (5 
min at 480 g). Finally, total volume of resuspended pellet 
was transferred to the 175 cm2 ventilated flask and culti-
vated for 24 hours in the DMEM medium containing 10% 
of FBS in the incubator under standard condition 5% of 
CO2 and 37°C.

2.5  MSC passaging

Using both methods, after 24 hours the media was removed 
and cells were washed with phosphate buffered saline 
(PBS) in order to remove non-adherent cells. MSC Basal 
Medium (Human) (StemCell technologies Inc., Canada) 
containing 10% of special FBS for human mesenchymal 
stem cells (StemCell technologies Inc., Canada) was used 
for subsequent cultivation of MSC. The whole media was 
changed every 3-4 days. When adherent cells became con-
fluent (monolayer was formed), MSCs were treated with 
trypsin-EDTA (Invitrogen, UK), washed twice with PBS, 
counted and distributed to the new 175 cm2 flasks under 
the density 2 x 106/flask, incubated in the incubator under 
the same condition (5% of CO2 and 37°C) (passage 0, P0). 
P0 means period from bone marrow processing till 1st 
monolayer formation. Cells from 1st monolayer trypsiniza-
tion and passaging means passage 1 (P1), next monolayer 
formation and passaging means passage 2 (P2). During 
our study tryspsinization process was repeated twice, 
time to formation of second (P1) and third (P2) monolayer 
was fixed. MSCs from all 8 donors were expanded until 
passage 2. All procedures were performed in the class II 
vertical laminar air flow safety cabinet (ESCO, Singapore). 
After passage 2 the total number of cells was calculated, 
cells were collected for the flow cytometry analysis.
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2.6  MSC number calculation

Cell number was determined using a Bürker counting 
chamber at each passage and expressed in terms of abso-
lute cell number.

2.7  Immunophenotypic analysis

Immunophenotype of MSCs was analyzed using the 
6-color flow cytometry-based identification analysis. Data 
acquisition was performed on a LSR II flow cytometer 
(BD Biosciences, Germany) equipped with three lasers 
(VioFlame 405 nm, Sapphire blue 488 nm and HeNe 633 
nm) and capable of 8-color analysis. MSCs were identi-
fied using 7 key markers: CD105+, CD73+, CD90+, CD14-, 
CD34-, CD45- and HLA-DR-.

3  Statistical methods and experi-
mental procedures

3.1  Statistical analysis

For statistical analysis SPSS software (version 21) was 
used. All results are expressed as mean values ± SD. To 
estimate the probability of differences we have adopted 
the nonparametric Mann-Whitney U-test. Significance 
was set at P < 0.05.

4  Results
In this pilot study conducted from the June of 2013 to 
November of 2013, 8 healthy donors were included. Any 
complications were not stated during procedures of 
bone marrow aspiration. MSCs were extracted using two 
methods: by centrifugation through ficoll gradient (CfFG) 
(4 samples of 60 ml volume) and by red blood cell (RBC) 
lysis (4 samples of 6 ml volume). During this experiment 
the cell morphology and phenotype was evaluated, time 
to the first monolayer (P0) and total number of cultivated 
cells (P2) were calculated and compared between these 
two methods.

Time to the first monolayer (P0). During our obser-
vation mesenchymal stem cells (MSCs) isolated from 60 
ml of BM by CfFG formed monolayer after 13±2.16 days; 

16.125±6.79 x 106 of cells were obtained. MSCs isolated by 
RBC lysis of 10 times lower BM volume (6 ml) formed a 
monolayer after 11±3.3 days; 13.75±6.29 x 106 of cells were 
obtained. The difference between these two groups was 
not statistically significant (p-value=0.7728). According 
to this result we can say that although the bone marrow 
volume used in RBC lysis method was much lower, the first 
monolayer with the same amount of MSCs was obtained 
during the same time.

Total number of cultivated MSCs. Using CfFG method, 
at P1 there were 74±19.6 x 106 of MSCs (after 24±5.5 days 
in culture) and 144.23±52.41 x 106 at P2 (after 29±5.97 days 
in culture) were obtained. Using RBC lysis method, there 
were 39.375±8.26 x 106 MSCs at P1 (after 19±4.9 days in 
culture) and 87.375±7.36 x 106 MSCs at P2 (after 27±4.83 
days in culture). However, there was no statistically signif-
icant difference between respective passages of CfFG and 
RBC methods according to cell number and days in culture 
(Fig. 1): p-value=0.1489 between P1 and p-value=0.5637 
between P2. There also was no statistically significant dif-
ference between CfFG P1 and RBC P2 (p-value=1). This sug-
gests that the final number of cells and cultivation time, 
having different volume of bone marrow, depends on the 
MSCs isolation method: even using small volume of bone 
marrow and RBC lysis the same number of MSCs can be 
expanded during the same time of cultivation.

According the literature, expanded MSCs usually 
were identified according the morphology, plastic adher-
ence and expression of surface markers [11, 12].

Morphological analysis of cultivated MSCs In our 
study, all MSCs were adhered to the plastic surface, had 
typical spindle shaped morphology (Fig. 2, A). There was 
no significant difference observed in MSC morphology 
between different isolation methods and different pas-
sages of each donor. However, it was noticed that MSCs 

Figure 1: MSCs amount obtained at different passages (P0, P1, P2) 
using centrifugation through ficoll gradient (CfFG) and red blood cell 
(RBC) lysis methods. Results are expressed as mean values ± SD.
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isolated by RBC lysis method from colonies earlier, some 
were visible even the next day after isolation (Fig. 2, B).

Flow cytometry analysis. All cells were tested for MSC 
key surface markers. Expression of CD105+, CD73+, CD90+ 
(>95%) and loss of CD14-, CD34-, CD45- and HLA-DR- (<2%) 
was stated in all analyzed cases.

5  Discussion
The commonly applied preparation method for the gen-
eration of MSCs from bone marrow is density gradient 
centrifugation [8]. Usually, to isolate the required amount 
of human MSCs, the high volume (of 20-60 ml) of bone 
marrow aspirates are taken [5, 7, 13]. The procedure is time 
consuming, the premedication and anesthesia for donors 
and working in operating room is obligatory. Some authors 
suggest avoiding low aspiration volume (< 8mL) to reduce 
the risk of obtaining aspirates with low cell number [14]. 
However, other authors showed that RBC lysis of 10-20 ml 
bone marrow volumes could be superior alternative [10]. 
In this study we have demonstrated that using RBC lysis 
the efficient amount of human MSCs can be isolated from 
small volumes (just 6 ml) of bone marrow in comparison 
with typically used larger volumes (60 ml) and ficoll gra-
dient centrifugation.

As described in the literature for therapeutical appli-
cations currently applied doses are in the range of 1–5 
× 106 MSCs/kg body weight [2, 5, 15]. In our pilot study 
the possible therapeutic doses was reached in the same 
period of time using both methods: 144 x 106 of cells were 
obtained after 29 days by CfFG method and 87 x 106 of 

MSCs were obtained after 27 days using RBC lysis. There 
was no statistically significant difference between these 
P2. The Fig. 2 shows, that number of cultivated CfGF and 
RBC cells increases in parallel, so the therapeutic dose 
using RBC lysis should be achieved within a few days of 
next passage. It can be stated that by using RBC lysis, the 
efficient amount of human MSCs can be isolated from 
small volume of bone marrow and expanded during 
similar period of time, in comparison with usually used 
large volume and density-gradient centrifugation.

There could be several possible explanations of RBC 
lysis efficiency. Firstly, during RCB lysis all mononuclear 
cells are used whereas during density-gradient centrifuga-
tion mononuclear cells are collected at an interphase ring 
in the plasma fraction and some MSCs can be lost due to 
procedure itself. Secondly, during cell lysis various growth 
factors are released. Unfortunately, the complete growth 
factor needs for MSCs culture are still unknown [16]. There 
are some suggestions that platelet lysate is a very effective 
supplement for MSCs growth [10]. This might be attributed 
to growth factors such as PDGF or others. Bone marrow 
lysate could have similar impact as platelets lysate used in 
other studies [17]. It may have the impact on faster forma-
tion of the first monolayer that was also observed in our 
study. Other authors also discuss about platelet lysate as 
possible source of various cytokines and grow factors to 
the expansion and differentiation of MSCs [18]. One more 
advantage is that platelet lysate or RBC lysis not only con-
tains the high levels of various growth factor, but is a safer 
method in comparison to largely used MSCs cultivation 
with fetal serum [19]. Disadvantage and risk of fetal serum 
are largely discussed in the literature: here is the risk of 
xenogenic immune reactions or transmission of bovine 

Figure 2: A–Typical spindle shape morphology of human BM-MSCs. B–Human bone marrow MSCs forming a colony 1 day after isolation by 
RBC lysis. Magnitute 400x, scale 100 μm.

A B
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pathogens (various viruses or bacteria), on the other hand 
the huge differences between various manufacturers of 
even between different lots of serum of same manufac-
turer may impact reproducibility of results [17, 20]. So, 
according to the results of various authors and observa-
tion during our study, it is worth investigating the com-
position of the lysate and identify factors important for 
MSCs proliferation. These further investigations would be 
interesting for biotechnology companies and manufactur-
ers which develop defined serum-free cell culture  media.

In the recent years, researchers have been looking for 
new and safer methods for MSCs expansion from bone 
marrow. The new filtration method for MSC extraction 
from bone marrow was published [21].The authors showed 
that this method and novel filter device is a fast, efficient 
and reliable system to isolate MSCs. Using this filter device 
generated significantly greater initial cell recovery requir-
ing less investigator time and resulted in approximately 
2.5-fold more MSCs after the second passage. Since RBC 
lysis method is as effective as centrifugation, it is worth-
while to use the lysis method advantages over centrifuga-
tion. Since all mononuclear cells are isolated and subse-
quently the composition of heterogeneous MSC mixture 
is less affected, this technique simplifies the standard-
ized and Good Manufacturers Practice (GMP) conformed 
culture isolation for clinical application of MSCs. Novel 
clinical grade and automated MSC extraction devices 
could be developed and manufactured based on this 
lysis method. Such standardized methods will reduce the 
risk of contamination and increase the reproducibility of 
MSCs. Secondly, since less bone marrow is needed, the 
patient inconveniences caused by biopsy procedure are 
reduced because of shorter procedure time and shorter 
duration of anesthesia. General complications following 
bone marrow aspiration procedure could be bleeding, 
bruises in the place of aspiration, infection or traumati-
cal lesion of bone. In this pilot study any complications 
for both groups of bone marrow donors were not stated. 
Moreover, lysis is a faster, more straightforward method, 
and centrifugation is time consuming because of frequent 
manual interventions and manipulation [10]. Finally, the 
lysis method can have no additional cost because reagents 
left after standard laboratory procedures can be used, 
with no additional devices or laboratory supplies needed.

In this pilot study we showed that RBC lysis is effec-
tive, less time consuming and a safer method for MSCs 
expansion from small amount of bone marrow comparing 
to centrifugation through ficoll gradient method. Accord-
ing to our results it can be assumed, that bone marrow 
lysate could have the same impact on MSCs expansion 
and cultivation time as platelete lysate methods described 

in the literature. These our primary observations need 
additional research and future evaluation to develop 
clinical grade protocol to use the bone marrow lysate as 
medium supplement.

In conclusion, we have shown that MSCs isolation 
using remaining RBC lysis buffer from QIAamp RNA 
Blood Mini Kit (Qiagen GmbH) is an effective and more 
advantageous method over standard MSCs isolation using 
density-gradient. Using RBC lysis from a small volume 
of bone marrow, the same amount of human MSCs were 
obtained as when using large volumes and density-gradi-
ent method.
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