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Abstract: Somatic stem cells posses an exclusive property of self 

regeneration and plasticity which makes them promising candidates for use 

in tissue engineering and regenerative medicine. In the case of stem cell 

therapy it is crucial to obtain them in sufficient amount. That’s why they 

have to be cultured under in vitro conditions. Long term culture provides 

adequate number of cells, but on the other hand it is associated with 

increased risk of spontaneous cell transformation. In this study we analyzed 

the effect of serial passaging (up to 10th passage) on the morphological and 

selected biological characteristics of human stem cells isolated from 

adipose tissue in respect to potential malignant transformation. Obtained 

results showed that human adipose tissue-derived stem cells maintained 

their morphological and biological properties during 10 passages and after 

performing further tests mainly addressed the cytogenetic stability and 

expression of regulators of cell cycle, senescence and apoptosis, they 

should be safely used in clinical practice. 
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Introduction 

Mesenchymal Stem Cells (MSCs) are defined as clonal 

and multipotent cells that can undergo the process of 

multilineage differentiation. They also posses unique 

capability of self-renewing and active migration to affected 

tissues or organs. In mature organism they are responsible 

for promoting the process of regeneration of damaged 

tissues (Shanti et al., 2007). Due to these biological 

properties they attracted significant attention mainly in field 

of regenerative medicine and tissue engineering 

(Richardson et al., 2016; Zamborsky et al., 2014). 

MSCs were first obtained from bone marrow as 

fibroblastic Colony Forming Units (CFU-F) by 

Friedenstein et al. (1976). Since their discovery, MSCs 

were isolated from different tissues, including cord 

blood, placenta, skin, skeletal muscles, periosteum, etc. 

MSCs are characterized by specific markers-CD73, 

CD90 and CD105; and do not produce markers of 

hematopoietic and endothelial cells-CD14, CD34 and 

CD45. Moreover, they must be capable of differentiating 

into at least three lineages (Dominici et al., 2006). Recent 

research focused on genomic profiles provided evidence 

that MSCs express also markers of pluripotency (Oct-4, 

Nanog and Sox2), which maintained their 

undifferentiated state (De Los Angeles et al., 2015). 

Moreover, Kestendjieva et al. (2008) showed that MSCs 

produce survivin, which is also extensively expressed in 

majority of human cancers (Adamkov et al., 2015; 

Halasova et al., 2010). 

Recently, adipose tissue belong to most easily 

accessible source of MSCs. Sampling procedure 

(liposuction) is relative safe and does not represent 

increased risk for patient when compared with other 

tissue sources. Moreover, 1g of adipose tissue contains 

approximately 500-5000 of MSCs, which may be 

obtained by enzymatic digestion with subsequent 

cultivation in vitro (Sakaguchi et al., 2005). 

The basic prerequisite for clinical application of 

MSCs is their therapeutically sufficient quantity. 

However, it was reported that prolonged cultivation may 

affect properties of MSCs and may give arise to 

spontaneous transformation (Kuniakova et al., 2015). 
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In the present study we analyzed morphological and 

selected biological characteristics of MSCs obtained 

from adipose tissue during pro-longed expansion in vitro 

(up to 10th passage). 

Materials and Methods 

Isolation and Cell Culture 

Adipose Tissue-Derived Stem Cells (ATSCs) were 
obtianed from fresh subcutaneous fat tissue obtained 
during planed aesthetic surgeries. All donors were 
healthy females (n = 6; average age = 38 years) and all 
procurement procedures were performed in agreement 
with Helsinki declaration after obtaining patient’s 
informed consent. 

ATSCs were isolated according protocol published 

by Zuk et al. (2001) with several modifications. Briefly, 
lipoaspirates were washed with Phosphate Buffered 

Saline (PBS; Oxoid, GB) supplemented with 100 µg 

mL
−1

 streptomycin, 100 U mL
−1

 penicillin and 0.25 µg 
mL

−1
 Amphotericine B (PAA, Austria). Aliquots of 8 g 

were taken into 50 mL centrifuge tubes with 0.1% 
collagenase type I (Gibco, USA) and incubated for 60 

min at 37°C on a shaker. Subsequently, samples were 

centrifuged (10 min, 1200 rpm). The supernatants were 
aspired. Obtained sediments were re-suspended with 

complete culture medium consisted of DMEM-Ham’s F-
12 (Sigma-Aldrich, USA) supplemented with 10% fetal 

bovine serum (FBS; PAA, Austria) and 100 µg mL
−1

 
streptomycin, 100 U mL

−1
 penicilin, 0.25 µg mL

−1
 

Amphotericine B followed by next centrifugation. Final 

pellets were re-suspended with complete culture medium 
and filtered through 40 µm cell strainers into culture 

flasks (TPP, Switzerland). ATSCs were maintained 
under standard conditions in CO2 incubator (37°C; 5% 

CO2) for 24 h. Then, non-adherent cells were aspirated 

by changing the medium. Culture medium was refreshed 
every 2-3 days. When the cells reached 80% confluence, 

they were trypsinized by 0.25% trypsine (Sigma-Aldrich, 
USA) and sub-cultured at 5000 cells/cm

2
 under same 

condition until 10th passage. 

Immunophenotyping 

ATSCs appointed for flow cytometric analysis were 
detached by 0.25% trypsin and then re-suspended in 
blocking buffer (solution of PBS and 0.5% bovine serum 
albumin) (PAA, Austria). The MSC phenotyping kit 
(Miltenyi Biotec, Germany) was applied in all 
experiments. Cell suspensions were processed according 
to manufacturer’s protocol and were analyzed by 
MACSQuant® Analyzer (Miltenyi Biotec, Germany). 

Morphological Analysis 

The morphology of ATSCs was gradually evaluated 
using inverted microscope Zeiss Axiovert 100 (Carl 
Zeiss, Germany).  

ATSCs selected for TEM analysis were fixed in 2.5% 

glutaraldehyde (Sigma-Aldrich, USA), pH = 7.2, at 4°C 

for 4 h. Subsequently, cells were washed by PBS and 

post-fixed using 2% osmium tetraoxide (Serva, 

Germany) for 2 h, then washed in distilled water and 

dehydrated in a graduated series of ethanol (Centralchem, 

Slovakia). Afterwards, the samples were embedded in 

Durcupan (Sigma-Aldrich, USA) and sliced into semi-thin 

sections. The samples were stained by toluidine blue 

(Sigma-Aldrich, USA) for 10 min and minced into ultra-

thin sections. Finally, they were mounted on 200 mesh 

copper grids, double stained by uranyl acetate and lead 

citrate (Sigma-Aldrich, USA) and analyzed using a TEM 

FEI Morgagni 268D (FEI, USA). 

Cell Cycle Analysis 

ATSCs were detached with 0.25% trypsine and 

centrifuged (1200 rpm, 10 min). Obtained cells were 

carefully rinsed with PBS followed by ethanol fixation. 

Prior to analysis, cells were treated with Muse Cell Cycle 

Reagent (Merck Millipore, USA) for 30 min. Cells were 

assessed with Muse Cell Analyzer (Merck Millipore, USA). 

Detection of Telomerase Activity 

Detection of telomerase activity of ATSCs was 

continually analyzed by using TRAPeze® RT Telomerase 

Detection Kit (Merck Millipore, USA) according to the 

manufacturer’s recommendations. Briefly, the cells were re-

suspended in 200 µL CHAPS Lysis Buffer (Merck 

Millipore, USA) and incubated on ice for 30 min. Then, 

cells were processed by centrifugation (12000 rpm; 20 min 

at 4°C). 160 µL of the supernatant was transferred into a 

tube and the protein concentration was determined. Finally, 

the “Master Mix” was performed by mixing all reagents 

with sample. The PCR reactions were done on Eco Real-

Time PCR System (Illumina, USA). 

Cytogeneic Analysis 

Karyological slides were prepared according to 
standard protocol. Briefly, ATSCs appointed for 
cytogenetic analysis were treated by colcemid solution. 
After 2 h, cells were trypsinized. Obtained suspension 
was resuspended in culture medium and centrifuged. 
Supernatant was aspirated and cells were hypotonized by 
0.075 M KCl. After subsequent centrifugation, cells 
were two times fixed by pre-cooled fixation solution 
(methanol and acetic acid). Cells were pipetted on the 
clean slide and stained by Giemasa solution 
(Centralchem, Slovakia).  

Results 

ATSCs were attached on the bottom of culture flasks 

after 24 h of culture. They proliferated in colonies and 

had typical fibroblast-like morphology (Fig. 1a). 

Between 3 to 5 days, ATSCs reached 80% confluence 
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and were sub-passaged. During further cultivation (up to 

10th passage) they keep this morphology (Fig. 1a-d). 

The results (Fig. 2) from cytometric analysis proved 

the expression surface antigens CD73, CD90 and CD105 

typical for MSCs. However, the expression of CD73 in 

10th passage was not that homogenic compared to 

expression recorded in previous passages. On the other 

hand, they did not express CD14, CD20, CD34 and CD45. 

The expression of these surface antigens was not altered 

even when ATSCs were cultured up to passage 10.  

As presented on Fig. 3, morphological analysis on 

TEM level showed normal ultrastructural feature of 

protheosynthetically active cells. They had irregular 

morphology with noticeable nuclei (often eccentrically 

located). They contain predominantly euchromatine. 

ATSCs contained well developed rough endoplasmic 

reticulum (Fig. 3a-b). The first changes in ultrastructural 

morphology were recorded 10th passage. ATSCs 

contained lamellar bodies, so called endosomes in their 

cytoplasm (Fig. 3c). 

 

 
 
Fig. 1. Representative micrographs of in vitro expanded human ATSCs: (a) primary culture; (b) 1st passage; (c) 5th passage; (d) 10th 

passage (scale bar = 20µm) 
 

 
 

Fig. 2. Representative histograms of human ATSCs during prolonged in vitro expansion 
 

 
 
Fig. 3. Representative electronograms of in vitro expanded human ATSCs: (a) 1st passage; (b) 5th passage; (c) 10th passage 
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Fig. 4. The representative distribution of certain cell cycle phases during prolonged in vitro expansion of human ATSCs 

 

 
 

Fig. 5. Telomerase activity in human ATSCs during prolonged in vitro expansion 

 

 

 
Fig. 6. Representative karyotypes of human ATSCs during prolonged in vitro expansion: (a) 1st passage; (b) 10th passage 

 

The distribution of certain cell cycle phases is 

presented in Fig. 4 and Table 1. During early passages 

(P1-P5), the majority of cells were arrested in G0/G1 

phase. In later passages ATSCs were characterized by 

increased proliferation, majority of cells were in S and 

G2/M phase. 
As presented in Fig. 5, the TRAPeze assay 

demonstrated that hADSCs gradually lost telomerase 
activity in passage increasing manner. 

Cytogenetic analysis did not show any changes in 

karyotype. During whole experiment (up to 10th 

passage) the ATSCs had normal female karyotype 

46,XX (Fig. 6).  

Discussion 

Somatic stem cells which were first described over 

fifty years ago still attract tremendous interest of the 

researchers nowadays. It was documented, that stem 

cells due to their unique biological characteristics have 

significant therapeutic potential for repairing damaged 

and/or defective tissues (Ham et al., 2015; Sekiya et al., 

2015; Zamborsky et al., 2014). The main prerequisite of 

stem cell-based therapies application is obtaining their 

adequate amount by expansion in vitro. The time of 

culture seem to be critical because several studies 

described changes of biological properties of stem cells 



Lenka Oravcova et al. / OnLine Journal of Biological Sciences 2016, 16 (4): 145.151 

DOI: 10.3844/ojbsci.2016.145.151 

 

149 

during prolonged cultivation (Nava et al., 2015; Zhu et al., 

2015). The present study was therefore aimed at analysis of 

selected biological and morphological properties of ATSCs 

during prolonged culture in vitro up to 10th passage. 

ATSCs were obtained from fresh subcutaneous fat of 

healthy donors by enzymatic digestion. This approach 

has been used to obtain population of fibroblast-like 

stem cells in high quantities, up to 1.10
6
/g of adipose 

tissue (Yang et al., 2011). Due to the yield and the fact 

that liposuction represent only low burden to patients, 

adipose tissue represent attractive, safe and rich source 

of adult stem cells. After isolation, ATSCs start to 

proliferate in colonies and display high proliferation 

potential. ATSCs were characterized by flow cytometry. 

They expressed markers of mesenchymal stem cells 

CD73, CD90 and CD105; and did not produce CD14, 

CD20, CD34 and CD45 typical for haematopoietic and 

endothelial cells (Dominici et al., 2006). During all 

experiment, we did not record alterations in the 

production of mentioned markers, instead of non-

homogenic expression of CD73 in 10th passage. 

Mentioned may be associated with different intensity of 

CD73 expression in cultured ATSCs (cells became more 

heterogenous). This phenomenon may be overlapped by 

selecting more suitable culture media. However, our 

results correlated with results of Shi et al. (2015) who 

showed stable immunophenotype of human umbilical 

cord-derived MSCs up to passage 16. 

Morphological analysis showed the morphology of 

fibroblast-like cells. On the level of light microscope, we 

observed only small alternation of morphology in the 

passage 10; cells became bigger in their cytoplasmic 

projections. Mentioned was in good correlation with 

finding obtained from TEM analysis. At the ultra-

structural level, ATSCs showed morphology of 

proteosynthetically active cells without pathological 

changes. Cells contained nuclei with prevalence of 

euchromatine. They were also characterized by well 

developed rough endoplasmic reticulum. Only in last 

passage they contained a small amount of lamellar 

bodies, s.c. endosomes in the cytoplasm. In our previous 

morphological study we identify these structures in 

higher passages (about passage 30) but they were present 

in significantly higher quantities (they filled out almost 

whole cytoplasm) (Varga et al., 2015). These structures 

represent late stage of endosome maturation with partial 

electron dense areas prior to final breakdown by 

lysosomes (Huotari and Helenius, 2011).  
The analysis of cell cycle showed that ATSCs were 

arrested in G0/G1 phase at the beginning of experiment. 
Mentioned is probably associated with process of 
adaptation on in vitro conditions. In later passages, 
ATSCs underwent massive proliferation and majority of 
them were in S and G2/M phase. Comparable finfings 
were described by other authors dealing with different 
stem cells (Chen et al., 2014; Jiang et al., 2012). 

Our data obtained from analysis of telomerase 

activity showed, that serial passaging led in its reduction 

in passage increasing manner. This was in agreement 

with previous studies dealing with stem cells from 

different sources in prolonged in vitro culture (Nava et al., 

2015; Fu et al., 2015). However, there is still possibility 

of alternative lengthening of telomeres (maintained by 

homologous recombination-mediated DNA replication 

mechanism) which occurs in some human tumours of 

mesenchymal origin (Cesare and Reddel, 2010). Nava et al. 

(2015) analyzed ALT in hADSCs during long term 

culture, but their results did not proved its presence. 
Another important finding was that ATSCs during 

the first 10 passages maintained the cytogenetic stability. 
However, it should be noted that we have used only the 
conventional staining and therefore it will be useful in 
the future to add additional cytogenetic analysis (e.g., 
Comet assay for DNA fragmentation, micronucleus test 
etc.) because other authors captured in high passages not 
only of numerical aberrations but also translocation, 
chromosomal breaks etc. (Froelich et al., 2013). 

Conclusion 

Based on obtained results we can emphasize that in vitro 
cultured human ATSCs during the first 10 passages do not 
exhibit substantial changes in morphology and in biological 
properties. However, in the context of their safe use in 
clinical practice we recommend to perform further tests 
mainly addressed the cytogenetic stability and expression of 
regulators of cell cycle, senescence and apoptosis. 
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