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ABSTRACT 
 

The aim of this review was to describe the current state-of-the-art regarding isolation, characterization and aging of 
adipose tissue-derived mesenchymal stem cells (ADSCs). Mesenchymal stem cells (MSCs) have recently received 
widespread attention because of their potential use in tissue-engineering applications. Various studies have 
indicated that MSCs with a fibroblast-like morphology migrate to the sites of injury and help to regenerate damaged 
tissue. Over the past few years, it has been recognized that fat is not only an energy supply, but also a rich source of 
multipotent stem cells that can be easily harvested, isolated and selected as compared with other tissues. ADSCs are 
particularly interesting because of their rapid proliferation and multidirectional differentiation potential.   
 

Keywords: Adipose tissue-derived mesenchymal stem cells, adipose tissue, isolation, aging, differentiation 

potential. 

 

 

                                                           
*Author for correspondence: r.farahzadi@iaut.ac.ir  

Human & Animal Health 



Farahzadi, R et al. 

 

Braz. Arch. Biol. Technol. v.59: e16150383, Jan/Dec 2016 

 

2 

 

CHARACTERIZATION AND 

APPLICATION OF ADSCs 

 
The pioneering work of Cohnheim in 1867 on 

non-hematopoietic stem cells in the bone marrow 

followed by Friedenstein and coworkers in the 

1960s on the isolation, culture, and osteogenic 

differentiation of bone-marrow-derived cells from 

guinea pigs opened a new field of stem cell 

research (Friedenstein et al. 1974; Banas et al. 

2007; Ko et al. 2007; Baer and Geiger 2012; Fathi 

and Farahzadi 2015). They discovered that the 

bone marrow contained fibroblastoid cells with 

clonogenic potential in vitro, which were capable 

of forming colonies (CFU-F). Almost 20 years 

later, subsequent investigations by Caplan 

introduced the stromal and mesenchymal stem 

cells (MSCs) terms to the scientific community 

and mentioned that human MSCs were also able to 

differentiate into adipocyte cell lineage (Caplan 

1991; Baghaban Eslaminejad et al. 2009; Baer and 

Geiger 2012). Stem cells are characterized by the 

ability to renew themselves and to differentiate 

into many different cell types in the body. There 

are two kinds of stem cells isolated from the 

animals and humans: embryonic stem cells 

(ESCs), which are derived from the inner cell mass 

of blastocyst that are formed several days after an 

egg is fertilized, and non-embryonic stem cells, 

also known as adult stem cells that are attained 

from different tissues. Although ESCs exhibit an 

almost unlimited differentiation potential, they are 

not available in the medical and research practice 

because of the significant ethical, legal and 

political concerns (Ko et al. 2007; Abd El Samad 

2011; Ahmad and Shakoori 2013).  

There are different sources of stem cells for 

different applications. However, sources are 

preferred that allow minimally invasive procedures 

and recovery of abundant quantities of cells 

(Gimble 2003). Variable number of stem cells is 

present in different tissues such as liver, heart, 

kidney, skin, bone marrow, adipose tissue, 

placenta, dental, amniotic fluid, amnion and 

umbilical cord blood as well as in various fetal 

tissues (Wei et al. 2000; Banas et al. 2007). Earlier 

it was considered that stem cells can only 

differentiate into mature cells of the same organ 

but recent evidences have shown that they can also 

differentiate into other cell types and even into the 

cells of ectoderm, mesoderm and endoderm 

(Beltrami et al. 2001; De Ugarte et al. 2003; Jin et 

al. 2007; Vieira et al. 2010; Ren et al. 2012). It has 

been demonstrated that MSCs include a 

heterogeneous population of cells with 

multilineage differentiation potential, ability to 

modulate oxidative stress, and produce a variety of 

factors that are capable of manipulating a broad 

range of biological functions (Caplan 2007). The 

most important are angiogenesis, secretion of 

neuroregulatory peptides, growth factors and 

cytokines that can have immunomodulatory, 

angiogenic, anti-inflammatory and anti-apoptotic 

effects (Caplan 2007; Fathi et al. 2013). In general, 

human mesenchymal stem cell (hMSCs) from 

different sources share many biological features, 

although there are some differences in 

morphology, immunophenotype, proliferative 

capacity, differentiation potential, gene expression 

profile, proteome, immunomodulatory activity and 

utility for specific medical applications (Strioga et 

al. 2012). The potential use of these cells as a 

therapy in a wide range of clinical trials has been 

performed (e.g., for cardiac events, stroke, 

multiple sclerosis, blood diseases, auto-immune 

disorders, ischemia, cartilage and bone pathologies 

and genetic diseases) (Valenti et al. 2015). Fetal 

MSCs have been observed in maternal peripheral 

blood, suggesting that fetal surface antigens could 

be considered biomarkers for a noninvasive 

prenatal diagnosis, and the analysis of these cells 

in the amniotic fluid represents a useful tool for 

the identification of neural tube defects 

(Pennington et al. 2013). These stem cells are 

considered to have more plasticity and under 

certain culture conditions, they can easily be 

differentiated in vitro into multiple types of 

lineages such as: chondrogenic, osteogenic, 

adipogenic, myogenic, neurogenic, and 

hepatogenic (Noer et al. 2006; Banas et al. 2007; 

Abd El Samad 2011). Human MSCs can 

differentiate into other mesodermal tissues such as 

skeletal muscle (Dezawa et al. 2005), myocardium 

(Shim et al. 2004), smooth muscle (Jeon et al. 

2006), and endothelium (Oswald et al. 2004). 

Herrera et al. (2004) found that mouse 

mesenchymal stem cells (mMSCs) engrafted in the 

damaged kidney differentiated into tubular 

epithelial cells and promoted the recovery of 

morphological and functional alterations. The 

ability of MSCs to differentiate in vitro could be of 

great clinical significance (Baghaban  Eslaminejad 

et al. 2009). Bone marrow mesenchymal stromal 

cells (BM-MSCs) have multipotent properties 

suitable for tissue engineering and regenerative 
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medical applications. However, BM-MSCs are not 

abundant, cell harvesting requires an invasive 

technique, and the cells are easily contaminated 

(Ren et al. 2012). Adult stem cells (ASCs) can be 

derived from different sites other than the bone 

marrow. Adipose tissue has become a rich source 

of MSCs providing an abundant and accessible 

source of ASCs with minimal patient discomfort. 

It lacks donor limitation, and obtaining these stem 

cells has a low risk of side effects. These cells are 

fibroblast-like cells capable of multipotential 

differentiation, which have been found in different 

species and have been termed ADSCs (Bianco et 

al. 2001; Vieira et al. 2010). The terms “adipose-

derived adult stem (ADAS) cells”, “adipose-

derived stromal cells (ADSC)”, “adipose stromal 

cells (ASC)”, “adipose mesenchymal stem cells 

(AdMSC)”, “preadipocytes”, “processed 

lipoaspirate (PLA) cells”, and “adipose-derived 

stromal/stem cells ” for the cells isolated almost by 

a similar isolation procedure (plastic adherence) 

have been used in the literature. To eliminate this 

variation, the International Fat Applied 

Technology Society (IFATS) reached a consensus 

to adopt the term “adipose-derived stromal/stem 

cells” to identify the plastic adherent, cultured and 

serially passaged, multipotent cell population from 

adipose tissue (Mitchell et al. 2006; Gimble et al. 

2007).  

ADSC application is much less expensive than 

BM-MSC use, and the stem cell numbers that can 

be extracted from the isolated adipose tissue is 

higher than for BM-MSCs (Dicker et al. 2005). 

One gram of human adipose tissue yields 

approximately 5 × 10
9
 stem cells, 500 times the 

number of MSCs harvested from one gram of bone 

marrow (Hall et al. 2010).  ADSCs were able to 

keep strong proliferative ability, maintain their 

phenotypes, and have stronger multi 

differentiation potential after 25 passages (Zhu et 

al. 2008). The one study by Zhu et al. (2008) 

showing the relationship between different 

subculture time and growth ability. This showed 

that human ADSCs of passage 25 after being 

subcultured every 14 days also have renewable 

ability even stronger than passage 25 cells that 

were subcultured every five days. The results of 

this study indicated that in order to obtain more 

and higher quality cells, ADSCs could be sub-

cultured every 14 days instead of the normal five 

days. ADSCs possess similar surface markers and 

differentiation potential as BM-MSCs, and can 

differentiate into cell types of the three germ 

layers under appropriate conditions (Ren et al. 

2012). The differentiation potential of ASCs into 

cells of ecto- and endodermal origin has also been 

shown (Baer et al. 2012). Therefore, the term 

multipotent stem cells would be correct for 

ADSCs, as a differentiation into cells from all 

three germ layers has been shown (Baer et al. 

2012). 

In general, MSCs are isolated by their capacity to 

adhere to culture-dish plastic. The cells can be 

expanded in the culture while maintaining their 

multipotency during standard cell culture and are 

immunologically characterized by a specific panel 

of markers. However, the characterization of 

MSCs remains difficult due to the lack of 

definitive and unique cellular markers. Therefore, 

the International Society for Cellular Therapy 

proposed three minimal criteria for the definition 

of cultured MSCs: (a) plastic adherence, (b) 

expression of CD73, CD90, and CD105 and lack 

of CD34, CD45, CD11b or CD14, CD19 or 

CD79α and HLA-DR expression, and (c) their 

trilineage differentiation potential into adipocytes, 

chondrocytes, and osteoblasts (Oedayrajsingh 

Varma et al. 2007).  The immunophenotype of 

MSCs changes over the course of culturing; some 

of these changes may represent alterations in the 

biological features of MSCs; for example, in 

murine BM-MSCs the loss of expression of CD90, 

CD15 and CD309 associated with the spontaneous 

neoplastic transformation after numerous passages 

(Ren et al. 2012). Human MSCs have largely been 

shown to be free of such transformative events 

(Ren et al. 2012). 

MSCs are attractive candidates for clinical 

applications such as tissue engineering, organ 

transplantation and repair damaged tissues in 

cardiovascular diseases and inflammatory disease, 

especially because these cells hold no ethical 

concerns and can be isolated in appropriate 

amounts from several sources and expanded in 

culture (Hall et al. 2010). Some studies 

demonstrated that mouse ADSCs could release 

multiple angiogenic growth factors and 

cytokines/chemokines. These suggest that they 

may have potential as a useful cell source for 

therapeutic angiogenesis (Efimenko et al. 2011). 

Fernández-García et al. (2015) indicated that 

ADSCs improve the homing of donor 

hematopoietic stem and progenitor cells into 

recipient bone marrow, facilitating the stable 

reconstitution of transplanted recipients with 

infused hematopoietic grafts. These results 
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opening new perspectives in the application of 

AdSCs in hematopoietic stem cell gene therapy. In 

another study, Kim et al. (2015) showed that 

Platelet-derived growth factor-D can be considered 

a novel ADSCs stimulator, and used as a 

preconditioning agent before ADSCs 

transplantation.   

Furthermore, their therapeutic potential in 

veterinary medicine has been available since 2003 

and has been used in more than 2500 horses and 

more than 500 dogs (Hall et al. 2010). 

The isolation method and the cytological 

characterization of stromal precursor cells from 

adipose tissue were shown at the beginning of the 

1970s (Poznanski et al. 1973). ADSCs have been 

obtained from bovine, dog, goat, horse, rabbit, rat, 

mouse, pig and human (Noer et al. 2006; Vidal et 

al. 2007; Jin et al. 2007; Torres et al. 2007; 

Yamamoto et al. 2007; Williams et al. 2008; 

Vieira et al. 2010; Hall et al. 2010; Nakanishi et al. 

2011; Abd El Samad 2011; Ren et al. 2012; 

Strioga et al. 2012; Ahmad and Shakori 2013). It 

has been published for ADSCs that liposuction 

side, liposuction procedure, variations in the 

isolation techniques, growth media, culture 

conditions, age or body mass index play an 

important role in the cell yield, growth, and 

frequency of stem cells causing a remarkable 

difference in their proliferation and differentiation 

capacity (Tsai et al. 2006; Jurgens et al. 2008; 

Baer et al. 2012). For example, Zhu et al. (2009) 

showed that the osteogenic potential of human 

female ADSCs decreased with the age, but the 

adipogenic potential remained unchanged.  

 

ADSCs HARVESTING, ISOLATION AND 

CULTURING 

 
Adipose tissue is obtained from different organs 

such as abdominal subcutaneous, inguinal, kidney, 

or epididymis under sterile conditions (Banas et al. 

2007; Zaminy et al. 2008; Park et al. 2010; Ren et 

al. 2012; Ahmad and Shakori 2013; Huangm et al. 

2013). Adipose tissues are transported to the 

laboratory in phosphate-buffered saline (PBS) 

solution or Dulbecco’s Modified Eagle’s Medium 

(DMEM) containing antibiotics within 2 h post-

surgery for further procedures (Banas et al. 2007; 

Ahmad and Shakori 2013). Adipose tissue is 

minced with fine scissors and surgical scalpels into 

less than 3 mm
3
 pieces. The adipose tissue is 

washed extensively with sterile equal volumes of 

PBS or Hank’s balanced salt solution (HBSS) 

containing antibiotics to remove the contaminating 

debris and red blood cells (Noer et al. 2006; Jin et 

al. 2007; Vieira et al. 2010). To isolate ADSCs, 

the sample is spun at 2000 rpm for 5 min to collect 

the fat tissue pieces. The fat pieces are washed 

extensively with sterile equal volumes of PBS 

three times and treated with 0.01% (Park et al. 

2010; Ahmad and Shakori 2013), or 0.075% (De 

Ugarte et al. 2003; Ko et al. 2007; Banas et al. 

2007; Vieira et al. 2010), or 0.1% (Jin et al. 2007), 

or 0.2% (Ren et al. 2012) type I collagenase 

prepared in PBS (De Ugarte et al. 2003; Ko et al. 

2007; Banas et al. 2007; Jin et al. 2007; Vieira et 

al. 2010; Ren et al. 2012; Cardoso et al. 2012) or 

DMEM medium for 30 to 120 min at 37°C with 

gentle agitation after every 10 min (Ko et al. 2007; 

Ahmad and Shakori 2013) (Fig.1). Enzyme 

activity is neutralized with DMEM high or low 

glucose containing 10% fetal bovine serum (FBS) 

and centrifuged at 1200 rpm for 10 min to obtain a 

pellet. The pellet is re-suspended in complete 

medium (DMEM containing 10-15% FBS, 100 

U/mL penicillin, and 100 µg/mLstreptomycin) and 

filtered through a 100 µm nylon mesh to remove 

the cellular debris (Ko et al. 2007; Jin et al. 2007; 

Ahmad and Shakori 2013). The number of cells is 

counted by hemocytometer and the cells are 

allowed to adhere to a plastic culture plate at 10
4
 

cells/cm
2
 and incubated overnight at 37ºC under 

5% CO2. These steps remove the contaminating 

blood cells because they do not adhere to the 

plastic (Ko et al. 2007). Following incubation, 

cells are washed with PBS 24–48 h after plating to 

remove the unattached cells and fed with fresh 

media (Vieira et al. 2010). Culture medium is 

changed after 3-5 days to remove the non-adherent 

cells and twice weekly thereafter. The primary 

cells are cultured for 4-5 days until they reach the 

confluence and are defined as passage “0” (De 

Ugarte et al. 2003; Ko et al. 2007; Ren et al. 2012; 

Ahmad and Shakori 2013) (Fig. 2). The cells 

typically reach confluence in four to six days (Ko 

et al. 2007). The cells are then harvested by 

digestion with 0.05%, or 0.25% trypsin-EDTA, 

centrifuged at 1200 rpm for 5 min, re-suspended in 

complete medium and plated at a density of 

approximately 10
4
cells/cm

2
. Cells are passaged 

with trypsin-EDTA upon reaching 80-90% 

confluency and expanded until passage 4, 

whereupon they are cultured until confluent and 

differentiation potential analyzed. The remaining 

cells are cryopreserved in cryopreservation media 
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(10% dimethylsulfoxide, 10% DMEM, 80% FBS), 

frozen at –80°C for 24 h, and stored in liquid 

nitrogen the next day (Vieira et al. 2010; Ren et al. 

2012; Ahmad and Shakori 2013). 

 

 
Figure 1- Different protocols for adipose tissue-derived mesenchymal stem cell isolation 

 

 
Figure 2- Diagram for adipose tissue-derived mesenchymal stem cells isolation 
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ADSC AGING 
 

Aging is a complex process that affects most of the 

biological functions of an organism, generally 

culminating in disease and death due to the 

accumulation of different types of stress such as 

oxidative reactions, telomere shortening and the 

decline of the DNA repair. Similar to normal 

somatic cells, adult stem cells are exposed to 

stressors during the life span, leading to an age-

dependent decline in their number and function. 

Many studies have constantly considered a 

senescent tendency of MSCs upon expansion (Tsai 

et al. 2006). Furthermore, the difference in stem 

cell properties and the senescence encountered 

during the expansion hinder the clinical 

applications of MSCs. Thus, evaluating stem cell 

aging status is essential for the successful use of 

stem cells in clinical practices (Tsai et al. 2006). 

''In vitro'' studies have shown that human ADSCs 

age after about 30 population doublings (Meza-

Zepeda et al. 2008) consequently losing 

adipogenic differentiation capacity (Noer et al. 

2007). It should be noted that differences in the 

doubling times of ADSCs originating from 

different anatomical regions of the body have been 

reported (Hass et al. 2011). For example, the mean 

doubling time of the umbilical cord-derived 

human MSCs at passage 1 (P1) was determined to 

be approximately 24 h and remained almost 

constant up to P10. In contrast, the mean doubling 

time of human BM- MSC was 40 h and increased 

considerably after P6 (Lu et al. 2006). Van 

Harmelen et al. (2004) found that ADSCs from 

subcutaneous adipose tissue region proliferated 

faster (doubling time, 4 + / -1 days) than those 

from the omental (the layer of tissue around the 

stomach and intestines) region (doubling time, 5 

+/- 1 days). Kern et al. (2006) investigated the 

senescence ratio of ADSCs in comparison to BM-

MSC. Human ADSCs could be cultivated up to P8 

without any sign of senescence whereas in human 

BM-MSCs this process started from P7 (Kern et 

al. 2006; Hass et al. 2011). 

Some studies found that in rat and human aged 

ADSCs, the mRNA expression level and protein 

content of p53 increased (Efimenko et al. 2011). 

One of the factors involved in both proliferation 

and senescence is c-myc a tumor promoter gene. 

In aged human ADSCs, c-myc is down-regulated 

similar to other senescent cell types (Mallette et al. 

2007). All mentioned features were accompanied 

by telomere shortening. Reduction in proliferation 

potential was shown in aged human ADSCs as 

compared to young ADSCs (Meza-Zepeda et al. 

2008). Another study demonstrated that the culture 

of human MSC under hypoxic conditions was 

accompanied by increased Oct4 expression and 

telomerase activity, which were involved in 

stemness maintenance (Hass et al. 2011). Tsai et 

al. (2006) demonstrated that hypoxic culture not 

only prevented the replicative senescence noted in 

expanded human MSCs, but also increased 

lifespan, proliferation capacity, differentiation 

efficiency, and maintained stem cell properties. 

The underlying mechanism was described to 

depend on down-regulation of E2A-p21 by the 

HIF-TWIST pathway (Tsai et al. 2006). 

Expression of p21 also induced by p53 and acted 

as a suppressor of cell-cycle progression. After 

p21 activation, cells undergo senescence and 

induce apoptosis. Although p21 expression and 

senescence have been reported to impair the 

efficiency of somatic cell reprogramming, the 

roles of p21 in stem cell properties and 

pluripotency regulation have not been elucidated 

(Tsai et al. 2006). The same report also 

demonstrated that TWIST, suppressed the E2A 

transcription to inhibit p21 expression, through 

direct binding to E-boxes of E2A promoter. In 

addition, knockdown of p21 induced the cell 

growth and increased stem cell properties under 

normoxia (Tsai et al. 2006). Furthermore, it was 

found that up-regulation of E2A in expanded 

MSCs, induced p21 to cause cell-cycle arrest and 

replicative senescence (Tsai et al. 2006). 

Therefore, in vitro primary culture in a normoxic 

atmosphere (21% O 2) can be considered as an 

exposure to enhanced oxidative stress and 

promotes the generation of metabolic radicals, or 

reactive oxygen species (ROS) (Hass et al. 2011). 

Indeed, human MSCs cultured under normoxic 

conditions exhibit premature senescence and a 

reduction in population doublings in comparison 

to the cells cultured under hypoxia and may also 

show restricted cell division due to telomere 

shortening and replicative senescence (Wagner et 

al. 2010). Methods enhancing the lifespan, or stem 

cell properties of MSCs include retroviral 

transduction of the human telomerase gene, 

HPV16 E6E7, and the combined use of growth 

factors in a serum-free culture (Tsai et al. 2006). 

Therefore, the use of proper methods for reducing 

stem cell senescence is necessary.  

 

 

http://dictionary.cambridge.org/dictionary/british/layer
http://dictionary.cambridge.org/dictionary/british/tissue
http://dictionary.cambridge.org/dictionary/british/stomach
http://dictionary.cambridge.org/dictionary/british/intestine
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ADSC DIFFERENTIATION POTENTIAL 
 

By definition, stem cells are able to self-renew, 

exist in an undifferentiated or unspecialized state, 

and are capable of differentiation, or specialization 

into lineage-specific cell types (Ko et al. 2007). 

The in vitro differentiation of ADSCs into multiple 

cell types of mesodermal origin has been shown in 

a variety of studies. Some studies have described 

the plasticity of ADSCs towards chondrocytes, 

osteoblasts, adipocytes, and myocytes (Ko et al. 

2007; Vieira et al. 2010; Ren et al. 2012). In vitro 

differentiation into hepatocytes, pancreatic islet 

cells, neural cells, endothelial cells and epithelial 

cells and renal epithelial cells has been reported 

(Shim et al. 2004; Ko et al. 2007; Baghaban 

Eslaminejad et al. 2009; Vieira et al. 2010; Ren et 

al. 2012). Generally, the in vitro induction of 

ADSCs differentiation is mainly achieved by the 

culture in selective media with lineage specific 

induction factors. For example, to differentiate 

ADSCs into osteoblasts and adipocytes, 

osteogenic and adipogenic culture medium 

consists of DMEM supplemented with 

dexamethasone, β-glycerolphosphate and DMEM 

supplemented with dexamethasone, 

isobutylmethylxanthine and indomethacin were 

used, respectively. 

Compare to adult stem cells, embryonic stem cells 

possess better multiplication and differentiation 

abilities. However, due to various ethical 

restrictions, the extent of clinical application is 

currently limited (Ko et al. 2007; Ren et al. 2012). 

As previously mentioned, because BM-MSCs are 

not abundant, cell harvesting requires a highly 

invasive procedure, and the cells are easily 

contaminated during the culturing. BM-MSCs are 

not ideal seeding cells for old patients because 

these cells remarkably lose their differentiation 

ability with the donor age increasing (Jing et al. 

2008). Adipose tissue is abundant, readily 

expendable and easy to obtain from the body (Ren 

et al. 2012). According to Jing et al. (2008), 

ADSCs showed excellent pluripotency potential 

and many advantages over the BMSCs, and their 

osteogenic potential could be maintained with 

aging. Thus, ADSCs are particularly interesting 

candidate for cell therapy and tissue engineering 

(Ko et al. 2007; Jing et al. 2008).  

In conclusion, as found by Al-Nbaheen et al. 

(2013), MSC populations obtained from different 

tissues exhibited significant differences in their 

proliferation and differentiation, which should be 

taken into consideration when planning their use in 

clinical protocols (Al-Nbaheen et al. 2013). 
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