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Abstract The use of adipose-derived stem cells is

wide-spread in both basic biology and regenerative

medicine, due to the abundance of adipose tissue and

the multipotent differentiation potential of the cells.

However, the methods used to isolate and culture cells

vary greatly between different research groups. Iden-

tification of medium formulations which provide rapid

cell expansion while maintaining cell phenotype

would have clear advantages. We compared growth

and differentiation potential along the adipogenic

lineage in human ADSCs in nine different media. We

further assessed induced and spontaneous differen-

tiation along the adipogenic, chondrogenic and os-

teogenic lineage in three different media. There was

significant variation in the rate of growth between

different media. All media supported ADSC pheno-

type and adipogenic differentiation, although there

was variation between the different media. Differen-

tiation along the adipogenic, chondrogenic and os-

teogenic lineages in the three media was confirmed,

with some upregulation of specific genes observed

when cells were left to spontaneously differentiate.

Our study shows a direct comparison of human

ADSCs grown in different media, both reported in

the literature and commercially available. It indicates

that rapid proliferation occurs most often in media

which contain 10 % foetal bovine serum and that

differentiation along different lineages can be induced

but also occurs spontaneously once cells become

confluent. These data provide a tool for other

researchers to facilitate the choice of medium formu-

lation most appropriate for different applications.

Keywords Adipose-derived stem cells � Cell
therapy � Stem cells � Tissue regeneration

Introduction

Adipose-derived stem cells (ADSCs) harvested from

human adipose tissue provide an abundant potential

source of multipotent adult stem cells (Rodbell 1964;

Zuk et al. 2001, 2002; Du et al. 2005; Katz et al. 2005;

Yoshimura et al. 2006; Zhu et al. 2008; Bunnell et al.

2008; Tapp et al. 2009; Du et al. 2010; Maumus et al.

2011; Aoyagi et al. 2011; Zhou 2011; Sachs et al.

2012). These can be harvested by minimally invasive

procedures with a potential for diverse applications,

such as studies in stem cell biology as well as clinical

applications in regenerative medicine. The ease of
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availability and large cell numbers upon harvest

provides an alternative source of multipotent stem

cells to bone marrow stem cells, which are painful to

harvest and provide low cell numbers (Zuk et al. 2001;

Dominici et al. 2006; Zhu et al. 2008).

Methods for isolation and culture of ADSCs vary,

and different protocols andmediamay affect the rate of

proliferation and phenotype of the ADSCs and their

multipotent differentiation potential (Tapp et al. 2009).

Generally, minced adipose tissue or lipoaspirate is

treated by enzyme digestion followed by centrifuga-

tion resulting in the separation of the stromal vascular

fraction (SVF) from themature adipocytes. The SVF is

a heterogenous population of cells that includes

adipose and haematopoietic stem cells as well as

endothelial cells, erythrocytes, fibroblasts, lympho-

cytes, monocytes, macrophages and pericytes. The

adherent cell population is then expanded, which

comprises primarily of ADSCs. However, the cells

remain poorly defined. In 2006 Dominici et al. (Do-

minici et al. 2006) issued a statement defining criteria

for identification of multipotent mesenchymal stem

cells. Key characterisation of these stem cells includes

the ability to adhere to plastic, the ability to express

several common cell surface antigens and multipotent

differentiation potential. Characterisation of ADSCs

often fails to distinguish them from fibroblasts. The

expression of cell surface markers combined with the

ability to differentiate along multiple cell lineage

pathways in a reproducible manner are two of the

properties defined by Bourin et al. in 2013 to provide

initial guidance regarding the positive identification of

adipose tissue-derived cells.

Isolation of cells from adipose tissue frommice was

pioneered by Rodbell et al. in the 1960s (Rodbell

1964). Zuk et al. (2001) described the isolation and

culture of stem cells harvested from human lipoaspi-

rate and Bunnell et al. (2008) later described the

isolation of ADSCs from human adipose tissue.

Subsequently many authors have described the isola-

tion and culture of ADSCs from various anatomical

sites and their differentiation into several mesodermal

lineages. The protocols used by different researchers

vary greatly. For use in cell therapy, rapid expansion to

generate sufficient cell numbers as well as preserva-

tion of cellular phenotype are key.

In this study, we have compared the effect of

different medium formulations on ADSC culture,

which to our knowledge has not been reported

previously. We tested a medium based on the method

described by Bunnell et al. (2008) as well as eight

other media, which were a mixture of media formu-

lations reported in the literature and commercially

available products. We subsequently assessed prolif-

eration as well as multipotent differentiation potential

with the aim to identify the media which provided fast

cell expansion, while retaining ADSC characteristics

and multipotent differentiation capacity, with a par-

ticular focus on suitability for applications in regen-

erative medicine.

Materials and methods

Cell isolation and culture

Adipose tissue from consented human abdominal tissue

(REC: 06/Q1907/81) was harvested and ADSCs were

isolated using themethod described by Zuk et al. (2001)

and Bunnell et al. (2008). Briefly, fibro-fatty tissue was

excised and washed three times in Hanks Balanced Salt

Solution (HBSS) (GIBCO, Paisley, UK) with 5 %

penicillin/streptomycin (Invitrogen, Paisley, UK) and

minced to approximately 0.3 cm 9 0.3 cm pieces.

Following digestion for 45 min at 37 �C in 0.075 %

collagenase type I (Gibco, UK) the tissue pieces were

passed through a 100 lmcell strainer (Fisher Scientific,

Loughborough, UK) and centrifuged at 2,000 rpm for 5

min to obtain the SVF. The pellet was disrupted, mixed

and centrifuged again to complete the separation of the

stromal cells from the mature adipocytes. Following re-

suspension and further filtering, isolated cells were

seeded into 25 cm2 culture flasks (cells isolated from 1

to 2 cm cube of fatty tissue per T25 flask) and

maintained in proliferation medium (Table 1) at

37 �C in 5 % CO2. We did not include a red blood

cell lysis step as suggested by some groups but excluded

the cells by medium exchange after 24 h. For prolif-

eration studies, cells were maintained in proliferation

medium and passaged every 4–6 days to maintain a

subconfluent density. Proliferation in each mediumwas

documented visually by light microscopy and quanti-

fied by cumulative population doublings (CPD). The

following formula was used to calculate the number of

population doublings (n):

n ¼ log
number of cells at harvestð Þ
number of cells seeded

= logð2Þ
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Population doubling numbers were added at each

passage to obtain the cumulative populations over

time.

For differentiation studies subconfluent cultures

were transferred to media containing differentiation

factors (Table 2). To investigate spontaneous differ-

entiation, cells were maintained in proliferation

medium without further passaging for 14 days. All

experiments were performed with cells isolated from

three different tissue donors (n = 3).

Adipogenic differentiation

Adipogenic differentiation was induced by addition of

differentiation factors (Table 2) for 14 days. To verify

adipogenic differentiation intracellular triglyceride lipid

droplets were visualised by Oil Red O staining (Sigma,

Poole, Dorset, UK) (Ramirez-Zacarias et al. 1992).

Chondrogenic differentiation

The method of Zuk et al. (2001) was followed for

chondrogenic differentiation. Briefly, 10 ll of

concentrated cell suspension (1 9 106) was plated into

the centre of the well in six well plates and allowed to

attach at 37 �C for 2 h. Chondrogenic medium

(DMEM, 1 % foetal bovine serum (FBS), insulin

6.25 lg/ml (Sigma, UK) TGF-ß1 from human platelets

10 ng/ml (Sigma, UK) ascorbate-2-phosphate 50 nM

(Sigma, UK), 1 % antibiotic/antimycotic (Gibco, UK)

was then gently overlaid and the cultures were main-

tained in chondrogenicmedium for 14 days. Alcian blue

(Sigma, UK) was used to stain for sulphated proteo-

glycans present in cartilaginous matrices. The cells

were fixed in 4 % paraformaldehyde (Sigma, UK) for

15 min, rinsed with PBS (Sigma, UK) and then stained

with a 1% solution ofAlcian blue in 0.1 NHCl (Sigma,

UK) for 30 min. Finally, cells were rinsed for 5 min

with 0.1 N HCl to remove excess stain.

Osteogenic differentiation

ADSCs were cultured in StemPro Osteogenesis

differentiation kit medium (Gibco, UK) for at least

14 days. The cells were observed for alkaline phos-

phatase activity by staining using a leukocyte Alkaline

Table 1 List of proliferation media

Medium Composition Author/source

1 DMEM, 10 % FBS Modified from Bunnell et al. (2008)

2 Low glucose DMEM, 10 % FBS Zhou et al. (2011)

3 M199, 10 % FBS, 5 ng/ml heparin, 2 ng/ml acidic FGF Yoshimura et al. (2006)

4 DMEM:F12 1:1, FBS 10 % Katz et al. (2005)

5 Advanced DMEM:F12, 2 % FBS Invitrogen

6 IMDM:HAM’s F12 1:1, 10 % FBS Frerich et al. (2012)

7 Low glucose DMEM:MCDB201 60:40, 2 % FBS, 10 ng/ml EGF,

10 ng/ml PDGF, 5 lg/ml insulin, 5 lg/ml transferrin, 200 U/ml LIF

Du et al. (2010)

8 Pre-adipocyte growth medium (500 ml pre-adipocyte basal

medium-2 (PBM-2), with additives as per manufacturer’s instructions:

10 % FBS, 50 lg/ml L-glutamine, 37 ng/ml GA-1000).

Lonza, Basel, Switzerland

9 MesenPRO basal medium (500 ml), 10 ml growth supplement

with 2 mM L-glutamine.

Aoyagi et al. (2011) Invitrogen

Table 2 Adipogenic differentiation media

Medium

1, 2, 4, 5, 6, 7 Proliferation medium plus 0.5 mM isobutylmethylxanthine, 50 lM indomethacin, 0.5 lM dexamethasone

3 Proliferation medium 1 plus 0.5 mM isobutylmethylxanthine, 50 lM indomethacin, 0.5 lM dexamethasone

8 Lonza pre-adipocyte growth medium (100 ml) plus remaining supplements supplied in the PGM-2 SingleQuots

kit: 0.4 ml indomethacin, 0.2 ml 3-isobutyl-1-methylxanthine, 0.2 ml dexamethasone, 2 ml insulin

9 Invitrogen StemPro adipogenesis differentiation kit
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Phosphatase kit (Sigma, UK) according to the

manufacturer’s instructions and for calcium deposits

using Alizarin red stain (Fluka, Gillingham, Dorset,

UK). Briefly the cells were washed with HBSS, fixed

in 4 % PFA and washed in deionised water then

stained in Alizarin red solution for 2–3 min. The dye

was aspirated and cells washed in distilled water.

Flow cytometry

Antibodies used to assess ADSC phenotype were

against CD29, CD90, CD105 and CD166 (BD

Biosciences, Oxford, UK). Cells were harvested at

P3, fixed in 4 % PFA for 10 min and washed/stored in

0.5 % BSA (Roche Diagnostics, Burgess Hill, West

Sussex UK) in PBS. Cells were then stained with the

antibody according to the manufacturer’s recommen-

dations and approximately 5 9 105 cells were re-

suspended in 0.5 ml PBS for analysis on the Accuri C6

flow cytometer (BD Biosciences, UK).

qRT-PCR

RNA was isolated and analysed by quantitative real-

time PCR (qRT-PCR) according to the MIQE Guide-

lines (Bustin et al. 2009). RNA was extracted using

Qiagen RNeasy Mini Kit without DNase treatment

(Qiagen, Manchester, UK). RNA concentration was

quantified using Nanodrop spectrophotometry (Mole-

cular Devices, UK) and DNA contamination using

Qubit fluorometer (Invitrogen, UK). Reverse tran-

scription was performed using Bio-Rad iScript

Reverse Transcription kit (Bio-Rad, Hemel Hemp-

stead, Hertfordshire, UK) and quantitative PCR using

Bio-Rad Sso Advanced Universal SYBR Green

Supermix (Bio-Rad, UK).

Cycling parameters were: 95 �C—30 s, (95 �C—
5 s, 60 �C—30 s) 9 40 cycles, followed by melt

curve acquisition as per the manufacturer’s handbook

(Bio-Rad, UK). Data was analysed using Bio-Rad

CFX manager (Bio-Rad, UK) and Microsoft Excel

(Microsoft, Redmond, WA, USA). Results were

validated as follows: specificity was assessed by melt

curve analysis and no reverse transcriptase control

samples; Cq of non-template control was 0 or greater

than 35;GAPDH primers were designed using Primer-

Blast (NCBI) and primer efficiencies were assessed by

serial dilution of primers (NM_002046.3 Forward:

TCTTTTGCGTCGCCAGCCGAG Reverse: TGACC

AGGCGCCCAATACGAC). Primers for GLUT4

(SLC2A4) (adipogenesis), RUNX2 (osteogenesis) and

SOX9 (chondrogenesis) were pre-validated primer sets

(Bio-Rad, UK). Biological (n = 3) and technical

replicates (n = 3) were incorporated into the ex-

perimental design. One way ANOVA all-pairwise

comparison was performed using SigmaStat (Systat,

San Jose, CA, USA).

Results

Proliferation

Proliferation in the different media (Table 1) was

assessed visually (Fig. 1) and by cumulative popula-

tion doubling (Fig. 2). Visual assessment showed that

the cells proliferated in all media and displayed a

homogenous fibroblastic phenotype, except in medi-

um seven, where cells displayed a more elongated

phenotype (Fig. 1g). Quantification of population

doubling showed the most rapid growth in media

one, two, four, six and seven. Cell growth was slower

in medium nine while being very slow in media three,

five and eight.

Confirmation of stem cell phenotype by flow

cytometry

Flow cytometry analysis showed that the average

percentage expression of CD29 and CD90 by cells

cultured in all proliferation media was 90–100 %

(Fig. 3). CD166 and CD105 were also present in all

media, however the average percentage expression

was lower and more variable. Expression of all these

surface marker proteins has been used to characterise

ADSCs (Bourin et al. 2013). However, we also

observed that these markers are expressed by fibrob-

lasts, although CD105 only at very low levels.

Adipogenic proliferation

To assess differentiation along the adipogenic lin-

eages, differentiation factors were added to culture

media (Table 2). Assessment of adipogenic differen-

tiation by Oil Red O stain showed the greatest
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Fig. 1 Light microscopy

shows ADSC phenotype in

different medium

formulations.

Representative images of

ADSCs show differences in

morphology in different

medium formulations, scale

bar 50 lm. a Medium one,

b medium two, c medium

three, d medium four,

e medium five, f medium

six, g medium seven,

h medium 8, i medium 9
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accumulation of lipid-containing cells in media one,

two, six, seven and nine after differentiation for

14 days (Fig. 4 a, b, f, g, i). Due to the unusual

morphology of cells grown in medium seven, this was

excluded from further studies. The media chosen for

further analysis were media one, two and six.

Induced and spontaneous multipotent

differentiation in different media

In order to further assess the potential to differentiate

along the classic ADSC lineages (adipogenic, os-

teogenic and chondrogenic), upregulation of genes

characteristic for these lineages was assessed after

differentiation was induced.

ADSCs cultured in media one, two and six with

addition of adipogenic differentiation factors showed

upregulation of GLUT4, a glucose transporter and

indicator of adipogenic differentiation when com-

pared to cells in proliferation medium, although this

was not statistically significant (Fig. 5a). In medium

one, GLUT4 expression was upregulated 158-fold

(±54), in medium two 440-fold (±534) and in

medium six 140-fold (±56). There was significant

variation between biological replicates, leading to

large standard deviations. Successful adipogenic dif-

ferentiation was confirmed, however, by Oil Red O

staining (Fig. 4). To assess spontaneous differen-

tiation, cells were left in proliferation medium without

further passaging. An upregulation ofGLUT4 between

1 and fivefold was observed, although this was not

statistically significant due to the large variation

between biological replicates.

Differentiation in chondrogenic medium showed

upregulation of SOX9, a marker of chondrogenesis

(Fig. 5b) by 30-fold (±34) in medium one, by 13-fold

(±7) in medium 2 and by 76-fold (±25) in medium 6,

which was statistically significant only for the change

observed in medium six. Successful chondrogenic

differentiation was confirmed by Alcian blue staining

(Fig. 5d, e). Cells left in proliferation medium showed

an upregulation of SOX9 between 2 and fourfold,

which was not statistically significant.

Differentiation with osteogenic factors resulted in

upregulation of RUNX2, a marker of osteogenesis,

(Fig. 5c) by fourfold (±1.5) in medium one, by

threefold (±1.5) in medium 2 and by twofold (±1.3)

in medium six, although these were not statistically

significant. Successful osteogenic differentiation was

confirmed by alkaline phosphatase (Fig. 5f, g) and

alizarin red staining (Fig. 5h, i). Cells left in prolif-

eration medium also displayed spontaneous differen-

tiation as shown by upregulation of RUNX2, although

this was also not statistically significant.

Fig. 2 Cumulative population doubling shows growth rates in

the different medium formulations. Cumulative population

doubling indicates differences in growth rates in different

medium formulations. Variation between different biological

replicates exists, indicated by the variation in the cell numbers

present at the time of passage. n = 3, error bars SD

Fig. 3 Flow cytometry analysis confirms ADSC phenotype.

Flow cytometry for markers CD29, CD90, CD105 and CD166

shows the presence of ADSCs in all medium formulations,

although CD105 and CD166 display significantly more

variation. Fibroblasts (FB) also stain positively for CD29,

CD90 and CD166 but only contain very low levels of CD105-

positive events. n = 3, error bars SD
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Fig. 4 Oil red O staining

shows adipogenic

differentiation in different

medium formulations.

Representative images of

ADSCs in differentiation

medium formulations

(Table 2) show differences

in lipid droplet content,

scale bar 50 lm. a Medium

one, b medium two,

c medium three, d medium

four, e medium five,

f medium six, g medium

seven, h medium eight
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Discussion

In this study we isolated and cultured ADSCs in seven

proliferation media as described by various authors

(Katz et al. 2005; Yoshimura et al. 2006; Bunnell et al.

2008; Du et al. 2010; Zhou 2011; Aoyagi et al. 2011;

Frerich et al. 2012) and two other proprietary media.

Rate of proliferation is an important factor for clinical

application, where autologous cells are required for

reconstructive surgery. This may include growing the

cells within a scaffold prior to being implanted into the

patient. Therefore, one of our main criteria in this

study was proliferation rate. Overall we found prolif-

eration rates were faster in media which contained

10 % FBS and slower in media with lower

concentrations of FBS but there were exceptions:

medium seven described by Du et al. (2010) contained

only 2 % FBS but also included growth factors and

supported vigorous and fast proliferation. Medium

three, described by Yoshimura et al. (2006) contained

10 % FBS but we found proliferation to be slower. We

also tested MesenPro RS medium which contains 2 %

serum which supported proliferation and adipogenic

differentiation but proliferation was considerably

slower. The use of FBS as a supplement for growing

cultured cells raises regulatory issues for clinical

application, thus media which do not need FBS should

be further investigated. Others have investigated

serum- and xenobiotic-free medium systems or those

which substitute FBS with human serum (Shih et al.

Fig. 5 Gene expression and induced differentiation confirm

multipotency. Fold-change gene expression in cells induced to

differentiate and cells left to spontaneously differentiate upon

confluency relative to undifferentiated cells as measured by

qRT-PCR for a adipogenic marker GLUT4, b chondrogenic

marker Sox9 and c osteogenic marker RUNX2. n = 3, p\ 0.05,

error bars SD. Representative images of Alcian blue staining to

confirm chondrogenic differentiation in d undifferentiated and

e induced cells. Representative images of alkaline phosphatase

staining in f undifferentiated and g induced cells and Alizarin

Red staining in h undifferentiated and i induced cells to confirm
osteogenic differentiation
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2011; Chase et al. 2012; Yang et al. 2012; Patrikoski

et al. 2013; Al Saqi et al. 2014). For example,

Patrikoski et al. (2013) have reported the culture of

ADSCs in xeno- and serum-free media as well as in

medium supplemented with human serum. Their

findings included a reduction in adhesion of the cells

to tissue culture plastic in xeno- and serum-free media

without applying a carboxyl coating but cell prolif-

eration in further passages was good and population

doubling faster than in media containing human

serum. More recently, Al-Saqi et al. (2014) have

compared ADSC culture in a commercially available

xenobiotic-free medium formulation to culture in

DMEM with 10 % FBS and found the former to

support more rapid cell proliferation and differen-

tiation. Further work on establishing robust xenobi-

otic-free medium formulations in the development of

protocols for clinical application for human patients

should include comparison of several such formula-

tions to produce sufficient data to obtain health

authority approval for use of such systems.

Identification of the ADSC cell type was confirmed

by flow cytometry. Cells cultured in all media

expressed markers of ADSCs, such as CD29 and

CD90, which were universally expressed, as well as

CD105 and CD166, which were more variable

between different media and expressed in lower

percentages. A recent statement by Bourin et al.

(2013) suggested CD13 as an alternative or supple-

ment to CD105 as the expression level is often higher

and more stable. These cell surface markers have been

shown to identify ADSCs (Rodbell 1964; Zuk et al.

2001;Maumus et al. 2011; Zhou et al. 2011; Patrikoski

et al. 2013) but do not distinguish them from other cell

types such as fibroblasts, which was confirmed in our

study. It has been shown that CD105 is not expressed

by freshly isolated ADSCs but can first be observed

after culture for approximately 1 week and continues

to be expressed in cultures up to 20 weeks (Katz et al.

2005). Our results support these findings by showing

higher levels of CD105 in the slower growing cultures.

In our study cells grown in all nine proliferation

media were also cultured in adipogenic medium to

confirm differentiation along the adipogenic lineage.

Following addition of adipogenic factors staining with

Oil Red O confirmed the presence of mature

adipocytes in all cultures, although there was variation

in the amount of lipid-containing cells between the

media.

We identified three media to investigate further,

selected on the criteria of rapid proliferation, confir-

mation of ADSC phenotype and differentiation along

the adipogenic lineage. Although some of the slower

proliferating cultures expressed higher levels of

CD105, rapid proliferation was our main criteria for

suitability for clinical application. We therefore

selected media one, two and six for further investiga-

tion and showed that upon treatment with appropriate

differentiation factors, the cells could successfully

differentiate along the adipogenic, chondrogenic and

osteogenic lineages. qRT-PCR indicated upregulation

of relevant genes, although a significant amount of

biological variation was observed.

We also investigated the potential for ADSCs to

spontaneously differentiate towards the adipogenic,

chondrogenic and osteogenic lineages if maintained in

proliferation medium without further passaging. The

ability for spontaneous differentiation could have

clinical implications which may be beneficial or

damaging and may be affected by the location in the

bodywhere the cells are implanted. Aoyagi et al. (2011)

found that ADSCs seeded in a fibrinogen scaffold

spontaneously accumulate lipid droplets and lower

concentrations of fibrinogen appear to stimulate earlier

adipogenesis. However, Zhu et al. (2008) and Abdallah

et al. (2005) recorded no spontaneous differentiation in

cell culture. Both studies were performed on subcon-

fluent cells which were continuously passaged and did

not include cells maintained without passaging. Con-

tinually passaged cells have been reported by others to

maintain their phenotype throughout many passages

(Zuk et al. 2001; Yoshimura et al. 2006; Bunnell et al.

2008; Zhu et al. 2008) In our study, we observed some

upregulation of genes indicative of differentiation in

cells maintained in proliferation medium for 14 days

without further passaging, although this was not

statistically significant.

Such biological variation in studies using primary

human sources has also been observed by others, who

have commented that age and health status of the

donor may affect the behaviour, phenotype and

lifespan of the cultured cells (Sachs et al. 2012).

Maumus et al. (2011) have considered how changes in

adipose tissue microenvironment may participate in

ADSC commitment and contribute to excessive adi-

pose tissue development in obesity. Various studies

have also shown that ADSC yield can vary depending

on donor site (Du et al. 2005; Katz et al. 2005; Bunnell

Cytotechnology (2016) 68:957–967 965
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et al. 2008;Maumus et al. 2011; Frerich et al. 2012). In

our own studies using primary human tissue from

other sources, such as skin, we have previously

reported variation between tissues from different

donors (Jubin et al. 2011; Lenihan et al. 2014),

especially when analysed at the level of gene expres-

sion, and this may also explain the large amount of

biological variation observed in the qRT-PCR results

in this study. However, histochemical staining for

adipose, osteogenic and chondrogenic differentiation

did confirm that this process was successful, if not

easily quantifiable in our culture model.

Conclusion

Our study has shown that medium selection can cause

considerable variation in the rate of proliferation and

phenotype of cells and their ability to differentiate into

mature adipocytes. Addition of FBS appears to enhance

proliferation but low FBS with separate growth factors

as in medium seven will also result in fast and vigorous

growth. Of the three media we selected for further

testing, all three supported rapid proliferation of cells

which had multilineage differentiation potential.

These three media all contained 10 % heat inacti-

vated FBS but varied in their basal medium: medium

one contained DMEM with Glutamax, medium two

contained low glucose DMEM without Glutamax and

medium six was a 50:50 mixture of IMDM with

Glutamax: Ham’s F12. We have demonstrated the

isolation and proliferation of ADSCs in the three

selected media by characterisation and multilineage

differentiation into mature adipocytes, osteocytes and

chondrocytes. Our study confirms significant variation

between media used by different groups and indicates

which media provide rapid proliferation, which is key

if cells are to be used in clinical application.
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