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Abstract Human adipose derived mesenchymal

stem cells (ADMSCs) are multipotential stem cells,

originated from the vascular stromal compartment of

fat tissues which can be used as an alternative cell

source for many different cell therapies. However,

their response to chemotherapeutic agants remains

unknown. Here we assessed the acute direct effects

of individual chemotherapeutic drug on ADMSCs.

Using an in vitro culture system, the response of

ADMSCs to the three chemotherapeutic agents

cisplatin, comptothecin and vincristine was deter-

mined in comparison with that of testicular germ

cell tumour (TGCT) cell line. The recovery of cell

numbers following exposure to chemotherapeutic

agents were also evaluated. Our results showed that

human ADMSCs were resistant to chemo-therapeutic

agents which are commonly used in clinic, the full

recovery was seen respectively in ADMSCs after the

drug treatment. Moreover, ADMSCs maintained their

stem cell characteristics in vitro after the exposure to

all chemotherapeutic agents.
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Abbreviations

ADMSC Adipose derived mesenchymal stem cell

MSCs Mesenchymal stem cells

XTT 2,3-Bis(2-methoxy-4-nitro-5-

sulphophenyl)-5-((phenylamino)

carbonyl)2H-tetrazolium hydroxide

FITC Fluoresein-5-isothiocyanate

FACS Fluorescence-activated cell sorting

Introduction

In the past several years, great progresses have

burgeoned worldwide in the adult stem cells field.

Among them mesenchymal stem cells (MSCs) have

received much attention for their prospective clinical

and research use. They can differentiate into various

cell lineages including osteoblasts, chondrocytes,

adipocytes and other cell types (Kopen et al. 1999;

Liechty et al. 2000; Muraglia et al. 2000; Pereira

et al. 1998; Pittenger et al. 1999; Toma et al. 2002;

Wakitani et al. 1995; Woodbury et al. 2000).
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Numerous studies with a variety of animal models

have shown that MSCs may be useful in the process

of repairation or regeneration of damaged bones,

cartilages, or myocardial tissues, thus representing

a new source to treat congenital or degenerative

disorders (Muguruma et al. 2003; Pak et al. 2003;

Parsons et al. 2004).

Although the human bone marrow is the most

often used resource for obtaining MSCs, other tissues

have been found to contain MSCs, among which

human adipose tissues represent the most promising

site for aquiring MSCs population because of easy

isolation process (Zuk et al. 2002). Being found by

Zuk et al. (2005) firstly, adipose tissues MSCs share

almost every similar phenotype, multilineage differ-

entiation potentials with those of bone marrow MSCs

thus suggesting an substitute to pluripotent ES cells in

both the lab and the clinic (Zuk et al. 2002).

Accordingly to previous reports, bone marrow

derived MSCs are resistant to chemotherapeutic

agents and irradiation (Chen et al. 2006; Li et al.

2004; Mueller et al. 2006). In contrast, there are no

studies in the literature regarding for the chemosen-

sitivity of ADMSCs, this prompted us to analyze

the acute and direct reaction of cultured ADMSCs

exposed to single chemotherapeutic agent in vitro

compared with that of TGCT cell line 2102EP which

has been known of high sensitivity. Moreover, we

also evaluated the recovery of cell numbers following

exposure to chemotherapeutic agents.

Materials and methods

Isolation and culture of human ADMSCs

Human subcutaneous raw lipoaspirates were col-

lected after obtaining necessary informed consent

from patients undergoing selective suction-assisted

lipectomy. All the procedures were approved by

the Ethics Committee at Anhui Medical Univeristy.

The procedure was described by Cao et al. (2005)

with some modifications. Briefly, the lipoaspirates

were extensively washed with D-Hanks’s solution to

remove contaminating blood cells and local anes-

thetics. Then the extracellular matrix was digested

with 0.2% collagenase II (Sigma) at 37 �C for 30 min

to release the cellular fractions. The cells were

collected and resuspended in 57% Dulbecco’s mod-

ified Eagle medium (low glucose DMEM/F12),

supplemented with 40% MCDB-201 (Sigma, USA),

2% fetal bovine serum (FBS; Gibco Life Technolo-

gies, Paisley, United Kingdom), 1-insulin transferring

selenium (Gibco Life Technologies), 10-9 M dexa-

methasone (Sigma), 10-4 M ascorbic acid 2-phos-

phate (Sigma), 10 ng/ml epidermal growth factor

(Sigma), 10 ng/ml platelet-derived growth factor

BB (Sigma), 100 U/ml penicillin, and 100 lg/ml

streptomycin (Gibco) and then plated in culture flask

(1 9 106 cells/ml) in a humidified environment

containing 5% CO2 at 37 �C. Once adherent cells

reached 70–80% confluence, they were detached with

0.125% trypsin and 0.01% EDTA and replated at a

1:3 dilution under the same culture conditions. All

experiments were done in the 5th passage.

Sensitive cell lines

The human testicular germ cell tumor (TGCT) cell

line 2012EP was cultured in RPMI1640 medium

supplemented with 10% fetal bovine serum and

maintained at 37 �C in a humidified atmosphere with

5% CO2. Medium was changed every 2 days and cells

were passaged every 4–5 days.

Immunophenotype

Cells were detached and washed with phosphate-

buffered saline (PBS) containing 0.5% bovine serum

albumin (BSA; Sigma), and incubated with following

primary antibodies CD29, CD31, CD34, CD44,

CD45, CD105 and CD11a (BD Biosciences) at the

concentration in 10–20 ng/ml for 30 min at 4 �C.

To detect intracellular antigens, cells were fixed in

2% paraformaldehyde at 4 �C for 15 min and then

permeabilized with 0.1% saponin (Sigma) at room

temperature for 1 h. Same species and isotype

irrelevant antibodies were used as negative control.

After washing with PBS containing 0.5% bovine

serum albumin, the cells were incubated with fluores-

cein iso-thiocyanate (FITC) or phycoerythrin (PE)-

conjugated secondary antibodies at 4 �C for 30 min.

Then cells were resuspended in PBS and analyzed by a

FACS Calibur flow cytometer and the results were

analyzed by CellQuest Pro software (BD Biosciences).
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Differentiation induction in ADMSCs

Osteogenic differentiation: Cells were seeded at a

density of 2 9 104/cm2 and were then cultures in

the following osteogenic differentiation medium for

2–3 weeks: Dulbecco’s modified Eagle’s medium

(DMEM) supplemented with 10% FCS, 10 mmol/L

b-glycerophosphate, 10-7 mol/L dexamethasone, and

0.2 mmol/L ascorbic acid (all from Sigma). Then the

cells were stained with von Kossa staining (from

Sigma) to show osteogenic differentiation.

Adipogenic differentiation: Cells at 2 9 104/cm2

were induced for 3 weeks in DMEM supplemented with

10% FCS, 0.5 lmol/L hydrocortisone, 0.5 mmol/L

isobutylmethylxanthine, and 50 lg/ml indomethacin

(all from Sigma). At the end of the induction, the cells

were fixed in 10% formaldehyde for 10 min and stained

with fresh Oil red-O solution (Sigma) to show lipid

droplets.

XTT assay

Cells were seeded into flat-bottom 96-well plates at a

density of 3 9 103 cells per well in 100 ll of culture

medium. After 24 h, cells were treated with chemo-

therapeutic drugs, the culture was continued for

another 2–3 days and cell survival was measured by

XTT (2,3-bis(2-methoxy-4-nitro-5-sulphophenyl)-5-

((phenylamino)carbonyl)2H-tetrazolium hydroxide)

(Roche Molecular Biochemicals, Mannheim, Germany)

according to the manufacturers’ instruction. Data

shown are representives of three independent exper-

iments. The concentrations that inhibited cell growth

by 50% (IC50) were determined for each treatment

schedule from semilogarithmic dose–response plots.

Results

Morphology, phenotype and differentiation

potential of cultured ADMSCs

ADMSCs displayed a fibroblast-like morphology

when cultured in specific medium (Fig. 1b): the

morphology was maintained through repeated pas-

sages under non-stimulating conditions. Flow cytom-

etry showed that they were positive for CD29, CD44,

CD105 but did not express CD31, CD34, CD45

(Fig. 1a). When subjected to the osteogenic and

adipogenic differentiation inducing medium, AD-

MSCs showed a typical morphological change of

differentiation respectively with extracellular calcium

deposition by Von Kossa staining and intracellular

lipid droplets stained by Oil-red (Fig. 1c, d).

ADMSCs are resistant to chemotherapeutic

substances versus 2102EP

We analyzed the in vitro response of ADMSCs to

three chemotherapeutic agents commonly used in

clinic in comparison with TGCT cell line 2102EP

which has been known of high sensitivity by XTT

assays. Here, results from one representative exper-

iment are presented. ADMSCs showed a reduced

sensitivity to increasing concentrations of cisplatin,

vincristine and camptothecin in a dose-dependent

manner compared with that of 2102EP cells (Fig. 2).

Moreover we also compared the IC50 value of

ADMSCs and 2102EP to three agents and the results

showed that each value of ADMSCs was significantly

higher than that of 2102EP cell line which was 30.97

fold for cisplatin and 18.1 fold for camptothecin (data

not available for vincristine). Although the relative

statistical comparison of IC values from a single cell

line with data from primary cells of multiple sources

was limited, these data suggested that ADMSCs are

more resistant to chemotherapy-induced damage.

ADMSCs keep their stem cell characteristic

after genotoxic treatment in vitro

According to the data from growth kinetics, we

speculated that cultured ADMSCs may retain their

stem cell characteristics after chemotherapeutic treat-

ment in vitro. In order to prove this hypothesis, we

analyzed the stem cell phenotype of ADMSCs after

the treatment with 3 lM cisplatin or 0.005 lM

camptothecin for 2 h, repeated four times every

24 h, which indicate the dosage of clinically relevant

serum concentrations. Flow cytometry demonstrated

an identical phenotype with CD31-, CD34-,

CD105?, CD44? and CD11a-, CD45-, CD29?

before and after the cisplatin treatment (Fig. 3a).

Finally, upon induction of osteogenic and adipogenic

differentiation, cisplatin and camptothecin treated

ADMSCs showed signs of specific differentiation

which altogether indicated that ADMSCs may keep
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their stem cell characteristics after genotoxic damage

(Fig. 3b).

Recovery of ADMSCs following treatment

of individual chemotherapeutic agents

After the exposure to cisplatin, vincristine and com-

ptothecin at the dose of 3, 0.1 and 0.005 lM for 3 days,

respectively, which represented doses corresponding

to clinically relevant plasma serum concentrations mea-

sured in patients receiving intensive chemotherapy,

significant cell loss was found in every group espe-

cially in that of vincristine. For cells treated with

cisplatin and comptothecin the cell count was reduced

to 71 and 74%. However, after the withdrawal of the

drugs, each group showed a significant recovery of

proliferation which returned to the control level on

about the 12th day except for the case of vincristine, for

which the full recovery was achieved on about the 15th

day (data not shown) (Fig. 4). Altogether, these results

demonstrated further that in vitro cultured ADMSCs

are resistant to the genotoxic damage.

Fig. 1 In vitro phenotypic

characteristics of ADMSCs.

a ADMSCs were harvested

at passage 1 or 2 and a set

of cell surface antigen was

analyzed by flow cytometry.

Data are shown as

histograms of mean channel

fluorescence. Data are

representatives of several

independent experiments.

b Cultured ADMSCs show

a fibroblast-like

morphology

(magnification, 9 200). c,

d ADMSCs were incubated

in adipogenic or osteogenic

differentiation inducing

medium for a couples of

days and then samples were

stained with Oil-Red (c) or

von Kossa (d) to show lipid

droplets or calcium

deposits, respectively

(magnification, 9100)
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Discussion

MSCs represent a promising tool for the regeneration

of damaged tissues in clinical applications (Garcia-

Gomez et al. 2004). Although bone marrow was the

first source reported to contain MSCs, however, for

clinical use, the isolation and the harvest of bone

marrow MSCs is a highly invasive procedure and the

number, differentiation potential, and maximal life

span of bone marrow MSCs decline with increasing

age and could be clinically inefficient when derived

from elderly patients (Kern et al. 2006). Adipose

tissues are another alternative source for MSCs which

can be obtained in large numbers by a less invasive

method: cosmetic liposuctions. These cells can grow

easily under specific tissue culture conditions and

their multilineage differentiation capacity has been

long confirmed (Kern et al. 2006).

Recently, several studies have shown that bone

marrow MSCs in patients under whole body irradi-

ation and high-dose chemotherapy seem mainly to

originate from the host after the process of allogeneic

hematopoietic stem cell transplantation (Devine and

Hoffman 2000; Koc et al. 2002); this phenomenon

Table 1 The IC50 (in lM) value of ADMSCs and 2102EP to

the three assessed agents

Drug ADMSCs 2102EP Fold

rate

Cisplatin 22.3 ± 3.8 0.72 ± 0.075 30.97

Vincristine 0.0047 ± 0.0004 \0.0005 NA

Camptothecin 0.076 ± 0.003 0.0042 ± 0.0005 18.1

The results represent the mean ± SEM of triplicate cultures of

one representative experiment

Fold rate, the mean IC50 value for ADMSCs divided by the

mean IC50 value for 2101EP

NA, not available

Fig. 2 ADMSCs are resistant to several chemotherapeutic

substances. ADMSCs and TGCT cells 2102EP were treated

with different concentration of cisplatin (10-2–102 lM) (a) vin-

cristine (0.0005–5 lM) (b) and camptothecin (0.0005–5 lM)

(c) for 72 h and cell survival was analyzed in XTT assay. Results

of a–c are represented as mean ± SD from at least three

independent experiments. IC50 values of ADMSCs and 2102EP

cells are shown in the Table 1
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leads to the studies which investigate the reaction of

bone marrow MSCs under the treatment of chemo-

therapeutic substances and irradiation. These results

demonstrate that the cultured human bone marrow

MSCs are generally resistant to the chemotherapeutic

and irradiation damage (Chen et al. 2006; Li et al.

2004). ADMSCs share almost every similar charac-

teristic with bone marrow MSCs with respect to

morphology, colony frequency, expansion potential

and mutiple differentiation capacity, although a little

Fig. 3 ADMSCs retain

their stem cell

characteristics after in vitro

treatment with DNA

damaging substances.

a Flow cytometry showed

almost the same phenotype

for selected markers in

cisplatin treated and

untreated ADMSCs.

b Treated or untreated

ADMSCs were incubated in

differentiation-inducing

medium or control growth

medium, resulting in typical

signs of differentiation, that

is, lipid droplets stained by

oil red or calcium deposits

stained by von Kossa

respectively. (U):

Uninduced. (A) Adipogenic

induced. (O) Osteogenic

induced (magnification,

9100)

528 Cytotechnology (2011) 63:523–530

123



difference in phenotype exists (Grisendi et al. 2003).

Presently: there are no systematic reports in the

literature concerning the chemosensitivity of human

ADMSCs. Thus in this paper, we isolated MSCs

consistently from human liposuction donors and

examined the effect of three commonly used chemo-

therapeutic agents on ADMSCs in vitro, we found

that ADMSCs are resistant to cisplatin, comptothecin

and vincristine and can recover proliferation capacity

after withdrawal of the drugs. Furthermore, it may be

questioned that the surviving cells may no longer be

stem cells after using chemotherapeutic drugs on

ADMSCs population, so the cell surface marker and

the effects of these chemotherapeutic agents on the

osteogenic and adipogenic capacity were also evalu-

ated. Our experiments showed that ADMSCs were

able to maintain their phenotype and osteogenic,

adipogenic differentiation potential in vitro after the

treatment with various chemotherapeutic agents. This

is the first direct demonstration showing that MSCs

from human adipose have enhanced chemosensitivity.

Here we speculate that the enhanced resistance to

DNA damage may be a general characteristic of adult

stem cells. In stem cells, the degree of resistance to

genotoxic damage correlates with the relevance of

the particular cell type for the generation of progeny

(Heyer et al. 2000). Embryonic stem cells within the

developing embryo which can generate germ cells

become hypersensitive to DNA damage during

pre-implantation embryonic development, and after

exposure to a DNA damaging agent, undergo

p53-dependent apoptosis without cell cycle arrest,

presumably to avoid a high rate of embryonic

malformations (Heyer et al. 2000). However, in

contrast, adult stem cells like MSC which do not

participate directly in the generation of germ cells are

always under the influence of harmful environmental

factors during the entire process of human life as the

seed cells for reparation and substitution of tissues and

organs, thus it is crucial for them to keep the genetic

stability. The differential response to the genotoxic

damage could secure genomic integrity in the progeny

but also maintain the function of adult stem cells in the

organism.

In our study, investigations were only focused on

three clinically used chemotherapeutic drugs. More-

over, MSCs are a quiescent cell population in vivo,

the response of rapidly dividing MSCs in culture

system may not represent their actual behaviour in

vivo. Some studies suggested that the stromal

response in vivo to acute injury, including chemo-

therapy, is complex and may involve induction

of differentiation, cell migration and proliferation

(Almohamad et al. 2003; Gimble et al. 1996). So the

results inferred form our research were limited and

comparative experiments are needed to assess the

responsiveness of ADMSCs toward more chemothe-

rapeutive substances.

In conclusion, our studies showed that human

ADMSCs were relatively resistant to chemothera-

peutic agents commonly used in the clinic, full

recovery was seen in ADMSCs treated with high

doses of cisplatin, comptothecin and vincristine,

respectively. ADMSCs maintained their stem cell

characteristics in vitro after exposure to all chemo-

therapeutic agents. Further investigation of the

underlying mechanisms which is responsible for the

resistance of ADMSCs to DNA damage agents is

crucial for the application of ADMSCs in the clinic.
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Fig. 4 Recovery of ADMSCs following exposure to individual

chemotherapeutic agents. Cells were incubated with a chemo-

therapeutic agent (cisplatin 3 lmol/L, vincristine 0.1 lmol/L,

camptothecin 0.005 lmol/L) for 3 days and then cultured for

another 9 days. The y-axis shows the cell number, expressed as

a percentage of control. The results represent the mean ± SEM

of triplicate cultures of one representative experiment
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