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Abstract :Adipose tissue-derived stem cells (ADSCs) are able to self-renew and to differentiate into various types

of cells. For clinical application of ADSCs, the quality of ADSCs in terms of growth and differentiation should be

considered. This study investigated whether the ability of ADSCs for growth and differentiation is affected by the

harvesting sites of tissue or ages of animals. ADSCs were harvested from subcutaneous (Sub), inguinal (Ing),

epididymal (Epi) and mesenteric (Mes) fat pads of Sprague Dawley rats. The expression levels of CD29 and CD90

were not different among harvesting sites of fat tissue. The growth of ADSCs were significantly higher in Ing and

Sub during early passages (p2-p4) of cultures than in Epi and Mes. The growth of ADSCs decreased during the late

passages (p6-p10) of cultures. Cell growth of ADSCs from animals of different ages was higher in 8weeks-old

animals than in 4weeks-, 16 weeks- and 32 weeks-old animals. The expression levels of CD29 and CD90 were

similar in all aged animals. There was no expression of CD34 and CD45 in ADSCs of all aged animals. In cell

aggregation assay in ADSCs from different aged animals, ADSCs from 8 weeks- and 16 weeks-old animals formed

larger cell aggregates than ADSCs from 4 weeks- and 32 weeks-old animals. The frequency of cell aggregation was

higher in early passage of 8 weeks-old animals. These results showed that the harvesting sites of tissue and age of

animals may influence the growth and differentiation potential of ADSCs. Therefore, the source of ADSCs should

be considered for efficient clinical application. 
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1. Introduction

The rise of tissue engineering and repair of the rapid clinical

development has brought new therapeutic approach. Stem cells

have ability to self-renew for unlimited proliferation and to

differentiate into various cell types. Therefore, stem cells have

been focused on their possible application in tissue engineering.

Although embryonic stem cells are the most potent stem cells,

there are major problems regarding ethical concerns and tumor

formation.1 Unlike embryonic stem cells are obtained from

embryo, stem cells can be obtained from the adult tissue

including bone marrow, periosterum and muscle.2, 3

Adipose tissue is also another attractive reservoir of stem

cells, because it is easily accessible and abundant. The stromal

vascular fraction (SVF) from adipose tissue contains an

abundant population of multipotent adipose-tissue derived stem

cells (ADSCs) that have the capacity to differentiate into

adipocytes, chondrocytes, osteoblasts, and myocytes.4-9 The

favorable characteristics of ADSCs have been growing in the

application of ADSCs for cell-based therapies.10 

For successful clinical practice, however, the sufficient

ADSCs should be harvested and immediately applied to the

patients. The therapeutic use of ADSCs may be limited by the

unpredictable variation in the capacity of ADSCs for prolifera-

tion and differentiation. This variation of ADSCs may be

associated with their niche tissues and biological age of

donors.11, 12 It has been reported that the adipose tissue-

harvesting sitesaffected the yield of ADSCs,13 which suggests

that stem cell activation may be affected by extracellular signals

from their niche. 
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Previous studies indicate that the function of stem cells is

linked to the biological aging of stem cells or the age of the

donor, and the oxidative stress is accumulated in cells from

aged animals.14, 15 The quantity of mesenchymal stem cells in

bone marrow declined in adult rhesus monkey compared to

fetal rhesus monkey.16 It is also shown that a decline of

proliferation capacity in aged ADSCs causes accumulation of

non-replicative ADSCs.17 However, other study claims that that

age does not affect the ability of MSC to regenerate the injured

tissue.18 There is also a report that age does not affect the

viability of ADSCs and in vitro differentiation.19

The maintenance of the pluripotency of ADSCs in culture is

important for therapeutic application. If pluripotency of stem

cells decrease during culture, the therapeutic application will be

restricted. It has been reported that the pluripotency of

embryonic stem cells is affected by the number of passages for

subculturing.20

Taken together the functionality of ADSCs in terms of

growth and pluripotency is important for clinical application.

The growth and pluripotency of ADSCs may be influenced by

the harvesting site of adipose tissue and/or the ages of donors.

Therefore this study investigated whether the ability of ADSCs

for growth and differentiation is affected by the harvesting sites

of tissue, ages of animals and the number of passages in culture.

The observations from this study indicate that the harvesting

sites of adipose tissue and age of animals should be considered

to select the sufficient ADSCs for clinical treatments. 

2. Materials and Methods

2.1 Cell harvesting and Culture

ADSCs were harvested from 4 weeks-, 8 weeks-, 16 weeks-

and 32 weeks-old Sprague Dawley rats. All procedures were

performedaccording to Institutional Animal Care and Use

Committee at Kosin University College of Medicine. Briefly,

animals were anaesthetized with Ketamine hydrochloride

(50 mg/kg) and xylazine (10 mg/kg). Fresh adipose tissue was

harvested from subcutaneous (Sub), inguinal (Ing), epididymal

(Epi) and mesenteric (Mes) fat pads of each animal, and minced

with fine scissors. The adipose tissues were digested with 0.1%

collagenase type I (Sigma-Aldrich) for 40 min at 37oC in a

shaking bath and then centrifuged at 260 x g for 7 min to obtain

a pellet. After incubation of the pellet in culture medium DMEM/

F12 (Invitrogen) supplemented with 10% FBS (Hyclone) and

1% penicillin-streptomycin (Invitrogen) overnight at 37oC/5%

CO2. The residual non-adherent red blood cells were removed by

washing with the medium. The medium was changed every 2

days. The cells were passaged using 0.25% trypsin-EDTA

(Welgene) at a ratio of 1:3. 

2.2 RNA extraction and RT-PCR

Total RNA was extracted from ADSCs using TRIzol reagent

(Invitrogen) as described in manufacturer’s protocol. The RNA

was electrophoresed in a 1.3% agarose gel containing

formaldehyde and stained with ethidium bromide to determine

the integrity of total RNA. Total RNA was reverse-transcribed

using SuperScript III Fisrt-Strand Synthesis System

(Invitrogen) to synthesize the first strand of cDNA. Briefly,

3 µg of total RNA, 1 µLof 10 mM dNTP, 2 µLof random

primer were mixed in RNase-free water to a total volume of

10 µL, incubated at 65oC for 5 min, and cooled on ice. Then,

2 µLof 10X RT buffer, 4 µL of 25 mM MgCl2, 1 µLof

RNaseOUT were added and incubated at 42oC for 50 min, and

70oC for 15 min. To identify ADSCs, the expression of CD29,

CD90, CD34 and CD45 were determined by standard PCRs

using the following primer sets: CD29 5’-gcc agt gtc acc tgg

aaa at, 5’-tgt gcc cac tgc tga ctt ag; CD90 5’-agc cag atg cct gaa

aga ga, 5’-ggg ctg aga atg acc tgg ta; CD34 5’-act tct gtt gcc tcg

gag aa, 5’-tct ctg aga tgg ctg gtg tg; CD45 5’-gaa ggc act cgg act

ttc ag, 5’-tcg aag ttt cag gag cag gt; GAPDH 5’-aga tgg tga agg

tcg gtg tc, 5’-att gaa ctt gcc gtg ggt ag. Thermal cycling was

performed for 32 cycles of 94oC/30sec, 51oC/30 sec, 72oC/30

sec. The PCR products were electrophoreses on 1.2% LE

agarose gels containing ethidium bromide. 

2.3 Cell Growth Assay

To determine the capacity of cell growth, 1 × 105 cells per well

in a 6-well plate were plated and cultured in culture medium

DMEM/F12 (Invitrogen) supplemented with 10% FBS

(Hyclone) and 1% penicillin-streptomycin (Invitrogen) at 37oC/

5% CO2. On 3 days, cells were digested with 0.25% trypsin-

EDTA (Invitrogen) and counted on a hemocytometer after

staining with 0.4% Trypan Blue solution. Cells from different

harvesting sites or from rats of different ages were sub-cultured

every 3 days. Cell counting was performed at each passage stage. 

2.4 Cell Aggregation Assay

To evaluate ADSCs from rats of different ages, cell aggrega-

tion assay was performed at each passage stages of ADSCs

from different aged rats. At 70% confluency, cells were

dispersed into a single-cell suspension in culture medium

DMEM/F12 (Invitrogen) supplemented with 10% FBS

(Hyclone) and 1% penicillin-streptomycin (Invitrogen). 30-uL

of culture drops containing 500 cells were placed onto the

undersurface of culture plate lid and then placed over PBS.

After 3days, the drops were transferred to suspension culture
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medium in tissue culture plate and further cultured for

additional 14 days. The number and size of cell aggregates per

plate were observed under the inverted microscopy. 

2.5 Statistical Analysis

Student t-test was used to estimate differences between

groups. A P value less than 0.05 was considered statistically

significant.

3. Results

3.1 Effects of Adipose Tissue harvesting Site on ADSCs

To determine the effect of adipose tissue harvesting site on

ADSCs, adipose tissue was harvested from subcutaneous

(Sub), inguinal (Ing), epididymal (Epi) and mesenteric (Mes)

fat pads of Sprague Dawley rat (Fig 1A). The ADSCs were

selected by plate adhesion in culture medium. The majority of

the adherent cells were fibroblast-like cells, but showed

heterogenic morphology including spindle shaped or small

round cells (Fig 1B). The cultured ADSCs from Sub exhibited

a similar morphology with ADSCs from Ing, but a little

different morphology with ADSCs from Epi and Mes. Whereas

the most ADSCs from Epi and Mes were long fibroblast-like

cells, the ADSCs from Sub and Ing were small and round cells.

To compare the growthof ADSCs from different harvesting

sites, the number of cells was counted at each passage during

subculturing ADSCs (Fig 2A). The growth of ADSCs was

higher in ADSCs from Sub and Ing than from Epi and Mes

during early passages. However, there was no difference in the

growth of ADSCs from all tissues during late passages. In RT-

PCR analysis for the gene expression profile of ADSCs, CD29

and CD90 known as ADSC specific markers were expressed in

ADSCs isolated from Sub, Ing, Epi and Mes (Fig 2B). CD34 and

CD45 known as hematopoietic markers were not expressed in all

samples. There was no difference in the expression levels of

CD29 and CD45 among ADSCs from Sub, Ing, Epi and Mes.

3.2 Effects of Age on the Characteristics of ADSCs

To determine the effects of age on the property of ADSCs,

ADSCs isolated from 4 weeks-, 8 weeks-, 16 weeks, and 32

weeks-old rates were characterized for morphology, growth

and the expression of ADSCs specific markers. The most of

cells cultured on plates were fibroblast-like cells, but some of

cells exhibited small and round shape (Fig 3). ADSCs from 4

weeks- and 8 weeks- old animals displayed small and round

shape during early passage, but ADSCs from 8 weeks-old

Figure 1. Morphology of ADSCs isolated from different adipose

tissue harvesting sites. (A) Harvesting sites of adipose tissues. 1:

Subcutaneous fat pad, 2: Inguinal fat pad, 3: Epididymal fat pad,

4: Mesenteric fat pad. (B) Morphology of ADSCs isolated from

subcutaneous fat pad (Sub), inguinal fat pad (Ing), epididymal fat

pad (Epi) and mesenteric fat pad (Mes) (× 100). 

Figure 2. Growth and gene expression profiles of ADSCs isolated

from different adipose tissue harvesting sites. (A) Growth curve

of ADSCS according to cell passages. *; p < 0.05.(B) Expression

of ADSCs markers in ADSCs from different harvesting sites. 
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animals became long and narrow cells like fibroblast cells

during late passages. The majority of ADSCs from 16 weeks-

and 32 weeks-old animals were small fibroblast-like cells

during early passages, but became large cells during late

passages. 

The growth of ADSCs was compared in ADSCs from

different aged animals during subculturing the cells (Fig 4A).

The growth of ADSCs from 8 weeks-old animals were higher

than from other aged animals. However, the growth of ADSCs

from 8 weeks-old animals decreased at late passages and

became similar level with ADSCs from other aged animals. All

ADSCs from different aged animals expressed CD29 and

CD90 known as ADSC specific markers, but did not express

CD34 and CD45 known as hematopoietic markers (Fig 4B).

There was no difference in the expression levels of CD29 and

CD45 in all ADSCs isolated from different aged animals.

 

3.3 Effects of Age on the Formation of Cell Aggregates 

To determine the differentiation potential of ADSCs from

different aged animals, the capacity of ADSCs for the

formation of cell aggregates was measured in ADSCs isolated

from different aged animals during subculturing the cells (Fig

5). ADSCs from 8 weeks- and 16 weeks-old animals formed

larger cell aggregates than ADSCs from 4 weeks- and 32

weeks-old animals (Fig 5A). The size of cell aggregates was

larger in ADSCs at early passages (p3 and p5) than in ADSCs

at late passage (p9) (Fig 5B). The frequency of cell aggregation

was higher in ADSCs at early passages from 8 weeks-old

animals than in other ADSCs, and was the lowest in ADSCs at

late passage (p9) from 32 weeks-old animals.

4. Discussion

In the present study, we characterized the capacity of ADSCs

Figure 3. Morphology of ADSCs by the number of passage from

different aged animals (× 100).

Figure 4. Growth and gene expression profiles of ADSCs isolated

from different aged animals. (A) Growth curve of ADSCS

according to cell passages. *; p < 0.05.(B) Expression of ADSCs

markers in ADSCs from different ages.

Figure 5. Cell aggregates formed by ADSCs from different aged

animals. (A) Morphology of cell aggregates of ADSCs isolated

from different aged animals (× 40) (B) Capacity of ADSCs for

formation of cell aggregates. ++++ : high capacity, +++ : medium

capacity, ++: low capacity. 
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according to harvesting sites of adipose tissue, ages of animals

and the number of passages for subculturing to determine the

availability of ADSCs for clinical applications. The growth of

ADSCs was affected by the harvesting sites of adipose tissue and

ages of animals. In addition, the number of passages in

subculturing ADSCs also affected the growth and differentiation

potential of ADSCs. 

Adipose tissue is a highly heterogeneous tissue with various

cellular compositions.21 The metabolic responses of adipose

tissue to various hormonal stimuli were dependent on the sites of

fat depots.22 Moreover, it has been reported that the frequency of

ADSCs was significantly higher in the SVF of adipose tissue

isolated from abdomen region than adipose tissue from the hip/

thigh region.13 Unlike the previous studies, this study has

focused on the growth activity of ADSCs isolated from

different harvesting sites of adipose tissue, and have showed

that the growth activity was significantly higher in ADSCs

from adipose tissue of Sub and Ing than in ADSCs from adipose

of Epi and Mes. In addition, the growth activity of ADSCs

decreased with the number of passages in culture. However, the

expression levels of ADSCs specific markers were similar in

ADSCs isolated from different harvesting sites of adipose

tissue. Therefore, adipose-tissue harvesting sites and the

number of passages in culture may influence the growth

activity of ADSCs, but not the expression of ADSCs specific

markers.

It has been known that aging influences the regeneration

capability of an organism. Aging also accumulates oxidative

stress in cells,15 which may cause the senescence of cells.

Previous study has demonstrated that the number and

differentiation potential of mesenchymal stem cells decreased

with age,23 However, other study has shown that proliferation,

attachment and senescence of mesenchymal stem cells was not

related with age.24 Therefore, the effect of age on the function

of stem cells is controversial. This study investigated whether

the growth activity of ADSCs is influenced by the ages of

animals. The morphology of ADSCs in culture from 4 weeks-

and 8 weeks-old animals was different from the morphology of

ADSCs from 16 weeks- and 32 weeks-old animals. In addition,

the growth activity of ADSCs from 8 weeks-old animals was

higher than growth activity of ADSCs from other aged animals.

However, the growth activity of ADSCs decreased with increase

in the number of passage. The expression levels of ADSCs

specific markers were not affected by the ages of animals.

Therefore, although the growth activity of ADSCs in culture is

affected by the age of animals, the effect of age on the growth

activity of ADSCs in culture seems to decrease with the number

of passages during subculturing. 

It has been shown that in murine bone marrow-derived stem

cells adipogenic differentiation decreased with donor age and

chondrogenic differentiation decreased with increasing passage

number,25 which suggests that the differentiation potential of

mesenchymal stem cells may be influenced by donor age and

number of passage in cell culture. Conversely, other study has

shown that age does not seem to affect in vitro adipogenic

differentiation of human adipose tissue-derived stem cells,

whereas it does affect osteoblastic differentiation.19 In this

study, the differentiation potential of ADSCs was estimated by

the formation of cell aggregates that was used to evaluate in

vitro transformation of cells.26 The size of cell aggregates was

larger in ADSCs isolated from 8 weeks- and 16 weeks-old

animals than from 4 weeks- and 32 weeks-old animals. The

frequency of cell aggregation was high in ADSCs isolated from

8 weeks-old animals. The size of cell aggregates and the

frequency of cell aggregation decreased with increase in the

number of passage. Taken together, the results of this study

suggest that although the differentiation potential of ADSCs is

affected by the age of animals as well as the number of passage

during subculturing. 

In conclusion, the results of this study show that the growth

activity of ADSCs may be influenced by the harvesting sites of

adipose tissues and age of donors. In addition, the age and the

number of passage number in culture may also affect the

differentiation capacity of ADSCs. Therefore, the source of

ADSCs including harvesting sites of adipose tissue, age of

donor, and the number of subculture should be considered to

maximize efficient therapeutic application.
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