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ABSTRACT : The proliferation of embryonic cells or adult stem cells in tissue is critically regulated during development
and repair. How limited the proliferation of cells, so far, is not much explored. Cell-cell contact proliferation inhibition
is known as a crucial mechanism regulating cell proliferation in vitro and in vivo. In this study we examined the characters
of mouse subcutaneous adipose derived stem cells (msADSC) whether they lost or get contact inhibition during in vitro
culture. The characters of msADSC growth after confluence were analyzed using confocal microscope and the expression
profiles of contact inhibition related genes were analyzed according to the morphological changes using real-time PCR
method. msADSC showed overlapping growth between them but not after passage 14. The cell shapes were also changed
after passage 14. The expression profiles of genes which are involved in contact inhibition were modified in the msADSC
after passage 14. The differentiation ability of msADSCs to adipocyte, chondrocyte and osteocyte was not changed by such
changes of gene expression profiles. Based on these results, it is revealed that smADSC were characterized by getting of
strong cell-cell contact inhibition after passage 14 but the proliferation and developmental ability were not blocked by the
change of cell-cell contact proliferation inhibition. These finding will help to understand the growth of adipose tissue,
although further studies are needed to evaluate the physiological meaning of the cell-cell contact proliferation inhibition
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during in vitro culture of msADSC.
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INTRODUCTION

Adipose tissue derived from the embryonic mesen-
chyme contains a stroma like bone marrow. Adipose
tissue can be grown by the deposition of lipid in existing
mature fat cells and the production and filling of new
fat cells (Wang et al., 1988). Adipocyte precursor replication
is accelerated by several pituitary peptides and by some
function associated with massive obesity (Roncari et al.,
1981).

The regional differences in capacity in adipocyte
formation have been evaluated. For example, lipectomy

and/or high fat feeding results in greater increases in
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fat cell number in some depots than in others (Faust et
al., 1978). Interregional differences in fat accumulation
has been tried to explain through the composition of
adipocyte precursor pool, because the pool of adipocyte
precursor is an important determinant of the size of
adipose tissue. It is suggested that inherent differences
in adipose derived mesenchymal cells (adipose derived
stem cell; ADSCs) dynamics contribute to the distinct
responses of different fat depots to overfeeding (Djina
et al.,, 1983; Tchoukalova et al., 2010). From the va-
rious studies, it is revealed that ADSCs express the
mesenchymal stem cell markers but not hematopoietic
lineage marker and endothelial cell markers (Zuk et al.,
2002; Romanov et al., 2005). ADSCs exhibit stable
growth and proliferation kinetics and have multilineage
potency to the other cell types including osteogenetic,

chondrogenetic, myogenic, or adipogenetic lineages in vitro
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(Izadpanah et al., 2006; Rodriguez et al., 2005; Romanov
et al., 2005). Morphologically, ADSCs are fibroblast-
like in vitro (Zuk et al., 2002; Zannettino et al., 2008).

Although overfeeding is a caused of increase of the
size of adipose tissue, and its related hormonal secre-
tion is the reason of the increase the proliferation of
ADSC s, it is not clear how keep the number of cell of
each type. Cell-cell contact is known to be a critical
regulating signal of cellular proliferation, differentiation
and motility. Inhibition of proliferation by density-de-
pendent, cell-cell contact, is generally referred to as
contact dependent inhibition of growth or contact in-
hibition (Eagle et al., 1967). In vitro, non-transformed
cells are arrested in GO/G1-phase at a critical cell den-
sity forming a confluent monolayer. In adult tissues,
contact inhibition is thought to be continuously active,
playing a critical role in the repression of somatic cell
proliferation and probably organ size control (Zeng et
al., 2008). Cell-cell contact inhibition has also meaning
of the gradual development of plasma membrane po-
larity. In line, transformed cells are characterized by a
loss of contact inhibition which is manifested by a
higher saturation density and the emergence of multi-
layered foci in vitro. Despite its importance for cell
cycle control, knowledge about the signaling cascade
mediating contact inhibition is still scarce (Kiippers et
al., 2010). Gene expression analysis in mouse fibro-
blasts revealed that 110 transcripts are differentially
expressed in confluent versus proliferating cultures re-
presenting 107 genes and 3 cDNA sequences involved
e.g. in proliferation, signal transduction, transcriptional
regulation, cell adhesion and communication (Kiipper
et al., 2010).

In vitro, contact-inhibition becomes apparent by the
fact that adherent, non-transformed cells stop prolife-
rating at a critical cell density forming a confluent mo-
nolayer. In contrast, transformed cells are characterized
by loss of contact-inhibition manifested by a higher sa-

turation density and the emergence of multilayered. In
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an attempt to understand the regulation mechanisms of
adipocyte formation, we have studied the cell-cell con-
tact inhibition of subcutaneous adipose derive stem ce-
lls. In this study we observed cell morphology, dou-
bling time, and differentiation potency. Gene expre-
ssion studies comparing 3T3-L1 cell versus msADSCs
of various passages were revealed differential expre-
ssion of genes which are involved e.g. in proliferation,
signal transduction, transcriptional regulation, cell ad-

hesion and communication.

MATERIALS AND METHODS

1. Experimental animals

Ten to twelve week-old female CD-1 mice were
used in this study. All experimental animal studies
followed to the Guide for the Care and Use of
Laboratory. Animals were maintained under standard
conditions at Sungshin Women’s University. Animals
were fed a standard rodent diet and water ad libitum
from weaning at 21 days of age. The condition is
maintained by 14/10 hr light and dark cycle.

2. Mouse subcutaneous adipose-derived stem cells
(msADSC) isolation, culture and maintain passage

Mouse subcutaneous adipose tissue was obtained
from the CD-1 female mice. In briefly, approximately
1.8 g of mouse subcutanous a dipose tissue was washed
several times in Hank’s buffered salt solution (HBSS),
consisting of 1% BSA, 200 nM adenosine, 50 mg/ml
glucose. The adipose tissue was minced finely using
surgical scissors and incubated in digestion buffer at
37T in digestive buffer with constant agitation for 1 hr.
The digestive buffer contained 0.1% type I collagenase
(Gibco, Cat #. 17100-017) and 1% albumin. After
digestion the mononuclear cells were washed and
seeded. Cell suspensions were cultured in Dulbecco’s
modified Eagle’s medium low glucose (DMEM-LG)
(Gibco, Cat #. 31600-026) supplemented with 10% fetal
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bovine serum (FBS) (Welgene, Cat #. S001-07), 100
U/ml penicillin, 0.1 mg/ml streptomycin, 3.7 mg/ml
sodium bicarbonate at 5% CO,, 37C. All of the
nucleated cells were plated at 25,000 cells/cm’ density
in 10ml of medium in a culture dish and incubated at
37C with 5% CO, After 24 hr, nonadherent cells were
discarded, and adherent cells were thoroughly washed
twice with PBS. The mADSC was incubated for 5—7
days, harvested with 0.25% trypsin and IlmM EDTA
for 1—3 minutes, and replated at 25,000 cells/cm’
density in a culture dish. Medium was changed every
other day. To prevent spontaneous differentiation, cells

were maintained at subconfluent levels.

3. 3T3-L1 fibroblast cell line culture

As control, mouse 3T3-L1 preadipocyte cell line was
used. 3T3-L1 fibroblast cell line was kindly donated by
Prof. Lee (Sungshin Women’s University, Korea). The
cells were cultures in Dulbecco’s modified Eagle’s
medium high glucose (DMEM-HG) (Gibco, Cat #. 12-
800-017) supplemented with 10% fetal calf serum
(FCS) (Gibco, Cat #. 16170-078), 100U/ml penicillin,
0.Img/ml streptomycin, 3.7mg/ml sodium bicarbonate
at 5% CO,, 37C. The cells were incubated for 3—5
days, harvested with 0.25% trypsin and ImM EDTA
for 1 —3 minutes, and replated at 5,000 cells/cm® (Low
density) and 40,000 cells/cm’ (High density) in a cul-
ture dish, respectively. Medium was changed every
day. To prevent spontaneous differentiation, cells were

maintained at subconfluent levels.

4. Morphology
ADSCs at each passage were examined under in-

verted microscope (Olympus, [X70).

5. Total RNA isolation and real-time polymerase
chain reaction (PCR)
msADSCs and 3T3-L1 cells were maintained in no-

ninductive control meidum until 90 —95% confluent the
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culture plate. The expression profiles of the genes whi-
ch are related to cell-cell contact inhibition were ana-
lyzed. Total RNA from mADSC and 3T3-L1 cells we-
re isolated using TRIzol Reagent according to the
manufacturer’s instructions. The purity of RNA was
assessed by determining the ratio of absorbance at 260
nm to that at 280 nm. First strand cDNA was synthe-
sized using First-Strand synthesis system (Stratagene,
Cat #. 200420) according to the manufacturer’s instruc-
tions. Briefly, the mixtures were incubated at 65C for
minutes and Ipace tube at room temperature for 10
minutes for the primers to anneal to the RNA. And
incubated at 42°C for 60°C minutes and incubated at
70 for 15 minutes to terminate cDNA synthesis. Quan-
titative real-time PCR was performef for FoxM1, Zebl,
Necl-5, Dusp9, Aurkb, RBI, Itm2b, Ncaml, Tsc-22,
Tle2, Tle6, and Hesl. The expression of GAPDH was
used as internal control. The primers (Bioneer, Koear)

were depicted in Table 1.

6. Immunocytochemistry

mADSC and 3T3-L1 cells were cultured on sterile
glass cover slips for a few days until they reached the
desired confluency. Cells were washed with PBS and
then fixed 4% paraformaldehyde in PBS. After wa-
shing with PBS containing 0.1% BSA, cells were bl-
ocked with PBS containing 5% normal rabbit serum,
0.3% Triton X-100 in 0.1% BSA/PBS for 30 minutes
at RT. Between each step, cells were washed with 0.1%
BSA in PBS. Cells were incubated with anti- Actin
polyclonal primary antibody (Goat polyclonal IgG, Santa
Cruz Biotechnology) (1:500) overnight at 4C. After
labeling with the primary antibody, cells were then
incubated with Cy3 conjugated rabbit anti- goat IgG
were used as the secondary antibody (Cy3 conjugated
affinipure Rabbit Anti-Goat IgG, Jackson) (1:200) for
1 hour at RT. And then cells were counterstained with
Hoechst33258 for 20 minutes at RT. Immunoreactive

cells were visualized by fluorescence microscopy.



332 Y Jeon, MS Lee, Y-P Cheon

Dev. Reprod. Vol. 16, No. 4 (2012)

Table 1. The specific primers for the genes which is known as involving gene in cell-cell contact inhibition

Genes Sequence bp
-y S : 5>-ATCTCAGTGTTCCTCGCCATCT-3’ 62
e
AS : 5-AAC AAC GGC TTG CAC CAC A-3’
S : 5’-ATTGATGAGGCCTTGTCGCA-3’
Dusp9 320
AS : 5’- TCC AGC TCA AAG ACC CCA TCA-3
S : 5’- CTT TGA GAT TGG GCG TCC TT-3’
AurkB 328
AS : 5- TGA CAG TTC CTC CAT GAT CGT G-3’
RBI S : 5’- CGA TCA TGT CAG AGA AAG AGC TTG G-3’ 308
AS : 5-CAC ACG TCC GTT CTA ATT TGC TG-3’
S : 5-ATC GTT ATG CCG CCC AAA-3’
Itm2b 352
AS : 5-GCA CAA AAT ACA AAG GGG CAG G-3’
S : 5-GGATCTCAGTGGTGTGGAATGATG-3’
Ncam 278
AS : 5-CAG AAT GAC ATC TCG GCC TTT G-3’
Tse) S : 5’-CAA TAG CTC TGG TGC AAG TGT GGT-3’ 362
sc-
AS : 5>-TCAGTTCAGACAGCAGCAGCA-3’
Tle S : 5-CAC ATC CTC AAG CCT CCA AGA A-3’ 311
e_
AS : 5>-AAAGGAGACAGTCTTGGCCAGTGT-3’
Tle6 S : 5-TCC AGC ACC CCA AGT TCA AA-3 14
e_
AS : 5-GAA GAG CTG AGG GAG ACT TGA TCA-3’
Hesl S : 5-ATG ACC CAG ATC AAC GCC AT-3’ 3
es
AS : 5-GTT GGG GAT GAG AAA GGC AA -3’
S : 5-GGC TTG GAA AGA TGA GIT CTG ACG-3’
FoxM1 352
AS : 5-CCATTGGCAGATGTCTCTCGAA-3’
S : 5°-GCA AAG CCG TTA CAT TCC CAC T-3’
alpha 297
AS : 5-CACAAGTAATTCGCCTTCCTCG-3’
. S : 5-TTC AAG GAG AAA GGA GCT GGT G-3’
Nectin-3 beta 320
AS : 5-CCATCGATCGTTGCAACACAC-3’
S : 5-GAA TGA GAC AGT AGC AGC CGT TTG-3’
gamma 294

AS : 5-CCCACGAACCAATTTCCATC-3’

7. ADSC multi-differentiation potential assays

Adipogenic differentiation was induced and assayed
according to Zuk protocols. Passage 5, 10 and 15 ms-
ADSCs were induced. The acquisition of the adipo-
genic phenotype was determined by staining the mono-
layers with 2% Oil Red-O solution. To assess the oste-
oblastic phenotype, 2% Alizarin red staining was used
to assess matrix mineralization after 21 days. For con-

drogenic differentiaiton, the cells were stained with 1%

alcian blue. We chose 10 visual fields randomly, and
analyzed the positive products of three populations of

each passage.

RESULTS

1. Morphological changes of mouse subcutaneous
adipose derived stem cells

Most case of cell shape change means the functional
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(A) B) ©
Fg. 1. Photomicrograph of mouse subcutaneous adipose derived
stem cells (msADSC) for passage 5, 11 and 15. Until
passage 14, the morphology of msADSC kept fibro-
blast-like shape but after then the shape changed as an-

gular squamous with clear boudnary between cells.

change. During passage, the morphological changes of
msADSC were analyzed. During the passage msADSCs
were kept fibroblast-like shape, belly shape (Fig. 1A,
B). After passage 14, however, the morphology of cells
was changed. msADSCs were angular squamous shape
with clear boudary between cells (Fig. 1C). The morphology

of msADSCs was not reversible after passage 14.

2. Doubling time of mouse subcutaneous adipose
derived stem cells

Because the morphology of msADSCs was changed
during maintaining the lineage, we analyzed whether the
doubling times changed after passage 14. Under the seeding
density in this study, the doubling time was not different
between pl, pl5, and p25. The mean time of doubling
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Fig. 2. Doubling time of mouse subcutaneous adipose derived stem
cells (msADSC) for passage 1 to 25. The doubling time
was not increased by the passage.
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was 52.3+8.378 hr. The change of the morphology was

not cause of delay of cell proliferation (Fig. 2).

3. Cell-cell contact inhibition in msADSCs

Cell-cell contract proliferation inhibition is evaluated
from early 1960s. It is known that such a proliferation
inhibition also exist in stem cell. During early passage
we observed that some of the cells showed overlapping
growth. After culture for 15 days the msADSCs were
applied to confocal microscope. The XYZ images were
got and detected the localization of nucleus. Interes-
tingly, nucleus formed the stratified layers in the fi-
broblast-like shaped msADSCs (Fig. 3A). On the other
hand, after passage 14 the cell shapes were changed, the
msADSCs of passage 15 did not form stratified nuclear
layer (Fig. 3B). 3T3-L1 cell was used as control of cell-cell
contact inhibition of proliferation and showed same pattern
with that of passage 15 (Fig. 3C).

To confirm the change of cell-cell contact inhibition

of proliferation, the expression of genes which were

(A) ®) ©
Fig. 3. Cofocal microscopic image of msADSC (P8 and P15) in
vitro. A, P8 msADSCs were cultured for 7 days and
analyzed with confocal microscope. XYZ (3-dimension)

images were got and analyzed the localization of nu-
cleus. Nucleus lay with the stratified. Arrow head sh-
owed the deepest cell’s nucleus and arrow head showed
the most upper cell’s nucleus (blue). B, P15 msADSCs
were cultured for 7 days and analyzed with confocal mi-
croscope. Nucleus (blue) did not form the stratified
layers but formed single layer. C, 3T3-L1 cells were
cultued for 7 dys and analyzed with confocal microscope.
Nucelus (blue) did not form the stratified layers but
formed single layer. Actin is red.
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known to involve in contact inhibition was analyzed.
The kind of genes which are known to involve in
cell-cell contact inhibition are various. In 3T3-Li,
hairy and enhancer of split-1 (Hesl) gene expression is
essential in contact inhibition of cell proliferation by
repressing E2F-1 (Noda et al., 2011). At 48 hr of high
density seeding, the cells occupied about 90% of the
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Fg. 4. Expression profiles of genes which are involved in cell-cell
contact inhibition. The expression levels of genes were
evaluated with real-time PCR method. A, 3T3L1 was used
as control for cell-cell contact inhibition. The expression
levels of them were changed by their known role in
cell-cell contact inhibition. After 48 hr of high density
seeding the 3T3-L1 cells occupied about 95% of the plate
and stopped cell division. B, The expression levels of genes
involved in cell-cell contact inhibition in passage 5, passage
10 and passage 15 at the time of the cells occupied the plates.
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plate and the mRNA expression levels of Hes/ gene
was dramatically increased. The mRNA expression le-
vels of transducin-like enhancer protein 2 and 6 (7le2,
Tle6) were also dramatically increased. However, the
expression levels of Zebl, Dusp9, AurkB, RBI, Itm2b,
Ncam, Tsc22, Foxml, nectin3-alpha gene, nectin3-beta
gene, nectin3-gamma gene were not changed by the
density increase (Fig. 4A). In msADSCs, the expre-
ssion patterns were different for that of the 3T3-LI.
The mRNA expression levels of Zebl, Rbl, Itm2b,
Ncam, Tsc22, Tle2, Tle6, Hesl, and nectin3-beta genes
were high more than 4 fold in msADSC on passage 5.
On passage 10 msADSCs, the mRNA expression levels
of Zebl, Itm2b, Ncam, Tsc22 and nectin genes were
decreased but the levels were not same with those of
passage 15. On passage 15 msADSCs, the mRNA ex-
pression levels of Zebl, Itm2b, and Hesl were similar
with those of pass 10 but other genes expression levels

were decreased dramatically (Fig. 4B).

4. Keeping the differentiation potency after morpho-
logical changes

Fig. 5. Photomicrograph of the results of the adipocyte genetic,
chondrogenic, and osteogenic differentiation of mouse sub-
cutaneous adipose derived stem cells. Adipocyte genesis
(A, B), chondrogenesis (B, E) and osteogenesis (C, F)
were evaluated with Oil Red-O staining, Alcian blue,
and Alizarin red staining, respectively. There was no di-

fference between passage 10 and passage 15.
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These results mean that the cell-cell contact inhi-
bition was increased after morphological change. To
evaluate whether the morphological changes could de-
crease the potency for differentiation, the msADSCs of
passage 5, 10, and 15 were induced to adipocyte, con-
drocyte, and osteocyte. As seen in Fig. 5, the adipo-
genic, chondrogenic, and osteogenic differentiation po-
tency were not different between passage 10 and

passage 15.

DISCUSSION

The polyclonal nature of adipocyte precursor popu-
lation has been observed with respect to replication
(Wang et al., 1988). After then ADSCs is a new source
of mesenchymal stem cells and a good materials in
various field of medicine. The culture methods to get
sufficient stem cells from in vitro culture have been
developed, because it is needed the huge number of
cell for tissue repair. For example about 4.0 million
human mesenchymal stem cells (hMSC) are need for a
single injection aimed at infarcted heart repair (Seger
& Lee, 2008). It is known that there is contact in-
hibition in MSCs and passage after reaching 70— 90%
confluence to prove cell proliferation. Therefore, to get
huge number of MSCs, we needed passage. Lineage
maintaining of MSCs are usually get through passage
and it cause of the lose pluripotency and proliferation
capacity (Bruder et al., 1997; Javazon et al., 2004;
Vacanti et al., 2005). This is one of the obstacles in
apply to the industry and medicine.

From this study it was revealed that the morphology
of msADSCs change after passage 14. Fibroblast-like
shape become squamous and did not reversible. Such
morphological changes were also reported in human
ADSC during lineage maintaining. The morphology of
human ADSC altered markedly at passage 15 and
passage 20, demonstrating the appearance of flattens

features compared at early passages (Safwani et al.,
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2012). Similar features have been reported in mesen-
chymal cells (Izadpanah et al., 2006). The potency of
human ADSCs for adipose tissue genesis and
osteogenesis also decrease after passage 15 and passage
20 (Wan Safwani et al., 2011). So it is suggested that
human ADSCs beyond passage 10 may not be suitable
to used clinically as their safety and efficiency may be
compromised (Safwani et al., 2012). The different
between msADSC and human ADSC of Safwani et al
(2012) is that the morphological changes of human
ADSC happed at passage 15 and passage 20 but only
in passage 15 in msADSC. Interestingly the differen-
tiation potency of msADSC was not decreased by
long-term culture (passage 15). In addition, the dou-
bling time also was not different between passage 5,
passage 10, and passage 15, and until passage 25.
Although further studies are needed, the reasons of
difference may be come from the regional difference
between msADSC and huamn ADSCs of Safwani et al.
(2012).

Preadipocyte such as 3T2-L1 is a well know cell
line which has cell-cell contact inhibition. Also proli-
feration of mesenchymal stem cells becomes contact
inhibited (Krinner et al., 2010). It is known that the
proliferation of human ADSC is also blocked by cell-
cell contact inhibition in vitro. On the other hand, it
has been suggested that the properties of accumulation
of adipocyte are regional specific characters. Popula-
tion derived from anatomically separate regions differs
with respect to the frequency of clones of varying
replicative capacities (Wang et al., 1988). Lower body
fat-cell progenitors can develop rapidly into mature
adipocytes in adult humans in response to overfeeding
and that this response depends partially on sex and
baseline adipocyte size (Tchoukalova et al., 2010). The
number of leg fat cells is greater in overweight than in
normoweight persons (Tchoukalova et al., 2008). Be-
sides, by the amount of nutrient and the physiological

condition, the growth of fat tissue is observed. Those
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mean that the adipose stem cells can proliferate with-
out less limitation responding to the external condi-
tion. In addition, interestingly, in vitro culture of mou-
se subcutaneous adipose derived stem cells showed the
growth patterns of stratification. These results evaluate
the possibility that the cell-cell contact inhibition is
weak in msADSC compared with the other cells like
3T3-L1.

The expression profiles of some genes which have
function in cell-cell contact inhibition in msADSCs were
different from 3T3-L1 cells. The expression levels of
Zebl were dramatically high compared with 3T3-L1 in
passage 5 msADSCs. And its high expression levels
were detected on passage 10 and passage 15 msADSCs.
It is known that Zebl express in the condition of loss
of cell-cell contact (Liu et al., 2009). On the other
hand, a few of genes which are known that highly
expressed in the cell proliferation suppressed cells were
detected in msADSCs of passage 5, 10, and 15 like in
confluent 3T3-L1 cell. These are including Hes! (Noda
et al.,, 2011), Tle2, Tle6 (Evans et al., 2008), Tsc22
(Kiippers et al., 2010). Cell-cell contact inhibition results
in the inhibition of proliferation and locomotion (Ben-Ze’ev
et al.,, 1980; Nakamura et al., 1983). Interestingly, the
expression profiling data showed that the genes known
in loss or gain cell-cell contact inhibition were expre-
ssed in msADSCs but not in 3T3-L1. The expression
profiles of the genes of passage 20 msADSCs were
similar with those of passage 15 msADSCs. Although
further studies are needed, it is suggested that the
difference of the expression profiles of these genes are
the cause of the character of msADSCs.

In conclusion, msADSC was characterized by the
getting strict cell-cell contact inhibition and morpholo-
gical changes after passage 14 but the proliferation was
not blocked by the change of that in vitro. Besides the
msADSC of passage 15 keep the differentiation po-
tency like msADSCs of passage 5 or 10. It is needed

further studied to evaluate the physiological meaning
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of the occurring cell-cell contact inhibition during in
vitro culture of mADSC. The meaning of expression of
the genes involved in cell-cell contact inhibition also
needed to evaluation. It is suggested that the under-
standing of cell-cell contact proliferation inhibition in
ADSCs may be a first step to understanding the deve-

lopmental role in adipose tissue generation.
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