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Abstract: Characterization of differentiation capacity of meshymal stem cells (MSCs) should be done
before the MSCs can be used in regenerative medidiesting of differentiation capacity needs vasiou
substances containing medium, which are troublesonprepare. Therefore, the objective of this stigdto
describe a simple and cheap method to check chgedio differentiation capacity of adipose tissuewael
mesenchymal stem cells passage-5 by using fetahdeerum (FBS) or platelet rich plasma (PRP) doimtg
media in monolayer culture. In this study, adiptissue derived mesenchymal stem cells (AT-MSCs)ewer
isolated from lipoaspirate and cultured. To endhee existence of AT-MSCs, flow cytometric analysds
passage-1 cells were done to count the CD34, CD@3®90 bearing cells. Prolonged cultures were done
various media, i.e. MesenCult®, 5% and 10% PRPataing high glucose Dulbeco’s minimal Eagle’s madliu
(HG-DMEM), 10% FBS containing minimal essential mediuna MEM), and 10 ng/mL vascular endothelial
growth factor (VEGF) and 10% human AB serum caonigj HG-DMEM. Ourf results showed that prolonged
cultures in MesenCult® (one out of four), 5% PRmtaming HG-DMEM (five out of six), 10% PRP
containing HG-DMEM (all of nine), 10% FBS contaigiot MEM (twelve out of thirteen), and 10 ng/mL
VEGF and 10% human AB serum containing HG-DMEMvé&eout of eight) showed micromass formation.
The micromasses were stained blue with alcian Hluesefore, micromass formation could be regarded a
chondrogenic differentiation. In conclusion, prajed culture in 5% PRP containing HG-DMEM, 10% PRP
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containing HG-DMEM, or 10% FBS containirgMEM can be used as an alternative cheap methoteok
the chondrogenic differentiation capacity of AT-MSC
Key words: micromass, chondrogenic, prolonged culture, AT-MSCs

I ntroduction

Adipose tissue derived mesenchymal stem cells (ASGN) are very promising for regenerative medicine.
They have similar characteristics to bone marrovivdd MSCs, and can be differentiated into adipagen
chondrogenic and osteogenic lineag&haracterization of differentiation capacity needsious substances
containing medium, which are troublesome to prep@rgrently, various induction media are commelyial
available, but they are expensive. Therefore, amfdit cost is needed to buy them.

In case of chondrogenic differentiation, the mosedi protocol involves pellet culture in chondrogeni
induction medium for 21 days. After the chondrogepéllet is formed, it is processed histologicadiyd
stained by alcian blue to prove the chondrogenitrima his process takes a long time and very custdiae.
According to Zuk et al, chondrogenic differentiatidoes not occur in monolayer cultures of AT-MSCs
although they are induced by chondrogenic medilmncontrast, Bosnakovski et al reported that pellgture

of bone marrow derived MSCs resulted in spontanadusdrogenic differentiation without chondrogenic
induction mediund. Another study reported spontaneous osteogenierdifiation of a small proportion of
human placenta derived MSCs after successive pessagrowth medium (antibiotics and 10% fetal bevi
serum [FBS] containing Dulbeco’s modified Eagle’edium [DMEM]).* Our experience in culturing AT-
MSCs showed that prolonged monolayer cultures ef@age 1 and 2 in platelet rich plasma (PRP) cdntain
high glucose DMEM (HG-DMEM) caused retraction ofettperiphery of monolayer, which formed
micromasses at the end. These micromasses werdarsitoi the previously described VEGF induced
chondrogenic micromasses.

This article aims to describe a simple and cheathoadeto check chondrogenic differentiation capaoftyAT-
MSCs passage-5 using FBS or PRP containing medi@irolayer culture.

Materials and Methods

This descriptive study was conducted in the Integlkd_aboratory of the Faculty of Medicine Univeasit
Indonesia from August 2012 through January 2018,veas approved by the Ethical Committee of the Facu
of Medicine Universitas Indonesia.

Materials

Lipoaspirate samples were waste of liposuction guace in Erpour Clinic in Jakarta, and were obthiater
the patients signed the informed consent form. Nt that were used in processing, primary culture
subculture and prolonged culture were: phosphatieted saline pH 7.4 (PBS [Sigma P3813]), collagena
type 1 (Gibco 17100-017), 100 um cell strainer @ewc Dickinson no352360), MesenCult® (STEMCELL
Technologies), PRP (Indonesian Red Cross), HG-DMEWbhza 15-604D), TrypLE Select (GIBCO 12563-
011), 12, 24, and 96 well plate (Biolite), FBS (B&st S1810)p. minimal essential medium (MEM [GIBCO
12000-022 1]), VEGF (Invitrogen PHC9394), human a&um (Gibco 34005-100), penicillin/streptomycin
(Gibco 15140-122), amphotericin B (JR ScientifiZ60), and antibodies against various surface msuile
CD34-perCP (BD 340430), CD73-PE (BD 550257), and9@GBPC (BD 559869), and their respective
isotypes, which were purchased from Beckton Diakins

Lipoaspirate processing and primary culture

Adipose tissue derived MSCs were obtained fromalgpirate, which were thoroughly washed using alstss
steel filter (pore size 0.5 mm) soaked in PBS daitig porcelain bowl, as described previousfyFurther,
lipoaspirate was processed according to the meath@dk et al to get the cells of the perivascutacfion? In
brief, the lipoaspirate was subjected to 0.075%agehase type 1 digestion at’G7 for one hour. The MSC
containing infranatant was filtered through a 100 gell strainer, and the cells were cultured ireéhkinds of
media, i.e. commercial medium (MesenCult®, 5% a@&hIPRP containing HG-DMEM. For every medium,



Jeanne Adiwinata Pawitan et a//Int.J.PharmTech Res.2014,6(1),pp 224-235. 226

seeding of viable cells was done in duplo, in avEll plate as describes previoulyand were incubated in
37°C, 5% CQ. After the cells were attached, the medium wasgkd every 2-3 days, and cell growth was
observed every day under an inverted microscope.

Subculturesand prolonged cultures

After primary cultures reached 70% confluence,déks in primary cultures were detached by Tryplétest
and passaged (subcultured). For every medium, #ubesiwere done by seeding viable cells in duipi@ 12
well plate until passage-5 as described previctalyl were incubated in %7, 5% CQ. Cells from passage-5
of 5% and 10% PRP containing HG-DMEM and MesenCwi&e detached and variable numbers of viable
cells were cultured in duplo in a 24 well plateofgth area 2 cf), or in a 96 well plate (growth area 0.32%m
depending on the availability of cells. Seeding @Wase evenly or in spots.

Prolonged cultures were done in various media,MesenCult®, 5% and 10% PRP containing HG-DMEM,
10% FBS containingg MEM, and 10 ng/mL VEGF and 10% human AB serum aimimg HG-DMEM. All
media contained penicillin/streptomycin (final 1064), and amphotericin B (final 2500ng/mL) to preve
contamination. Medium changes were done every @y3 dntil 100% confluent, and was further cultunetth
medium changes every 2-3 days. Cell growth aftefleence was observed and photographed.

After confluence, parts of the monolayer especitibt were located at the periphery became rettg€igure

1). At the retracted region, the cells formed mudyers, which further became micromasses. After a
micromass/micromasses was/were formed, the celte fiseed by 10% formol saline, and stained by Alcia
blue. Photographs were taken before and afteristain

Flowcytometric analysis of M SCs

When available, flow cytometric analyses of passhgells were done to count the CD34, CD73 and CD90
bearing cells.

Data collection and analysis

Recorded data were the day when the culture becamiuent and the day when retraction/multilayed an
cartilage matrix (brown)/micromass appearance werticed. The percentages of CD34, CD73, and CD90
bearing cells were also noted, and means and sthu@aiations (SD) were computed. All data werenthe
presented in the form of tables.

Results and Discussion

Some cultures became evenly confluent, but somersttvere confluent on certain parts of the vessel,
especially those with seeding in the form of spdtserefore, confluence on a certain part was reghab
confluence. When the culture had become conflikatmonolayer at the periphery was usually detafioed

the vessel border (retracted), and at the retrgatant, the cells formed multilayer. These cellsendill clearly
visible (Figure la-d). When further cultured, theltilmyer became thicker and formed micromasses. ddils

in a micromass appeared blurred (Figure 1e), arttiey the cells were no more visible (Figure 1fhder
inverted microscope, the micromass showed a sna@othbrown surface (Figure 1f).

The thick structures showed various shapes, iunded, elongated, bizarre, and belt-like micromagBgure
1 and 2). Belt-like micromasses usually appeardtieaperiphery of cultures WMEM, and some of the 10%
PRP containing medium, which later became consttjanoved to the center or periphery, and finallgdme
a smaller, condensed and very thick micromass (€i8a and b).
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a. Retraction b. Retraction and multilayer formation
Connection with vessel wall was still exist | Upper left: vessel wall (100x)
| (100x)

c. Retraction at the periphery and center d. Retraction and multilayer formation
| Matrix accumulated at the thick region (100x)Matrix accumulated at the thick region (100x)

e. Confluence was unnoticed (spot seeding)| f. Confluence was unnoticed (spot seeding)
A micromass with few matrix, the cells were| A micromass covered by matrix, the cells were
still visible (100x) invisible (200x)

Figure 1. (a-f) Development of matrix covered micromasses
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c. Bizare-shaped micromass — unstained
(100x)

d. Bizare-shaped micromass-alcian blue +
(100x)

e. Belt-like micromass — unstained
Lipid droplets were visible in the cytoplasm
the cells outside of the micromass (100x)

f. Belt-like micromass — oil red O +
oLipid droplets outside the micromass were
stained red (100x)

Figure 2. (a-f) Development of belt-like and

bizashaped micromasses

228
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unstained (100x)

c. Macroscopic view of belt-like (left) and d. Macroscopic view of belt-like micromass -
condensed (right) micromass — unstained | alcian blue staining

e. Spontaneous differentiation f. Induced differentiation
Fine lipid droplets were stained red (200x) | Large lipid droplets were stained red (200x)

Figure 3. (a-f) Development of micromasses andl lgvbpplets
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In most of the cultures that showed brown smootbktistructures (micromasses), alcian blue staiviag
done, and all showed blue staining (Figure 2b,3bd,and 3d), which proved the presence of cartifag#ix.
Therefore, we assumed that smooth dark brown sudagld be regarded as containing cartilage matrix.

In some cultures we did not observed either confleeor the formation of retraction/multilayer, ke
presence of cartilage matrix/micromasses was oédeirv most cultures. Most media caused chondrogenic
differentiation, after prolonged culture, exceptsinof MesenCult® cultures (Table 1).

Table 1. Prolonged culture result in MesenCult®

Cell source Type of plate Seeding Confluent  Retraction/ Cartilage matrix/

number multilayer  micromass appearance
formation

MesenCult® 24 well plate 28,000 Day-4 Day-18 Day-22

S2-P3

MesenCult® 96 well plate 3500 Unnoticed  Unnoticed  Unnoticed*

S2-P5

MesenCult® 96 well plate 3500 Unnoticed  Unnoticed  Unnoticed*

S2-P5

MesenCult® 96 well plate 1000 x 2 Unnoticed  Unnoticed  Unnoticed*

S2-P5 spots
HG-DMEM-= high glucose Dulbeco’s minimal Eagle’s med, PRP= platelet rich plasma, S= sample,
P= passage, * until day-21 culture did not becoordlaent, cells seemed to change in morphology

Further, cultures in 10% PRP containing medium stbfine granules in the cytoplasm of the cellhatduter
part of the micromasses (Figure 2e), which wermathred by oil red O staining (Figure 2f and 3&j).red O
staining proved that the fine granules to be fipalldroplets; thus part of the cells underwentrgpoeous
differentiation into preadipocytes. Lipid dropldtsat were accumulated in spontaneous differentiatiere
very small compared to lipid droplets as the resfuidipogenic induction (Figure 3e versus 3f).

Table 2. Prolonged culture result in 5% PRP containing HAHEM

Cell source Type of plate Seeding Confluent Retraction/  Cartilage matrix/

number multilayer micromass
formation appearance

HG-DMEM- 24 well plate 9840 Unnoticed Day-8 Day-12

5% PRP

S2-P5

HG-DMEM- 24 well plate 9840 day-8 Unnoticed day-15

5% PRP

S2-P5

HG-DMEM- 24 well plate 7360 Day-4 Day-15 Day-18

5% PRP

S1-P5

HG-DMEM- 24 well plate 7360 Unnoticed Unnoticed Unnoticed*

5% PRP

S1-P5

HG-DMEM- 24 well plate 1640 x 5 spots  Day-3 Day-5 Day-11

5% PRP

S2-P5

HG-DMEM- 24 well plate 960 x 5 spots Day-8 Day-12 Day-19

5% PRP

S1-P5

HG-DMEM-= high glucose Dulbeco’s minimal Eagle’s mead, PRP= platelet rich plasma, S= sample, P=
passage, * until day-19 culture did not become lcent, cells seemed to change in morphology
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Table 3. Prolonged culture result in 10% PRP containing BIKGEM

Cell source Type of plate Seeding Confluent  Retraction/ Cartilage matrix/

number multilayer  micromass appearance
formation

HG-DMEM- 24 well plate 40,000 Day-4 Day-5 Day-6

10% PRP

S2-P4

HG-DMEM- 24 well plate 9900 Day-4 Day-11 Day-16

10% PRP

S2-P5

HG-DMEM- 24 well plate 9900 Unnoticed Day-11 Day-16

10% PRP

S2-P5

HG-DMEM- 24 well plate 7920 Unnoticed Day-15 Day-17

10% PRP

S1-P5

HG-DMEM- 24 well plate 7920 Day-4 Day-15 Day-19

10% PRP

S1-P5

HG-DMEM- 24 well plate 3950 x 5 spots  Unnoticed Day--8 Day-1

10% PRP

S1-P5

HG-DMEM- 24 well plate 1320 x5 Unnoticed Day-6 Day-7

10% PRP spots

S2-P5

MesenCult® 96 well plate 1000 x 2 spots  Day-8 Unnoticed  Day-1

S2-P5

MesenCult® 96 well plate 1000 x 2 spots  Day-12 Day-13 Day-14

S2-P5

HG-DMEM-= high glucose Dulbeco’s minimal Eagle’s med, PRP= platelet rich plasma, S= sample,
P= passage
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Table 4. Prolonged culture result in alpha MEM

Cell source

Type of plate

Seeding

number

Confluent

Retraction/
multilayer
formation

Cartilage matrix/
micromass
appearance

HG-DMEM-
10% PRP
S2-P5

24 well plate

9900

Day-4

Day-13

Day-15

HG-DMEM-
10% PRP
S2-P5

24 well plate

9900

Unnoticed

Day-11

Day-13

HG-DMEM-
5% PRP
S2-P5

24 well plate

9840

Day-8

Unnoticed

Day-12

HG-DMEM-
5% PRP
S2-P5

24 well plate

9840

Day-8

Day-10

Day-15

HG-DMEM-
10% PRP
S1-P5

24 well plate

7720

Day-4

Day-15

Day-19

HG-DMEM-
10% PRP
S1-P5

24 well plate

7440

Unnoticed

Day-17

Day-19

HG-DMEM-
10% PRP
S1-P5

24 well plate

3720 x 5 spots

Unnoticed

Day-10

Déy-1

HG-DMEM-
5% PRP
S2-P5

24 well plate

1640 x 5 spots

Day-3

Unnoticed

Day-11

HG-DMEM-
10% PRP
S2-P5

24 well plate

1320 x 5 spots

Day-6

Day-8

Day-15

HG-DMEM-
5% PRP
S1-P5

24 well plate

540 x 5 spots

Unnoticed

Day-16

Day-22

MesenCult®
S2-P5

96 well plate

3500

Day-12

Day-13

Unnoticed *

MesenCult®
S2-P5

96 well plate

3500

Unnoticed

Day-12

Day-13

MesenCult®
S2-P5

96 well plate

1000 x 2 spots

Unnoticed

Day-12

Day-1

232

HG-DMEM-= high glucose Dulbeco’s minimal Eagle’s med, PRP= platelet rich plasma, S= sample,

P= passage, *until day-21 culture had not becomdwent
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Table 5. Prolonged culture result in VEGF and Human AB seoontaining HG-DMEM

Cell source

Type of plate

Seeding

number

Confluent

Retraction/

multilayer
formation

Cartilage matrix/
micromass
appearance

HG-DMEM-
10% PRP
S1-P5

24 well plate

3720 x 5 spots

Day-8

Day-12

Day-18

HG-DMEM-
10% PRP
S1-P5

24 well plate

3960 x 5 spots

Day-10

Day-12

Day-15

HG-DMEM-
10% PRP
S2-P5

24 well plate

1320 x 5 spots

Unnoticed

Day-6

Day-11

HG-DMEM-
10% PRP
S2-P5

24 well plate

1320 x 5 spots

Unnoticed

Day-6

Day-13

HG-DMEM-
5% PRP
S1-P5

24 well plate

540 x 5 spots

Unnoticed

Unnoticed

naticed*

HG-DMEM-
5% PRP
S1-P5

24 well plate

960 x 5 spots

Unnoticed

Day-12

Day-19

HG-DMEM-
5% PRP
S2-P5

24 well plate

1640 x 5 spots

Day-4

Unnoticed

Day-15

HG-DMEM-
5% PRP
S2-P5

24 well plate

1640 x 5 spots

Unnoticed

Day-3

Day-12

HG-DMEM-= high glucose Dulbeco’s minimal Eagle’s med, PRP= platelet rich plasma, S= sample,
P= passage, * until day-19 culture did not becomdluent, cells seemed to change in morphology

Table 6. Surface marker percentage of passagesrious media

M edium- Sample Culture CD34 CD73 CD90
duration per centage per centage per centage

passage (n) (days) Mean SD Mean SD  Mean SD

MesenCult®- S2-3(2) 7-9 24.67 7.53 63.28 1.93 86.74 7.95

P1

HG-DMEM-  S2-3- 4-9 35.64 27.81 63.18 9.81 95.85 0.58

PRP 10%-P1 4(5)

HG-DMEM-  S2-3-4 49 29.94 28.85  55.67 12.42 92.77 4.18

PRP5%-P1 (5)

HG-DMEM-= high glucose Dulbeco’s minimal Eagle’s mad, PRP= platelet rich plasma, P= passage, S=
sample, (n)= sample number, SD= standard deviation

The results of prolonged culture in various media be seen in Table 1-5, and surface marker pagermf
passage-1 in various media can be seen in Table 6.

In our previous study, we reported the use of VEEG& human AB serum supplemented HG-DMEM for faster
and easier chondrogenic inductibiiln this study, we showed that prolonged culturesertain media caused
part of the cells to undergo chondrogenic diffeegitn, without addition of growth factors or othieducers.
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In this study, we used 24 and 96 well plates afférént seeding numbers depending on the avaitahifithe
cells. Therefore, comparison of the result shoutthsider seeding number per area into account. In
MesenCult®, only one out of four cultures showedratrogenic differentiation on day-22 for seedingnber
14,000/cri, while lower seeding number did not show chondnigedifferentiation until day-22. The
MesenCult® cultures that failed to form micromasaese derived from passage-5 (Table 1). Moreovee, 0
out of eighta. MEM culture also failed to form micromasses, anel tells of the failed one were derived from
passage-5 of MesenCult® culture (Table 1). Theegfave supposed that MesenCult® passage-5 celltobad
their differentiation capacity. To check whetherddeCult® caused chondrogenic differentiation inqriged
culture, lower passages that still retain theifedéntiation capacity should be used.

Overall, the lower the seeding number per arealahger the time needed to form micromasses (Taidg
with the lowest time occurred for 10% PRP containiiG-DMEM, which took only 5 days to form
micromasses, when seeding number is 20,000(able 3). PRP was known to contain various kinfls o
growth factors, i.e. transforming growth factor &3ét (TGFp1), platelet derived growth factors, epidermal
growth factor, insulin-like growth factor-1, and &E. The highest content was TBE, which was known as
inducer of chondrogenic differentiatién.

Spotted seeding showed inconsistent results, aaohex did not decrease the needed time for micromass
formation, in 5% PRP containing HG-DMEM, 10% FBSt@ninga MEM, and VEGF and human AB serum
containing HG-DMEM, as was supposed in our previcesult? However, for 10% PRP containing HG-
DMEM, spotted seeding tended to decrease the bmeiicromass formation (Table 3).

Flow cytometric analysis showed that adipose tiskereved passage-1 cells that were grown in 5% 199
PRP containing medium contained high percentag€@30 positive cells, similar to bone marrow-derived
MSCs. However, CD90 positive cells in those thatemgrown in special medium for MSCs (MesenCult®)
were lower. Moreover, CD73 and CD34 positive celigentage did not meet the criteria of MSCs acaogrth
Dominici,"* though they were in line with the findings of Mitll et al* who found lower CD73, and higher
CD34 in passage-1 of AT-MSCs. Therefore, the cllt were grown in MesenCult®, and 5%, and 10%
containing medium can be regarded as AT-MSCs.

Therefore, high seeding number and prolonged @iltu6% or 10% PRP containing HG-DMEM, or 10% FBS
containingo. MEM can be used as a cheap method to check thedobgenic differentiation capacity of AT-
MSCs, without addition of any growth factor.

In addition, prolonged culture in 10% PRP containiiG-DMEM caused part of the cells to accumulgédli
droplets, a stage of adipogenic differentiationweer, as we observed the accumulation of lipicpldts by
chance near the end of cultures, and did not irtgol observe from the start, we did not know dyaethen
did the lipid droplet began to accumulate. Themféurther study need to be conducted, to knovetaet time
of appearance of these droplets.

Niemela et al concluded that fetal calf serum (FG8pplemented medium tended to cause spontaneous
differentiation into adipocyte, especially when itels became conflueft.This result was in line with our
study, in term that cells in certain culture medioray undergo spontaneous differentiation into adipes,
without the use of any induction medium.

Conclusion

Prolonged culture in 5% or 10% PRP containing HGEM/) or 10% FBS containing MEM can be used as a
an alternative cheap method to check the chondiogéferentiation capacity of AT-MSCs.
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