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Proliferation and Functional Activity of Human Adipose Tissue-Derived CD146
Positive Endothelial Cells According to Culture Mediums
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‘Department of Biochemistry, Gyeongsang National University School of Medicine and Institute of Health Sciences,
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Purpose: This study was to examine the proliferation and function of the adipose tissue-derived endothelial
cells according to different culture medium conditions.

Materials and Methods: Adipose tissue-derived CD146 positive endothelial cells were cultured in according
to different culture mediums (DMEM culture medium with or without osteogenic inductive agents and
EBM-2 culture medium with or without osteogenic inductive agents). The proliferation and function of the
adipose tissue-derived endothelial cells was examined in different culture medium conditions.

Results: Adipose tissue-derived endothelial cells formed tube-like structures on Matrigel in EBM-2 culture
medium with or without osteogenic inductive agents. However, the cells did not form tube-like structures
on Matrigel in DMEM medium with or without osteogenic inductive agents. After 24 hours of culture,
among the culture medium using EBM-2, the proliferation of the cells were promoted in EBM-2 medium
without osteogenic inductive agents than in EBM-2 medium with osteogenic inductive agents. However, 72
hours of culture, the proliferation of the cells were promoted in EBM-2 medium with osteogenic inductive
agents than in EBM-2 medium without osteogenic inductive agents.

Conclusion: These results suggest that the proliferation and function of the adipose tissue-derived CD146
positive endothelial cells could be maintained in EBM-2 with osteogenic inductive agents.

Key words: Adipose tissue-derived endothelial cells, DMEM, EGM-2, Osteogenic inductive agents
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Fig. 1. Cell proliferation of adipose tissue-derived CD146
endothelial cells in 24 hours of culture. Cell proliferation
was higher in DMEM culture medium without osteogenic
inductive agents than in DMEM with osteogenic inductive
agents including dexamethasone, ascorbic acid, and f-glyc-
erophosphate (DMEM + 3F).
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Fig. 3. Cell proliferation of adipose tissue-derived CD146
endothelial cells in 24 hours of culture. Cell proliferation
was higher in EGM-2 culture medium without osteogenic
inductive agents than in EGM-2 with osteogenic inductive
agents including dexamethasone, ascorbic acid, and f-glyc-
erophosphate (EGM-2 + 3F).
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Fig. 2. Cell proliferation of adipose tissue-derived CD146
endothelial cells in 72 hours of culture. Cell proliferation
was higher in DMEM with osteogenic inductive agents
including dexamethasone, ascorbic acid, and f-glyc-
erophosphate (DMEM + 3F) than in DMEM medium with-
out osteogenic inductive agents.
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Fig. 4. Cell proliferation of adipose tissue-derived CD146
endothelial cells in 72 hours of culture. Cell proliferation
was higher in EGM-2 with osteogenic inductive agents
including dexamethasone, ascorbic acid, and f-glyc-
erophosphate (EGM-2 + 3F) than in EGM-2 medium with-
out osteogenic inductive agents.
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DMEM

DMED + 3F

Fig. 5. Tube formation of adipose tissue-derived CD146 positive endothelial cells in DMEM, DMEM with osteogenic inductive
agents, EGM-2, and EGM-2 with osteogenic inductive agents. Positive tube formation was examined in EGM-2 medium with

or without osteogenic inductive agents.

11 0]2 ou B Ao §9A7 = I N 27}
e FAE ek maAFe AYIAHE Ao F
ol #9€ MM EEY] G S Fditt. ol #A
o] A& 9t ole] YHAAM LY T ATAEE F53}
1 o]E 2EFATE B3I BT Fget} agn
NI L FEulAolA wdgt e sle 29
a8 SAlo] Z APATZEE =G 2ZH LS ALs
o] FYHEL PAstuAl ottt 2ZA LS ERslE 2
o §9IA171 o] To= FFAY FTulR oA ZrtH oz 1

2 F <t vl ettt
u e Y A A xS E
FrInl A ol A Hl s }&] PNIAEE, a8l
e

TQlx}el dexamethasone, ascorbic acid, 7L

ol

o

WA E
=34
I Bglyc-

508

erophosphate’} 23 DMEM HlA]e]|A] wjjfste] &
AEE FZEa5th 281 353 A EE PCL-
HA FAl f4A41A 3UIAAE7L f9¥€ PCL-HA &
AE 395 AWM E Aol A ujekslitt. o
= o] HAld 257V EAAN FET A EE A
A7 F7HH o R 6dEt 23 AL 23
HjA] A Bl FA AT, xTeZ NS F9

2 G Z2IAET U8 FAee] 2FEAEE v ws)
o YA LI} HFYE DS A5 Zx‘ifﬂfﬂ =34 %
7t b AT Haslsitt, olg e dFES B
ste FAE @A) Slstod A&d @JNMHHJ} P
de 234 AN WdEE & drt 22t o]
2gt SHUSAESe] 234 FEuA A wjekE A5

e

B ria



1 FAHES} 70| ojm gt ek WAlE = Tkl tiElA]
= ¥zl o] A9 glrt.
£ JAE% polydioxanone/pluronic F127 @4l &3
WM ZE A&st g5 astd FAE Fdsturt of
of o]F 93 AHA R A2 oA afIA xS 5
A ZE wjoksle] o] 2 Byt agln
TooA FE3 FW|UAEE 2EAEE ST &+
o]Z g#3}td polydioxanone/pluronic F127 o] &
A dRAo] dPd e FRES xﬂz}oh_z}
Olf"—é M e b dTFEd R E dastd
*3'5}7] e A& A TS| Aol
A A e Al HER o]g AEEo]
P" T2 wjAelA AE2EY SAH =S 7%
7V WA setataat st 7 ATE st

0::

o
i
jﬂ

2

B Afd e AL A
D146 944 AYIHZES o| & o] AlZEL
| QFA] 7ho] 24A1 7o) A T2AIZE e 2 Z7) kel ulhet Al 7R

35 o
=34

ogge g Az

Q

012H5<¢1 dexamethasone, ascorbic acid, =L
2|3l f-glycerophosphate©] X3¢ DMEM ujx<} &3
WA Z FXr Al EGM-201 Aol X S =7 o 57}
99t o ATES nHIT o) Ae] AFE FFIA

= 9BaE S 3Ya7) slelel ATAINLE A
st g5l 294 fuAeA Wt ¢ wM

AEEe] AL 74aEz] &S 4 9ty ndd
oh;].

Juid oz FPYAATE o]9 FAATL =
matrigel S A48 A% 329402 7 Feol B2
= @Aote ZoR 4 glon ol A Hrert du
WA E 715S grlsiey Bo] o] 851 9} 2 1

J

glste] & Aol M= Z47ke] ujA] el A matrigel®l @%Qa
A%, AWzZ719 CD146 94 daUsAzES] #r
RS BHG e AEEL I FroAE 4
ol ol FAIglo] EAUIAHE F=rA] EGM-2 Hl
Ao AEEYE PP TP FEAAEY] £
of Fol] #Agle] DMEM wiAM & RG-S P48
Fatgeh A A Hlae of dete o|H g AREE ¢
A9 o gzl A7ET A b2 Ayseld & 4 9l
o & ojde] gE dFEdMT ERNIAEE FA
Agsta gFo] F AFAES HAEAE A, YA
SHAY G5 AFele Aoz AYHng FEAH
Ao Agd dRYAAEEC] 5 ZIA FEujA| ol
A ket et @R IAEEY] 7% 2 A7t 9
ZARAGD & F IS Aojth, g B AoA

X KEof w2 27t X|UxAI7|2 CD146 2+ HEHATMES Z4] ¥ 759 Bt

o] AP AS ¢ 5 At AwATIAEe 23}
294 fEoSe] 4949 B Al 2

k)
Y

ALl gitk. 2y ERAAAAEZS] AEAY
Fischer 5% dexamethasone®] A2 =+
A ol A EH H = EHN A 2 ZAARe] T
"] ]‘11 A EE TFste] U2
H oAy AxE TAAE AallE + Atk
Z]“} Forster 57 Ha@#dd¥y) e o
M Ee} HE W Aol gle AT A
= 5% AFA SFIEEHI| BV}t SFIFE O]
Ao wet Ao WIS wAdd v
A2 B515 XA F s Basil
2 A7 29E5S ndtd ou 4 EAd a3
N EE AL3le] std GAE FAsta ol 3]
YA EZ A A vkt & = AFAEE 7] 4
SA7IHSE A= ERNIAE A E A SH 0=
AN 234 et H77)e Blo] ol
AAZIY E& A7 b ARFEd F71EQl Ajol
Rt ojof sln] FAEGE & AFAE AA 9] 5217 7]
w9 FAE aefstofol & Aolu= ofd| el F714
o B AEEo] BAEooF & AoR AlgHE oA
wddstE gAd & APAZE Aol feldt 294
= Atz ot 75l daeA e ARt e
o 2 A wfAQl A E FEEA7E A SH o R
A &H = Aol Foglgt A,

£

}_

ol

££>i

[Re)

1

N

o
B

=
g

,;Igé“;_%r&mbmﬁ&
—_
©
ol F-Y—«

S0 e R o S 200 o of

J
of!
o:

¢

!

DMEM HH%M APIAE Al EBM-2 HiA| o]
A, 22l Zbzke] iAo £ =919l dexametha-
sone, ascorbic acid, % f-glycerophosphate©] #7}= %1
= A5, LS 1Ry 34 =S BEba vy
R ?i“o st
1. WF 244 7ol 2222719 CD146 o d3je
A Z2E& DMEM A ¢ EBM-2 iAol 2373 #
A4l dexamethasone, ascorbic acid, f-glyc-
erophosphate® H71ekA] &%k A5, AEES]
2ol STk AT
2. Wi F 72X A o] A 22719 CD146 Y4 8]
A E£E5-& DMEM HiA| ¢t EBM-2 wiAlo] 234 #=
A4 dexamethasone, ascorbic acid, f-glyc-
erophosphate® H71et9& 4¢, AXEe] T4 Fd

o] S7H ATt

It

olN

509



J Korean Assoc Maxillofac Plast Reconstr Surg 2010;32(6):504-510

3. AzA719 CD146 ¥4 PN EEL 234
[e]

FEQAE] Edol o] BAIgle] AT E =
HjA1 Q1 EBM-2 iAol A B d& FAatslen 29
d "JXF/] JW’%TOH AAge] DMEM HjA] o]

References

1. Rocha LB, Goissis G, Rossi MA : Biocompatibility of
anionic collagen matrix as scaffold for bone healing.
Biomaterials 23 : 449, 2002.

2. Wiesmann HP, Nazer N, Klatt C et al : Bone tissue engi-
neering by primary osteoblast-like cells in a monolayer
system and 3-dimensional collagen gel. J Oral Maxillofac
Surg 61 : 1455, 2003.

3. Koh CJ, Atala A : Tissue Engineering, Stem Cells, and
Cloning: Opportunities for Regenerative Medicine. J Am
Soc Nephrol 15 @ 1113, 2004.

4. Lee JH, Oh SH, Park BW et al : Osteogenic activity of
cultured human periosteal-derived cells in an three dimen-
sional polydioxanone/pluronic F 127 scaffold. J Kor
Maxillofac Plast Reconstr Surg 31 : 478, 2009.

5. Guillotin B, Bourget C, Remy-Zolgadri M et al : Human
primary endothelial cells stimulate human osteoprogenitor
cell differentiation. Cell Physiol Biochem 14 : 325, 2004.

6. Hausman HR, Schaffler MB, Majeska RJ : Prevention of
fracture healing in rats by an inhibitor of angiogenesis.
Bone 29 : 560, 2001.

7. Kaigler D, Krebsbach PH, West ER et al : Endothelial cell
modulation of bone marrow stromal cell osteogenic poten—
tial. FASEB J 19 : 665, 2005.

8. Street J, Bao M, deGuzman L et al : Vascular endothelial
growth factor stimulates bone repair by promoting angio-
genesis and bone turnover. Proc Natl Acad Sci U S A 99 :
9656, 2002.

9. Villars F, Bordenave L, Bareille R et al : Effect of human
endothelial cells on human bone marrow stromal cell phe-
notype: role of VEGF? J Cell Biochem 79 : 672, 2000.

10. Park BW, Hah YS, Kim JH et al : Use of human adipose

tissue as a source of endothelial cells. J Kor Maxillofac

Plast Reconstr Surg 32 : 299, 2010.

11. Yu H, VandeVord PJ, Mao L et al : Improved tissue-engi-

neered bone regeneration by endothelial cell mediated vas-

cularization. Biomaterials 30 : 508, 2009.

12. Scherberich A, Galli R, Jaquiery C et al : Three-dimen-

sional perfusion culture of human adipose tissue-derived

endothelial and osteoblastic progenitors generates
osteogenic constructs with intrinsic vascularization capaci-

27} 12k

SHAT 660-702

A 2174 A4E 908

7geh e o AR el 7 7deteln oz ea
eSS

_!

P

A0 FM2 20104 088 19¢
AR =bE 2 20104 108 04

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

ty. Stem Cells 25 @ 1823, 2007.

Park BW, Byun JH, Lee SG et al : Evaluation of
osteogenic activity and mineralization of cultured human
periosteal-derived cells. J Kor Maxillofac Plast Reconstr
Surg 28 : 511, 2006.

Park BW, Byun JH, Ryu YM et al : Correlation between
vascular endothelial growth factor signaling and mineral-
ization during osteoblastic differentiation of cultured
human periosteal-derived cells. J Kor Maxillofac Plast
Reconstr Surg 29 : 197, 2007.

Furumatsu T, Shen ZN, Kawai A et al : Vascular
endothelial growh factor prinicipally acts as the main
angiogenic factor in the early stage of human osteoblasto-
genesis. J Biochem (Tokyo) 133 : 633, 2003.

Wang DS, Miura M, Demura H et al : Anabolic effects of
1,25-dihydroxyvitamin D3 on osteoblasts are enhanced by
vascular endothelial growth factor produced by osteoblasts
and by growth factors produced by endothelial cells.
Endocrinology 138 : 2953, 1997.

Kanczler JM, Oreffo RO @ Osteogenesis and angiogenesis:
the potential for engineering bone. Eur Cell Mater 15 :
100, 2008.

Gerber HP, Vu TH, Ryan AM et al : VEGF couples hyper-
trophic cartilage remodeling, ossification and angiogenesis
during endochondral bone formation. Nat Med 5 @ 623,
1999.

Maes C, Carmeliet P, Moermans K et al : Impaired
angiogenesis and endochondral bone formation in mice
lacking the vascular endothelial growth factor isoforms
VEGF164 and VEGF188. Mech Dev 111 : 61, 2002.

Yu H, Vandevord PJ, Gong W et al : Promotion of osteo-
genesis in tissue-engineered bone by pre-seeding endothe-
lial progenitor cells-derived endothelial cells. J Orthop Res
26 11147, 2008.

Grellier M, Bordenave L, Amedee J : Cell-to-cell commu-
nication between osteogenic and endothelial lineages:
implications for tissue engineering. Trends Biotechnol 27 :
562, 2009.

Keerl S, Gehmert S, Gehmert S et al : PDGF and bFGF
modulate tube formation in adipose tissue-derived stem
cells. Ann Plast Surg 64 : 487, 2010.

Mukai N, Akahori T, Komaki M et al : A comparison of
the tube forming potentials of early and late endothelial
progenitor cells. Exp Cell Res 314 : 430, 2008.

Fischer S, Renz D, Schaper W et al : In vitro effects of
dexamethasone on hypoxia-induced hyperpermeability and
expression of vascular endothelial growth factor. Eur J
Pharmacol 411 @ 231, 2001.

Forster C, Waschke J, Burek M et al : Glucocorticoid
effects on mouse microvascular endothelial barrier perme-
ability are brain specific. J Physiol 573 : 413, 2006.

Reprint Requests

June-Ho Byun

Department of Oral and Maxillofacial Surgery, Gyeongsang
National University School of Medicine. Institute of Health
Sciences, Biomedical center (BK21).

90 Chilam-dong, Jinju, 660-702, Korea

Tel: +82-55-750-8258  Fax: +82-55-761-7024

E-mail: surbyun@gsnu.ac.kr

510

Paper received 19 August 2010
Paper accepted 4 October 2010





