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Abstract (J. Kor. Oral Maxillofac. Surg. 2009;35:205-212)

PROLIFERATION OF ENDOTHELIAL PROGENITOR CELLS BY OSTEOGENIC DIFFERENTIATION OF
PERIOSTEAL-DERIVED CELLS

Jong-Ryoul Kim, Jung-Ho Song, Uk-Kyu Kim, Bong-Wook Park*, Young-Sool Hah**, Jin-Hyun Kim**,
Deok Ryong Kim***, Yeong-Cheol Cho****, lel-Yong Sung****, June-Ho Byun*
Department of Oral and Maxillofacial Surgery, School of Dentistry, Pusan National University,
*Department of Oral and Maxillofacial Surgery, Gyeongsang National University School of Medicine and Institute of Health Sciences,
Biomedical Center (BK21),
**Clinical Research Institute, Gyeongsang National University Hospital,
***Department of Biochemistry, Gyeongsang National University School of Medicine and Institute of Health Sciences, Biomedical Center (BK21),
**%%Department of Oral and Maxillofacial Surgery, College of Medicine, Ulsan University

Purpose : The purpose of this study was to examine the expression of various angiogenic factors during osteoblastic differentiation of periosteal-
derived cells and the effects of osteogenic inductive medium of periosteal-derived cells on the proliferation of endothelia progenitor cells.

Materials and methods : Periosteal-derived cells were obtained from mandibular periosteums and introduced into the cell culture. After passage 3,
the cells were divided into two groups and cultured for 21 days. In one group, the cells were cultured in the DMEM supplemented with osteogenic
inductive agent, including 50g/ml L-ascorbic acid 2-phosphate, 10 nM dexamethasone and 10 mM -glycerophosphate. In the other group, they were
cultured in DMEM supplemented without osteogenic inductive agent. VEGF isoforms, VEGFR-1, VEGFR-2, and neuropilin-1 mRNA expression
was observed. Human umbilical cord blood-derived endothelial progenitor cell proliferation was also observed.

Results : The expression of VEGF isoforms was higher in osteogenic inductive medium than in non-osteogenic inductive medium. The expression
of VEGFR-2 was aso higher in osteogenic inductive medium than in non-osteogenic inductive medium. However, the expression of VEGFR-1 and
neuropilin-1 was similar in both osteogenic inductive medium and non-osteogenic inductive medium. In addition, conditioned medium from differen-
tiated periosteal-derived cells stimulated human umbilical cord blood-derived endothelia progenitor cell numbers compared to conditioned medium
from non-differentiated periosteal-derived cells.

Conclusion : These results suggest that in vitro osteoblastic differentiation of periosteal-derived cells has angiogenic capacity to support endothelial
progenitor cell numbers.

Key words: Periosteal-derived cells, Angiogenic capacity, Endothelial progenitor cells
(BE+2 2009.6.18. / 1AH-& Y 2009.6.26. / 2A{+82 2009.7.3. / AMEE Y 2009.7.17.)
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s 3214 (angiogenesis) 3} =414 (osteogenesis)o] Al S
DA HAE 7T AL FA AR d3FARA
of A4 S| AEtTI Tk o 5 vkl o 7 3 715 UE
Wol daFAdae s Bevv AW EY G
2} (vascular endothelia growth factor, VEGF) <} & ZHu)] 1] A
FEAAAA4EA (vascular endothelial growth factor recep-
tor, VEGFR)7} 7} 788 A0l 2 93-S gt A
o7 g vk 7kl A d A I A ZA A E 1,
165y 189, LB 3 26 (VEGF11, VEGFus, VEGFus, and VEGF:x)
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Umbilical Copd Blood
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Fig. 1. Experimental schem for culture of endothelial progenitor cells from human umbilical cord blood.
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Tul DA £ 2 (Ficoll-Hypaque density gradient centrifuga
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buffered solution (PBS)ell 33] Wk A & sttt 88 o
A L=2 fibronectino] T B F vl 2F& A of] A fetal bovine
serum (FBS), human epidermal growth factor, human vascular
endothelial growth factor, human insulin-like growth factor-1,
human fibroblast growth factor-B, heparin, ascorbic acid 2
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(endothelia cell basal medium-2, Clontech Laboratories Inc,
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T o A 2 A BEEE DA 2
AA B A I A 243G AAF & A & reverse transcrip-
tion-polymerase chain reaction (RT-PCR)-& &35} wjj ok 1, 2,
a3 3FA ] A AT & RNAS 72 9] Al 230
A] TRIzol reagentS =] 2] 3t o] 323} 2 oligo (dT) A 2]
(primer) £} Superscript First-Strand Synthesis System
(Invitrogen Life Technologies, CA, USA)& o] &3+ & A AFvt
2 2 cDNAE sttt A g AEA & o] 3o &
¥ cDNARFE dZe]A 4HEs) &4, osteocalcin 3
GAPDH¢l o gt PCR & %5 A Al 5kl th PCRE 9] 3fo] Ab
44 ANZAE S 2o (sense / antisense) 1 5 -
aatgcatcctgcaccaccaa-3' , 5 -gtagcecatattcattgtcat-3' 515 bp for
the glyceral dehyde-3-phosphate dehydrogenase (GAPDH); 5' -
gogcagaatcatcacgaagt-3' , 5 -tcaccgecteggcttgtcaca-3 for the
VEGF; 5 -ggctctgtggasagttcage-3', 5 -getcacactgctcatccasa-
3’ 223 bp for the VEGFR-1; 5 -gtgaccaacatggagtcgtg-3 , 5 -
tgcttcacagaagaccatge-3° 218 bp for the VEGFR-2; 5 -caac-
gataaatgtggcgatact-3' , 5 -tatactgggaagaagctgtgat-3° 820 bp
for the neuropilin-1. RT-PCR AH& 2 1.5% o} 7t 2 24 5 A}
§ate] M7 R gt 2L ol g FA
25 2] mRNA 282 29 A= (Densitometry, Bio-Rad
Laboratories, CA, USA)2 &3} At 2 0 2 ¥ 7}5} 9] o}
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= 96-well platecl] st & A 9] A A X =l A o
A wf kst giTh 24X 7F A &, Al 255 A 0.5% FBS7H
FZ 3 DMEMo) uj okato] Al 3 7)o} (cell starvation) A}l
£ frEstginh e 2 ThA] 24A17ke] A F, 234 &
EAA7E 2} HAD WA o 2 HA FEJAATE EFHEHA
2E WA A FANIAAFHNEES FU3AL 37Co
A 1A 7HE ¢t well % 10 4l CCK-8 solution® 2 A ] sle] 1
Z 2] 9248 3,7,10, 13,16, 18 7 2194 FF et &
HNIAFAEES 24 FEJAA7E TFEHAE WA
o 2P FEJATE 2FHA D wi Aol F sk
I S #Qe] flste F FollA AN AF
AEF 2407 A, v 271D EE AN A

3
WAATA LY Fehol RFE 2 TFS e
(Fig. 2).

2. QIZH Mg Reff HRALT|M TS| BH EX|X}

FACSE o] &3l QIzF At P o] ghal] 3o A 2] F
S AEES] 2 EARE A AT A7 At o 9
G TSN AHR MEES 2E Z7IAE ZAAE
o] 1 CD34, VEGFR-2 % VE-cadherin (VE-Cad)ol] k4 <
Vet o] mikd o] MEES] TS AN I A FAE
S} frAFSHS #E3tHFig. 3).

4 week

Fig. 2. Cellular morphology of putative endothelial progenitor cells from human umbilical cord blood-mononucleated cells cul-

ture at 1 week, 2 week, and 4 week of culture.
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SYWAMES] ZZHE S22 LIEIE SRHATHTAHIZS] Z4

3. RT-PCR 24 A 7F 23R w Aol A wf FE 7] AA 2 A E I T
AT elAre) W opaol TSR WA oA
=34 F X229 ascorbic acid, dexamethasone, 18] 37 ol 28 A o] HME T Lo A BF wrd o] LEFG
p-glycerophosphatec] 3t w2 ol A wlj gt 74 ¢, Z ot @A S A 2 A xﬂ 13} neuropilin-19] w8
9 FEAAT HPHA BE RN MAT AT BT & 2olA w250k ¥ 9 5 A S A
A ZH7] DA E A= ]l 7HA] isoformse] & T 3 Al 28] AL YA FEJAATE 23 WA o A vl FE =
gl Ha dehhth Tei Y FEQ SIQAEAN T HHY R 5715 ATkFigs 4,5).
CD34 VEGFR-2 VE-Cad
1 wk
Fig. 3. FACS analysis of cultured endothelial
progenitor cells. Primary endothelial progenitor
cells were stained with specific antibodies to
hematopoietic stem cell markers (CD34, VEG-
a . " _ FR-2, VE-cadherin (VE-Cad) and isotype con-
| 2 | trol-matched monoclonal antibody at 1 week (1
. - wk) and 2 week (2 wk) of culture. The thick
2 wk i E1 i" , histograms show the fluorecence intensity of
A, o [ e “# 5. ™ the cells with each antibody. These results indi-
L ™ o ! ] ! \ cate that the cultured human umbilical cord
5, OF ) 3 L s B ,
B e e e e R blood-mononucleated cells own the phenotypic
LTS UM S Wimm characterization of hematopoietic stem cells.

< 206
- 189 VEGFs
165

121

< 206
- 189 VEGFs
165

121

W 2w 3W

Fig. 4. (A) The expression of four VEGF isoforms in periosteal-derived cells of the medium with osteogenic inductive agent at
1 week (TW), 2 week (2W), and 3 week (3W) of culture. (B) The expression of four VEGF isoforms in periosteal-derived
cells of the medium without osteogenic inductive agent. The expression of four isoforms of VEGF was observed in
periosteal-derived cells in medium of both groups with or without osteogenic inductive agent. However, the expression of
VEGF isoforms was higher in osteogenic inductive medium than in non-osteogenic inductive medium.
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(A)
o _
o _
o _

=
NN
=
wW
=

2W 3W

Fig. 5. (A) The expression of VEGFRs in periosteal-derived cells of the medium with osteogenic inductive agent at 1 week
(MW), 2 week (2W), and 3 week (8W) of culture. (B) The expression of VEGFRs in periosteal-derived cells of the medium
without osteogenic inductive agent. The expression of VEGFR-2 was higher in osteogenic inductive medium than in non-
osteogenic inductive medium. However, the expression of VEGFR-1 and neuropilin-1 was similar in both osteogenic inductive

medium and non-osteogenic inductive medium.

2
s :
é 1.5 . e +
2 o :
o : - i = .-+ - s Differentiating
§ % +— i medium
8 - - - - Undifferentiating Fig. 6. Endothelial progenitor cell proliferation
o medium in differentiating undifferentiating medium of
o 05 \ ) . .
QO periosteal-derived cells. Differentiating con-
< ditioned medium of periosteal-derived cells
resulted in higher endothelial progenitor cell
0 numbers compared to undifferentiating con-
3 7 10 13 16 21 (Days) ditioned medium.
4. HBYT™TAI S| ZA] V. 5% o
ZN AN EES AAG 5, B FEAA} 295 RN ZAGAAE ZEAE D 2N E-FAA
AR A BHA FEAA THEA FGD A0l @ % (osteoblast-like call) S L 3] ThebEk A Lo A 3
AN A FAEES FHE Y T FHAEE dFstdh H E o] 241 7 A4 Aol F ez o] - #ef gt
Y FEJAA7E X3 wiA ol A 2 F A 1] H A D% ZFo AP Aol FH 9 AFAH A HANIAEA
ZEY AT E w7 ko] A GFE ta ZAEHE A Aol A-u 7| & A2 A (VEGF-mediated anglogeness)OI =
e VER Y 3 FEAATE EFEHA G2 iAo A 28 ATG 3= A2 FAY AR o 55 ZdoA
A dAW A FAZEY] S e Wl 13LAH =7} oo that A7} X &2 0 7 o] Folx I §) T} Gerber 59
A ZFastezt o) % vha Srbske A s vERl T 1 o 93ty WA dafu A EA AR A o] A=
U A Az SR EE 294 AT 2 AL ZAAY Roj7t SEPTT %0 Maes S99
A G AN BT 2HA FEQIAE 23 wiA] A g Al 27917 isoformso] =gk wh9-2~ 9 By
A 1 Fgol T7hE ol & 3 thFig. 6) oA daA B =PAA/A=FAE 22T £l UE
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