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VEGF-RELATED AUTOCRINE GROWTH IN PERIOSTEAL-DERIVED CELLS

Bong-Wook Park, Seong-Gyun Lee, Young-Sool Hah*, Deok-Ryong Kim**, Yeong-Cheol Cho***,
lel-Yong Sung***, Uk-Kyu Kim****  Jong-Ryoul Kim**** June-Ho Byun
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Purpose: The development of a microvascularization isimportant for the homeostasis of normal bone. Vascular endothelial growth factor (VEGF)
is one of the most important factors in vessel formation. The purpose of this study was to examine VEGF-related autocrine growth in periosteal-

derived célls.

Materials and methods: Periosteal-derived cells were obtained from mandibular periosteums and introduced into the cell culture. After passage 3,
the periosteal-derived cells were further cultured for 21 days in an osteogenic inductive culture medium containing dexamethasone, ascorbic acid, and

B-glycerophosphate.

Results: The expression of four VEGF isoforms and VEGFRs was observed in periosteal-derived cells. Treatment with cultures with VEGFR-1 and
VEGFR-2 Kinase Inhibitor inhibited osteoblastic differentiation and akaline phosphatase (ALP) activity of periosteal-derived cells. In addition,
exogenous VEGF treatment increased calcium content in the periosteal -derived cells.

Conclusion: These results suggest that VEGF might act as an autocrine growth molecule during osteoblastic differentiation of cultured human

periosteal-derived cells.
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A ) A EA el =} (vascular endothelial growth factor,
VEGF)olth. @AW A 23 4dx e adfaddd
Z}(platelet-derived growth factor, PDGF) &l 43} & 1 &1
A% trl5 ol gl S oln A oA 2ol 5ol F
A FAHEE FRAARE F2 F7HA F8A, AN A X
A 7}l 24=4-A) -1 (vascular endothelial growth factor recep-
tor-1, VEGFR-1 or Flt-1)3} & #huj ] 4] 3£ 4] % 0] 4= & A) -
2 (vascular endothelial growth factor receptor-2, VEGFR-2 or
FI-UKDR)oll Z¢tsto] a4 ¢ A%, 3}, 183 74
S5 GeA g AR Ao AR BYEY Z71E
PR QA HH E o F&AQ AW A 2 AT
£-A)-3 (vascular endothelia growth factor-3, VEGFR-3 or Flt-
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3}k xﬂ3
2 # 3l
100-mm culture disho]] ¥ & 10%
fetal bovine serum, 100 1U/mL penicillin, 2] 22 100 xg/mL

g7 A 9] WA gl A ok 5x20 mme] 2

2xztog A=y

_(_N,l

SSIM TN LEEIE BTAYTHELSLIT B2 A

streptomycine] &% Dulbecco's modified Eagle's medium
(DMEM) s} #] o]l A} 37°C, 5% CO; l 7] & Ea}o] ul &}

A oF 90%<9] Al E 3 (confluence)S YER ™ 2%
NEES 002% EY413 0.02% EDTAZ 587 EH 4l A
2] A1 7] 32 1,500 rpmell Al 4] 2] shof Al F& A A st

At} Passage 3& 7z &, o794 & 3x10°
cells/weII-J U 2 6-well plated] Y32 163/‘3 fxal
Z}91 50ug/ml -ascorbic acid 2-phosphate, 10 nM dexametha
sone, 12 12 10 mM B-glycerophosphateo] E3F= 7 10%
fetal bovine serum (FBS)©] £ 3t¥l DMEMZ 74 ¥ =34
f I vl ) o) A 212 Sk vl ket

2. T IMEEHRIAL X HRHIM ZLECIX TS

A 0ol CHEF Reverse Transcription-Polymerase Chain
Reaction (RT-PCR) =41

T 2o 2T A oA T E = S
A2 B H AW I M Z A FRJAAFE A E reverse transcrip-
tion-polymerase chain reaction (RT-PCR)S %3} vj <k 10
Ao EASAT. o5 A FHAY FEAA
ascorbic acid, dexamethasone, 1] 27 f3-glycerophosphate©]
ﬁﬂﬂx] G AN = AFE AT F RNAS 7 59
AN iz Z0] A TRIzol reagentE A 8 sle] F% 3153 oligo
(dT) Al REA] (primer) <} Superscript First-Strand Synthesis
System (Invitrogen Life Technologies, CA, USA)& o] &3l
A QANHS O 2 DNAZ 4 atslch 44 g A 24 & o
£3to] A E cDNAZREH ¢ZgA Qi as,
osteocalcin 2@ GAPDHo9|| t] & PCR =2 & A A 54 t}.
PCRE §15ko] AHEA] AlEAl = tha 3t 2 o) (sense / anti-
sense) : 5'-aatgcatcctgcaccaccaa-3', 5'-gtagccatattcattgtcat-3'
515 bp for the glyceraldehyde-3-phosphate dehydrogenase
(GAPDH); 5'-gggcagaatcatcacgaagt-3', 5'-tcaccgecteggcttgtca
ca-3' for the VEGF; 5'-ggctctgtggaaagttcage-3', 5'-gctcacact-
gctcatccaaa-3' 223 bp for the VEGFR-1; 5'-gtgaccaacatg-
gagtegtg-3', 5'-tgcttcacagaagaccatge-3' 218 bp for the VEGFR-
2; 5'-caacgataaatgtggcgatact-3', 5'-tatactgggaagaagctgtgat-3'
820 bp for the neuropilin-1. RT-PCR AF&-2 1.5% o} 7} 2 2
AL A g3k 719G o 7 selstgrt

3. HTHHT M EARCIRSER MofA X2| (Treatment
of periosteal-derived cells with VEGFR inhibitors)
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o] Z}z} 170 nM, 160 nM ¢l KRN633 (EMD Chemicals Inc,
Darmstadt, Germany)} & 3] 3] Al 3 A A 21 2} <4=8- A -29]]
] 3 A 8l A 2 1C50%k°] 19 nM ¢ VEGFR2 Kinase Inhibitor
IV (EMD Chemicals Inc, Darmstadt, Germany)-g ©] &3} ]
FH7LAAEY] A ERE] FetAA A o] 5] AHA
FEE S AR S A= AE S 21D A ol w
A A ol A o} vl F 9L A o] LA A Q1A & 4ol T
o A5 AALE Fotod A48T A 4t
el Aol th i%‘ﬁ}f‘“* AALE 918t A A9
T2 AEZS AF3 &, 37% EEY 5] & 9 90%o) g
22 287 1433 1057 TBS (Tris Buffer saling)ol] A
2 5} 9 o}, o] & 5-bromo-4-chloro-3-indolyl phosphate<}
nitroblue tetrazolium (BCIP/NBT, Amresco, Ohio, USA) &7
24 Qs a2 71 4E Aelste] AeolA 1087 ¢
4 3gl k.

4. 2ol Mzxgh b HRHLHIIMZE AR X2
(Treatment of periosteal-derived cells with recombinant hu-
man VEGF)
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HH A 2GRN A& Tt =3 44 v A=
TS AEFS Tt B4 AT I EAxe =
FANEEY FtFA A Q1A 2 & 100 ng/ml o] Az ¢

Q17+ &3y 3 A 34 %21 =} (recombinant human VEGF

165, R & D Systems, Mineapolis, USA)S uff & 21U &) of] 3
&otol 1 a3E Zede Tt BT A EH=
Zg el ek 542, 2427052 A A2 E 06N HCI
2 ©3] A 7] 2L o-cresolphthalein ¥ (o-cresolphthalein
method, calcium C-test Wako, Wako Pure Chemical
Industries, Osaka, Japan) < o] &3to] F 48 2ol e 3
%7 77hg A st

II. A7Z2

1. RT-PCR &AM

Ul 7HA] &8 ] 9] Al 2243 %1 A} isoforms) & ] 9] Al &
A ﬁxﬂ—% h o] wl o 10U A o] ¢ 5 Ao
=34 4 %2122 ascorbic acid, dexamethasone, 712 37 8-

glyceror)hosphaIeOI EZE A 2w x|l A wl FH FEH)
A XM T o] 59 w2 #E= A (Fig. ).
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A EAGGJAAFEA o A A& Al st v g 214 A o
Wi 2] ZpA ol A o il F 9L A o] 7] Q1 & Aol
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o gk =488t A AALE F3
T A A G ARG A -20] o g A S A
Kinase Inhibitor IVE A 33t <S AL =

o xEAEEY FaAAd guslE FIFS Mz
& Ao AR A 2 A AF A -1 Ay
YA A A AL Zﬂ 20 FAl A A 2 2§t
KRNG33S A28t S 7 Foll= A el A ¢ &z <l
AR F 2o e 228 EA Arle| A Zukr] A Z ]
ZEANERY 2T @S Adlste A= Ueut
(Figs. 2, 3).

3. 2ol Mz=gt oIzt RN LM Z Y IRt X2| et

51314 o 4 100 ng/ml
A 5}04 Hj <F 21U R

Fig. 1. The expression of four VEGF isoforms and VEGFRs
in periosteal-derived cells was observed in osteogenic
inductive medium (OM) at day of 10 culture. The expres-
sion of four VEGF isoforms and VEGFRs in periosteal-
derived cells was also observed in non-osteogenic induc-
tive medium (CTL).

VEGFR-1,-2
inhibitor

VEGFR-2
inhibitor

no inhibition

Fig. 2. Effects of inhibiting VEGFRs on osteoblastic differen-
tiation. Treatment with cultures with VEGFR2 Kinase
Inhibitor IV did not have an obvious effect on osteoblastic
differentiation of periosteal-derived cells at day 21 of cul-
ture. However, KRN633 diminished osteoblastic differentia-
tion of periosteal-derived cells at day 21 of culture.



VEGFR-1,-2 VEGFR-2
inhibitor inhibitor
1 = — | '..'I't

no inhibition

Fig. 3. ALP activity in the periosteal-derived cells was
examined at day 9 of culture. Treatment with cultures with
VEGFR2 Kinase Inhibitor IV did not have an effect on ALP
activity of periosteal-derived cells. However, treatment of
periosteal-derived cells with KRN633 diminished ALP activi-
ty of periosteal-derived cells.
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Fig. 4. Exogenous treatment of periosteal-derived cells with
recombinant human VEGF (hVEGF) increased calcium con-
tent in the periosteal-derived cells.
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