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THE EFFECTS OF INSULIN-LIKE GROWTH FACTOR | (IGF-I) ON EXPRESSION OF VASCULAR
ENDOTHELIAL GROWTH FACTOR (VEGF) MRNA IN MG-63 OSTEOBLASTLIKE CELLS

Je-Duck Suh, Hoon Myung*, Nara Kang**, Pill-Hoon Choung*
Department of Oral and Maxillofacial Surgery, Seoul National University Boramae Hospital
*Department of Oral and Maxillofacial Surgery, Seoul National University, College of Dentistry
**Department of Oral and Maxillofacial Surgery, Ewha Womans University, College of Medicine

Purpose: To determine the role of Insulin-like Growth Factor-1 (IGF-1) in the regulation of Vascular Endothelial Growth Factor (VEGF) expression

in MG-63 cells and then to find the mechanism b which this regulation occurs.

Materials and methods: MG-63 cells were grown to confluence in 60-mm dishes. To determine the effects of IGF-I on expression of VEGF
mRNA according to time and concentration, the cells were treated with 10 nM IGF-I, following isolation of total RNA and Northern blot analysis after
1, 2,4, 8,12, 24 hours and after 2 hours of treatment with 0.5, 2, 10, 25, 50 nM IGF-I respectively, isolation of total RNA and Northern blot analysis
were followed. To determine the mechanism of action of IGF-I, inhibitors such as hydroxyurea (76.1 wg/ml), actinomycin D (2.5 ug/ml), cyclohex-

imide (10 g/ ml ) were added 1 hour after treatment of 10 nM IGF-I.

Results: 1. the expression of VEGF mRNA wasincreased with treatment of IGF-I.

2. The expression of VEGF mRNA wasincreased according to time- and concentration dependent manner of IGF-I.

3. The effect of IGF-I was decreased by hydroxyuera, actinomycin D, but not by cycloheximide.

Conclusion: IGF-I regulate the expression of VEGF mRNA in the level of DNA synthesis and transcription. These results could suggest that |GF-I
plays an important role in angiogenesisin the process of new bone formation and remodeling.
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Fig. 1. mRNA expression of VEGF in RT-PCR.
mRNA expressions of VEGF are shown at the expect-
ed location(196 bp) in the gel. (M: size marker)
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Fig. 2. Time course of IGF-I action on the abundance of VEGF mRNA in MG-63 osteoblast-like cells.
The cells were treated for the indicated times - 1, 2, 4, 8, 12 and 24 hours with 10 nM IGF-I, the total RNA
were isolated, an expression of VEGF was determined by Northern blot analysis.
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Fig. 3. Concentration dependence of IGF-I on the abundance of VEGF mRNA in MG-63 osteoblast-like cells.
The cells were treated with different concentration of IGF-I, which was 0.5, 2.0, 10.0, 25.0 and 50.0 nM, for

2 hours.
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Fig. 4. The effects of different inhibitors on expression of VEGF mRNA.
1: none, 2: IGF-l only, 3: IGF-I — Hydroxyurea, 4: IGF-| = Actinomycin D, &5: IGF-I — Cycloheximide

2. VEGF 2bsdof CHBH IGF-1 7|&of CiEr oA

& A ZFo A 1G] oJ3] ¥ VEGF mRNAS] &
o] ZHEE 71 AL dolH ) 935 MZ T2 BA) L3
= oA A (inhibitor) ] & 7} 82158}l T},

DNA @4 #4-& Ahgrat hydogurea Al 258 423}
915 W VEGFmRNAZ @ o] o g IGF1 2] 24 245 & 37k &
S5 91T}, 8 adinomyain Del| 2] 8t transoription 2FgHS o}

366

A& X 2] etA] 92 M ZF ol A VEGF transcriptionS: 7H42A1 71
o1 IGHIel| <13 VEGF mRNAS] & o] A o] 23] 2ty
© A5 e At IGH 9] VEGF mRNAS tf § & 27} A
Zo| A E Tl do| 23 ZAXE 213ty $5te cydo
heximide® ] 2] 5191 t}. o]} cydoheximide= o} %7 % %) 2] 5}
2] kL ) 23 M ZFo] A= VEGF MRNAEH S-S 271 A1 7 2.
VHGH ] & xtoll sl A= Aol &S AR Gdd Aoz
urebstth (Fg. 4)



MG-63 M|ZTF

V. 1

1]

oA 7A L 717 0] oW g A 0 2 M E AAE o] 3= 7t
o el A= A s8] A A Bkt Zoll A fref | =491
AHlocd factorg) &> A= A58 4 A& AolH L vy
2 A el A] ZHE JAAE] TS AFE T A
= Aot Q17+ 2EA X HE A FAA 25 7o vy
O‘:o}‘ﬂ A et Aol ostd ZZAM EdA FfE VEGF=
1 endothelid odl 5 2] 525 & 71 81T,
Endothdlid cdl 52 = 9] #3tet Ao 43S v A F A&
oytokinest A AES DHST. ZZ M E 9 oA 29
m ¢ g AA o U+ endothelial cell =2 )¢ okt
cytokineo] 1} A1 A<l 2} &-fibroblast growth factor, interleukintl, -6,
colony-gtimulating factors, prostaglandin, endothdin-1, nitric oxide,
oxygenraicals 5 7} 72 2 Q1 AHE-S A Ak gk
2 ol A3k %ﬂ&; > S Fel A Y
247 A4 F o] g Te} Ak A E9 B
MO 7= o) 73] LA A e,
] Z}&-tumor necrosis factor, transforming growth
ic fibroblast growth fector 5-o] & 3 d 3} e o] 3l
Fel A Q. 1 ol 2l gk IS AP A 0 R I
Hogsh= Aol op et PP A 07 ALt AOE F
i“ H] = oheFgt &i—é—ﬂ AANHo2 4 Y
= o] = VEGF 7} 714
= Ao . VEGF=

ol
o
Y

N
1o to

to

oX, o
o

qm

l‘
O oy o

2
5*‘

_h
c B

: éru°
[

_L4

O

f g

O

e

v

zi

22

nlo

>

53

i AT oo N ot Ho
e
P ok T
) r\r
>
o,
(o3

<
8 @ 12 o i ox
1 ol flo do Au)

_l

(T

r_l
2 off
o HI

2
st
I
N
ofr
tlo
4
2

ot
F&do] FAE 79 embryo] Aol XA olet= 2
SR Qla] AZF A o QlolA mff- FRg TS S
HIFHE A7 Ao HA Foluha 9rhee VEGR: + 8
St At &A= (dreuating macromolecule)ol] T &) &3 =7t =
7Fet e = ot venues 2 RHE o] W+ tumorel] of s FH] EH =
) é‘i & €8 A 3 endothdid mitogen©. 24 pituitary
folliculer cdll 2 58] £ 2] = o}, VEGFE= theksl & 3 A A &

st A v S 23 982 FPI F, =37) 7 (Creda-
ing system), embryonic development] <] 7125 ] 43 34
A%, B AP A 5o sk 3ol v¢
g sl A8 BAol e S B £ T A4

o] - Z 8.3 A %ol A ¢ endochondrdl ossficetion™, tumor<]
AT} S0 5 o) HA el F et J3E e et

ksl 2=5-A Ak A AFEN®, phorbol esters®, cCAMP ana
logue®, 524 o E(FIEE, L E, YA 5)%, intedeukin
-1, -6 2, trandforming growth factor-8 ®, platdet-derived growth
factor-B* , IGF®, H2Oz, Ultraviolet B light irrediation -2 A £ £
A 2] 8o Z M VEGFMRNAE & # o},

2 AFA AR GO E o]§H MGE3 A Tl A A
52 IGRIS 2 g A] VEGF mRNA7} ok 358 A4 &= =715 o]
HAHJL, ol = A d A A2 gt s whe Bl ol
zddE g Ut A2 d FE9 IGFIX Q17 Sa0S-2

=
o
QD
8
2

|A{ Vascular Endothelial Growth Factor (VEGF) mRNA 4340 LHSt Insulin-like Growth Factor | (IGF-1)S| Z2fo0ff CHSt %17

ogeoblag-like cdl, murine osteoblagt-like cdll, non-mdignant untrans:
formed ogteoblagt-like cdlsmouse preogteoblagt-like cdl ling(KS483)
594 VEGF mRNAz} VEGF proteine] 9Hd & 7141 7]+= A
O 7 By EYTP. w3 VEGF 2 11 F84 o) v 7 Ak
& Al 22 &35} AFef ol uheh =Tk VEGRAS] &l & —Er S
2ol Al mheba] S7se olele wd, Ay e
x| £3t gAE sk Asd ) 2EE 212
2] 3ol M 71 2 exogeneous VEGF-AS 7Fah= 73+
o 3 7E S 7k

M=} IGH 91?‘& VEGF E":} s g Aede

ah=

M E

A% fEste B39 14
%ﬂﬁ%%@ﬂ

VEGFMRNA 28] o] Z7}= 4| 3 E-A4)) 2} new transriptionod] wh
ot gebd 913 o] FZEH I Utk I AEA FAEE &
¥4 & VEGFMRNAS] Z7b] 2 & v 47 ehs £3hut.

IGF12] o -2 adtinomycin D7} VEGF mRNAC] t 3t IGF 2]
A=E Adets 202 Hol7] wffd VEGF 344, £+
VEGF AA & 2 shs thE #44 5o] A= 244

oA ZAFh I8y o]g 3l 21 x-E o] VEGF promoter F=+

TH ZH A 85t 3 EE B4 S AES oY
W40 2 F et o sl A oby el A @
A 2§ A o) 3HA L fd rat cavanid cdlsel o) & IGH1¢)
VEGF MRNAHE 2}3o] HHEA] P42 9] @ 4E opd A0
2 Yebytt) 184 cycoheximides prostaglandin B2 <] &t
VEGFmMRNA 2] =71& 7}3}sio,

Zo A IGF-1-& autocrine =+ paracrine?] H2] © & pre-
ctenbiats] 34 % % sl LAY LA £ohE
A2 5T 714 9] P& SRR,

B 1] A5 2 MG63odeblag-ikeodl & VEGFE
A3} 0] 3 VEGFL] 2& & IGRIdl| 9]3) S7e o}
AR ol & A A= Fal AP B AR A4
A= A 27 Ao Aol gt & 2
AT FFAFF] = 7EERH FHIHA
T = A% A} 5 9] systemic hormoned] ]
2 RE EH = IGH-2 autocrine ==
M ES A5k} VEGF 28 S =
TS 5ot U*11ﬁ4:4

o =zl A7 A, A G 5ol I3

rSL' OH

[,

r\-ﬂ

i3

KR

O

)

Yo,

o,

fe 2w
et
A g 4>

MG

oz

it
fru
rid

oo mY
WA
rl
O
0.
l‘_,

1
H

l

= R
o
of o

o K
P

o
ot
olX
N
X
N

i
k

I_f_lnu
©
T
1o

l

g

i of >
O oox Y
o
o
b
s
Fd
o
fr
ro,

1

L
_ﬂ‘:'l -
Y,
&
il
[o

shol 2 WS ZAMNE 1%
9] 3k VEGF A AHS
AT B AR 5
GF9} 2 et g
1%e} EW
At

&o}m

=

»

o

fu ot
N

]

=

b M

o
oX

—l-’

9o > S Ao
o L
oft Mr i
off ox
oXx o |o
EN [l o
mN < om
uol'

N
AN
o
A
re
ol
N

367



LTSI X| 2005,31:363-369

v.2 £

2 AF2 5] MG-63 ZZ A ZfA £ 7ol A VEGF
MRNA 9] & 2 IGH 9] A 2] ¢f] ] 5} %7}54‘3% IGFl el o] gt
ZX—] ok/\]-o )\]7].J+ /\}Q_E] R = ] w}a}l mao] zx%&]r/}
IGFlo ]38l VEGF mRNA 23 kA2 hydroxyureas} actino-
mycin D&} F7F A 2]l ¢]ste] WE o] Zha

4 3FA] 9k cyclohex-
imideo] o]slo] = E o] TS A BOE=T IGHI
13 VEGF mRNA 2] -3 > DNA 9174 3 A} ehA] of] 233}
o QL T A2 S £E6 L S gge s o)z
Astel IGRIE AAZS] 34 3 ATA A0l F28 4
WA QoA mf - F 23 S S & ATt

sns

1. Miel C, Rochford JJ, Filippa N,Giorgetti-Peraldi S, Van Obberghen
E: Insulin and insulin-like growth factor-I induce vascular endothelial
growth factor mRNA expression via different signaling pathways. J
Biol Chem 2000;275:21695-21702.

2. Yeh LCC, Lee JC: Osteogenic Protein - 1 increases gene expression
of vascular endothelial growth factor in primary cultures of fetal rat
calvariacells. Mol Cell Endocrinol 1999;153:113-124.

3. Trueta J: The role of the vessels in osteogenesis. J Bone Joint Surg
1963; 45B:402-418.

4. Decker B, Bartels H, Decker S: Relationships between endothelial
cells, periocytes, and osteoblasts during bone formation in the sheep
femur following implantation of tricalciumphosphate ceramic. Anat
Rec 1995;242:310-320.

5. Deckers MM, Karperien M, Van der Bent C, Yamashita T,
Papapoulos SE, Lowik CW: Expression of vascular endothelial
growth factors and their receptors during osteoblast differentiation.
Endocrinol 2000; 141:1667-1674.

6. Goad DL, Rubin J, Wang H, Tashjian AH Jr, Patterson C: Enhanced
expression of vascular endothelial growth factor in human SaOS-2
osteoblast-like cells and murine osteoblasts induced by Insulin-like
growth factor |. Endocrinol 1996;137:2262-2268.

7. Brighton CT: Structure and function of the growth plate. Clin Orthop
Rel Res 1978;136:22-32.

8. Brighton CT, Hunt RM: Early histological and ultrasrtuctural changes
in medullary fracture callus. J Bone Joint Surg 1991,;73-A:832-847.

9. Bermont L, Lamielle F, Fauconnet S, Esumi H, Weisz A, Adessi GL:
Regulation of vascular endothelial growth factor expression by
insulin-9 like growth factor-1 in endometrial adenocarcinoma cells.
Int J Cancer 2000;85:117-123.

10. Houck KA, Ferrara N, Winer J, Cachianes G, Li B, Leung DW: The
vascular endothelial growth factor family: Identification of a fourth
molecular species and characterization of alternative splicing of
RNA. Mol Endocrinol 1991;5:1806-1814.

11. De Vries C, Escobedo JA, Ueno H, Houck K, Ferrara N, Williams
LT: The fins-like tyrosine kinase, a receptor for vascular endothelial
growth factor. Science 1992;255:989-991.

12. Quinn TP, Peters KG, De Vries C, FerraraN, Williams LT: Fetal liv-
er kinase 1 is a receptor for vascular endothelial growth factor and is
selectively expressed in vascular endothelium. Proc Natl Acad Sci
1993;90:7533-7537.

13. Ferrara N, Davis-Smith T: The biology of vascular endothelial
growth factor. Endocr Rev 1997;18:4-25.

14. Gerber HP, Vu TH, Ryan AM, Kowalski J, Werb Z, Ferrara N:
VEGF couples hypertrophic cartilage remodeling, ossification and
angiogenesis during endochondral bone formation. Nat Med
1999;5:623-628.

15. Hodgson DR: Free-ligand accelerated dissociation of insulin-like

368

16.

17.

18.

19.

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

3L

32.

33.

growth factor 1 (IGF-1) from the type | IGF receptor is reduced by
insulin-like growth factor binding protein 3.Regulatory Peptides
2000;90:33-37.

Yeh LCC, Adamo ML, Kitten AM, Olson MS, Lee JC: Osteogenic
Protein-1-mediated |GF gene expression in primary cultures of rat
osteoblastic cells. Endocrinol 1996;137:1921-1931.

Garcia-Ramirez M, Toran N, Andaluz P, Carrascosa A, Audi L
Vascular endothelial growth factor is expressed in human fetal
growth cartilage. J Bone Miner Res Mar 2000;15:534-540.

Wang DS, Miura M, Demura H, Sato K: Anabolic effects of 1, 25-
Dihydroxyvitamin D3 on Osteoblasts are enhanced by vascular
endothelial growth factor produced by osteoblasts and by growth fac-
tors produced by endothelial cells. Endocrinol 1997;138:2953-2963.
Zaldi M, Alam ASMT, Bax BE, Shanker VS, Bax CMR, Gill JS,
Pazianas M, Huang CLH, Sahinoglu T, Moonga BS, Stevens CR,
Blake DR: Role of the endothelia cell in osteoblast control: new per-
spectives. Bone 1993;14:97-102.

Collin-Osdoby P: Role of vascular endothelial cellsin bone biology. J
Cell Biochem 1994;55:304-309.

Shifren JL, Doldi N, Ferrara N, Mesiano S, Jaffe R: In the human
fetus, vascular endothelial growth factor is expressed in epithelial
cells and myocytes, but not vascular endothelium: Implication for
mode and action. J Clin Endocrinol Metab 1994;79:316-322.
Carmeliet P, Ferreira V, Breier G, Pollefeyt S. Kieckens L,
Gerstsenstein M, Fahrig M, Vandenhoeck A: Abnormal blood vessel
development and lethality in embryos lacking a single VEGF alele.
Nature 1996;380:435-439.

Dvorak HF, Orenstein NS, Calvalgo AC, Churchill WH, Dvorak AM,
Galli SJ, Feder J, Bitzer AM, Rypysc J, Giovinco P: Induction of a
fibrin-gel 10 investment. An early event in line 10 hepatocarcinoma
growth mediated by tumor-secreted products. J Immunol 1979;122:
166-174.

Dvorak HF, Dvorak AM, Manseau EJ, Wiberg L, Churchill WH:
Fibrin gel investment associated with line 1 and line 10 solid tumor
growth, angiogenesis, and fibroplasiasin guinea pigs. Role of cellular
immunity, myofibroblast, microvascular damage, and infarction in
line 1 tumor regression. J Natl Cancer Inst 1979;62:1459-1472.
Ferrara N, Leung DW, Cachianes G, Winer J, Henzel WJ:
Purification and cloning of vascular endothelial growth factor secret-
ed by pituitary folliculosatellite cells. Methods Enzymol 1991;146:
391-405.

Ando S, Nojima K, Mgima H, Ishihara H, Suzuki M, Furusawa Y,
Yamaguchi H, Koike S, Ando K, Yamauchi M, Kuriyama T:
Evidence for mRNA expression of vascular endothelial growth factor
by X-ray irradiation in a lung squamous carcinoma cell line. Cancer
Lett 1998;23;132:75-80.

Sugishita Y, Takahashi T, Shimizu T, Yao A, Kinugawa K, Sugishita
K, Harada K, Matsui H, Nagai R: Expression of genes encoding vas-
cular endothelial growth factor and its Flk-1 receptor in the chick
embryonic heart. JMol Cell Cardiol 2000;32:1039-1051.

Schweiki D, Itin A, Soffer D, Keshet E: Vascular endothelial growth
factor induced by hypoxia may mediate hypoxia-initiated angiogene-
sis. Nature 1992;359:843-845.

Claffey KP, Wilkinson WO, Spiegelman BM: Vascular endothelial
growth factor. J Biol Chem 1992;267:16317-16322.
Eyssen-Hernandez R, Ladoux A, Frelin C: Differential regulation of
cardiac heme oxygenase-1 and vascular endothelial growth factor
mRNA expression by hemin, heavy metals heat shock and anoxia.
FEBS Lett 1996;382:229-233.

Li J, Perrella MA, Tsai JC, Yet SF, Hsieh CM, Yosizumi M,
Patterson C, Endege WO, Zhou F, Lee ME: Induction of vascular
endothelial growth factor gene expression by interleukin-1?7in rat
aortic smooth muscle cells. J Biol Chem 1995;270:308-312.

Cohen T, Nahari D, Cerem LW, Neufeld G, Levi BZ: Interleukin-6
induces the expression of vascular endothelial growth factor. J Biol
Chem 1996;271:736-741.

Pertovaara L, Kaipainen A, Mustonen T, Orpana A, Ferrara N,
Saksela O, Alitalo K: Vascular endothelial growth factor isinduced in



35.

MG-63 M|ZZF0{/A{ Vascular Endothelial Growth Factor (VEGF) mRNA 2t80f| Ci3t Insulin-like Growth Factor | (IGF-1)2| Z2foff L3t o1

response to transforming growth factor-g in fibroblastic and epithelial
cells. JBiol Chem 1994;269:6271-6274.

. Finkenzeller G, Marmé D, Weich HA, Hug H: Platelet-derived

growth factor-induced transcription of the vascular endothelial
growth factor gene is mediated by protein kinase C. Cancer Res.
1992; 52:4821-4823.

Warren RS, Yuan H, Matli MR, Ferrara N, Donner DB: Induction of
vascular endothelial growth factor by insulin-like growth factorl in
colorectal carcinoma. J Biol Chem 1996; 271:29483-29488.

36.

37.

Brauchle M, Funk JO, Kind P, Werner S: Ultraviolet B and H202 are
potent inducers of vascular endothelial growth factor expression in
cultured 11 keratinocytes. J Biol Chem 1996;271:21793-21797.

Ando S, Nojima K, Mgima H, Ishihara H, Suzuki M, Furusawa Y,
Yamaguchi H, Koike S, Ando K, Yamauchi M, Kuriyama T:
Evidence for mMRNA expression of vascular endothelial growth factor
by X-ray irradiation in a lung squamous carcinoma cell line Cancer
L ett 1998;23;132:75-80.

369



