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BN (angiogenesis)e FZ AL Taets BE 2H o WA 2 A Z (remodeling) ¥4 0] Doty B d7=
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LM B oA gFMEe} FAFHES} o] Wy AFS &
Fohe Axe 287 g3 Eske Sl gy
EXAL 3G HFFEAAN AAYES e & o, 24 d#e] P 33 7|4 Fe F2F
ot w3te e A ow JdAES A o] FA A A ex7 e Yo
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e 4%t 715 53 dojyy AFoE F& Vascular endothehal growth factor (VEGF)E A3
ool dojFozy ZAA 9 27t A= At wolA FdEHM, VEGFY dAe 9=
olgf gt FAA Y Fx& 75 HAAR] z=2EF she] Aofo} frof & 7)o FECAA W e
T2 1A} Abo] o] BRbek s agol ofs] xdd e dehlle 23E BYoz w 47 Fash
= ZAEAR o7)a AP’ VEGFe vio] A2 &
A4 FAGA (angiogenesis) S % A& ¥ 3s} Tl A+ endothelial tyrosine kinase receptor (Tie2)
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Angiopoietin-13} angiopoietin-2+ =< 454
7HAE Bl dil A2y ofF 75 kDao| ™, Tie2ol| 2
g}, Angiopoietin-1-& "&7] of AjgtozH

£-719] autophosphorylationg Z213}+= ¥4 Ang
-2v 383 938 31814 °”“3}7 Angiopoietin-
13} angiopoietin-2+ A1 @ #F A - dits =
98s sty delA At Ed Angiopoietin-12
embryonic developmentE<t %9 A<y ot
gas WA angiopoietin-2%  Tie-2¢] st
angiopoietin-19] A4S AHA o= A dAg 7)o B
olo] RIS JAFTL L&A Ay,

Angiopoietin® & ZF oA dHIFA e FR3
ZAAE A A YA W] gt 24 gl ow
Aol gk 9L & dHA YA woh T2
DHME, AFAE, 23AE, g2AE 2AE,

Tl A 2, LHJ]/H]_:_Q} FTAE T A8 TFe *ﬂﬁ
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*ﬂ—“‘g—‘—g, o 7)A ?l’&%'ﬂﬁﬁ: g4 gelatinase
g4 9 nitric oxide (NO) A FS 433tk 38k
R Rl 4“7”ﬂi—€-——r‘51 gEAE A
9 G| vX= JEFS FE3s7] fste, ke =
FAEE B85t M-CSF¢} receptor activator of
NF-kB ligand (RANKL)& A g]ate] s=A o] &

3l = ‘nn_o}(}i*’ TRAPol| kA<l \:}sﬂxﬂi_q 3 A]
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Dulbecco’s modified Eagle medium (DMEM), a
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—-minimum essential medium (a-MEM), fetal bovine
serum (FBS), trypsin-EDTA & vjoke] L3 2
AlFELS  Gibco laboratoriesZH-E  FHsHHTH
(Grand Island, NY, USA). A|Xujgr|Ee
Corning (Corning, NY, USA)AIZHE FHstAT
BCA ©91d A A2k Piercerl (Rockford, IL,
USA)ZHE YA H. A= AFE angiopoietin—2
£ R&D systems (USA) S 23 ¥ FY3stdct A=
AH M-CSF, 2% A RANKL® A =23 AR
TGF-B+ PeproTech EC Ltd (USA)S.ZXE Fs}
At YA GE A2 Sigma chemical company
(St. Louis, MO, USA)ZHH 43ttt el A
£H F=2 64 A 8 H 34 ICR vh§-2F AH&-3)
Ao thE Ato]d2 (Korea)ZHEH YAt

2. ZEMES| HiYF

THEe A¥rdz= HOS ¥ MC3TS/EL Al
EFE ARESHATh SA ) el wet 2EAXE
£ 10% FBS, 100 U/ml penicillin G, 100 gg/ml
streptomycin sulfate & 0.25 pg/ml amphotericin B
7} A7k9 DMEM ¥ a-MEM= ©]-&38}a] 75 cr HY
ezl wesgth Mgee AFUo) 204
W FHA ALV} GSS o] FH trypsin-EDTA
2 A2ste] AEE FHE F 111002 A
A3t AMEB e A 37T 59 B% FE5
FABIA o 5% Cozs?Jr BY% ENE FFEA A

TEAo wel A EZE 24-well plate?} 96-well plate
A wstel A9 ol b
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HOS A EZE 96-well plated] well B 5 x 10° 7)<
N7} E7IEE EF5te] 3YTt vt v
AME A A A8 =9 angiopoietin-27} HA7}E
Hjok o 2 wgkste] F & 297 Al Zu| S Aldst
Ack. wF WA 4N FE Ege] 3-(45-
dimethylthiazol-2-yl1)-2,5-diphenyltetrazolium
bromide (MTT, 50 pg/well, Sigma)E H7}slH .01,
w717t ot WA F formazan granuled] %S =34
oM NIAEES HIIstAtt A S A At
31 0.04 N HCl/isopropanolZ 30%
granuleS €347 & microplate absorbance reader
(SLT 400)5 ©]-&-3}o] 550 nmoll A v] A4 & 3} Th

=<t formazan



4. BIIY IR EL BHEY

HOS MEE 24-well WlFHA o well F 2 x 10'
Mo AE7} Eo7tEE EFate] gt oy
FE 9] angiopoietin-2= vj ¥ W Hrlstd = &
297 wjekstdeh wikol B F 01% Triton
X-100/salineo. &2 A g8t} A EFZHE whE oS
E714 AHEs EA Y A4S ST a4
o] 2L AT NEFZE
p-nitrophenyl phosphate (pNPP, Sigma)7} ¥3%4¥
glycine-NaOH buffer (pH 10.4)° 4 30837+ 9H-8-A]
71 & 7142 pNPPo|A &3 ¥ p-nitrophenol®] %
S 405 nm9] 3ol A microplate absorbance reader
(SLT 400)E ol-&sto A& etk el d o2
BCA protein assay reagentS ©]-&3le] =430
H, 434S nmole substrate/h/mg protein® &
SAsAon o e WEsEE el

[o:

)
o 4
N
X,
ro
—_
o
S
1o

5. Type IV collagenase/Gelatinase &4 =3

HOS AlEE 24-well plateol] ¥jSstHA o8 &
=9 angiopoietin—27} H7}E serum-free Bj %Yo
2 ugste] 48X 7HE et At v o] Eud
747 e] wjFdls Hol Y4l FozA FHAE
= AAT oS FHF concentrator (Centricon
TM, Amicon)< ©]-&3te] wjFAS oF 5l 55315

L FEE AL FEko] 2X sample bufferg &
el 3 non-reducing AEIE 1 mg/mlY gelatin®]
719 10% SES-PAGE gel (zymogram gel, Novex,
USA)9] mini-gel electrophoresis system (Xcell
Mini-Cell, Novex, USA)& o]&3te] A7]195S Al
Pt 1719 ES 25 mA/gele] ZHOZ oF 907
7F A, Ex# 6500-200,00091 pre-stained
molecular weight standard (Kaleidoscope prestained
standard, BioRad, USA)E 59 geldll 17|95 3
o ZH ujekd o] EA)5}= gelatinase?] EAHFS
Hrretao. A719E0] €% F renaturing buffer
(0.25% triton X-100)2.2 3083t 23] A% 3sle] gel
o] SDSE A A3 th2 developing buffer (50 mM
Tris-HCL, pH 8.3, 02 M NaCl, 6.7 mM CaCl,, %
0.02% Brij 35)Z 13] A|H3F & 37CoA] 2F 16A17F
A& incubation 3tF . 1 3 gel& 05% Coomassie
brilliant blue R2502.2 °F 4583+ @43 ths &
3lo] gelatinase =S B3R

Angiopoietin27} Z2M 22} TEAMZL| M &Mof| O|X|= Pt

6. Nitric oxide gtAZF =X

MC3T3/El AEZ 96-well plateo] well & 5x10°
N AE7} Eo7tes EFato] HjgstHA oy
=9 angiopoietin-25 phenol-red”7} gl 8] %
el Hriste] & F 29z sttt NO9 &=
SA317] flste] Mgy W2 F2E NOY 4H3le o
g3k HEQl nitrite S SF3IATH 96-well
reading plated] 100 p0o] A Eujd 1} F2Fo] Griess
£ (1% sulfanilamide, 0.1% naphthylethylene
diamine dihydrochloride, 2.5% phosphoric acid)<& &
st & Ao A 1587 BESAIA T Nitrited] 5%
+ sodium nitrite®] =2H4Q 34 T2 T EF
XS 0]8-3}e] microplate absorbance reader (SL'T
400)E AFE3e] 530 nmollA] Bl = gt

7. M-CSF dependent bone marrow
macrophage (MDBM) M| Hi 2t

e FEAEE B 93 neas AR
Aoz PN F UESIH FEs FEEHLE
HEsla AxHE AANeH o] FES A
@ek & 226G FAR S o838t % o] 57

40 gm nylon mesh (Cell strainer, Falcon, USA)Z &
Hate] ©d AE7E Hes EAAZ T 10% FBSS}
5 ng/ml M-CSF7} &4 o-MEMC.Z 100 mm b
FHAl 6:107) ME7E H =T RF3ke] 24412 A
kgt & M RAAEES EUT FEAEY] AT
AE7l HE HRANEE 10% FBS, 10 ng/ml
M-CSF and 1 ng/ml TGF-$7} 23+ a-MEM 2.2
96-well plate @ 96-well OAAS™ plate (Oscotec
Inc., Korea)ol A welld 5x10°70¢] AE7} gje2 &
Faho] wf st 8-9Y3t v dsh= &<t 10 ng/ml
M-CSF, 1 ng/ml TGF-B 2 50 ng/ml RANKL} ¢}
# F%Z9| angiopoietin-27} Z 3 HjFA o= wj Y
StRom, 393 694 A% o r weketyd
o} v ol B = gz Ao AXE AAbetr] $1st
o AZE T3 TRAP G4 Atz 524

2 AR skl AXE Hold T
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formaldehyde €80 2 133 & tartrate-resistant
acid phosphatase (TRAP) @418 AJdsle] w4
X HAAEE FHrstdct TRAP 94L& Sigma
Akl TRAP @48 kitE FHat] AZA] AAd
w2k
phosphateE ©]&3t¥al, GMAZE fast Garnet
GBC &5 AH&3alt). dalo] g & F3tdn
o] &3t o] 37) ©]’FQl TRAP-FA T3 M2
Agate] gAEe APARERE AT
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| 918k culture plateS SF=2 A2 e
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(a) Osteoblasts were cultured in the presence or absence of

were cultured in the presence of MTT for last 4 hours of culture. After culture,

Froke) BAe 2499
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Fig. 1. Effects of angiopoietin-2 on the cell viability (a) and ALP activity(b) of osteoblastic cells.

angiopoietin—2 for 48 hours. Then cells

were solubilized and optical density was measured with microplate reader. Values are Mean

(n=5). "P<0.05.

(b) Osteoblasts were cultured in the presence or absence
activity was  measured by  spectrophotometric  method
substrate. The enzyme activity was calculated as nmole

cells respectively. Values are Mean = S.E. (n=5).

"P<0.01.

of angiopoietin-2 for 48 hours.
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Angiopoietin-27} ZZAEd| v]X= Gt
3}7] 9l8ted, HOS MEE o] 83l ME AEE,
714 QAR as &4 2L gelatinase 4
MC3T3/El NI EZE ©]-&3t9 NO #3< A3t
3 A X v FFS BF}] S5k
-2 FFAEE E25te] M-CSF9} RANKLS
gt dEAxe B3E =819, TRAP
A9l A Ee] FA sho] ZEFAE 3

= 3}

o mAe & 30}1'19% g 5%

o

IOO_uOr?J_&_‘E

202K

133K
71K

42K

31K

Fig. 2. Effect of angiopoietin-2 on the gelatinase
activity. Concentrated conditioned media
after culture with various concentrations  of
angiopoietin—2 was resolved in 10%

zymogram gel containing 1 mg/ml  gelatin.
Numerals are  molecular  weight standard.
Lane 1@ control, lane 2-4: angiopoietin-2

1, 10 and 100 ng/ml.

Angiopoietin-27} Z=

=M|zet mEMEe| HFnt 2y 0|XlE IE

1. Angiopoietin-27} Z==M|Ze| AMZA I &hMof
Ojx|l= A&

Angiopoietin-27} ZZHEQ] M AEEo| n]X
= 9%g #&3 A3 angiopoietin—2& 10 2 100
ng/mle] FEANA ZEZAEY AX HEES FYA4
UA S7HIAT (Fig. 1a).

Angiopoietin-27} ZZ M| E2] Ao u|X= A
S YolrR7] 9t Z2EA|Ee A BAE gHA
G718 QIbEAEARe  EAS A Ad,

angiopoietin—-2= 1, 10, 100 ng/ml FE ESoA
ZEAE 4713 MR AL EAS FHIAH
(Fig. 1b).

Angiopoietin-27} ZF M2 {7]7]2 &34 v
e EHE Yolr 7] 95l gelatinase?] L
=339k 72 KDa-J gelating 33 o7} 2y
e 1,10, 2 100 ng/ml2] angiopoietin-2 ]2 <l
93 gelatmase«] Aol dA43] F7IES BESA
o (Fig. 2).
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Fig. 3. Effect of angiopoietin-2 on the NO secretion
of MC3T3/E1 cells. Osteoblasts were
cultured in  the presence or absence of
angiopoietin-2 for 48 hours. Nitrite, a stable
end-product of NO was measured by
spectrophotometric method using Griess
reagent. Values are Mean *= SE. (n=h).
*P<0.05, »P<0.01.
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Fig. 4. Effect of angiopoietin2 on the osteoclast generation(a) and osteoclastic activity(b) in culture of MDBM
cells.
(a) MDBM cells were plated at a density 5 x 104 cells/well in a 96-well plate, cultured for 8 days in the

presence of 10 ng/ml M-CSF, 30 ng/ml RANKL and various concentrations of angiopoietin—2. After
cutture, the TRAP (+) mulinucleated cells containing three or more nuclei were counted as
osteoclasts. Values are Mean = S.E. (n=5). *P<0.05, *P<0.01.

(b) MDBM cells were plated at a density 5 x
in the presence of 10 ng/ml
After culture, the total area of the
#P<0,01.

Angiopoietin-27} ZZ A E 2] NO2| AAdd| nx]=
FES Golry] st Mg A oz 2" NOY 4
=0} St Fefol nitriteS A A3} 10 2
100 ng/ml¢] angiopoietin-2& NO¢ A< #2A4
UA F7HAAT (Fig. 3).

2. Angiopoietin27} ImlZAMZol MZA L EhMo|
O|X|l= H&

Angiopoietin-27} SZ M MA] nX= I
< #Fs7] Hste gEAE AFAEE 8l st
M-CSF¢} RANKLE *El5le] TRAP 4 thalA]
FQ B A E #3515 X512, angiopoietin-
2= TRAP 73 bl A2 A4S FolstA 7HaAl
7t (Fig. 4a).

22

104 celisiwell in a 96-well OAAS plate, cultured for 8 days
M-CSF, 30 ng/ml
resorption pit was measured. Values are Mean * SE. (n=H).

RANKL and various concentrations of angiopoietin—2.

MDBM AZZ OAAS™ platecl Al uj s A
M-CSF9} RANKLS *{2jate] 897t vl sl 3ict. vl
ol Bt 3 AEE A AS, image ¥4 T2
ol-g&ste] HA FrE SHT A7 §E HAY

7F #2F A} 100 ng/mle] angiopoietin-2%&
& A F5ee] WFo]l fosiAl iAo
b)

s 9 1%
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XA A
VEGF= £ bone modeling® remodeling site?} <
=7 W] AAANA F2 LA, angiopoietin-2
= ASAEAA F2 FHEY, angiopoietin—13}+
VEGF= hypertrophic chondrocyte®} bone cellol A

angiopoietin-1, angiopoietin-2 &
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P,
angiopoietin-2& ZIA|ES TFZ A E o A
o remodeling®] doju= F-HollA A4
zdd] 9&< szt 4gagt. g2 224
HeE A=A 9o g A= A= A
meba] 2 AFE 23 frol #dste oy

N R
x—“lré‘ﬁ

SN < S = (A -3
2|

12 2437 angiopoietin—27F %29 gE A2 Al
¥l 2ZA XY} RZA ] HAE AFS B}
13} 39T B doaes Al =

[e)

=
Sk M EFQ HOS AEXFE ZIAM 2 Agrd
ol g&3tH o, o] AEF= A7 A4t EaEA
g BN s 252 g 93 cyclic adenosine
monophosphate A4, Fx%] dildo] g4 5 2F
Az 54 2ta1 glo] ZEA XY AFrdz
g o] &= AxFolth “j*ﬂ:ﬁ—zri Hﬁookf?}@’ﬂ
angiopoietin-25 Hj %ol H7}st A
ng/mle] FEolX ZZA|E] AE 3
UA STHAHT @714 QAT EA
HEABALZ o] §HH X2 P4 oy wAof &
oAF Aoz FEHHMPY B Aqeie
angiopoietin-27} 11%]_‘?_-04 Aol WX FeFS
#E7] st 2EAE A9 AEE G714 A
AR ELY XS A3 A AFo) AL B
TEoA Z2EAEY FVY ks 24
Z7MAZ . Angiopoietin-27} A7 S22 e
FAE, FEAE 9 5] MEAA Ed
AZAE H39} 8| angiopoietin-29] Tl A 7}
mRNA Z&o] 27t9S B v ok, mepa B
A7 2 9o Ao o3 angiopoietin-27}
autocrine =+ paracrine WHO2 ZIA| ¥ &
st A AEE 2 AE Ao FFS vA= A
o /\}EQE}.
22 wdd 9 vugdy dd 3 2
] 2714l A& Qe FFRE Ztu
, XA TP T4 &afet 74
£l JJrXé o 98 doJ¥H” Matrix metallopro-
teinase (MMP)= &% &3 Hold Fagh 93
S e E4E 43A 9o, 53] gelatinase A%}
B (MMP-28} MMP-9)7} 2238 938 Uegig
819 MMPs¥ zinc &8 549 sUE We 9w
oA 7P Had @ A &4 3V e 3t
A FeAE 9 71d dids Fast
Angiopoietin-27} Z

= BN r{n
= ruE S
ﬂ Lo

1

rUH mﬁl‘

_ELi

=AY 71714 3l
E 392 dolr 7] 93l gelatinased] S =

Angiopoietin-27} Z=

=M|zet mEMEe| HFnt 2y 0|XlE IE

A3t 2 AF A angiopoietin2& A3 ZE
TE (1, 10, ¥ 100 ng/mDelA HOS A=<
gelatinased AL Z7MAIHeH E3) 10 2 100
ng/mle] FENM A3 FTMAHLH, o=
angiopoietin-27} MMP-2¢] &4& Zd3tt= B
Pob AR A%E Jedth Das e
angiopoietin-27} ¥] %<1 retinal endothelial cellsol]
A MMP-99] a5 S7HA 7S Bargh b gl o
Z}4 angiopoietin-2& ZZF A E 9] gelatinase 849
B4E SR 2F dAtel S WA
gt Azhed
O 7e S 7 Als deedld NOvF 2
o] 34 5 AE, gEAEe B Sx d
o B &S vAY 2xAYe] Fa% s A
2247 AR gorz? angiopoietin-27F 2
SHZEZFE NOY Aol mAs FFE dotr7]
93t MC3T3-El MEE vl st & g Oi r
21 NO9| AFsteof SHgd Fel<l nitrites 5743}
SATh ohE A¥el o83 HOS A2+ NO 44 %
o] wj¢ o} HFo] ojg ¢ EE MC3T3-El H¥E
AHESHATE 1 A7 angiopoietin—2 10 % 100 ng/ml
o] FxoA NO AL @A S7HA 7
£ A= angiopoietin-27} I A o] v A= 3
&S Lot 7] Aste, AdSAE AFAEETE 9
SHES A B B0 A= dFS BESAH
FEA|E7E 28713 7190 As o] &3t v
FEAE AFAZE @7] Astd FFAEL v el
g o]§HaL 010‘1125) ojgldt TFAE HidAl B
7L5] oA = TRAP ¥4 ¥H8-2 Uehiar CT
FEATE HAH H33E gold s F4T o F

O

iitdl

illdl

it

SHe BHHETES HEAES 5AE ek
i glom, TPAPS Zx A T2 MEs) 788 &
Qe FZALY AL EALLE o] §BH.
B oATNE HBAE ATAEE s,

M-CSF$} RANKLS *g]ste] TRAP <4 thal A
X0l gZAEe BEE 535191, angiopoietin-
2= )3 A7 TRAP %A TelA Lol &Ao] &
5t A EHRITE T3S angiopoietin-25 *] #] 8}
FEATE AT AZESE 934 oz vuty 0AAS™
platedl] A ket & A XS A AL, GA 4 =
2aaE O]Q“OPOE] AA Frots S43 247 e
199 Fol7F #AFHEJeH, 100 ng/mlg
anglODOletm 25 A BF Feke WE o] f9
SHA Ak $19) A3 = angiopoietin-27F 3F&
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24 3 71AEHELY 24 2 NO BAHS S7H

719, FEAELY A FEAEY S48 T
71e 2%5E YYo= 2 angiopoietin-27}
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ABSTRACT

Effects of Angiopoietin—2 on the Proliferation and Activity of Ostoeblasts and Osteoclasts
Seon-Yle Ko, D.D.S.,M.S.D.,Ph.D.

Department of Oral Biochemistry, Dental Research Institute, School of Dentistry, Dankook University

The present study was undertaken to determine the possible cellular mechanism of action of angiopoietin-2 in bone
metabolism. The effects on the osteoblasts were determined by measuring 1) cell viability, 2) alkaline phosphatase (ALP)
activity, 3) gelatinase activity, and 4) nitric oxide production. The effects on the osteoclasts were investigated by
measuring 1) tartrate-resistant acid phosphatase (TRAP)(+) multinucleated cells (MNCs) formation, and 2) resorption
areas after culturing osteoclast precursors. Angiopoietin-2 treatment showed a significant increase in both the viability
and ALP activity of osteoblasts. Angiopoietin-2 increased the activity of gelatinase and nitric oxide production. In
addition, angiopoietin—2 decreased the osteoclast generation induced by macrophage—colony stimulating factor (M-CSF)
and receptor activator of NF-kB ligand (RANKL), and inhibited osteoclastic activity in (M-CSF)-dependent bone marrow
macrophage (MDBM) cell cultures. Taken these results, angiopoietin-2 may be a regulatory protein within the bone
marrow microenvironment.
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