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S wjgdE ZolA Tl FE&L FoI5to] vascular endothelial growth factor A (VEGF-A), pigmented epithe-
lium-derived factor (PEDF), vascular endothelial growth factor receptor 2 (VEGFR-2)¢] @&o] nA]= 93-S
A8kt &gl

thet & Y dEaF 784 dake 2459 g5z AARRoA 28] g SoldXd ¢3S Fosti,
U7 59l vl 7)o WE A|E Z2E, VEGF-A mRNA, PEDF mRNA, VEGFR-2 mRNA @38 24319},
Ak 43&E Folg TopEE 270l A2V} S7F8LSAL, olFdle st AU Hshrh $idthp <0.05). 34
T F %59 47-L(100, 150 mM)E Foldt Fol|XE= VEGF-A/PEDF H|& 7+43tQ 1L, tZF oAM= VEGF-A/
PEDF H|7} 7189t (p <0.05).

A& ZoMAE wjdolx] E2E&L FotHE F2AE JASaL, VEGF-A/PEDF ]9 Ed%S fdste], 23 24
oA AT FE AT Zos AZEHII

MO CIOf: Z3|A}, ZolME, 45L& VEGF-A, PEDF, VEGFR-2

Effect of Alcohol on the Expression of VEGF-A, PEDF, and VEGFR-2
of Osteoblastin Avascular Necrosis of Femoral Head

Woo-Suk Lee, M.D., Whan-Young Chung, M.D., Woo-Sik Kim, M.D., Taek-Soo Jeon, M.D., Sang-Bum Kim, M.D.,

Sung-Hun Kim, M.D., Sun-Hong Kim, M.D., Ji-Hyuk Lim, M.D., and Chang-Dong Han, M.D.*

Department of Orthopedic Surgery, Konyang University College of Medicine, Daejeon;
Department of Orthopedic Surgery*, Yonsei University College of Medicine, Seoul, Korea

Purpose: The aim of this study was to determine the effect of alcohol on the expression of VEGF-A,
PEDF, and VEGFR-2 in human osteoblasts.

Materials and Methods: Human osteoblasts primarily derived from the intertrochanteric region
of the femur with osteonecrosis and fracture (control) were cultured with alcohol (0, 20, 100, 150
mM). The level of cell proliferation and the expression levels of VEGF-A mRNA, PEDF mRNA, and
VEGFR-2 mRNA was evaluated according to the alcohol concentrations and the culture periods.
Results: Osteoblasts with the added alcohol showed an early increase in cell population, and a
subsequent decrease or steady level thereafter compared with those without alcohol (p <0.05). The
osteoblasts in the osteonecrosis group showed an increase in VEGF-A mRNA and PEDF mRNA
expression at high alcohol concentrations (100, 150 mM), resulting in an decreased VEGF-A/PEDF
ratio, while those in the control group showed an increase in VEGF-A mRNA expression and a
decrease in PEDF mRNA expression, resulting in an increase in the VEGF-A/PEDF ratio (p <0.05).
Conclusion: Alcohol stops the proliferation of osteoblasts and can cause an imbalance between
VEGF-A and PEDF, thereby inhibiting the neovascularization of osteonecrosis.
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Al LA BATL B5H oluP o 22). Vascular
endothelial growth factor (VEGF)= 0|52 TAof A
Fag Ao w3 AL T AR B glom, A
O] HE Ao AL} up7FA B ZobA| o A e YA
o oo gk 8 A= st AoRE dHA 9
cp 46810 ol edodof A obABke] HI A F AT

YA FRYA] FAU BN LA S o,
A YAE FESHE VEGRS} 0 A3} pigmen—

ted epithelium—derived factor (PEDF)Q} w3 o] 23|
2AHIL G AR wugy Qo aey 284
AdAME ol A7 A =3 I I I
o HHE Z Ao A ojwHt 282 sheAlof digt o
S} 1404‘;]_6,16,18,19)‘ Z o] Ao o5t VEGF-AS}H
PEDF= & 474 FAste SotdE Ur A=A Z A A
= A o] ZHA oA WLl I PA o A3k

& FE 7i *EW Aot 7]Eef ZotH| £ & A
BT sEddl SAHUAL, G Hollof HHd A
o & Ao o]5 AT} vl Il B A+

°. 284 At A VEGF-A, PEDF,
VEGF 44 59 21ze] Watel AT 21-8-0] £+ o]
E Sk 91, 27] 99 At T 3 Ay

Anel Yol
Yol GFL & 5 9L A0 S, & 4T
oA xgo] o3 HAE thEIT REY YA}

oA BOHIZE AT A9 WL AYstol, ¥ S
o et ToWL o W2 o E F43 VEGF-A

CHet 2
. SOMM[Z2| 22| H HiY
HEEF 78 YAz dutd AXSsS
g Ao N A HEE AR A HEE AH
3}o] phosphate—buffered saline (PBS) 2.2 43] A &S
AAIRE T 2X2 mm 7|2 A Ao, 2A 2
A &ol 0,25% trypsin/EDTA (Gibco, Grand Island,
NY, USA) 4 m& ¥3 g&808 %4_%4_61 E5HA
37°C= A oA 1A 235 A7 $ A2
st ASde AAST, B 2242 23] A4 &
10% g &4 o] s+8-5 low glucose Dulbecco’'s modi—
fied essential medium (DMEM) .2 25 cm” ¥joF-8-7]¢]
A DX (5% CO., 37°C incubator) dFal, HjoFoi-2
pantet WAISHT BoHEA WaEg IR 0|5t
e, S22 AAGEL WjgE ZopA = Al
oFetalet, SotMdl 2o #d Y %“’Jé flsto] FopA 29
HjoF 2 B—glycerophosphateE #7}5}¢] bony spicule
o BATIE RS AT, HEBE 48 FobA
F 13 ofste] FFEo] 9= A F FH FEIA A
TEE Aot 7L FLSHA ZotAlEE ¥

SRR

N
o1,
2

2. AgF

S AL EAFO A E2] ujoFst FobA|EE HjFE7] 4
4x10" cell/ml® B33+ 3 wjopdlo] &37L9] Lrv}
0, 20, 100, 150 mMe] A 3}l 2Yujc}t 22 7}

TerEJEE o QFH-& 1% 16}%} wjok 3, 7, 14, 214A)
NEE BEstitt, 2o ZAA oA

i)
j=s)
o2

gk J‘o}*ﬂioﬂ/ﬂE 7—.} %fi% sZof tigh Y3 FH
Aot e EAel Hote] #3lg Fof B
+ 30| 21% ¢FZEE 800 ml/day o|Aro]1L, tHE
2 glojL} oFEH L (steroid, immune depressant drug)
o 71990l §le 4iE 71U HEEF FEA YA
RS dider shalen, TAL I 2T 7Hef o
g, 44 ﬂ;g', AE & 9rl de Aole gl
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Table 1. Demoaraphic characteristics of the patients

Osteonecrosis group  Gontrol group

Parameter (=91 (n=7)

p-value

Age (yrs) 414459 390463 >0.05
Gender (M : F) 9:0 7:0 >0.05

Weight (kg) 629+84 642495  >005
Height (cm) 1671466 1673471 >005
Aleohol intake 965+1205 9+34 <005

(21%. mi/dav)

All data are presented as the mean+one standard deviation,

4. VEGF-A, PEDF, VEGFR-20 CHSt mRNA &AM

ajeF 8, 7, 1494 2 9 ZoEE EeEgh &
Easy—blue (iNtRON, Seongnam, Gyeonggi—do, Korea)
£ A5t total RNAS £2]3Fth, Spectrophoto—
meter® A3t total RNA 1ug®} 3|4 = primer 2 ulE
AL 5 T0°Co A 57 BFS- 3 Accupower RT premix
kit (Bioneer, Seoul, Korea)ZS AF&3}0] 42°Co A 14]
7, 94°Coll A 58 WHGAlA VEGF-A cDNAS §HJ5t3
t}. Accupower PCR premix kitol] 4% cDNA &9 1
wet A= forward primer (5—-GCACTGGACCCT-
GGCTTTAC-3), reverse primer (5—GGCTTTGTTCT—
ATCTTICTIT-3)E 27} 0.5 ul A7}st 3, &stas o
HHH-E-(PCR)Z 94°Coll A 587t ¥4, 94°Coll A 30% &
oF Al 55°Coll A 30% %ot annealing, 72°CollA 30x
7Ho) IS 353 HHESHGlTt, HF O R T2°CoA 5
270 RS A 3 HhEd F Sule FHsto] 2%
agarose gelo| Al £ a4 A48k &2 (PCR marker)
o} o] M7]9%F e ¥ UV transilluminatore] #2 %
2959t B—actin® forward primer (5—TTCTAC—
AATGAGCTGCGTG-3), reverse primer (5'—CTTGA—
TCTTCATGGTGCT-3)E AR&-3t0] 94°Coll Al 587+ 1
A, 94°Col|l A 30z 3 WA, 55°Col A 30% &2t an—
nealing, 72°Co| A 45%7t9] S-S 353] §HE514]
tf, ZE o2 72Co|A 1087 A2 A7 T 7]
%4 &3to] densitys =743t VEGF-A mRNAY &

< HAskel

PEDF?] forward primer (5—TCACAGGCAAACCC—
ATCAAGCTGAC-3), reverse primer (5—GCCTTCG
TGTCCTGTGGAATCTGCT-3)E AHg-3to] 94°Coll A 5
B7F WA, 94°Coll A 30 FeF M4, 65°CollAl 30% &
oF annealing, 72°CollA] 15%7t9] g4 7H4 & 353] HHE
stoltt, HFo R T2°ColA 57 FAIREE AIF AL,
VEGFR—2 (forward; 5—CAACAAAGTCGGGAGAG-
GAG-3, reverse; 5 —ATGACGATGGA CAAGTAGCC—
3)9] RT-PCR& 94°Col| A 587t ¥4, 94°CollA] 30%
ot WA 45°Col|l A 302 5¢t annealing, 72°Coll Al 40
2740 IS 353 HhESkoiTh XF R T2°ColA
57t FANES Al & wked 5 SulE F 5k 2%
agarose gelo| Al FEasL AHehg EA 9} o] A71Y
E3to] 2438191, B—actin mRNAS] ZAzto 7 BA
Eitss

5. SHEHQI EA

2454 ¥4LS BIO-PROFIL Bio—1D (VILBER
LOURMAT, France)E ©|&ste] £A5¢lct £ A2
33] o] whESte], AT diRdt 7HY Apole
Mann—Whitney testS o] &3t o, 479 Lo
T2 Z}o]= ANOVA testE o]&sto] EA5tAth HA
Al 18422 prol 0.05 1|l 49 SASH R &+

Aol e AL WA A,

cell/mZ, 47 150 mM Tl N2
A 6,4x10° (£1.3%10°) cell/mlZ A
sholtt, 2ol A ¥ 20 mM Fo
AR 7.1x10° (+£1.1x10°) cell/mlZ, 150 mM Fof
o] 4= HjoF 3472} 6.0x10° (£1.2X10°) ¢

2 ZHE o] F T dASHA FA | oF FollA g2
o] FL7h S7¥E| whel 27)of AEST} FUEeRAL T
3F % th(p<0.05)(Fig. 1).

m =
o
e
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Time (day)

Fig. 1. Osteoblasts exposed to high concentrations of alcohol (100 mM, 150 mM) showed an early increase in cell population at day
3, and a decrease or a steady level at day 7 and day 14, while those in the osteonecrosis group (AVN) and control without alcohol

showed a continuous increase to day 21 (p<0.05).

Day 3 Day 7

Day 14

0 20 100 150 O 20 100

]
150

0 20 100 150

VEGF—A(AVN)‘--ﬁéﬁ;;i-:gi‘

VEGF-A(control) s sie s se e = &6 85 &5 & & =

foactin (W WY S U O e -

1.8 7
[ AVN
1693 control
i) 1.4 1 } {
g 1.2+ % Fig. 2. The expression level of
R _|} % { VEGF mRNA in the osteonecrosis
3 group exposed to high concentra-
2 087 fions of alcohol (100 MM, 150 mM)
% 0.6 - was higher than that of the control
X 54 group at day 3 (p<0.05). The
' expression of VEGF mRNA in the
0.2+ osteonecrosis group exposed to
0 T T T T T T T . . . : 7 high concentrations of alcohol (100
Concentration (mM) 0 20 100 150 O 20 100 150 O 20 100 150 mM, 150 mM) was lower than that
' | ' | ' | of the control group at day 7 (p<
Time Day 3 Day 7 Day 14 0.05),
2. VEGF-A, PEDF, VEGFR-20{| Cigt mRNAZS| &5 F& Fo7(100 mM, 150 mM)2] VEGF—-A mRNA9] gt
o} 37 BIATANE G2l EAk SRl Hol FSATHR<0.05). M 1497 FINEH o
w2} VEGF-A mRNA9| ¥ ?ﬁ% 27489 1 (p<0.05), 2 BROA &7 L9 Frof w2 VEGF-A mRNAY)
2ol A= Wahrh §llTh(p>0.05). W 794 =3 o] W3t (At p>0.05). A W7t & e
AZANHE SR SE| TE VEGF-A mRNASY 8 S Folshd] B 23 A E FTL FoI(20 mM)e
o= 9ulole #oke glloy dixdob s Ls= & M T g2 79 VEGF-A mRNAS| Hdof
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kel 7t ¢l eH(p>0.05)(Fig. 2).

PEDF mRNAS] W& 2 vjoF 34

org

2 -1-

258 Sofely

oo JHTh Aer &FL EojA] FIARLT} g RTE &
oA Z718F o U(p<0,05), 1%

SR RIS

S ES T
0.05). WeF 79 F TAH L2E 5

L

T o3

L Aa

sl e

20| ZOMMZ9| VEGF-A, PEDF, VEGFR-29| &&iof O|X[=

ofst 83

= 0
PN
SN
2
=
ey
kY

o 7+e] VEGF-A/PEDF

8] 9] zto|7} 714 Fow, HjoF 7 e‘”ﬂg} 14970l = &=

mRNAS] ¥ 9] Wishe ¢lodthp>0.05), WoF 1494 & o] #Aglo] FHAEY VEGFE PEDFRTH ot
= ZYAEY g2 BRN ¢35 pEo B2 o] o fj239] VEGFE PEDFEL &7 $45chp<
A ¥t ooy FaAbte] izl vlg) PEDF  0.05)(Fig. 4)
Day 3 Day 7 Day 14
[ I T 1 [ I T 1 [ I T 1
0 20 100 150 0 20 100 150 100 150
PEDF (AVN) [1 e e e e & & & - - - -
PEDF(controI)‘ p— -— D S B e . - ‘

B-actin ‘- R _RE_B_B_B |

1.8+
1.6
1.4 1
1.2 1
1-

Relative density ratio

1 AVN
[ Control

I

i

]

Fig. 3. The expression level of
PEDF mRNA in the osteonecrosis

0.8 1
0.6
0.4 1
0.2
0 T T
20

T
100 150

T T T T
20 100 150

T T T T
20 100 150

group exposed to high concentra-

Concentration (mM) 0 0 0 tions of alcohol (100 mM, 150 mM)
. L | L | L | was higher than that of the control
Time Day 3 Day 7 Day 14 group at day 3 (p<0.05),
4.5
4
g 357 CJ AVN
o 3 I Control
2
2 25
3
¢ 27 1
T 15 + +H
2 T -I_l T . 0 - 1
T L]
fif il [ a
0 . . . . . . . Fig. 4. VEGF-A/PEDF ratio in oste-
Concentration (mM) 0 20 100 150 100 150 0 20 100 150  onecrosis group is lower than that
L J ' ! L | of control group, especially on day
Time Day 3 Day 7 Day 14 3 (p<0.05).
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Day 3 Day 7

Day 14

[ T T 1 [ T T
0 20 100 150 O 20 100

VEGFR-2 (AVN) | st

]
150

[ T T 1
0 20 100 150

— e e -

VEGFR-2 (control) | s S8

Bactin Wy Y Y S - -

2_
184 1 AVN
: = Control
o 1.6 1
© 1.4—{ % } % }%
>
G 121 { ~|:~
3 1
2 08-
©
T 0.6
(14
0.4
0.2 Fig. 5. The expression level of
T T T T T T T T T T VEGFR-1 mRNA in both group was
Concentration (mM) 0 20 100 150 0 20 100 150 0 20 100 150 unaffected by alcohol at the con-
. ' ' ' b ' centration and culture periods used
Time Day 3 Day 7 Day 14 in this study (p>>0.05).
VEGFR—2 mRNAS] g2 o FoA d3i&9 5k oA AL BAQ oz FARY WA
o g7zl WE FA% Aol UATH(EP>0.05) I ZIAF A o] & AT A aE o] AHE o
(Fig. 5). o[UA| oko} A BASAL A 4 e, A2
of @Y gol T3 AXE G 7l VEGFLF A Q1A
o 9l PEDF7} 222& @ 2ZFANE A4 EHE
HE T FEA YA Feuetolla oF e A Ao U A HA] ZOFNEO| A o] 5 Qlape] whE Tt A
s Aldshe 78 W dololH, FAtoA = 4= Ao o3 FWAA SEo] HAHI o]} o7 F
o] BEA T} Y219 i AAFGY FB YPHo] ALHow g nF & gvkn Beketg
W 527 FEA ake] A7l F=H q8E & A gt AGEIOI g a) shapo| Al oFTgo] FopA|EL]
O B QAN e AE HoFa A g, 7IARAY T8e ANt Bt lsley dAls
diEo] of Aol ofHA A-Esh=A] LA YAE  VEGFe PEDF—J FE o ofd JFE A=A £
5 ata el ole] B8 AgelN 232 Eojato =790l §le AR Ao, R SE Fol § ZopA2
2EALY o, AFAEY Hd, SAE Qo] A o] uhgof thafAs Bag uprh goept ),
2 55 WEste] THYAR} Bl Y& 4 ks 1L Gangji 57 WA 9 ZolA|x wjorS Baf 234 3
=0l sllen, AA 9 Wt E d2ZY Fof & 2] FotA|EZ FAo] TR O R ARG ZH 3R |
ZopA| 29| 7| AuHe] AadtEA E7IAEY HFA wato] ZAEQTHL Hadk vl 9lgled], B AoAE
A AA 2R LoEof ZHAE U 5 vk dAES Foloha] dtFol= EFstal txo] Hs|
AF7E QY00 ZI AL FoHE F40] AstElo] Uolth, AL
MAEE dagol 7|Q1et FHA B 7|HE B2 IS Tt B UL 2ol A 9uldles
A9 4¢3 Aol A Al dag ol & HSHE HolA] ghgtou; e $HE FojA] v 27|
Al ol MhE & glvks 7HEE Skt & =94 18 ol & w9 ZorAE] FAo] 7)o F7tsto] thE
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AA7| 9k Aol A7)0 doa Ao =¥ d3te sl= Ao
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e, A4 o2 FHAAE sy dis
& Fo1g 4% PEDF7} frashA] gal S74gte =i &
Ty o] FAAQ IS vA= AR detEo] fE
=7 FEA YAA 3 AP Aol VEGF-ARY
PEDF7} B 583 24029 9435 sh= Aoz ot
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PEDF H| 9] &3 o] g4 o322l 5345 9
Aste] ZAFE AYPAIL 4 ok de GRS o
2hA 2 A9 dite SHAY Am PGl lotA T
3] VEGFE Folat7L}t VEGFE gAsh= #4215 £
5o &= PEDFO] W& 2pekslA] & obd A2 243l auprt
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VEGF9| 84| d3x2] Qo] FopA| oA :
E= Aol BAE O oA Zo A= o 2§ 5}
LA e wel A A Gt B A s &
20| Fwof ujof7]7kel w2 VEGFS} PEDFOI] 42
BAE ZAsHA = 3 skof A% ol djgk +7F42l &
7} Basttt, 3 PEDFS SOt oA F83 d3%
FA A AR Hdasto] ALsFA AR thrombospon—
din—1 (TSP—1)3} tissue inhibitor of metalloproteinase

(P} 22 RS YA 5 2 e
A5z A2 dA 9L, VEGF AY o fibro-
blast growth factor—2 (FGF—Z)E Ao =93t
AAZ HIEAL glof o]F A= gt FH et A+
7t Bas Aoz AzEg

4 =2

—

HEBE £ A4 B BT welH 3

g0 o] Hasio] Zopme) FAL Zasigon,
PEDF9| ¥rdo] F7F2 VEGF/PEDF B|9] E4t3& #E
so AAEE FAS RS, THxte] Ao} Aalo
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