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FGF-2 (2X% p4dlps2 MAP -+ —E DY E2{ki% ZnSO,
IZE o THEICH I (Fig. 3), 200 pM @ ZnSO,
1% FGF-2 1215 p4dlps2 MAP xF—F DU fig{t %4
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Fig. 1 Effects of ZnSO, or Na,SO, on FGF-2-stimulated
VEGF release in MC3T3-EL1 cells.

The cultured cells were pretreated with various doses of ZnSQO,
(closed bar) or Na,SO, (hatched bar) for 20 min, and then
stimulated by 70 ng/ml FGF-2 or vehicle for 24 h. Each value
represents the mean + SEM of triplicate determinations.
*p<0.05, compared to the value of FGF-2 alone.

Phospho-SAPKANK

— — —
SAPIUNK [ i RS SR
Lane 1 2 3 4 5 6
ZnSO4(uM) 0 0 100 100 200 200
PERE o o o G o
200

100

Fold increase

Fig. 2 Effect of ZnSO, on the phosphorylation of SAPK/INK
induced by FGF-2 in MC3T3-EL1 cells.

The cultured cells were pretreated with the indicated doses of
ZnS0Oy, or vehicle for 20 min, and then stimulated by 70 ng/ml
FGF-2 or vehicle for 20 min. The extracts of cells were sub-
jected to SDS-PAGE with subsequent Western blotting analysis
with antibodies against phospho-specific SAPK/INK or
SAPK/INK. The histogram shows quantitative representa-
tions of the levels of FGF-2-induced phosphorylation obtained
from laser densitometric analysis of three independent experi-
ments. Each value represents the mean + SEM of triplicate
determinations.
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Fig. 3 Effect of ZnSO,4 on the phosphorylation of p44/p42
MAPK induced by FGF-2 in MC3T3-E1 cells.

The cultured cells were pretreated with the indicated doses of
ZnS0O, or vehicle for 20 min, and then stimulated by 70 ng/ml
FGF-2 or vehicle for 20 min. The extracts of cells were sub-
jected to SDS-PAGE with subsequent Western blotting analysis
with antibodies against phospho-specific p44/p42 MAPK or
p44/p42 MAPK. The histogram shows quantitative represen-
tations of the levels of FGF-2-induced phosphorylation ob-
tained from laser densitometric analysis of three independent
experiments. Each value represents the mean + SEM of trip-
licate determinations. “p<0.05, compared to the value of
FGF-2 alone.

Table 1 Effect of PD98059 on the enhancement by ZnSQO, of
the FGF-2-stimulated VEGF release in MC3T3-E1 cells

VEGF (pg/ml)

PD98059 ZnS0O, FGF-2
- - - 2310
- - + 502 + 45"
- + - 21+10
- + + 955 + 65™
+ - - 25+£10
+ - + 263 + 25"
+ + - 20+£10
+ + + 272 £ 25"

The cultured cells were pretreated with 10 uM PD98059 or ve-
hicle for 60 min, and then incubated by 100 uM ZnSO, for 20
min. The cells were stimulated by 70 ng/ml FGF-2 or vehicle
for 24 h. Each value represents the mean + SEM of triplicate
determinations. “p<0.05, compared to the control. **p<0.05,
compared to the value of FGF-2 alone. ***p<0.05, compared to
the value of FGF-2 with ZnSO, pretreatment.

3. FGF-2 12& % VEGF & 1=%1 3% ZnSO, D158 /£ A
[Z#175 PD98059 DFHE

FGF-2 (2X% VEGF PEAD ZnSO4 2 XD EH A3
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Ve %, FGF-2 A DL~ LI ETHIHI L7~ (Table 1),
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728, FGF-2 12X% VEGF A A E I RIE 5
ZEERALNILTE, 2 — L TEA L Nay,So,
1% VEGF BB AT S5 B 72 o 7=, fiE~C, High (Zn)
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ZHSTND @O, FLAIBEIC, B2 HEE MC3T3-EL
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FGF-2 |2k VEGF #EBEIZIEEERIZ/EH L TWD 2 e
HELTWD W20 RRFZECTILRL 3 IX, ZnSO, 23
SAPK/INK (Zxf LTI BAE A RS 72N e B B
L7z, $E~7C, #igh (Zn) 12D FGF-2 (2k5 VEGF iz
ORI X, SAPK/INK JEMEDHEEE 955D T
IRNEE Z BTz, — )5, FGF-2 1255 pd4dipd2 MAP =
F =DV IE, ZnSO, ITL->TH EITH > H Bk
RIS LTz, ZOFERNG | #igh (Zn) 13 pdd/pd2
MAP X —EDIEMEAIE T 2%/ LT, FGF-2 12585
VEGF DRELEZHIRTHIENRBINT, 52, fL3k
I3 MEK1/2 [HEHITH2S PDI8059 @73 ZnSO, 12k 5
FGF-2 |C&% VEGF WEREDEMIEM % | 121X FGF-2
MICEDRRE ETIHIT DA LNELT, (65T,
FGF-2 |2k% VEGF FEAEICK 240 (Zn) D 5a/EH
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Summary

We previously reported that basic fibroblast growth factor (FGF-2) activates stress-activated
protein kinase/c-Jun N-terminal kinase (SAPK/INK) and p44/p42 mitogen-activated protein (MAP)
kinase resulting in the stimulation of vascular endothelial growth factor (VEGF) release in
osteoblast-like MC3T3-E1 cells. In the present study, we investigated whether zinc affects the VEGF
release by FGF-2 in MC3T3-E1 cells. The FGF-2-induced VEGF release was significantly enhanced by
ZnS0O, but not Na,SO,4. The enhancing effect of ZnSO, was dose-dependent between 1 and 100 uM.
ZnSO, markedly enhanced the FGF-2-induced phosphorylation of p44/p42 MAP kinase while having
little effect on the SAPK/IJNK phosphorylation. PD98059 significantly reduced the amplification by
ZnS0O, of the bFGF-stimulated VEGF release. Taken together, our findings strongly suggest that zinc
enhances FGF-2-stimulated VEGF release resulting from up-regulating activation of p44/p42 MAP
kinase in osteoblasts.
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