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In order to sprout and migrate, cells must secrete proteinases which are degrading the surrounding extracellular matrix. In this
study, we examined the effect of mulberry extracts and combination of mulberry extracts and VEGF on human malignant
glioma U-373-MG cells. Mulberry extracts induced the secretion of matrix metalloproteinase-8 (MMP-9) and suppressed the
secretion of MMP-2 and plasmin. Mulberry extracts inhibited the VEGF-induced MMP-2, MMP-9 and plasmin secretion. It is
therefore, suggested that mulberry extracts can suppress the VEGF-induced tumor angiogenesis in U-373-MG cells. Also,
mulberry extracts induced the secretion of MMP-9 and plasmin through Pl 3’-kinase pathway in U-373-MG cells.
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8 WA ¥E& FAs= AXEY
’ LOV} -9-?54—"3](9) o] o @ HA
= g AR A0 EQETi10).
A2 MMPss} ZetATl o]
o}l ©]Z&A) endopeptidaseE4 A F &7 A
& Tilste v8HS 23 YLon(ll, 12), AF7HA] 265
7F &# A UTH13). MMP-9 (gelatinase B)2 T35, W4
Mo} AFEZAME F& Xdste FSHEA o3 E
g8 0z YALNATYI 92 kDadl FHHO T A3E ol
Type IV, V Zepils} defadSs B3 sith(14). MMP-2&
Aty sB 2l 22 A Er|dE Edlst, Yot
% FHY HEERANA A veh AAAAE A
A, Al 25 AN 22 AEE Fed #ogta
A UTH15).

Vascular endothelial growth factor (VEGF)& W3] A X9
Boldos Feae ARAARA AMLZ, YHFY 27}
2L 01]‘41] hALe] H3tell o3 EA3td F oA x

A4S FEsY F4F 238 SXToZH FHo A
2 438 F3s= 4FAAoItH16, 17). VEGF= E#
FH8Z S7A EF/F 8 HAHAA fibrinogen 2 AU
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TAHE Y] EHYFES Lo, TUAEE olyzt 83
W A2 o] TS At HEd A 7FAES AF
3l7]% dth(18). E3 VEGFE RE UA EoA BulxEE
d)(19), 2H¥)E VEGF: 7|& EHAEZRE N2& 8L
A, A2 PAE dRozRE JIFRy ALE F
BHol YAE AAS wrsiy, 3 o] WA Fo ME
F99 714 diAds st E4AE MY

dHA ATH20).

B AFgME U-373-MG HEES o] &dla] IR
271344 #Hstes AR aA FEoo mA= &
Y F2E9 5dd dig 1A stHY. dF-2AH,
U-373-MG A|®d] 29 FEES 50~600 ug/mlLe FEF
223 A3 MMP-22] EHlE A9 S¥sHA A H L
™, MMP-9¢] Eulzke oF 16~66u] Zrtstgct. w3t
U-373-MG A X9 Y F=F 50~600 pg/mLe TE=E
A3 Ay, SgATe Enjge oF 70%7 FAEHA
TS Y] F&F0°] VEGFY 93 =¥ MMP-2, MMP-9
Iy FEkAaTlel BEH|E oA YT
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MMPs 2 Z&}2A%l ~2"ittE+ Cal-Biochem (La Jolla,
CA, USA)¥} Boehringer Mannheim (Mannheim, Germany)Z
FH 1YY MMP-2 2 MMP-9 enzyme immunoassay
7|E< Fuji Chemical Industries (Toyama, Japan)Z-%E Y
stgom, ZHAT enzyme immunoassay 7]ETE  Progen
(Heidelberg, Germany)2. 258 TU3IHTh #iA @ A2
Life Technology Inc. (Gaitherburg, MD, USA)ZH-H, 19
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A2 HE Tt ARSIt

M| HY

U-373-MG M EFE A EF 28 olX T3, 10%
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U-373-MG A& 24 well platesel] A XL E7} 5x 10°
cells/erie}l HESE HE£35 02, 10% FBS (v/v) A7} DMEM
B oA 24A13F T WS F of 80% Ak FHIHE
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MMP-2 2! MMP-9 2H|0| O|X|= 2L F&= o
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o] A7) Y AHT AEL 7|2 Efslof gt
w3 MMPsY) o g 34 ST Aol $oeEd
APy DA A vk A 2o g MMPsE
Aoz she e Al 47k AFHL UG 2
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MMP-29} MMP-99] Eu]o] wX&= &HE FHlstr] 98,
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Figure 1. Effect of mulberry extracts on the secretion of MMP-2 and
MMP-9 in U-373-MG cells. Cells were incubated in serum- and
phenol red-free DMEM for 20 h. Then, cells were incubated for 12
h after addition of a control buffer (Con) and various amounts of
mulbetry extracts {50 to 600 pg/mL), and media were quantitatively
assayed by enzyme immunoassay (A). Bars represent the mean + SD
from three independent experiments. Statistical significance was tested
using one-way ANOVA followed by the Students ¢ test. P < 0.05
versus control buffer. (B) Gelatin zymography assay. Lane S contains
standards of MMPs. MMPs was separated on 10% polyacrylamide
gel. Results of three independent experiments were similar.

=etA0l 2d|of 0[X|= 20 F&E=2 &1

AHA S A B 54 F o)A urokinase-type plasminogen
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d& Holete g aaolth24, 25). £ AFolA =,
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L SAEoA QJHIZ- 3} yPAR Alole] FE g0
uPAR-uUPA-MMP-2 A38h-g-o] ##HE 0] Qthe= ARl
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Figure 2. Effect of mulberry extracts on the secretion of plasmin in
U-373-MG cells. Cells were incubated in serum- and phenol red-free
DMEM for 20 h. Then, cells were incubated for 12 h after addition

of a control buffer (Con) and various amounts of mulberry extracts

(50 to 600 pg/mL), and media were quantitatively assayed by

enzyme immunoassay (A). (B) Fibrin zymography assay. Plasmin was
separated on 10% polyacrylamide gel. (C) Densitometric analyses
of the blots are presented as the relative ratio of induction of the
plasmin by addition of mulberry extracts. The plasmin secretion by
addition of control buffer for 12 h is arbitrarily presented as 1. Data
are mean = SD from three independent experiments. Statistical
significance was tested using one-way ANOVA followed by the
Students 7 test. P < 0.05 versus control buffer.
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Figure 3. Effect of the combination of mulberry extracts and VEGF
on the secretion of MMPs and plasmin in U-373-MG cells. Cells
were incubated in serum- and phenol red-free DMEM for 20 h.
Then, cells were incubated for 20 h after addition of a control
buffer, mulberry extracts (100 yg/mL) and VEGF (10 ng/mL). Equal
amounts of supernatants were loaded into each lane. (A) Gelatin
zymography. MMPs was separated on 12% polyacrylamide gel. Con;
control, ME; mulberry extracts (100 pg/mL), VE; VEGF (10 ng/mL),
ME+VE, mulberry extracts (100 pg/ml) plus VEGF (10 ng/mL). (B)

Fibrin zymography. Results were similar in three independent
experiments.

i PD  FD+ME

MP-5, G714 kD3
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Ly+ME  PD

Figure 4. Effect of Pl 3’-kinase and NF-xB inhibitors on mulberry
extracts-induced proteinases secretion. Cells were incubated in serum-
and phenol red-free DMEM for 20 h. One hour prior to stimulation
with mulberry extracts (100 ug/ml), cells were treated with 1.Y294002
(100 nM), and PDTC (50 pg/mL). Then, cells were incubated for 20 h
after addition of a control buffer and mulberry extracts (100 pgg/mL).
Equal amounts of supernatant were loaded into each lane. (A) Gelatin
zymography. Lane S contains standards of MMP-2 and MMP-9. (B)
Fibrin zymigraphy. Con; control, ME; mulberry extracts (100 yg/mL),
LY, LY294002 (100 nM), LY+ME; LY294002 (100 nM) plus
mulberry extracts (100 pg/mL), PD; PDTC (50 pg/mL) PD+ME;
PDTC (50 pg/ml) plus mulberry extracts (100 ug/ml). Results were
similar in three independent experiments.
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