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Abstract － Invasion and metastasis is the main cause of cancer mortality. Angiogenesis is a prerequisite for 
the tumor growth and metastasis. Matrix metalloproteinases (MMPs) are the key enzymes playing in the 
invasive growth and metastasis of cancer as well as angiogenesis. Xanthohumol, a prenylated chalcone of 
the Hop plant (Humulus lupulus L), has been reported to suppress cancer invasion and angiogenesis. In the 
present study, we investigated the antiinvasive effects of xanthohumol (1) and its synthetic derivatives, 4'- 
O-methylxanthohumol SEM ether (2), xanthohumol C (3), and xanthohumol C MOM ether (4) in relation to 
MMP expression in HT-1080 human fibrosarcoma cells. The compound 1 and its derivative, 3 and 4, 
significantly inhibited serum-induced HT-1080 cell invasion, and 12-O-tetradecanoylphorbol-13-acetate 
(TPA)-enhanced activity and expression level of MMP-2 and MMP-9 in a concentration-dependant manner. In 
addition, they inhibited TPA-enhanced expression of MT1-MMP with relatively weak inhibition in tissue 
inhibitor of metalloproteinase (TIMP)-1 and TIMP-2 level. The compound 1 significantly decreased the cell 
viability, whereas the derivatives, 2 and 3 showed no cytotoxicity, and compound 4 showed slight cytotoxicity 
in the cells. Furthermore, in a chick chorioallantoic membrane (CAM) assay, the derivatives 3 and 4 
dose-dependently suppressed vascular endothelial growth factor (VEGF)-induced angiogenesis, which is 
similar to that of compound 1. Taken together, the results indicate that compounds 3 and 4 may be valuable 
anti-angiogenic agents in the treatment of chronic diseases such as cancer and inflammation working through 
suppression of MMP-2 and MMP-9.
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INTRODUCTION

    Invasion and metastasis are principal mechanism by 
which a subset or individual primary cancer cells dissem-
inate and grow at a distant secondary organ or tissues 
(Wittekind and Neid, 2005). When cancer cells invade and 
migrate, a number of proteolytic enzymes are required for 
the degradation of environmental barriers, extracellular 
matrix (ECM) and basement membrane (Wittekind and 
Neid, 2005). Matrix metalloproteinase (MMP) is the princi-
pal enzyme for such process (Woessner, 1991; McCawley 
and Matrisian, 2000). MMP-2 and MMP-9, abundantly ex-
pressed in various malignant tumors (Johnsen et al., 1998) 

and vasculature (Galis et al., 1994; Mun-Bryce and 
Rosenberg, 1998) are the key players in tumor invasion 
(Johnson et al., 1998; Westermarck and Kahari, 1999; 
John and Tuszynski, 2001). Both MMP-2 and MMP-9 are 
gelatinases, but regulation of their activation is quite differ-
ent between various cells (Liabakk et al., 1996; Edwards et 
al., 2003). Generally, activation of MMP-9 primarily regu-
lated based on the balance between proenzyme activation 
and inhibition by tissue inhibitor of metalloproteinase 
(TIMP)-1 (Woessner, 1991; Mannello and Gazzanelli, 
2001; Lee et al., 2004). MMP-2 is constitutively expressed 
and secreted as a latent zymogen, pro-MMP-2. Its activa-
tion occurs on the cell membrane by the membrane-type 1 
MMP (MT1-MMP) through formation of a trimolecular com-
plex with TIMP-2 (Bernardo and Fridman, 2003).
    MMPs are also required for endothelial cells to degrade 
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Fig. 1. Chemical structure of xanthohumol and its synthetic 
derivatives. Xanthohumol (1), 4'-O-methylxanthohumol SEM 
ether (2), xanthohumol C, (3), and xanthohumol C MOM ether 
(4) will be abbreviated as XN, MXN-SEM, XN-C and XN-C- 
MOM, respectively, in the rest of the figures (Fig. 2 to 6).

extracellular matrix and migrate, which is the process of 
forming new blood vessels from pre-existing ones. Such 
angiogenesis is a prerequisite not only for the tumor 
growth, metastasis and recurrence, but also for aggrava-
tion of chronic inflammatory disease (Halin and Detmar, 
2008).
    Xanthohumol, the principal prenylated chalcone that on-
ly found in the hop plant, Humulus lupulus L., has been 
shown to possess a variety of pharmacological activities.  
It has strong anti-proliferative activity against cancer cell 
lines derived from breast, colon, ovary, and prostate 
(Miranda et al., 1999; Delmulle et al., 2006). In addition, it 
has also exhibited chemopreventive effects by inducing 
apoptosis of cancer cells and anti-initiating properties 
(Gerhauser et al., 2002; Pan et al., 2005). Furthermore, it 
has also been reported to inhibit cancer cell invasion 
(Barbara et al., 2005), inflammation and angiogenesis 
(Albini et al., 2006; Monteghirfo et al., 2008). In spite of 
these reports, it has not been studied whether xanthohu-
mol modulates the activity of MMPs or not. 
    In the present study, we examined the effects of xantho-
humol (1) and its synthetic derivatives 4'-O-methylxantho-
humol SEM ether (2), xanthohumol C (3), and xanthohu-
mol C MOM ether (4) on the level of MMPs, and whether 
substituents on the xanthohumol structure have a pro-
found influence on the anti-invasive and anti-angiogenic 
activities of compound 1 by using in vitro cancer cell in-
vasion and in vivo angiogenesis assay.

MATERIALS AND METHODS

Materials
    Minimum essential medium (MEM), fetal bovine serum 
(FBS), penicillin and streptomycin (PS) from Hyclone- 
Pierce Co. (Hyclone, Logan, U.S.A.). Trypsin/EDTA from 
Gibco Corp. (Paisley, Scotland, UK). 3-[4, 5-dimethylth-
iazol-2-yl]-2, 5-diphenyltetrazolium bromide (MTT), di-
methyl sulfoxide (DMSO), sodium dodecyl sulfate (SDS), 
12-O-tetradecanoylphorbol-13-acetate (TPA) were pur-
chased from Sigma Chemical Co. (St. Louis, MO, U.S.A.). 
Matrigel was from BD Bioscience (Bedford, MA, U.S.A.), 
type I collagen was from Cultex (Rockville, MD, U.S.A.). 
Vascular endothelial growth factor (VEGF) was purchased 
from R&D systems. Compound 1 was purchased from 
Alexis Co. (San Diego, CA, U.S.A.), and its synthetic de-
rivatives 2-4 were prepared according to the synthetic 
method described previously by us (Fig. 1) (Lee and Xia, 
2007; Lee et al., 2008).

Cell culture
    The cell lines HT-1080 (human fibrosarcoma) were ob-
tained from American Type Culture Collection. HT-1080 
cells were grown in a MEM medium supplemented with 
10% fetal bovine serum (FBS) (v/v), 100 IU/ml penicillin 
and 100 μg/ml streptomycin. The cell lines were main-
tained at 37oC in 5% CO2-humidified atmosphere. Culture 
medium was replaced every other day. After attaining con-
fluence, the cells were subcultured by splitting 1:5 ratio.

In vitro invasion assay
    An in vitro invasion assay was performed using a 24- 
well transwell unit (8 μm pore size) with polycarbonate fil-
ters (Corning Costar, Cambridge, MA) by methods pre-
viously described (Park et al., 2007). Briefly, the upper and 
lower sides of the transwell filter were coated with 20 μl of 
Matrigel (1.5 mg/ml) (BD Biosciences, Bedford, MA) and 
type I collagen (0.5 mg/ml), respectively. The lower com-
partment was filled with medium containing 5% FBS. Cells 
were placed in the upper part of the transwell plate and in-
cubated with xanthohumol and its derivatives for 18 h at 
37oC. The cells that invaded to the lower surface of the 
membrane were fixed with methanol and stained with 
hematoxylin and eosin. We determined invasive pheno-
types by counting the cells that migrated to the lower side 
of the filter using microscopy at ×200. Three fields were 
counted for each filter.

Gelatin zymography
    The enzymatic activities of MMP-2 and MMP-9 were as-
sayed by gelatin zymography (Herron et al., 1986) in the 
absence of serum. Supernatants from compound 1 or its 
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derivatives-treated cultures were electrophoresed on a 
10% sodium dodecyl sulfate polyacrylamide gel electro-
phoresis (SDS-PAGE) containing gelatin. The gel was 
washed twice with washing buffer (50 mM Tris-HCl, pH 
7.5, 100 mM NaCl, 2.5% Triton X-100), followed by a brief 
rinsing in washing buffer without Triton X-100, and then in-
cubated with incubation buffer (50 mM Tris-HCl, pH 7.5, 
150 mM NaCl, 10 mM CaCl2, 0.02% NaN3) at 37oC. After 
incubation, the gel was stained with 0.25% Coomassie 
Brilliant Blue R250 (Sigma Chemical Co., St. Louis, MO), 
and then destained. MMP activity was represented by a 
clear zone of gelatin digest.

RT-PCR (mRNA analysis)
    The total cellular RNA was isolated using Trizol reagent 
(Invitrogen, Carlsbad, CA). cDNA was synthesized using a 
Ready-To-Go T-Primed First Strand Kit (Amersham 
Biosciences, USA). PCR was performed in the presence of 
0.5 U Taq DNA polymerase (Takara, Japan) using primer 
sets that were specific to the following: human MMP-2 
(5'-GTG CTG AAG GAC ACA CTA AAG AAG A-3', 3'-GGA 
TGT TGA AAC TCT TCC TAC CGT T-5'); MMP-9 (5'-CAC 
TGT CCA CCC CTC AGA GC-3', 3'-GGA ATA GCG GCT 
GTT CAC CG-5'); TIMP-1 (5'-TGC ACC TGT GTC CCA 
CCC CAC CCA CAG ACG-3', 3'-TGG ACC GTC AGG 
GAC GCC AGG GTC TAT CGG-5'); TIMP-2 (5'-CCG AAT 
TCT GCA GCT GCT CCC CGG TGC ACC CG-3', 3'-GAG 
CTG TAG CTC CTG GGT ATT TTC GAA GG-5'); 
MT1-MMP (5'-CGC TAC GCC ATC CAG GGT CTC 
AAA-3', 3'-AAA ACA CGA CGG GCT ACT ACT GGC-5'); 
and GAPDH (5'-GGT GAA GGT CGG AGT CAA CG-3', 
3'-CCA GTA GGT ACT GTT GAA AC-5'). The PCR prod-
ucts were separated on a 1.5% agarose gel containing 
ethidium bromide (0.5 μg/ml), visualized, and photo-
graphed using a gel documentation system (UVP, Cam-
bridge, UK).

Measurement of cell viability
    The cell viability was assessed using the 3-[4,5- dime-
thylthiazol-2-yl]-2,5-diphenyltetrazolium bromide (MTT) 
staining method. Briefly, HT-1080 cells at a density 1×104 
cells/well were seeded in 96-well microtiter plates (Nunc, 
Denmark). After exposure to various concentrations of 
xanthohumol and its derivatives for given time, 20 μl MTT 
solution (5 mg/ml) was added to each well and the plates 
were incubated for additional 4 h at 37oC. The medium 
containing MTT solution was aspirated off and DMSO (200 
μl) was added to solubilize the formazan salt formed. The 
amount of formazan salt was determined by measuring the 
optical density (OD) at 540 nm using microplate reader 

(Molecular Devices, Versa MAX Sunnyvale, CA). Relative 
cell viability was determined by the amount of MTT con-
verted to formazan salt and expressed as a percent of the 
control culture.

In vivo angiogenesis assay using Chick Chorioallantoic 

Membrane (CAM)
    The CAM assay was essentially carried according to the 
detailed procedure as described previously (Thapa et al., 
2008; Park et al., 2009). Briefly, a window of 1 cm2 was cut 
in the shell over the dropped CAM of a fertilized 10-days 
old chicken embryo. Sterile filter disks absorbed with 
VEGF (20 ng/disk) were placed on the growing CAMs. 
Then, the test compound or vehicle was added directly on-
to CAMs. After 72 h, CAM tissue directly beneath the filter 
disks was resected from the embryo and harvested under 
light microscopy (Leica, Germany). The number of vessel 
branch points contained in a circular region equal to the 
area of filter disk was counted for each section using 
Image software program (ImageInside Ver 2.32). Number 
of new vessels was determined by two independent 
observers. 

Statistical analysis
    The data are presented as means ± S.E.M. Statistical 
analysis was done with a Student’s t test to calculate differ-
ences between groups. p values of <0.05 were considered 
statistically significant.

RESULTS

Effects of xanthohumol and its derivatives on the 

invasion of HT-1080 cells
　　To compare inhibitory activity of compound 1 and three 
synthetic derivatives 2-4 against cancer cell invasion, ma-
trigel invasion assay was performed in HT-1080 human fi-
brosarcoma cells. The serum-induced HT-1080 cell in-
vasion was significantly inhibited by compound 1 (10 μM). 
Xanthohumol derivatives, compound 3 and 4, also in-
hibited the serum-induced HT-1080 cell invasion in a con-
centration-dependent manner but at a higher concen-
tration than parent compound 1 structure (Fig. 2). Howev-
er, compound 2 had no effect on the cell invasion.  

Effects of xanthohumol and its derivatives on the 

activities and expression levels of MMP-2 and MMP-9
    Since MMP-2 and MMP-9 are the important enzymes in-
volved in cancer invasion, inhibitory effects of xanthohu-
mol derivatives on the MMPs were examined. TPA was 
used to increase the gelatinolytic activity of MMPs. The 
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Fig. 2. Effects of xanthohumol and its synthetic derivatives on 
serum-induced HT-1080 cancer cell invasion. The lower and 
upper parts of trans-well insert were coated with collagen and 
matrigel, respectively. HT-1080 cells were cultured in the 
presence of various concentrations of XN and its derivatives for
24 h within a matrigel invasion chamber. The cells on the bottom
side of the filter were fixed, stained and photographed under a 
microscope (A). The microscopic images were then transferred 
to Image Inside program and counted (B). The bar graphs 
represent the relative number of invaded cells as a percentage 
of control from three independent experiments. XN, MXN-SEM,
XN-C and XN-C-MOM represent compounds 1, 2, 3, and 4, 
respectively. *p＜0.05 compared to serum-treated control group. 

Fig. 3. Effects of xathohumol and its derivatives on TPA- 
induced MMP-2 and MMP-9 activities. T-1080 cells were treated
with XN and its derivatives for 24 h in the absence or presence 
of TPA. The culture medium was collected, and then, analyzed 
for the gelatinolytic activity by zymography (A). The band 
intensity of MMP-9 (B) and proMMP-2/active MMP-2 (C) was 
measured by densitometry. XN, MXN-SEM, XN-C and XN-C- 
MOM represent compounds 1, 2, 3, and 4, respectively. *p＜
0.05 compared to untreated-control group, #p＜0.05 compared 
to TPA-treated group.

TPA-enhanced MMP-9 activity was significantly sup-
pressed by compound 1 (10 μM) and its derivatives, 3 and 
4, not at 5 μM but at 25 and 50 μM concentrations (Fig. 3A 
and B). Similarly, compound 1 (10 μM) and the derivatives, 
3 and 4, dramatically suppressed TPA-enhanced MMP-2 
activity only at 50 μM concentration (Fig. 3A and C). 
However, compound 2 had no effect on TPA-induced acti-
vation of MMP-9 and MMP-2 at all concentrations tested. 
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Fig. 4. Inhibitory effects of xanthohumol and its derivatives on 
TPA-induced expressions of MMP-2, MMP-9 and MT1-MMP. 
HT-1080 cells were treated with XN and its derivatives in the 
absence or presence of TPA for 24 h. mRNA expression of 
MMP-2, MMP-9, TIMP-1, TIMP-2, and MT-1 MMP were 
analyzed using RT-PCR. XN, MXN-SEM, XN-C and XN-C- 
MOM represent compounds 1, 2, 3, and 4, respectively.

Table I. The relative mRNA expression of MMP-2, MMP-9, TIMP-1, TIMP-2, and MT1-MMP by XN and its derivatives
mRNA Relative Density (MMPs/GAPDH)

MMP-2 MMP-9 TIMP-1 TIMP-2 MT1-MMP
  TPA 1.04 ± 0.05  4.08 ± 0.24a  2.19 ± 0.28a 1.93 ± 0.14a 4.38 ± 0.52a

  XN (μM)
    10  0.59 ± 0.09b  1.22 ± 0.45b  1.59 ± 0.24b 1.18 ± 0.19b 1.06 ± 0.17b

  MXN-SEM (μM) 
    5 0.97 ± 0.15 3.92 ± 0.83 2.45 ± 0.31 1.64 ± 0.29 4.21 ± 0.32
    25 0.95 ± 0.14 0.11 ± 0.05 2.37 ± 0.26 1.54 ± 0.27 4.15 ± 0.09
    50 0.97 ± 0.20 0.59 ± 0.38 2.34 ± 0.36 1.53 ± 0.47 4.13 ± 0.22
  XN-C (μM)
    5 0.97 ± 0.15 2.85 ± 0.53 2.36 ± 0.36 1.72 ± 0.19 3.63 ± 0.60
    25  0.70 ± 0.12b  2.65 ± 0.11b 2.17 ± 0.39 1.49 ± 0.21  2.00 ± 0.23b

    50  0.68 ± 0.15b  2.34 ± 0.47b 2.27 ± 0.41  1.21 ± 0.24b  1.91 ± 0.19b

  XN-C-MOM (μM)
    5 0.92 ± 0.09 2.59 ± 0.56 2.11 ± 0.31 1.49 ± 0.19 2.60 ± 0.47
    25  0.68 ± 0.07b  1.60 ± 0.20b 1.73 ± 0.28  1.01 ± 0.28b  1.81 ± 0.37b

    50  0.55 ± 0.12b  1.29 ± 0.10b  1.39 ± 0.04b  1.00 ± 0.29b  1.03 ± 0.27b

The data points are the mean ± S.E.M. of densitometric measurements on PCR bands from three independent experiments. ap<0.05, 
compared to control group. bp＜0.05, compared to TPA-treated group.

Fig. 5. Effects of xathohumol and its derivatives on cytotoxicity. 
HT-1080 cells were plated in a 96-well plate and various 
concentrations of XN and its derivatives were treated for 24 h. 
Cell viability were measured by MTT assay. The bar graphs 
represent the mean ± SEM from three independent experi-
ments. XN, MXN-SEM, XN-C and XN-C-MOM represent com-
pounds 1, 2, 3, and 4, respectively. *p<0.05, compared to 
untreated-control group.

Next, since reduced MMP activity was due to either re-
duced expression or alterations in regulatory molecules in-
volved in the activation process, we examined the effects 
of xanthohumol and its derivatives on the expression level 
of MMP-2, MMP-9, TIMP-1, TIMP-2, and MT1-MMP. 
Compound 1 and its derivatives, 3 and 4 suppressed 
TPA-enhanced mRNA expression of MMP-9. TIMP-1 ex-
pression which forms a specific complex with pro-MMP-9 
and thus inhibits activation of pro-MMP-9 was inhibited by 
compound 1 (10 μM) and compound 4 (50 μM), whereas 
compound 3 at all concentrations tested did not alter 
TIMP-1 expression. In contrast to MMP-9, the mRNA ex-
pression of MMP-2 was not changed much by TPA, but 
compound 1 (10 μM) and its derivatives, 3 and 4 (25 and 

50 μM) significantly decreased the MMP-2 expression in 
TPA-treated cells. Moreover, they also significantly re-
duced TPA-enhanced MT1-MMP expression, an important 
regulator of MMP-2 activation. The changes of TIMP-2 
mRNA expression level, another regulator of MMP-2 acti-
vation, was significantly increased by treatment with TPA, 
which was significantly suppressed by compound 1 (10 
μM) and its derivatives, 3 (50 μM) and 4 (25 and 50 μM) 
(Fig. 4 and Table 1). In contrast, the treatment with com-
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Fig. 6. Inhibitory effects of xathohumol and its derivatives on VEGF-induced angiogenesis. The 10 day-old chick embryos were treated
with VEGF in the presence or absence of XN compounds by means of filter disks. After 3 days of incubation, the CAM tissue directly 
beneath each filter disk was resected and digital image was captured (A). The images were imported into image analysis program to 
quantitate the number of new branches formed (B). The data represent the means ± S.E.M. of at least six chick embryos. XN, 
MXN-SEM, XN-C and XN-C-MOM represent compounds 1, 2, 3, and 4, respectively. *p＜ 0.05 compared to untreated-control group, 
#p＜0.05 compared to VEGF-treated group.

pound 2 did not alter the TPA-induced expression of 
MMP-2, MMP-9, TIMP-1, TIMP-2, and MT1-MMP.

Effects of xanthohumol and its derivatives on the viability 

of HT-1080 cells
    We examined whether different chemical structures of 
compounds 1-4 differentially affect viability of HT-1080 fi-
brosarcoma cells. As shown Fig. 5, compound 1 sig-
nificantly decreased cell viability in a concentration de-
pendent manner. However, the derivatives, 2 and 3 had no 
cytotoxicity in the cells, and compound 4 decreased the 
cell viability only at very high concentration (100 μM). 

Xanthohumol derivatives inhibit VEGF-induced 

angiogenesis
    Next, the effects of the xanthohumol derivatives on an-
giogenesis were examined by using chick CAM assay, an 
in vivo angiogenesis assay. VEGF significantly increased 
blood vessel branch formation compared to the PBS-treat-
ed group (Fig. 6). The VEGF-induced angiogenesis was 
significantly suppressed by the treatment with compound 1 
and its derivatives, 3 and 4, in a dose-dependent manner.

DISCUSSION

    Xanthohumol, the principal prenylated chalcone that on-
ly found in the hop plant, Humulus lupulus L., has been 
shown to possess a variety of pharmacological activities. 
Especially xanthohumol has received a great attention for 
chemopreventive and chemotherapeutic potential due to 
its antioxidant, anti-genotoxic, anti-proliferative, and cyto-
toxic activity against cancer cell lines (Miranda et al., 1999; 
Delmulle et al., 2006; Gerhauser et al., 2002; Plazar et al., 
2007). In addition, xanthohumol has been shown to have 
anti-invasive activity in breast and leukemic cancer cell 
lines (Vanhoecke et al., 2005; Monteghirfo et al., 2008). 
Compound 3, also known as dehydrocycloxanthohumol, is 
a pyranochalcone that has also exhibited a variety of bio-
logical activities. Compound 3 possesses anti-fungal, an-
ti-proliferative, antimutagenic and antioxidative activities 
(Miranda et al., 1999; Gerhauser et al., 2002; Henderson 
et al., 2000; Miranda et al., 2000a; Miranda et al., 2000b; 
Stevens et al., 2003; Nikolic et al., 2005). Based upon the 
previous reports, both Compounds 1 and 3 seem to have 
similar activities against cancer cell behavior in vitro except 
anti-invasive effect. 
    In the present study, we clearly showed the differential 
effects of prenylated chalcone, compound 1 and its de-
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rivative 2, versus pyranochalcone, compound 3 and its de-
rivative 4, on cancer cell invasion, MMP activities, and cy-
totoxic profiles. Previously, it has been reported that the 
prenyl group at C-3' has an influence on the cytotoxicity 
against HeLa cells (Vogel et al., 2008). Similarly, in the 
present study, we showed that introduction of pyrano ring 
as seen in compound 3 instead of prenyl group in com-
pound 1 induced complete loss of cytotoxic property of 
compound 1. Furthermore, although both compounds 1 
and 2 kept the prenyl group at C-3', compound 2 had no 
cytotoxicity against HT-1080 cells, in contrast to the con-
centration-dependent cytotoxicity profile of compound 1. 
This indicates that SEM moiety on C-4 may have great in-
fluence on the cytotoxicity profile of compound 1 against 
HT-1080 cells.
    As it has been demonstrated that flavones could inhibit 
tumor metastasis-related proteins such as MMP-2 and 
uPA (Yang et al., 2008), in the present study, compound 1 
at 10 μM concentration showed a significant inhibitory ac-
tion in HT-1080 cell invasion, MMP-2 and MMP-9 activities 
as well as angiogenesis. Compounds 3 and 4 could ach-
ieve similar efficacy only at 5 times higher concentration. In 
case of compound 2, there was no inhibitory action against 
HT-1080 cell invasion, MMP-2 and MMP-9 activities. 
These results suggest that in contrast to the cytotoxic ac-
tivity, anti-invasive and MMP inhibitory actions of com-
pound 1 are not totally dependent on the prenyl moiety at 
C-3'. In addition, compound 4 showed relatively better ef-
fect than compound 3, suggesting that the introduction of 
MOM ether on C-4 could increase the activity of pyrano-
chalcone.
    The relationship between xanthohumol structures and 
MMP inhibitory activity in HT-1080 cancer cells was also 
seen in angiogenesis process. The VEGF-induced angio-
genesis was not inhibited by compound 2 (data not shown) 
but compounds 3 and 4, in which their effective concen-
tration was 5 to 10 times higher than compound 1. 
    In conclusion, our data strongly suggest that com-
pounds 1, 3, and 4 inhibit tumor invasion and angiogenesis 
by suppressing MMP-2 and MMP-9 activity.
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