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The benzoylurea derivative F13 inhibits cell growth,
migration and invasion through inducing expression

of ERK1/2-mediated RECK in fibrosarcoma HT-1080 cells
Haixia Jin®®, Kaihuan Ren? Hong-Wei He?, Xia Liu?, Dan-Qing Song®

and Rong-Guang Shao®

3-Bromoacetamino-4-methoxy-benzoylurea (F13) is a
benzoylurea derivative selected from the library of small
molecule tubulin ligands. Our earlier data showed that F13
had lost the capacity to interrupt microtubule dynamics
while reserving anticancer activity. In this study, we found
that F13 greatly inhibited cell proliferation in various human
cancer cells. At concentrations of more than 1 pg/ml,

F13 markedly slowed growth and induced apoptosis in
HT-1080 cells. This apoptosis occurred through cleavages
of caspase 3 and PARP. At low concentrations ( < 1 pg/ml),
F13 reduced the migration, adhesion, and invasion of
HT-1080 cells. In addition, F13 downregulated the activities
of matrix metalloproteinase-2/9 (MMP-2/9) in a culture
supernatant. This was found to occur through the
upregulation of the reversion-inducing cysteine-rich
protein with Kazal motifs (RECK), a membrane-anchored
inhibitor of MMPs, which acts by reducing ERK1/2
phosphorylation. Our data suggested that F13 might act

Introduction

Cancer remains a leading cause of death throughout the
world. Although mortality rates have declined in recent
years because of earlier detection and the availability
of new treatment options, mMOst cancers remain in-
curable [1]. Although chemotherapy has been used mainly
against the primary tumor, there is no effective therapy
available for metastatic cancer after surgery, or radiation
[2]. Therefore, the search for promising agents that
disturb tumor growth and metastasis is one of the most
popular research topics for cancer therapy. Up to now,
a few highly active antitumor agents, such as the anti-
cancer antibiotic lidamycin and dietary compound, cur-
cumin, which are both in clinical trials, have emerged and
attracted considerable attention because of their strong
activities against cancer cell growth and metastasis [3,4].
As a potent chemotherapeutic agent, lidamycin causes
cellular DNA damage and induces apoptosis and mitotic
cell death at high concentrations [5-10], and blocks cell
cycle progress, inhibits metastasis, invasion, and angio-
genesis at low concentrations [11-14]. Curcumin also
induces cell apoptosis and reduces cell viability at high
concentrations and significantly inhibits cell migration
and invasion at low concentrations [4,15].

Microtubule dynamics have been identified as a rational site
to interfere with the division of cancer cells. Tubulin ligands
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that target the dynamic process induce mitotic arrest in
the cell cycle [16-18]. Such compounds have been used in
the clinic for cancer chemotherapy (Vinca alkaloids, podo-
phyllotoxin, and taxanes). Earlier, to construct a library of
small molecule tubulin ligands, a number of 3-haloacylamino
benzoylureas had been designed, synthesized, and evaluated
[19-21]. Some of the compounds have shown anticancer
activity 2 vitro and iz vivo and become a new family of
tubulin ligands [22-24]. Among the analogues, 3-bromo-
acetamino-4-methoxy-benzoylurea (F13) (Fig. 1) bears an
OCHj3; substituent at the 4-position of the phenyl ring, losing
the capacity to interrupt microtubule dynamics while
reserving anticancer activity equal to the parent compound
[20,24]. In this study, we further investigated the efficiency
and mechanisms of F13’s effect on human cancer cells. We
observed that F13 markedly inhibited cell proliferation in a
panel of seven human cancer cell lines. Our data showed, for
the first time, that F13 dose-dependently inhibited growth,
migration, adhesion and invasion of fibrosarcoma HT-1080
cells and induced apoptotic cell death. The changes in
signalling molecules such as caspase 3, PARP, ERK1/2, RECK
and matrix metalloproteinase (MMP) were also determined.

Materials and methods

Reagents

F13 was synthesized in our laboratory as described
earlier [20]. It has a molecular weight of 329 Da, and
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Fig. 1 Table 1 Antiproliferative activity of F13 in various tumor cell lines
P Cell line ICs0 (ng/ml)
H 0 Human fibrosarcoma HT-1080 2.515+0.175
N 4 Human breast cancer MCF7 3.14410.098
Br Human colon carcinoma HT-29 1.110£0.076
/\H/ 3 Human colon carcinoma HCT 116 1.922+0.126
O Human lung cancer A549 4.1491+0.124
(o) Human hepatoma Hep G, 2.680+0.137
1 Human hepatoma BEL-7402 3.139+0.195
)J\ Human normal liver LO2 4.653+0.315
O N NH,
H Values are mean = SD, n=3; evaluated by MTT assay.

Chemical structure of 3-bromoacetamino-4-methoxy-benzoylurea (F13).

the structure as shown in Fig. 1 was confirmed by mass
spectrometry and proton nuclear magnetic resonance
spectroscopy. A 20 mg/ml stock solution was prepared in
dimethylsulphoxide and was diluted in a medium before
use. Equal volumes of solvents were used as controls.
U0126 (Sigma, Saint Louis, Missouri, USA) was dissolved
in dimethylsulphoxide and diluted in the medium.

Cell lines

Cell lines listed in Table 1 were from American Type
Culture Collection except human hepatoma BEL-7402
cells (Institute of Biochemistry and Cell Biology, Chinese
Academy of Sciences, Shanghai, China). Hep G; cells and
HT-1080 cells were grown in the minimum essential
medium Eagles with Earle’s balanced salts (MEM-EBSS)
medium (Hyclone, Logan, Utah, USA). MCF7 cells and
HCT116 cells were grown in the Dulbecco’s minimum
essential medium (Hyclone). All the other cells were grown
in the RPMI 1640 medium (Hyclone). The medium was
supplemented with 100 U/ml penicillin and 100 pg/ml
streptomycin and 10% fetal bovine serum (FBS) at 37°C
in a humidified atmosphere containing 5% CO,.

Determination of IC5, values

Cells were seeded into 96-well microplates at 1.0 x 10%
well, followed by treatment with F13 at concentrations
between 0 and 10 pg/ml for 24 h at 37°C. Cell viability
was assessed by MTT staining [25]. Cancericidal activity
was determined in duplicate, and each experiment was
repeated three times under identical conditions. The
ICs( was defined as the drug concentration that induced
50% cellular death in comparison with untreated controls
and was calculated by nonlinear regression analyses.

Cell proliferation assay

The cells were treated with the indicated concentrations
of F13 for 24 h and collected. Five milliliters of cells were
seeded at a density of 6000/ml in a 25cm? cell culture
flask with a 10% FBS medium. The medium was changed
regularly. The cell number was counted every 24h for
7 days.

F13, 3-bromoacetamino-4-methoxy-benzoylurea.

Cell cycle analysis

The cells were treated as indicated. Floating and
adherent cells were collected by centrifugation. The
cells were fixed in 80% ethanol for 24 h at —20°C, washed
with phosphate-buffered saline (PBS) and stained with
PBS containing 50 pg/ml propidium iodide (PI) and
200 pg/ml RNase A for 30 min. Analyses were performed
with flow cytometry (FACSCalibur, BD Bioscience, San
Jose, California, USA).

Annexin-V/propidium iodide staining and terminal
deoxyribonucleotide transferase-mediated dUTP nick
end-labeling assays

To determine the percentage of apoptotic cells, the cells
were treated as indicated, and phosphatidylserine cell
translocation and plasma membrane permeability were
evaluated by dual staining with fluorescein isothiocya-
nate-conjugated Annexin-V and PI, using the Annexin-V/
PI apoptosis detection kit (Roche, Mannheim, Germany),
and analyzed by FACSCalibur flow cytometry. For the
terminal deoxyribonucleotide transferase-mediated dUTP
nick end-labeling (TUNEL) assay, the cells were treated
as indicated and TUNEL staining was performed # situ
using the DeadEnd fluorometric TUNEL system kit
(Promega, Madison, Wisconsin, USA) according to the
manufacturer’s protocol. The images were captured by an
image analysis system (Eclipse TE2000-U, Nikon, Japan).

Wound-healing assay

Cells were cultured in 24-well plates and grown in a
medium containing 10% FBS to a nearly confluent cell
monolayer, then -carefully scratched using a plastic
pipette tip to draw a linear ‘wound’ in the cell monolayer
of each well. The monolayer was washed twice with
PBS to remove debris or the detached cells from the
monolayer, and then treated with F13 for the indicated
concentrations monitored by the Eclipse TE2000-U
image analysis system. The experiments were performed
in triplicate.

Transwell migration assay

Briefly, Transwell filters (8-pum pores, Costar, Cambridge,
Massachusetts, USA) were used. Cells suspended in
serum-free MEM-EBSS containing 0.1% bovine serum
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albumin (BSA) and the indicated concentrations of
F13, were applied to the upper chamber (20000 cells
per well). To the lower wells of the chambers, MEM-
EBSS containing 20% FBS and 10 pg/ml fibronectin (FN)
was added. After 6h incubation at 37°C, assays were
stopped by removal of the medium from the upper wells
and careful removal of the filters. The filters were fixed
with methanol by brief submersion and cells on the upper
side were wiped off. Filters were stained with hema-
toxylin and random fields were scanned (five fields per
filter) under a light microscope (magnification, x 400) for
the presence of cells at the lower membrane side only.

Matrigel-based Transwell invasion assay

Briefly, Transwell filters (8-um pores, Costar) coated with
2.5 mg/ml Matrigel (BD Biosciences, Bedford, Massachu-
setts, USA) were used. Cells (10° per well) suspended in
serum-free MEM-EBSS containing 0.1% BSA and in-
dicated concentrations of F13 were seeded onto the
upper chambers of the precoated transwells. To the lower
wells of the chambers, MEM-EBSS containing 20% FBS
and 10 pg/ml FN was added. After 12 h incubation, cells
on the upper well were wiped off and the membranes
were fixed and stained. Cells that were attached to the
lower surface of the polycarbonate filter were counted
under a light microscope (magnification, x400).

Cell adhesion assay

Cells were washed in serum-free MEM-EBSS and
resuspended in a culture medium with the indicated
concentrations of F13. One hundred microliters of
suspended cells were added to each well of 96-well
plates coated with 10 pg/ml FN and blocked with 1 pg/ml
BSA. The plates were incubated for indicated periods of
time at 37°C in a CO, incubator. Non-adherent cells
were removed by washing with PBS, and the attached
cells were analyzed by the MTT assay.

Zymography

The activities of MMP-2/9 in the culture-conditioned
medium were assayed by gelatin zymography [26]. Cells
(10° cells/well) were seeded into 24-well plates and
maintained for 24h in MEM-EBSS with 10% FBS.
Subconfluent cells were incubated for 24 h at the indicated
concentrations of F13 in serum-free MEM-EBSS, and
culture supernatants were collected from equal numbers of
cells. Without heating and under nonreducing conditions,
the samples were subjected to electrophoresis in 0.1% w/v
gelatin-containing 10% polyacrylamide gel in the presence
of sodium dodecyl sulfate. After electrophoresis, the gel
was washed twice for 30 min in 2.5% Triton X 100 and
incubated for 18 h at 37°C in Tris buffer (50 mmol/l Tris—
HCI, 200 mmol/l NaCl, and 10 mmol/l CaCl,, pH 7.4).
The gels were stained with Coomassie brilliant blue R
(0.1% w/v) and de-stained in a solution of 30% methanol
and 10% acetic acid. Gelatinolytic activity appeared as a
clear band on a blue background.

Reverse transcription-polymerase chain reaction

Total mRNA was extracted from the cells by Trizol
reagent (Invitrogen, Carlsbad, California, USA) with an
extra step of acid phenol extraction. Reverse transcrip-
tion-polymerase chain reaction (RT-PCR) was carried out
using a SuperScript One-step RT-PCR kit (Invitrogen) as
described earlier [27]. The oligonucleotide primers used
were as follows: RECK Primer1 (P1), 5-CCT CAG TGA
GCA CAG TTC AGA-3'; RECK Primer2 (P2), 5'-GCA
GCA CAC ACA CTG CTG TA-3; glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) P1, 5-CCC ATC
ACC ATC TTC CAG-3'; GAPDH P2, 5-CAG TCT TCT
GGG TGG CAG T-3'. GAPDH mRNA was analyzed
as an internal control. A measure of 1pg of total RNA
was reverse transcribed to synthesize ¢cDNA at 50°C
for 45 min, and then the ¢cDNA was subjected to PCR
amplification with specific primers in 25ul mixtures.
PCR comprised 40 cycles with denaturing at 94°C for
15s, annealing at 60°C for 30s and extension at 72°C
for 1 min in each cycle using an MJ PCR System. PCR
products were separated on a 2% of 0.5 x Tris-borate
EDTA agarose gel.

Quantitative real time reverse transcription-polymerase
chain reaction

Quantitative real time reverse transcription-polymerase
chain reaction (qQRT-PCR) was performed using specific
sense and antisense primers in a 25 pl reaction volume
containing 12.5pul Absolute QPCR SYBR Green Mix
(Invitrogen), 0.25 pmol of each primer and 0.5 pg mRNA.
Oligonucleotide primers used as follows: for MMP-2
P1, 5-ATA ACC TGG ATG CCG TCG T-3'; MMP-2 P2,
5'-AGG CAC CCT TGA AGA AGT AGC-3’; MMP-9 P1,
5'-GAA CCA ATC TCA CCG ACA GG-3'; MMP-9 P2,
5'-GCC ACC CGA GTG TAA CCA TA-3'; GAPDH P1,
5-TCC ACT GGC GTC TTC ACC-3'; GAPDH P2,
5'-GGC AGA GAT GAT GAC CCT TTT-3'. The cycling
conditions were initial denaturation at 50°C for 3 min, 95°C
for 5min, and 40 cycles at 95°C for 155, 60°C for 30s.

Western blot

Cells were washed twice in cold PBS and then lysed in
a lysis buffer (50 mmol/l Tris—=HCI pH 7.5; 1% NP-40;
150 mmol/l NaCl; 1 mg/ml aprotinin; 1 mg/ml leupeptin;
1 mmol/l Na3VOy; 1 mmol/l NaF) at 4°C for 30 min. Cell
debris was removed by centrifugation at 14000g for
20 min at 4°C. Protein concentrations were determined
by the Bradford assay as described in the standard
protocol [28]. Cell lysates were separated on 10-12%
sodium dodecyl sulfate polyacrylamide gels, transfered to
polyvinylidene fluoride membranes (Millipore, Bedford,
Massachusetts, USA) and immunoblotted with specific
antibodies as well as horseradish peroxidase-conjugated
appropriate secondary antibodies. B-Actin was used as a
loading control. The antibodies used were anti-ERK1/2 and
anti-phospho-ERK1/2  (Thr202/1y1204) (Cell Signaling
"Technology, Beverley, Massachusetts, USA), anti-caspase 3,
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anti-PARP, and anti-B-actin (Santa Cruz Biotechnology,
California, USA) and horseradish peroxidase-conjugated
goat anti-mouse or goat anti-rabbit secondary antibody
(Jackson Inc., West Grove, Pennsylvania, USA). Electro-
chemiluminescence was performed according to the
manufacturer’s instructions with Chemilmager 5500 ima-
ging system (Alpha Innotech Corporation, San Leandro,
California, USA).

Statistical analysis

Data were described as the arithmetic mean = SD.
Statistical analysis was performed using Student’s #-test.
A P value of less than 0.05 was considered statistically
significant.

Results

F13 inhibited the growth of various human cancer cells
As shown in Table 1, the MTT assay showed that F13
significantly inhibited cell proliferation in seven cancer
cell lines representing five types of cancers, including
fibrosarcoma, hepatoma, colon carcinoma, breast and lung
cancer. The ICsq values of F13 were in the range of
approximately 1.11-4.15 pg/ml for various human cancer
cells and 4.65pg/ml for human normal liver LO2 cells.
The most sensitive cells tested in this study were HT-29
cells, which were 4-fold more susceptible in comparison
with LOZ cells.

The highly mobile fibrosarcoma HT-1080 cells were also
sensitive to F13, and its ICsq value was 2.51 pg/ml. To
investigate the effects of F13 on cell growth, migration,
adhesion and invasion, human fibrosarcoma H'T-1080
cells were used in the following experiments. After
treatment, we observed that F13 inhibited the proli-
feration of HT-1080 cells in time-dependent and
dose-dependent manners (Fig. 2). At concentrations of
approximately 2.5-5pg/ml, F13 markedly inhibited cell
growth; however, there was no significant effect com-
pared with control, until day 6 when F13 was given at
approximately 0.5-1 pg/ml.

F13-induced apoptosis in HT-1080 cells

Our ecarlier data have shown that F13 had lost the
capacity to interrupt microtubule dynamics. In this study,
we investigated the effect of F13 on cell cycle progres-
sion. HT-1080 cells were treated with different concen-
trations of F13 for 24h and then cell cycle distribution
was determined. Flow cytometry showed that F13
treatment did not obviously affect cell cycle distribution
(Fig. 3), consistent with our earlier data. After 48h
exposure to F13, the cell cycle distribution was also not
changed. At 72 h treatment, most of the cells underwent
apoptosis (data not shown).

Annexin-V/PI staining revealed that HT-1080 cells
treated with approximately 2.5-5pg/ml F13 resulted in
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Fig. 2

16 -

—_
N
1

Cell number (x 105)
®

T s % 2
0 1 2 3 4 5 6 7
Time (days)
—&— Control  —83— 0.5 ug/ml —A— 1 pg/ml
—*%— 25 ug/ml —6— 5ug/ml

3-Bromoacetamino-4-methoxy-benzoylurea inhibits the growth of
HT-1080 cells. The cells were treated with the various concentrations
of 3-bromoacetamino-4-methoxy-benzoylurea for the indicated times.
Data are mean £ SD of three independent experiments.

Fig. 3

Control 1 ug/ml 2.5 ug/ml

Cell number

Percentage of total cells

Go/M
|. Control [E 1 ug/ml 2.5 ug/m||

G, S

3-Bromoacetamino-4-methoxy-benzoylurea has no obvious effect on
HT-1080 cell cycle distribution. Cells were treated with the indicated
concentrations of 3-bromoacetamino-4-methoxy-benzoylurea for 24 h
and cell cycle distribution was examined as described in the Materials
and methods section.
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cell migration. Cells were treated with the indicated concentrations
of 3-bromoacetamino-4-methoxy-benzoylurea and incubated for the
indicated times then detected by the wound healing assay (a) and for
6 h by the Transwell migration assay (b). Data are mean+ SD of three
independent experiments (*P<0.05; **P<0.005, compared
with the control).
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The 3-bromoacetamino-4-methoxy-benzoylurea-induced apoptosis in
HT-1080 cells. Cells were treated by 3-bromoacetamino-4-methoxy-
benzoylurea at the indicated concentrations for 24 h, and analyzed
by Annexin-V/PI staining (a) and TUNEL fluorescence staining (b).
Caspase 3 and PARP were detected by western blot (c). B-Actin
served as a loading control.

a significant increase in apoptosis in a dose-dependent
manner (Fig. 4a). The percentage of early apoptotic cells
(Annexin-V positive/PI negative) for 2.5 and 5 pg/ml was
increased from 0.9% to 14.7% and 15.6%, respectively, and
the percentage of late apoptotic cells or necrotic cells
(Annexin-V positive/PI positive) for 2.5 and 5 pg/ml was
increased from 4.5% to 29.5% and 39.1%, respectively.
In contrast, no obvious apoptosis was induced by 1 pg/ml
F13 compared with controls.

TUNEL staining was applied. As shown in Fig. 4b, at
concentrations of approximately 2.5-5pg/ml, F13 in-
duced an increased frequency of apoptotic cells (green)
after exposure for 24 h, whereas no obvious apoptotic cells
were accumulated at the concentration of 1 pg/ml. These
results suggested that at concentrations over 1pg/ml,
F13 could induce apoptosis. This effect was further
shown by western blot as shown in Fig. 4c, the treatment
of HT-1080 cells up to 2.5 pg/ml caused downregulation
of caspase 3 protein level and consequent cleavage of
PARP to its characteristic 85 kDa.

F13 inhibited the migration, invasion, and adhesion

of HT-1080 cells

On account of the finding that F13 could reduce cell
viability and induce cell apoptosis in HT-1080 cells at
concentrations over 1pg/ml, we investigated whether
F13 inhibited cell migration, invasion, and adhesion at con-
centrations of < 1 pg/ml. The results of the wound-healing
assay and Transwell migration models showed that
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Fig. 7

~ (@ 0 05 1 (ug/m

% MMP-9

: | MMP-2

0 025 05 1
Dose (ug/ml) (b) 1.6
(b) 120+ - 1 1y
= 100 4 j’g 1-2: %
“:; 801 § %o.e- %
] o i
2 i \ § § § N | %
NTEN| BN | BN
» * Tim:c()min) 0 20 M Control [ 0.5 pg/ml 1ug/m||

|. Control [ 0.25 pg/ml 0.5 ug/ml [11.0 ug/ml|

3-Bromoacetamino-4-methoxy-benzoylurea inhibits HT-1080 cell
invasion and adhesion. (a) Cells were treated with the indicated
concentrations of 3-bromoacetamino-4-methoxy-benzoylurea and
incubated for 12 h then detected by the Matrigel Invasion Assay.

(b) Cells were seeded in FN-coated 96-well plates and incubated at
the indicated concentrations for the indicated times. Data are

mean = SD of three independent experiments (*P<0.05; **P<0.005,
compared with control).

F13 was able dose-dependently (approximately 0.25-1
pg/ml) to significantly inhibit HT-1080 cell migration
(Fig 5a and b). As shown in Fig. 5a, the number of cells
migrating into the wound area was reduced in the
presence of F13 compared with control. In some
conditions, cells migrating into the lower side of the
filter were reduced to 66.7 and 48.1% for 0.5 and 1 pg/ml,
respectively (Fig. 5b).

In addition, the matrigel-based Transwell assay revealed
that F13 was able to significantly inhibit cell invasion.
Cells migrating through the matrigel into the lower side
of the filter were significantly inhibited by F13 to 68.3,
52.1 and 23.3% of the control for 0.25, 0.5, and 1 pg/ml,
respectively (Fig. 6a). Since cell adhesion to extracellular
matrix (ECM) is a critical step of tumor cell invasion,
we further determined the effect of F13 on HT-1080 cell
adhesion to the ECM molecule FN. As shown in Fig. 6b,
the adhesion of cells to FN was inhibited by F13 in a
dose-dependent manner.

MMP-2/9 is inhibited by F13. Cells were treated with the indicated
concentrations of F13 for 24 h. (a) Collagenase activities were
determined by gelatin zymography. (b) The mRNA levels were detected
by quantitative real time reverse transcription—polymerase chain
reaction. Data are mean + SD of three independent experiments. MMP,
matrix metalloproteinase.

Activations of matrix metalloproteinase-2/9 were
suppressed by F13

A key step in the invasive progress is the degradation
of ECM by MMPs. Gelatinases MMP-2 and MMP-9 are
considered to be the major proteolytic enzymes in the
degradation of ECM during cancer cell progression and
invasion. Gelatin zymography of MMPs revealed that
the activities of MMP-9 and MMP-2 in the culture
supernatant were downregulated by F13 with absolute
suppression at 1 ug/ml (Fig. 7a).

To investigate whether the decrease of MMP-2/9 levels in
the supernatant was because of reduced MMP-2/9 mRNA
expression, qRT-PCR analysis was used. Interestingly,
the expression of MMP-2/9 mRNA appeared to be slight
increase (Fig. 7b). Taken together, our results suggested
that the downregulations of MMP-2/9 activities might be
a result of post-transcriptional events.

F13 upregulated expression of RECK through the
inactivation of ERK1/2

We next examined the expression of the reversion-
inducing cysteine-rich protein with Kazal motifs (RECK).
RECK is a novel MMP inhibitor that was originally
isolated as a transformation suppressor gene against the
activated ras oncogene [29-31]. Earlier studies have
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Fig. 8
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3-Bromoacetamino-4-methoxy-benzoylurea induces expression

of RECK mRNA through inactivation of ERK1/2. Cells were treated
with the indicated concentrations of 3-bromoacetamino-4-methoxy-
benzoylurea or 2.5 umol/l U0126 for 24 h. (a) RECK mRNA was
detected by real time reverse transcription—polymerase chain reaction
and GAPDH served as a loading control. (b and c) Phospho-ERK1/2
(p-ERK1/2) and total ERK1/2 were detected by western blot and
B-actin served as a loading control. GAPDH, glyceraldehyde-3-
phosphate dehydrogenase.

shown that the stimulated expression of RECK signifi-
cantly caused downregulation of MMP-2 and MMP-9
activities [31-35]. In this study, the expression of RECK
mRNA was examined by RT-PCR. The results showed
that HT-1080 cells expressed a low level of RECK mRNA
(Fig. 8a). However, the expression of RECK mRNA was
dose-dependently upregulated in F13-treated HT-1080
cells (Fig. 8a).

Earlier studies have implied that the ERK1/2 signalling
pathway negatively regulates RECK expression [36-38].
We therefore assessed the phosphorylations of ERK1/2 by
western blot. The phosphorylations of ERK1/2 were
dramatically decreased by F13 in a dose-dependent manner
(Fig. 8b). This said, the protein levels of total ERK1/2
were unchanged. Furthermore, the highly selective
MEK1/2 inhibitor, U0126, led to the inhibition of
phosphorylated activations of ERK1/2 in HT-1080 cells
(Fig. 8c). U0126 also efficiently increased the expression
of RECK (Fig. 8a). These results indirectly showed that
F13 upregulated the expression of RECK through the
ERK1/2 signalling pathway.

Discussion

It is well recognized that the development of tumor
metastasis is a major cause of death in many human
cancers. Tumor metastasis consists of numerous pro-
cesses, including migration, adhesion to ECM, invasion
into surrounding tissues, release from the primary tumor,
intravasation, adhesion to vascular walls, extravasation,
and formation of new foci [39]. In this study, we report
that a novel benzoylurea derivative, F13, exerts in-
hibitions on the proliferation, migration, invasion and
adhesion of human fibrosarcoma cells, HT-1080, in a
dose-dependent manner. Over 1pg/ml, F13 inhibited
proliferation and induced apoptosis. At subtoxic con-
centrations ( < 1pg/ml), F13 could inhibit migration,
invasion and adhesion. In an animal model, F13 also
markedly inhibited the growth of mouse hepatoma, H22,
up to 45% at a tolerant dose of 40 mg/kg (data not
shown). The data suggest that F13 may disturb multiple
stages of cancer development, and the role of F13 in the
reduction of cell growth, migration and invasion at sub-
toxic doses is of considerable interest.

During the process of malignant progression, the migra-
tion of cells into the underlying extracellular matrices is a
fundamental feature of tumor invasion. MMPs are a key
family of proteolytic enzymes that are involved in tumor
invasion, metastasis, and angiogenesis in cancer [40,41].
Inhibition of MMPs is regarded as a rational approach to
metastatic disease therapy [42]. Type IV collagenases,
MMP-2/9, the main members of MMP family, play an
important role in cancer invasion and metastasis. Our data
showed that F13 inhibited cell migration and invasion,
and downregulated the activities of MMP-2/9 in the
supernatant. This result reinforces earlier findings that
inhibitors of MMP-2/9 significantly suppressed tumor
metastasis in experimental animals [43] and stimula-
tion of MMP secretion is associated with upregulated
invasion [44].

The RECK gene was isolated as a transformation
suppressor gene by using an expression cloning strategy
designed to identify human cDNA-inducing flat reversion
in a v-Ki-ras-transformed NIH3T?3 cell line [45-47]. The
gene encodes a membrane-anchored glycoprotein, which
inhibits the activities of at least three MMP members,
including MMP-2, MMP-9, and MT1-MMP, and inhibits
tumor angiogenesis and metastasis [30,31,36,48,49].
Although RECK mRNA is highly expressed in most of
human tissues and untransformed cells, it is down-
regulated or undetectable in many tumor cell lines or in
cells expressing active oncogenes [31]. As the levels of
MMP-2/9 mRNA were unchangeable as determined by
gRT-PCR, the decrease in MMP-2/9 activities must be
the result of a posttranscriptional event. The results
(Fig. 8a) showed that F13 dramatically upregulated the
expression of RECK mRNA in HT-1080 cells, consistent
with the downregulation of MMP-2/9.
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Earlier studies showed that the restored expression of
RECK in malignant cells resulted in the suppression
of invasive activity with concomitant decrease in the
secretion of MMPs [29,31,33]. RECK negatively regu-
lates MMP-9 in two ways: suppression of MMP-9
secretion from the cells and direct inhibition of its
enzymatic activity [31]. RECK also inhibits the enzy-
matic activity of membrane-type 1 matrix metallopro-
teinase and MMP-2, resulting in reduced production of
active MMP-2 [30]. These studies support our specula-
tion that F13 inhibits MMP-2/9 activities through the
induction of RECK to suppress invasion.

Earlier research has also shown that the HER-2/neu or
ras oncogene transcriptionally represses RECK expression
through inducing ERK activation [37,38]. Furthermore,
LLMP1 inhibits RECK expression through the ERK/Spl
signalling pathway [36]. In this study, F13 suppressed the
activation of the ERK signalling pathway while simulta-
neously upregulating RECK. Interestingly, the MEK1 and
MEK?2 selective inhibitor, U0126, also increased the
expression of RECK in HT-1080 cells. Our data are
consistent with an earlier report that inhibition of ERK
activity attenuated MMP-9 activity and cell invasion
[36]. Although the detailed mechanism inducing down-
regulation of RECK is not yet clear, the ERK signalling
pathway seems to play a pivotal role in the regulation of
RECK expression.

In conclusion, the benzoylurea derivative F13 dose-
dependently exerts multiple anticancer effects: induction
of apoptosis and inhibitions of cell proliferation, migra-
tion, adhesion and invasion. F13-mediated inhibition was
associated with the inactivation of MMP2/9 by the
induction of RECK expression, which was regulated by
downregulation of the ERK signalling pathway. F13 might
be a lead compound of RECK inducer for the develop-
ment of new anticancer agents.
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