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The novel synthesized 6-fluoro-(3-fluorophenyl)-4-(3-
methoxyanilino)quinazoline (LLJJ-10) compound exhibits
anti-metastatic effects in human osteosarcoma U-2 OS cells
through targeting insulin-like growth factor-I receptor
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Abstract. Our previous study demonstrated that 6-fluoro-
(3-fluorophenyl)-4-(3-methoxyanilino)quinazoline (LJJ-10)
possesses potential anticancer activity and exhibits greater
antitumor effect than the other quinazoline compounds in
human osteogenic sarcoma U-2 OS cells via in vitro screening.
In this study, we focused on investigating the anti-metastatic
activity and the signaling pathways involved in LJJ-10 action
in U-2 OS cells. The results from wound healing and Boyden
chamber transwell assays indicated that LJJ-10 exhibited an
inhibitory effect on the migration and invasion of U-2 OS cells.
LJJ-10 also inhibited matrix metalloproteinase-2 (MMP-2) and
MMP-9 enzyme activities and caused a concentration-depen-
dent decrease in protein levels by gelatin zymography assay
and Western blot analysis, respectively. Meanwhile, LJJ-10
suppressed MMP-2 and MMP-9 mRNA levels in a concen-
tration-dependent fashion after 12-h exposure in U-2 OS cells.
Computational modeling showed that LJJ-10 is bound into
the IGF-1R via hydrophobic interactions with Leu®”, Val®®?,
Ala'", Glu'®® and Met'®? with one hydrogen bond between
6-F and Met'%?, LJJ-10 reduced the protein levels of p-JNK,
p-p38, p-ERK, p-AKT and p-IGFR by Western blotting and
these influences are concentration-dependent. Based on these
observations, this study suggests that molecular targeting of
the insulin-like growth factor-I receptor (IGF-1R) signaling
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leads to the suppression of downstream MAPK/AKT signaling
and downregulation of MMP-2 and -9 RNA levels and protein
levels in LJJ-10-treated U-2 OS cells. Therefore, the inhibition
of metastasis in human osteosarcoma cells by treatment with
this novel agent, LJJ-10 may be a useful chemotherapeutic
approach.

Introduction

Insulin-like growth factor-I receptor (IGF-1R) is an important
receptor tyrosine kinase (RTK) on cell membrane surface (1).
IGF-1R stimulates cell proliferation through ligands (IGF-1 or
IGF-2). Upon binding of ligands, the IGF-1R becomes auto-
phosphorylated on several tyrosine residues and activation
of the mitogen-activated protein kinase (MAPK) and phos-
phoinositide 3-kinases (PI3K)/AKT downstream signaling (2).
Also, IGF-1R signaling is important for cellular processes that
are activated in tumor cells, including unmoral proliferation,
metastasis and angiogenesis (3). Blocking of IGF-1R function
has been shown to inhibit cell proliferation or metastasis,
angiogenesis on breast tumor, lung tumor and colorectal
tumor cells (4). Numerous studies have reported that the levels
of IGF-1R, IGF-1 and IGF-2 were higher in human osteosar-
coma cells than that in normal cells (5,6). Many studies in
therapeutic agents for osteosarcoma have focused on novel
target therapies through induction of IGF-IR signaling, reduc-
tion of cell growth and anti-metastatic effects in osteogenic
sarcoma (5,7).

The clinical success of specific receptor tyrosine kinase
inhibitors, such as gefitinib (Iressa), as therapeutic agents for
human tumors has prompted substantial interest in develop-
ment and clinical testing of these inhibitors for a broad range
of malignancies (8). Therefore, novel agents are used for
optimizing chemotherapy and it is reported that quinazoline
derivatives have multiple biological activities, as receptor tyro-
sine kinase inhibitors (9). We designed the novel fluorinated
compounds with a quinazoline core structure as anti-tumor
candidates in order to increase their metabolic stability and be
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recognized by macromolecular recognition sites after entering
human circulation (10). In this study, we synthesized a series
of 6-fluoro-2-(3-fluorophenyl)-4-substituted anilinoquinazo-
line derivatives and assayed for cytotoxicity in vitro against
seven types of cancer cell lines (10). Our previous result also
showed that the novel compound, 6-fluoro-(3-fluorophenyl)-
4-(3-methoxyanilino) quinazoline (LJJ-10; Fig. 1) has
greater cytotoxicity than other compounds in U-2 OS human
osteosarcoma cells. In the present study, we focused on inves-
tigation of the molecular mechanisms in anti-metastasis in
LJJ-10-treated human osteogenic sarcoma U-2 OS cells. Our
results suggest that L.JJ-10 might inhibit metastasis in U-2 OS
cells through disrupting IGF-IR signaling in vitro.

Materials and methods

Chemicals and reagents. 1.1J-10 was designed and synthe-
sized by Dr Mann-Jen Hour and Dr Sheng-Chu Kuo (China
Medical University, Taichung, Taiwan). Dimethyl sulfoxide
(DMSO), McCoy's 5a medium, fetal bovine serum (FBS),
L-glutamine, penicillin-streptomycin and trypsin-EDTA
were obtained from Invitrogen Life Technologies (Carlsbad,
CA, USA). Antibodies against phospho-AKT, phospho-JNK,
phospho-ERK, phospho-p38, phospho-IGF-1R (Tyr 980) were
purchased from Cell Signaling Technology Inc. (Danvers,
MA, USA), and antibodies against AKT, JNK, ERK, p38,
Actin, IGF-1R, MMP-2, MMP-9 and all peroxidase-conju-
gated secondary antibodies were purchased from Santa Cruz
Biotechnology, Inc. (Santa Cruz, CA, USA).

Cell culture. The human osteosarcoma U-2 OS cell line was
purchased from the Food Industry Research and Development
Institute (Hsinchu, Taiwan). U-2 OS cells were cultured with
90% McCoy's 5a medium and plated onto 75 cm? tissue
culture flasks with 2 mM L-glutamine, 10% FBS, 100 U/ml
penicillin and 100 ug/ml streptomycin. All cells were grown
at 37°C in a humidified atmosphere comprised of 95% air and
5% CO, (11).

Wound healing assay. U-2 OS cells were grown on 6-well
dish plates to 100% confluent monolayer and then scratched
to form a 100 ym ‘wound’ using sterile pipette tips. The cells
were then cultured in the presence or absence of LJJ-10 (0, 5,
10, 20 and 30 M) in serum-free media for 24 h. The images
were recorded at 24-h intervals after scratching by using an
Olympus photomicroscope. Cells were photographed under
a phase-contrast microscope (x100) and the mean number of
cells in the denuded zone area were calculated as previously
described (12).

Transwell assay. The invasion of U-2 OS cells was measured
using Matrigel-coated (BD Biosciences, San Jose, CA, USA)
Transwell cell culture chambers (8 ym pore size; Millipore,
Billerica, MA, USA) as previously described (13,14). Cells
were maintained in serum-free McCoy's 5a medium for 24 h
before being trypsinized and re-suspended in serum-free
medium. Cells were then placed in the upper chamber of the
Transwell insert (1x10* cells/well) and treated with LJJ-10 (0, 5,
10, 20 and 30 M) for 24 h in a humidified atmosphere with
95% air and 5% CO, at 37°C. McCoy's 5a medium containing
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10% FBS was placed in the lower chamber. Invasive cells
were fixed with 4% formaldehyde (Sigma-Aldrich Corp. St.
Louis, MO, USA) and then stained with 2% crystal violet
(Sigma-Aldrich Corp.). The non-invaded cells in the top well
were removed with a cotton swab, and the invaded cells which
penetrated through the Matrigel to the bottom wells were
counted under a light microscope (x200). Each treatment of
cells was assayed in duplicate, and three independent experi-
ments were carried out (13).

Gelatin zymography. The activities of MMP-2 and MMP-9
were examined by gelatin zymography as described previ-
ously (13). Briefly, the U-2 OS cells (2.5x10° cells) were
plated in 24-well culture plates and incubated in serum-free
McCoy's 5a medium in the presence of LJJ-10 (5, 10, 20
and 30 uM) for 24 h. The medium was collected and then
separated by electrophoresis on 10% SDS-PAGE containing
0.1% gelatin (Sigma-Aldrich Corp.). After electrophoresis, the
gels were soaked in 2.5% Triton X-100 in ddH,O twice for a
total of 60 min at room temperature. Sample was incubated
in substrate buffer (50 mM of Tris HCIl, 5 mM of CaCl,,
0.02% of NaN; and 1% of Triton X-100, pH 8.0) at 37°C for
24 h. Bands corresponding to activity of MMP-2 and -9 were
visualized by negative staining using 0.3% Coomassie blue in
50% methanol and 10% acetic acid (13).

Real-time PCR of MMP-2 and MMP-9. U-2 OS cells were
cultured in 75-T flasks and treated with LJJ-10 at final
concentration of 10, 20 and 30 uM for 12 h. Cells were
harvested and total RNA was extracted with the Qiagen
RNeasy Mini Kit (Qiagen, Inc, Valencia, CA, USA). RNA
samples were reverse-transcribed at 42°C with High Capacity
cDNA Reverse Transcription Kit for 30 min according to the
protocol of the supplier (Applied Biosystems, Carlsbad, CA,
USA). Quantitative PCR conditions were as follows: 2 min
at 50°C, 10 min at 95°C, and 40 cycles of 15 sec at 95°C;
1 min at 60°C using 1 ul of the cDNA reverse-transcribed
as described above, 2X SYBR Green PuCR Master Mix
(Applied Biosystems) and 200 nM forward (F) and reverse (R)
primers (homo MMP-2-F: CCCCAGACAGGTGATCTTGAC;
homo MMP-2-R: GCTTGCGAGGGAAGAAGTTG; homo
MMP-9-F: CGCTGGGCTTAGATCATTCC; homo MMP-9-R:
AGGTTGGATACATCACTGCATTAGG; homo GAPDH-F
ACACCCACTCCTCCACCTTT; homo GAPDH-R TAGCCA
AATTCGTTGTCATACC). Applied Biosystems 7300 Real-
time PCR System was used for each assay in triplicate, and
expression fold-changes were derived using the comparative
CT method as described previously (13,15).

Molecular modeling analysis. The three dimensional crystal
structure of the IGF-1R was downloaded from RCSB Protein
Data Bank website (http://www.rcsb.org/pdb). Automated
docking was then carried out. The LigandFit within the soft-
ware package Discovery Studio 2.5 (Accelrys Inc., San Diego,
CA, USA) was used to evaluate and predict the in silico
binding free energy of the inhibitors within the macromole-
cules. The protocol was used to prepare 20j9 protein structure
including standardize atom names, by inserting missing atoms
in residues and removing alternate conformations, inserting
missing loop regions based on SEQRES data, optimizing
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short and medium size loop regions with Looper Algorithm,
minimizing remaining loop regions, and calculating pK and
protonate structure. A binding pocket of the native ligand was
selected as the binding site for the study. Following typing of
the receptor model with the CHARMm forcefield, the binding
site was identified by the LigandFit flood-filling algorithm.
This docking protocol employed total ligand flexibility
whereby the final ligand conformations were determined by
the Monte Carlo conformation search method set to a variable
number of trial runs. The docked ligands were further refined
using in situ ligand minimization with the Smart Minimizer
algorithm. Each minimization was carried out in two steps,
first using steepest descent minimization for 200 cycles and
then using conjugate gradient minimization, until the average
gradient fell below 0.01 kcal/mol. All atoms within 6.0 A of
the inhibitor were allowed to relax during the minimization,
whereas those atoms beyond 6.0 A were held rigid. At last,
Dock score was used to estimate the binding free energies of
the ligands. Among the docked conformations, the pose with
highest value of Dock score was selected for the calculation
of binding free energy (AGb) and inhibition constant (Ki)
16).

Western blot analysis. U-2 OS cells (1.0x107 cells) were
cultured in 75-T flasks and exposed to various concentrations
of LJJ-10 (10, 20 and 30 uM) for 3 h. Cells were harvested and
resuspended in the PRO-PREP™ protein extraction solution
(iNtRON Biotechnology, Seongnam, Gyeonggi-Do, Korea).
The collected cells were centrifuged at 13,000 g for 10 min at
4°C to remove cell debris, and the supernatant was collected
for determination of total protein concentration using a
Bio-Rad protein assay kit (Hercules, CA, USA) with bovine
serum albumin (BSA) as the standard. Protein samples (30 pg)
were electrophoresis by 10-15% sodium dodecyl sulfate poly-
acrylamide gel electrophoresis (SDS-PAGE) and transferred
onto nitrocellulose membranes (Invitrogen). Membrane was
then blocked with in PBST (0.1% Tween-20 in PBS) plus
5% powdered non-fat milk for 1 h, and incubated overnight
at 4°C with each of the following specific primary antibodies
(anti-phospho-AKT, anti-phospho-JNK, anti-phospho-ERK,
anti-phospho-p38, anti-phospho-IGF-1R (Tyr980), anti-AKT,
anti-JNK, anti-ERK, p38, anti-actin, anti-IGF-1R, anti-
MMP-2, anti-MMP-9 antibodies). The membranes were
washed with PBST three times for 10 min and incubated
with HRP conjugated secondary IgG antibody (horseradish
peroxidase-conjugated goat anti-rabbit and goat anti-mouse)
for 1 h at room temperature. Bands were detected by
enhanced chemiluminescence with ECL reagents (Amersham
Pharmacia, Buckinghamshire, UK) and exposed to X-OMAT
AR film (Eastman Kodak, Rochester, NY, USA). The auto-
radiograms were scanned on UMAX PowerLook Scanner
(UMAX Technologies, Fremont, CA, USA) with Photoshop
software (Adobe Systems, Seattle, WA, USA). All results were
performed in three independent experiments (17,18).

Statistical analysis. The data are expressed as the mean + SEM
from at least three separate experiments. Statistical calcula-
tions of the data were performed by using one-way ANOVA
followed by Bonferroni's test for multiple comparisons. A
p<0.05 was considered statistically significant.
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Figure 1. The chemical structure of LJJ-10.
Results

LJJ-10 inhibits migration and invasion of U-2 OS cells. The
inhibition of cell migration by LJJ-10 was examined by using
Wound healing assay. As shown in Fig. 2A, L1J-10 (5-30 uM)
significantly inhibited cell migration in a concentration-
dependent manner; the percentage of inhibition ratio was
27-78%. The inhibition of cell invasion by LJJ-10 was exam-
ined by using Matrigel-coated Transwell assay. As shown in
Fig. 2B, L1J-10 (5-30 uM) significantly inhibited cell invasion
in a concentration-dependent manner; the percentage of inhi-
bition ratio was 20-80%. We determined the cytotoxicity of
LJJ-10 using MTT assay. L1J-10 did not affect cell viability
at 5-30 uM of 24-h treatment (data not shown). On the other
hand, the ECs, is 75.32+3.25 uM for 24 h in LIJJ-10-treated
U-2 OS cells. Our results suggest that LJJ-10 inhibited the
effects of cell migration and invasion in U-2 OS cells. Also,
the inhibitory effects of LJJ-10 on cell migration and invasion
are independent of cellular cytotoxicity.

LJJ-10 suppresses MMP-2/MMP-9 enzyme activities and
protein levels. Matrix metalloproteinase-2 and -9 (MMP-2
and MMP-9) are important pre-requisite for tumor invasion
and metastasis in human osteosarcoma cells (15). The gelatin
zymography was used to analyze the effects of LJJ-10 on
MMP-2 and MMP-9 activities for 24-h treatment. As shown
in Fig. 3A, LJJ-10 (5-30 uM) significantly inhibited MMP-2
and MMP-9 enzyme activities in a concentration-dependent
manner. These results were also confirmed by Western blot
analysis as can be seen in Fig. 3B. LJJ-10 decreased the
protein levels of MMP-2 and MMP-9 (Fig. 3B). Our results
suggest that L.JJ-10 inhibited invasion and migration in U-2
OS cells through decreasing the enzyme activity and protein
levels of MMP-2 and MMP-9.

LJJ-10 decreases MMP-2/MMP-9 mRNA levels. Real-time
PCR analysis was performed to determine whether the inhibi-
tion of MMP-2 and MMP-9 protein levels and activities by
LJJ-10 was due to decreased the levels of mRNA. As shown
in Fig. 4, the 12-h treatment of U-2 OS cells with LJJ-10 (10,
20 and 30 uM) led to a decrease in mRNA levels of MMP-9
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Figure 2. LJJ-10 inhibits the migration and invasion of U-2 OS cells in vitro. Cells were treated with 0, 5, 10, 20 and 30 M of LJJ-10 for 24 h. (A) Cell
motility was determined by wound healing assay. Cell morphology was micro-photographed at magnification x100 (left panel) and the mean number cells
in the denuded zone area are calculated (right panel). (B) Invaded cells through the Matrigel to the lower surface of the filter those were stained with crystal
violet and were photographed under a light microscope at magnification x200 (left panel). Quantification of cells in the lower chamber was performed by
counting the cells (right panel). Data are presented as the mean + SD (n=3). a, p<0.05, is significantly different compared with the DMSO-treated control; b
and c, p<0.05, are significantly different compared with 5 and 10 uM of LJJ-10 treatment, respectively, by one-way ANOVA followed by Bonferroni's test for
multiple comparisons.
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Figure 3. LJJ-10 affected MMP-2 and MMP-9 activities and protein levels in U-2 OS cells. Cells were incubated with 0, 5, 10, 20 and 30 yM of LJJ-10 for
24 h. (A) For MMP-2 and MMP-9 activity assay, the culture media for treated and non-treated cells were harvested and separated by gelatin zymography
(left panel) and the ratio of MMP-2 and MMP-9 activities were quantified (right panel). (B) The proteins were prepared and analyzed by Western blotting
using antibodies against MMP-2 and MMP-9. The results are shown in the left panel and protein levels were quantified by image analysis (right panel) as
described in Materials and methods. Data are presented as the mean + SD (n=3). a, p<0.05, is significantly different compared with the DMSO-treated control;
b and ¢, p<0.05, are significantly different compared with 5 and 10 M of LJJ-10 treatment, respectively, by one-way ANOVA followed by Bonferroni's test
for multiple comparisons.
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Figure 4. Effects of LJJ-10 on MMP-2 and MMP-9 mRNA levels in U-2 OS
cells. The total RNA was extracted from each treatment of LJJ-10 (0, 10, 20
and 30 xM) in U-2 OS cells for 12 h. RNA samples were reverse-transcribed
into cDNA and quantified with real-time PCR as described in Materials
and methods. The ratios of MMP-2 and MMP-9 to GAPDH mRNA are
presented. Data are presented as the mean + SD (n=3). a, p<0.05, is signi-
ficantly different compared with the DMSO-treated control; b, p<0.05, is
significantly different with 10 uM of LJJ-10 treatment by one-way ANOVA
followed by Bonferroni's test for multiple comparisons.
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and MMP-2. Our results indicate that LJJ-10 inhibited the
protein levels and activities of MMP-2 and MMP-9 through
the regulation of transcription levels.

Computational modeling and docking results. It was reported
that the quinazoline ring system is a template for receptor
tyrosine kinase inhibitors (9). We have designed and synthe-
sized a novel quinazoline derivative LJJ-10 which is possibly
a novel anti-IGF-1R agent. To predict the major target site of
LJJ-10, the LigandFit within the software package Discovery
Studio 2.5 was used to ensure the target of LJJ-10. As shown
in Fig. 5A, LJJ-10 is bound into the IGF-1R via hydrophobic
interactions with Leu®”, Val’®*, Ala'%!, Glu'% and Met'*? with
one hydrogen bond between 6-F and Met'?. After surveying
the PDB bank, the 20j9, IGF-1R kinase domain complexes
with a benzimidazole inhibitor (BMI, (3-(5-imidazol-1-yl-7-
methyl-1H-benzimidazol-2-yl)-4-(pyridin-2-ylmethylamino)-

LJJ-10

6-fluoro-(3-fluorophenyl)-4-(3-
methoxyanilino)quinazoline

BMI

(3-(5-imidazol-1-yl-7-methyl-1H-
benzimidazol-2-yl)-4-(pyridin-2-
ylmethylamino)-1H-pyridin-2-
one)

Figure 5. Predicted binding form of LJJ-10 with IGF-1R by molecular modeling analysis. (A) Model of HMJ-10 and IGF-1R (20j9). LJJ-10 (ball and stick,
colored by elements) is bound into the IGF-1R via hydrophobic interactions with Leu?”, Val®®, Ala'®!, Glu'*° and Met'*?, in addition with one hydrogen bond
between 6-F and Met'*2. The binding amino acids are shown as yellow sticks and labeled. (B) Model of BMI and IGF-1R (20j9). BMI (3-(5-imidazol-1-yl-7-
methyl-1H-benzimidazol-2-yl)-4-(pyridin-2-ylmethylamino)-1H-pyridin-2-one, ball and stick, colored by elements) is bound into the IGF-1R via hydrophobic
interactions with Leu?”, Val®®}, Met'%2, Thr'®3, Ser'® and I1e""*. The binding amino acids are shown as yellow sticks and labeled. (C) Superimposed BMI

(shown as yellow stick) and LJJ-10 (shown as grey stick).
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Table I. The ligand scoring for LJJ-10 and BMI.

Name LigScorel LigScore2 (-) PLP1 (-) PLP2 (-) PMF Dock

Dreiding Dreiding score
LJJ-10 2.84 487 62.77 58.48 61.6 50.05
BMI 2.34 497 68.81 559 62.43 5223

LigScorel and LigScore2 are fast, simple, scoring functions for predicting receptor-ligand binding affinities. LigScorel_Dreiding = -0.3498-
0.04673"vdW +0.1653"C+pol-0.001132"TotPol*2. LigScore2_Dreiding = 1.539-0.07622*vdW + 0.6501°C+_pol-0.00007821"BuryPolA2. In
the PLP1 function, each non-hydrogen ligand or non-hydrogen receptor atom is assigned a PLP atom type. In the PLP2 function, PLP atom
typing remains the same as in PLP1. In addition, an atomic radius is assigned to each atom except for hydrogen. The PMF scoring functions
were developed based on statistical analysis of the 3D structures of protein-ligand complexes. Candidate ligand poses were evaluated and
prioritized according to the DockScore function (Discovery Studio 2.5, http://accelrys.com/products/discovery-studio/).
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Figure 6. Effect of LJJ-10 on IGF-1R and downstream protein levels in U-2 OS cells. (A) Cells were treated with LJJ-10 (0, 10, 20 and 30 zM) for 1 h. The
protein levels of phosphorylated IGF-1R (Tyr 980) and IGF-1R were analyzed by Western blotting (left panel) and protein levels were quantified by image
analysis (right panel). (B) The protein levels of p-JNK, JNK, p-p38, p38, p-ERK, ERK, p-AKT and AKT were analyzed by Western blotting (left panel) and
protein levels were quantified by image analysis (right panel). Data are presented as the mean + SD (n=3). a, p<0.05, is significantly different compared with
the DMSO-treated control; b and ¢, p<0.05, are significantly different with 10 and 20 ¥M of LJJ-10 treatment, respectively, by one-way ANOVA followed by
Bonferroni's test for multiple comparisons.

1H-pyridin-2-one), was downloaded (Fig. 5B). The LJJ-10 was  inhibitor and the structure conformation is somewhat similar
docked into the binding site of BMI in 20j9 and our models  to LJJ-10 (Fig. 5), BMI was used as a positive control in this
were scored using several functions, LigScore, PLP, PMF simulation (16). Scores of the docked ligands are tabulated in
and DockScore. Because BMI is reported as a strong IGF-1R  Table I. The docking results show the scores of LJJ-10 were
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Figure 7. LJJ-10 participates in the anti-metastatic molecular mechanisms of human osteosarcoma U-2 OS cells.

close to that of BMI (Fig. 5C). Consequently, we suggest that
LJJ-10 interacts well with IGF-1R, and the IGF-1R should be a
target of LJJ-10. The docking results show that there is a posi-
tive correlation between the simulation and our experimental
data.

LJJ-10 reduced the protein levels of p-IGFR, p-JNK, p-p38,
p-ERK and p-AKT. We investigated the effects of LJJ-10 on
IGF-1R and phospho-IGF-1R protein levels in U-2 OS cells
by examining the IGF-1R phosphorylation states. As shown
in Fig. 6A, we determined U-2 OS cells after exposure to
LJJ-10 (10, 20 and 30 uM) for 1 h. Western blot analysis of
IGF-1R phosphorylation with the antibody against p-IGF-
1IRTyr980 showed that LJJ-10 reduced the protein level of
p-IGF-1RTyr980 and these influences are dose-dependent.
To illuminate the possible downstream signaling pathways
in LJJ-10-treated U-2 OS cells, we evaluated the related
protein levels in AKT and MAPK (JNK, p38 and ERK)
signaling pathways by Western blotting. As shown in Fig. 6B,
the cells were treated with LJJ-10 (10, 20 and 30 uM) for
3 h. The results showed that LJJ-10 reduced the protein
levels of p-JNK, p-p38, p-ERK, p-AKT and the influence
is concentration-dependent. Our results suggest that LIJ-10
blocks phosphorylation of IGF-1R, which led to inhibition of

the downstream MAPK and AKT signaling pathways in U-2
OS cells.

Discussion

Interference with receptor tyrosine kinase provides a novel
approach toward tumor therapy agents. Quinazoline deriva-
tives are potential receptor tyrosine kinase inhibitors (9,16).
Several successful strategies for the inhibition of metastasis
have been effectively demonstrated in preclinical and clinical
settings. Gefitinib (Iressa) is a clinical success of selective
kinase inhibitor; and improved effectiveness of first-, second-
line and maintenance therapeutic regimens in non-small cell
lung cancer (8,19,20). Although Gefitinib (Iressa) have anti-
metastasis actions in clinical treatment, there are limitations
to their use because of toxic side effects and drug resistance
(21,22). LJJ-10, a quinazoline compound was designed and
synthesized for a promising anti-metastasis compound in our
laboratory. Our result previously demonstrated that the LJJ-10
has greater cytotoxicity than the other compounds in human
osteogenic sarcoma U-2 OS cells. LJJ-10 induced significant
concentration-dependent growth inhibition and apoptotic
cell death. The ECs, value of LJJ-10 was lower in human
osteogenic sarcoma U-2 OS cells than in normal human fetal
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osteoblastic hFOB cells (data not shown). Our results suggest
that LJJ-10 could be an efficacious and safer anti-tumor agent
for treatment of human osteogenic sarcoma. In this study, we
focused on investigating the anti-metastasis activity and the
signaling pathway of LJJ-10-treated U-2 OS cells in vitro. Our
results suggest that low concentration of LJJ-10 (5-30 uM)
significantly inhibits cell migration and invasion in U-2 OS
cells (Fig 2). The ECs, is 75.32+3.25 uM for 24 h in LJJ-10
treated U-2 OS cells, and LJJ-10 did not affect cell viability
at 5-30 uM of 24-h treatment. Our results suggest that the
inhibitory effects of LJJ-10 on cell migration and invasion are
independent of cellular cytotoxicity. LJJ-10 might be a useful
anti-metastasis agent.

Insulin-like growth factor (IGF)-mediated signaling
is involved in bone homeostasis and osteogenesis (23).
Consistent expression of IGF-1R, IGF-1, and IGF-2 in osteo-
sarcoma cell lines and patient samples has been reported
(24,25). Blocking IGF-mediated growth in osteosarcoma can
inhibit tumor growth and metastasis in murine osteosarcoma
(5,26,27). In vivo study also demonstrated that tumor growth
in xenografts can be inhibited with anti-IGF-1R antibody (5).
In this study, we first used molecular modeling (Fig.5), and
Western blot analysis (Fig. 6A). Our results suggest that LJJ-10
is an IGF-IR inhibition agent. Both IGF-1 and IGF-2 bind to
IGF-1R, which leads to autophosphorylation of the receptor.
When IGF-1R is phosphorylated, insulin receptor substrates 1
(IRS1) and the Src homology collagen-like adaptor protein
(Shc) can turn on downstream intracellular signaling cascades
as MAPK and AKT pathways (28,29). Activation of MAPK
and AKT results in enhanced tumor cell proliferation,
migration, and survival (30). In our study, we demonstrated
that 10-30 uM of LIJJ-10 significantly inhibited cell migra-
tion (Fig. 2A) and invasion (Fig. 2B) and inhibited MMP-2
and MMP-9 enzyme activities (Fig. 3A). L1J-10 significantly
inhibited MMP-2 and MMP-9 mRNA levels in U-2 OS cells
(Fig. 4). It has been reported that the MMP-2 and MMP-9
promoters contain several transcription-factor-binding motifs
that can affect its mRNA transcription, including AP-1,
NF-«B, Spl and p53 (31,32). Our results suggested that LJJ-10
represses MMP-2 and MMP-9 transcription through inhibi-
ting activation of transcription factors such as AP-1, NF-xB,
Spl and p53 in U-2 OS cells. As shown in Fig. 6B, LJJ-10
caused a decrease in the protein levels of p-JNK, p-p38,
p-ERK, p-AKT in U-2 OS cells. Based on the observations,
we suggest that LJJ-10 inhibited U-2 OS cell metastasis
through triggering IGF-1R inhibition and downstream MAPK
and AKT signaling pathways in U-2 OS cells.

Collectively, we have outlined the molecular mecha-
nism and the overall possible signaling pathways for
LJJ-10-inhibited metastasis in U-2 OS cells (Fig. 7). The
proposed signal pathways of LJJ-10 exhibit anti-metastatic
effects trigger IGF-1R and downstream signaling inhibition
in human osteosarcoma U-2 OS cells. LJJ-10 may be an anti-
osteosarcoma drug candidate.
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