ANTICANCER RESEARCH 37: 6311-6319 (2017)
doi:10.21873/anticanres.12082

Cycloartobiloxanthone Inhibits Migration and
Invasion of Lung Cancer Cells
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Abstract. Background/Aim: Metastasis in lung cancer is a
major cause of high mortality. Metastasis depends on the
potential of cancer cells to migrate and invade. Here we
demonstrated the anti-migration and invasion activities of the
compound  cycloartobiloxanthone  from  Artocarpus
gomezianus Wall. ex Tréc. (Moraceae). Materials and
Methods: The effect of the compound on viability of human
lung cancer H460 cells was investigated by 3-[4,5-
dimethylthiazol-2-yl]-2,5diphenyl tetrazoliumbromide (MTT)
assay. Migration and invasion assays were performed.
Filopodia formation was determined by phalloidin-rhodamine
staining. The hallmark signaling proteins in regulation of
epithelial to mesenchymal transition (EMT), migration, and
integrin a5, aV, 1 and 33 were determined by western blot
analysis. Results: Cycloartobiloxanthone at concentrations
lower than 10 uM has no cytotoxic effects. Regarding cell
motility, cycloartobiloxanthone at 5-10 uM and 1-10 uM
exhibited anti-migration and anti-invasion activities,
respectively. Filopodia were found to be significantly reduced
in cycloartobiloxanthone-treated cells. These effects
correlated with the results from western blot analysis showing
that the phosphorylation of focal adhesion kinase on Try397
(p-FAK (Try397)), and cell division cycle 42 (CDC42) were
significantly reduced. Cycloartobiloxanthone significantly
suppressed migratory integrins including integrin a5, oV, and
3, while had no significant effect on integrin 1. Besides,
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the compound suppressed epithelial to mesenchymal
transition in lung cancer H460 cells indicated by the change
in cell morphology form fibroblast-like to epithelial
morphology with up-regulation of E-cadherin. Conclusion:
Cycloartobiloxanthone possesses anti-migration and anti-
invasion properties by suppressing several migratory-
regulated mechanisms including suppressing migratory FAK
and CDC42 signal, reduced filopodia of migrating cells,
decreasing integrin a5, av and 33, and inhibiting EMT. Our
findings demonstrated the potentials of cycloartobiloxanthone
for further studies and developments.

Lung cancer is highly prevalent and aggressive cancer that
recognized as the leading cause of cancer-related death
worldwide (1). Lung cancer is a characterized by
uncontrolled cell growth in tissues of the lung and can spread
by the process of metastasis into other parts of the body.
Human lung cancers are classified into two major types,
small cell lung cancer (SCLC) and non-small cell lung
carcinoma (NSCLC) (2). Especially, non-small cell lung
cancer (NSCLC) represents 75-80% of all lung carcinomas
(3) and has overall 5-year survival rate only 15% (4).

Cancer metastasis is one major cause of high rates of
death in lung cancer (5). Metastasis involves ability of the
cells to migrate form their origin and invaded surrounding
tissue for entering blood and lymphatic circulations (6, 7).
So far, the ability of cancer cells to migrate and invade is an
important facilitating factors of successful cancer cell
metastasis (8).

During the process of cell movement, the transmembrane
receptors called integrins providing links of extracellular
matrix (ECM) to the intracellular actin cytoskeleton at the
points of cell-substratum interaction (focal adhesions),
initiate cellular signals that promote cell migration (9).
Focal adhesion kinase (FAK) is a protein recruited to sites
of integrin clustering and initiates signaling pathways in the
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control of cell motility and invasion (9). Activated FAK can
activate the signal through the phosphorylation of protein
kinase B (AKT) resulting in cell invasion and migration
(10). Likewise, recent research found that phosphorylated
Akt contributes to the up-regulation of the Rho family
especially cell division cycle (Cdc42) that has been shown
to play an essential role in actin reorganization and
filopodia formation (11). Additionally, recent studies have
extended the knowledge of epithelial mesenchymal-
transition (EMT) because this process is involved in
metastasis (12). In this process, epithelial cells lose cell-
cell adhesion and cell polarity. E-cadherin, the epithelial
cells marker is considered a suppressor of tumor invasion.
Therefore, the loss of E-cadherin has been associated with
metastatic dissemination (13).

Cycloartobiloxanthone is a natural compound obtained
from Artocarpus gomezianus Wall. ex Tréc. (Moraceae), and
is known as “Hat-nun” or “Ka-Noon-Pah” in Thailand.
Cycloartobiloxanthone was reported to have an identifiable
DPPH free radical scavenging ability and inhibitory effect
on nitric oxide production in murine macrophage-like cells
(14). It was also discovered in the root barks of Artocarpus
altilis. Cycloartobiloxanthone showed antitubercular and
antiplasmodial activities, and showed cytotoxicity against
human oral epidermoid carcinoma and human breast cancer
(15). However, the effects of cycloartobiloxanthone on
cancer cell migration and invasion are unknown. This study
aims to investigate the effects of cycloartobiloxanthone on
cancer cell migration and invasion to understand the
underlying mechanisms which would benefit to the
development of anti-metastasis drugs.

Materials and Methods

Test compound. Cycloartobiloxanthone was isolated from
Artocarpus gomezianus Wall. ex Tréc. (Moraceae) as previous
described (14). Its purity was determined using HPLC and NMR
spectroscopy. It was dissolved in DMSO and RPMI-1640 in order
to achieve the desired concentrations, which all contained less than
0.2% DMSO at final dilution.

Cell culture. Human lung cancer H460 cells were obtained from the
American Type Culture Collection (Manassas, VA, USA). The cells
were cultured in RPMI 1640 supplemented with 10% fetal bovine serum
(FBS), 100 units/ml penicillin/streptomycin and 2 mM L-glutamine, the
cells were incubated in a 5% CO, environment at 37°C.

Chemicals. Propidium iodide (PI) and Hoechst 33342 were obtained
from Molecular Probes, Inc. (Eugene, OR). 3-(4,5-dimethyl-thiazol-
2-y1)-2,5-diphenyl tetrazolium bromide (MTT) and phalloidin
tetramethylrhodamine B isothiocyanate were obtained from Sigma
Chemical, Inc. (St. Louis, MO, USA). Antibody for p-Akt, p473-
Akt, FAK, p397-FAK, Cdc42, Integrin aV, Integrin a5, Integrin 1,
Integrin (3, E-cadherin and b-actin, as well as peroxidase-
conjugated secondary antibodies were obtained from Cell Signaling
Technology, Inc. (Danvers, MA, USA).
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Cytotoxicity assay. To determine cycloartobiloxanthone-mediated
cytotoxicity, cell viability was determined by the MTT assay. After
treatments, the cells were incubated with 0-100 uM MTT solution
for 4 h at 37°C. An intensity reading of the MTT product was
measured at 570 nm using a microplate reader, and the percentage
of viable cells was calculated in relation to control cells. All
analyses were performed in 3 independent replicate cell cultures.

Migration assay. Migration was determined by wound healing
assays. A monolayer of cells was cultured in 96-well plates. The
wound space was created by 1-mm-wide tips. After that, media was
removed and washed with PBS. The cell monolayers were incubated
with non-toxic concentration of cycloartobiloxanthone (0-10 pM)
and permitted to migrate for 24 h, 48h. Under a phase contrast
microscope (Olympus DP70, Melville, NY, USA), Micrographs
were taken and were measured wound space using Olympus DP
controller software. The percentage of change in the wound space
was calculated as follows:

% Change = (average space at time (0 h) - (average space at time 24,48 h)

X 100
{average space at time 0 h)

Invasion assay. An invasion assay was performed using a 24-well
transwell unit with polycarbonate (PVDF) filters (§ mm pore size).
Each membrane was coated with 0.5% matrigel (BD Biosciences,
Bedford, MA, USA) on the upper surface of the chamber overnight at
37°C in incubator. The cells were plated in upper chamber at the density
of 2x104 cells/100 pl in serum-free medium and were incubated with
cycloartobiloxanthone non- toxic concentrations (0-10 pM) medium
containing 10% FBS was added to the lower chamber of the unit. After
24 h, the top medium and matrigel were removed and the cells on the
upper side of the membrane were removed with a cotton swab. The
bottom side was fixed with 3.7% paraformaldehyde and staining cells
with Hoechst 33342. The cells were visualized and scored under a
fluorescence microscope (Olympus IX51 with DP70, USA).

Cell morphology and filopodia characterization. Cell morphology
and filopodia was investigated by a phalloidin-Hoechst 33342
staining assay. The cells were seeded in a 96-well plate at a density
of 104 cells/well for 24 h. After treatment, the cells were washed
with PBS and fixed with 4% paraformaldehyde in PBS for 10 min
at 37°C. Afterwards, cells were permeabilized with 0.1% Triton-
x100 in PBS for 4 min and blocked with 0.2% bovine serum
albumin (BSA) for 30 min. After blocking, cells were incubated
with a phalloidin-Hoechst 33342 in PBS, and mounted with 50%
glycerol. Cell morphology was assessed under a fluorescence
microscope (Olympus IX51 with DP70). Filopodia protrusion was
represented as the average number of filopodia per cell relative to
untreated cells in each field.

Western Blot. The cells were seeded at a density of 3x105 cells onto
60 mm? plates overnight. After treatments, the cells were washed
with cold PBS and incubated with a lysis buffer containing 20 mM
Tris-HCI (pH 7.5), 150 mM sodium chloride (NaCl), 10% glycerol,
1 mM sodium orthovanadate, 50 mM sodium fluoride, 1 mM
phenylmethylsulfonyl fluoride, and a protease inhibitor cocktail
(Roche Molecular Biochemicals, Indianapolis, IN, USA) for 30 min
on ice. Cell lysates were collected, and the protein content was
determined by using the BCA protein assay kit (Bio-Rad
Laboratories, Hercules, CA, USA). The amount of protein from each
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Figure 1. Structure of cycloartobiloxanthone.

sample (60 pg) was denatured by heating at 95°C for 5 min and
loaded onto 7.5-10% SDS-polyacrylamide gels. After separation, the
proteins were transferred onto 0.45 um nitrocellulose membranes
(Bio-Rad), and the transferred membranes were blocked in 5%
nonfat dry milk in TBST (25 mM Tris-HCl (pH 7.5), 125 mM NaCl,
0.05% Tween 20) for 1 h and subsequently incubated with a specific
1° antibody overnight at 4°C. Then, the membranes were washed
three times in 5 mins with TBST and incubated with horseradish
peroxidase (HRP) — conjugated anti-rabbit or anti-mouse IgG
isotype-specific secondary antibodies in 5% nonfat dry milk for 2 h
at room temperature. After three washes with TBST, the immune
complexes were detected using chemiluminescence (Supersignal
West Pico; Pierce, Rockford, IL, USA) and quantified using the
analyst/PC densitometry software (Bio-Rad).

Statistical analysis. Mean data from at least three independent
experiments was normalized to the results of the control group.
Statistical differences between two groups was determined by
Student’s z-test, and the use of an analysis of variance (ANOVA)
with a post-hoc test to compare the multiple groups at a significance
level of p<0.05. The data is presented as the mean+SD.

Results

Cytotoxic effect of cycloartobiloxanthone on human non-
small cell lung cancer H460 cells. The previous study (14)
suggests that cycloartobiloxanthone (Figure 1) has DPPH
free radical scavenging activity and inhibitory effect on
production of nitric oxide in murine macrophage-like cells
(14). However, scientific evidence regarding the anti-
metastasis activity of cycloartobiloxanthone is not known
and could be beneficial for the development of this
compound for further clinical study.

First, we characterized the cytotoxicity of cycloartobilo-
xanthone on human lung cancer H460 cells. Briefly, cells
were incubated in culturing medium in the presence or
absence of cycloartobiloxanthone (0-100 uM) for 24 h and
cell viability was analyzed by the MTT assay. Figure 2A
shows that cycloartobiloxanthone at the concentrations of
more than 20 pM causes a significant decrease in viability

of cancer cells, while the concentrations of less than 10 uM
showed no significant effect. Data analysis indicated that the
ICs of cycloartobiloxanthone was approximately 61.82 uM.
Furthermore, the apoptosis and necrosis of the cells were
evaluated by Hoechst33342 and propidium iodide nuclear
staining. The nuclear morphology study of control and
cycloartobiloxanthone-treated cells shown in Figure 2B and
C supported the above findings that apoptotic cell death was
detected in response to cycloartobiloxanthone at indicated
concentrations.

Cycloartobiloxanthone inhibits migration and invasion of H460
cells. This study aimed to investigate the anti-migration and
anti-invasion activities of cycloartobiloxanthone, the non-toxic
concentrations (0-10 uM) of the compound were then used to
treat cells. To examine the effect of cycloartobiloxanthone on
migration of the cells, a wound-healing assay was performed.
The confluent monolayer of H460 cells was scratched and cells
were cultured with or without non-toxic concentrations of
cycloartobiloxanthone (0-10 uM) for 24 and 48 h. Figures 3A
and B show that the incubation of cells with cycloarto-
biloxanthone at a concentration of 5 and 10 pM significantly
reduced the motility of H460 cells to the wound area, whereas
cycloartobiloxanthone at 1 uM had no significant effect on cell
migration in comparison to that of control at 24 and 48 h.
These results indicate that cycloartobiloxanthone possesses the
ability to inhibit cancer cell migration.

For invasion assay, H460 cells were added to a 24-well
transwell pre-coated with Matrigel and then treated with non-
toxic concentrations of cycloartobiloxanthone. As shown in
Figure 3C and D, cycloartobiloxanthone at all treated
concentrations significantly inhibited cancer cell invasion
through the Matrigel matrix.

Cycloartobiloxanthone inhibits filopodia formation in lung
cancer cells. During cell movement, the formation of
filopodia (plasma membrane protrusions) tends to increase
and it is involved in cancer cell migration (19). This study
further tested the effect of cycloartobiloxanthone on filopodia
formation. H460 cells were treated with 0-10 uM
cycloartobiloxanthone and phalloidin-labeled filopodia were
detected under fluorescence microscopy. The results show
that in untreated controls, cells showed several membrane
protrusions of filopodia (Figure 4A and B). Remarkably,
treatment with cycloartobiloxanthone significantly suppressed
filopodia formation in H460 cells when compared with
untreated cells. This data and the above findings suggest that
cycloartobiloxanthone not only has potential to decrease cell
migration and invasion but also reduce cellular filopodia.

Cycloartobiloxanthone inhibits FAK, CDC42 signaling and

suppresses integrin expression in H460 cells. To understand
the mechanism of cycloartobiloxanthone in suppression of
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Figure 2. Effect of cycloartobiloxanthone on cell viability of human lung cancer H460 cells. The cells were treated with 0-100 uM of
cycloartobiloxanthone for 24 h. A: Percentage of cell viability and cell apoptosis were analyzed by MTT assay and Hoechst 33342/propidium iodine
staining assays, respectively. B: Morphology of apoptotic nuclei stained with Hoechst 33342 and propidium iodide (PI). C: Percentage of apoptosis
cells were analyzed by staining with Hoechst 33342 and propidium iodide. Values are means of triplicate samples+SD.

cancer cell motility, the expression level and activation
status of proteins regulating cell motility such as FAK and
AKT, were investigated. 3x10° cells were seeded and
incubated with 0-10 pM cycloartobiloxanthone and the
expression of proteins was determined by western blotting.
Cycloartobiloxanthone significantly reduced on the level of
active FAK indicated by the reduction of p-FAK/FAK ratio
at the concentrations of 5-10 uM. The phosphorylation of
FAK at Tyr 397 activates its kinase activity that triggers
AKT signaling (17). We, thus, investigated the possible
effect of cycloartobiloxanthone on AKT activation. Figure
5C demonstrates that cycloartobiloxanthone had no
significant effect on phosphorylation of AKT at Ser 473
and AKT expression in a concentration-dependent manner.
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These findings suggested that cycloartobiloxanthone
inhibits cell migration via FAK dependent mechanism but
independent of the down-regulation of AKT and AKT at
Ser 473.

Interestingly, evidence suggests that the increasing of
filopodia at the boundary of moving cells is regulated by
Cdc42 (18). To test whether the decrease in the number of
filopodia protrusions involved Cdc42, cells were treated with
non-toxic concentrations for 24 h and determined by western
blotting. The result shows that Cdc42 was substantially
down-regulated when compared with untreated cells (Figure
5C). These findings suggested that cycloartobiloxanthone
reduces the migratory behavior of lung cancer cells via
Cdc42 attenuation and filopodia suppression.
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Figure 3. The effects of cycloartobiloxanthone on H460 cell migration and invasion. For migration assay, a wound-healing assay was performed.
Wound space was created by 1-mm tips and the cells were treated with sub-toxic concentrations of cycloartobiloxanthone for 24 and 48 h. For
invasion assays, the cells were seeded onto Matrigel coated membrane and treated with sub-toxic concentrations of cycloartobiloxanthone for
24 h. A: Wound space was pictured under a phase-contrast microscope at the 0, 24 and 48 h. B: The relative cell migration was analyzed by
comparison of the relative change in wound space of the control groups over that of the untreated control. C, D: The invaded cells were stained
with Hoechst 33342, pictured under a fluorescence microscopy, and the relative cell invasion was determined. The values are means of triplicate

samples+SD.; *p<0.05 versus untreated control.

Integrins are essential for cell invasion and migration in
cancer cells. Integrins activate kinases that phosphorylate
cytoskeletal proteins, regulating stress-fiber formation, cell
shape and migration (19). To study integrin proteins
involved in the ability of cycloartobiloxanthone to inhibit
cell motility, H460 cells were incubated with various
concentrations of the compound (0-10 uM) for 24 h and
migratory relating proteins were examined by Western blot
analysis. Figure 5A shows that while cycloartobiloxanthone
had only a minimal effect on the level of total integrin 1,
the treatment of cycloartobiloxanthone at concentrations of
5-10 uM significantly reduced the level of 33 and aV. In
addition, the level of o5 significantly reduced at all
concentrations (1-10 puM). These results suggest that
cycloartobiloxanthone attenuates lung cancer cell migration
and invasion through suppress levels of integrin expression
in H460 cells.

Cycloartobiloxanthone transforms cell from mesenchymal to
epithelium cell and up-regulates E-cadherin in H460 cells. E-
cadherin is a transmembrane protein that mediates homophilic
cell-cell interactions. E-cadherin actions as a tumor
suppressor inhibiting invasion and metastasis. Both
epithelial-mesenchymal transition (EMT) and mesenchymal—
epithelial transition (MET) are dependent on E-cadherin, and
cells undergoing MET will up-regulate E-cadherin resulted in
change morphology such as organized interactions among
cells and facilitating the formation of continuous cell layers
(20). To investigate cell morphology, cells were stained with
phalloidin and Hoechst33342 in different non-toxic
concentrations. Figure 6A shows that at 5 and 10 uM of
cycloartobiloxanthone cell were form continuous cell layers
and presence of tight junctions.

Furthermore, tumor progression is often associated with the
loss protein level of E-cadherin resulted in more motile and
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invasive (21). To investigate the effect of cycloartobiloxanthone
on E-cadherin in H460 cells, cells were treated with non-toxic
concentrations and then evaluate by western blot analysis. Our
results, shown in Figure 6B and C, revealed that cyclo-
artobiloxanthone at 5 and 10 uM significantly increased E-
cadherin in comparison to untreated controls. These data and the
above findings suggest that cycloartobiloxanthone has a positive
impact on cell morphology, involve up-regulation of E-cadherin.

Discussion
In order for cancer cells to metastasize and grow, cells must

invade and migrate into nearby tissues. Cancer metastasis is
the primary cause of death in cancer patients, especially in lung
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Figure 4. The effect of cycloartobiloxanthone on filopodia alteration. A:
Cells were treated with sub-toxic concentration. After treating for 24 h,
cells were stained with phalloidin. The filopodia were determined under
fluorescent microscope and filopodia are indicated by arrow. B: The
relative number of filopodia per cell was determined. The values are

means of triplicate samples+SD.; *p<0.05 versus untreated control.

cancer patients (19). Herein, we demonstrate that
cycloartobiloxanthone plays a role in inhibiting lung cancer cell
migration and invasion. Previous studies shown that nitric
oxide has ability to induce invasion and metastasis (22).
Cycloartobiloxanthone has inhibitory effect on nitric oxide
(14), therefore, cycloartobiloxanthone exhibited the inhibitory
effect on cell invasion and migration in lung cancer. The
migration of cancer cells involves multiple mechanistic
pathways and most of them involve the invasive function
including FAK (23), AKT (24) and Cdc42 (25). Cell migration
and invasion can be stimulated by FAK signaling pathways.
Similarly, previous studies exhibit that phosphorylation of FAK
at Tyr 397 is necessary for FAK to elevate in highly motile and
invasive cancer cells (26). Likewise, phosphorylation of PI3K
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Figure 5. The effect of cycloartobiloxanthone on intergrins, focal adhesion kinase (FAK), protein kinase B (AKT) and cell division cycle (Cdc42)
proteins. A: The cells were treated with 0-10 uM cycloartobiloxanthone for 24 h. The expressions of integrin aV, a5, 1 and (33 proteins were
determined by western blotting. B: The relative proteins were quantified by densitometry and mean data from three independent experiments were
presented. Values are means of samples+SD. (n=3); *p<0.05 versus untreated group. C: The cells were seeded and treated with 0-10 uM of
cycloartobiloxanthone for 24 h. The expression of pFAK (Tyr 397), FAK, pAKT (Ser 473), AKT and Cdc42 proteins were determined by western
blotting. D: The immunoblot signals were quantified by densitometry and mean data from three independent experiments were presented. Values

are means of samples+SD, (n=3); *p<0.05 versus untreated group.

by FAK may activate PI3K/Akt signaling pathway that was
shown to be associated with cell migration and invasion (27).
For instance, FAK has been shown to be capable of regulating
integrin-mediated signaling due to FAK is primarily recruited
to sites of integrin clustering via interactions between its C-
terminal domain and integrin-associated proteins such as talin
and paxillin (28). Recent data has suggested that integrins, a

class of cell surface adhesive receptors that are found as a af3
heterodimers, mediate many of cellular behaviors, especially
cell motility. In cancer cell biology, the alteration of these
proteins or integrins switch was shown to be important
metastasis (29). Integrin switch not only promotes NSCLC
migration and invasion but also promotes chemotherapeutic
drug resistance (30). The integrin expression pattern is
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Figure 6. The effect of cycloartobiloxanthone on mesenchymal and epithelium morphology and the expression of epithelium protein of human lung
cancer H460 cells. The cells were treated with 0-10 uM of cycloartobiloxanthone for 24 h. A: Morphology of mesenchymal and epithelium cells
stained with Hoechst 33342 and phalloidin. B: The cells were seeded and treated with 0-10 uM of cycloartobiloxanthone for 24 h. The expressions
of E-cadherin were determined by western blotting. C: The relative proteins were quantified by densitometry and mean data from three independent
experiments were presented. Values are means of samples+SD. (n=3); *p<0.05 versus untreated group.

regulated by cellular mechanisms responding to the
extracellular and microenvironmental signals. For instance, we
have provided evidence indicating that the exposure to sub
toxic concentration of anti-cancer drug cisplatin conferred up-
regulation of integrin 04, oV, B1 and 5 and increased lung
cancer cell motility (31). In particular, certain integrins have
been shown to play roles in enhancing cancer metastasis. The
suppression of such integrins could suppress cancer aggressive
behaviors. Previously, the down-regulation of [33-integrin
mediated by siRNA was shown to dramatically inhibited bone
metastasis of lung cancer (32).

Cdc42, this is a protein that in Rho GTPase family, is also
associated in filopodia formation which leads to migration
and invasion of cancer cells (33). Also, declined Cdc4?2
expression has been informed to inhibit cell migration (34).
In the present study, we found that treatment of lung cancer
H460 cells with cycloartobiloxanthone resulted in the
reduction of the cellular Cdc42 levels (Figure 5C and D),
along with the findings indicating that filopodia protrusions
were reduced in the cells treated with cycloartobiloxanthone
(Figure 4A and B). This compound may, at least in part,
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inhibit migration and invasion through Cdc42 suppression.

In addition, we provided evidence indicating that the
inhibitory effect of cycloartobiloxanthone on cancer cell
motility can also be attributed to up-regulated E-cadherin
(Figure 6B and C) which is a key mediator of cell-cell
adhesions in epithelial tissues, and loss of E-cadherin can
promote invasive and metastatic behavior in many epithelial
tumors (35).

In summary, this investigation reveals that cycloartobilo-
xanthone can inhibit migration and invasion of lung cancer
cells via suppression of activated FAK, Cdc42 and integrins;
therefore, antimigratory activity of cycloartobiloxanthone could
provide the basis for the future development of this compound
for antimetastasis therapy or used as adjuvant with standard
therapies to improve survival rate of patients with cancer.
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