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The primary reason for cancer-related fatalities is metastasis. The compound 4-carbomethoxyl-10-epigyrosanoldie E, derived from the
Sinularia sandensis soft coral species grown in cultures, exhibits properties that counteract inflammation. Moreover, it has been observed
to trigger both apoptosis and autophagy within cancerous cells. This research focuses on examining the inhibitory impact of 4-
carbomethoxyl-10-epigyrosanoldie E on the migration and invasion processes in Cal-27 and Ca9-22 oral cancer cell lines. To assess how
this compound affects cell migration and invasion, the Boyden chamber assay was employed. Furthermore, Western blot analysis was
utilized to explore the underlying molecular mechanisms. In a dose-dependent manner, 4-carbomethoxyl-10-epigyrosanoldie E notably
decreased the levels of matrix metalloproteinase-2 (MMP-2) and MMP-9, along with urokinase-type plasminogen activator (uPA), in
both Cal-27 and Ca9-22 cell lines. Conversely, it elevated the concentrations of tissue inhibitors of metalloproteinases-1 (TIMP-1) and
TIMP-2. In addition, the treatment with this compound led to the inhibition of phosphorylation in extracellular signal-regulated kinase
(ERK), p38, and c-Jun N-terminal kinase (JNK). It also curtailed the expression of several key proteins including focal adhesion kinase
(FAK), protein kinase C (PKC), growth factor receptor-bound protein 2 (GRB2), Rac, Ras, Rho A, mitogen-activated protein kinase
kinase kinase 3 (MEKK3), and mitogen-activated protein kinase kinase 7 (MKK?7). Furthermore, the expression levels of IQ-domain
GTPase-activating protein 1 (IQGAP1) and zonula occludens-1 (ZO-1) were significantly reduced by the compound. The ability of 4-
carbomethoxyl-10-epigyrosanoldie E to inhibit the migration and invasion of Cal-27 and Ca9-22 oral cancer cells was observed to be
dose dependent. This inhibitory effect is primarily attributed to the suppression of MMP-2 and MMP-9 expression, as well as the
downregulation of the mitogen-activated protein kinase (MAPK) signaling pathway.

1. Introduction [1]. Major risk factors contributing to the development of

oral cancer are the consumption of betel nuts, tobacco use,
Oral cancer most commonly develops from the squamous  and alcohol intake. These factors are linked to a higher
cells lining the mouth, with oral squamous cell carcinoma  prevalence of the disease in males compared to the study by
(OSCC) accounting for approximately 90% of these cases  [2]. Early detection of oral cancer is often possible through
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routine physical exams, during which healthcare pro-
fessionals look for early signs like white or red patches in the
mouth’s mucosa. The detection of any unusual lumps
through palpation can also be an indicator of oral cancer [3].

Metastasis is a major factor leading to death in cancer
patients, and its presence often signals how advanced the
disease is and how well treatments are working. Gaining
a deeper insight into the molecular processes that drive
metastasis is crucial for creating effective medications for
aggressive tumors [4]. Metastatic cancers, known for their
widespread distribution and distinct genetic traits, fre-
quently show resistance to conventional therapies. To ad-
dress this challenge, treatments such as immunotherapy and
chemotherapy are used systemically to curb the expansion of
metastatic cancer cells [5].

Multiple pathways play key roles in controlling cell
growth, differentiation, and cell death (apoptosis), and they
are often involved in the spread of cancer (metastasis). One
important pathway is the mitogen-activated protein kinase
(MAPK) pathway, which includes the JNK, p38 MAPK, and
ERK pathways. This pathway is critical in both the devel-
opment and progression of cancer. Therefore, targeting the
MAPK signaling pathway has become a major area of focus
in cancer research and in the creation of new cancer
treatments [6].

Soft corals from marine environments are notable for their
richness in bioactive compounds. These compounds exhibit
a range of biological activities including antimicrobial, anti-
neoplastic, ichthyotoxic, cytotoxic, antiviral, and anti-
inflammatory effects [7]. Among these, cembranoids, a cate-
gory of monocyclic diterpenoids, are frequently encountered as
secondary metabolites in both terrestrial and aquatic species.
Their primary attribute is cytotoxicity [8, 9]. In a pivotal study
by Lin et al. in 2014, the cembrane diterpenoid known as 11-
epi-sinulariolide acetate, extracted from Sinularia flexibilis,
a type of soft coral, was found to be effective in hampering cell
migration and invasion in hepatic cancer models [10]. Fol-
lowing this, a 2017 study by Neoh et al. explored another
cembrane diterpenoid, flaccidoxide-13-acetate, sourced from
Cladiella kashmani. This compound exhibited inhibitory effects
on the migration and invasion of human bladder cancer cells
[11]. Subsequently, in 2018, a research led by Tsai et al
identified the cembrane-type diterpenoid 7-acetylsinumaximol
B from Sinularia sandensis, demonstrating its apoptosis-
inducing potential in gastric cancer cell lines [12].

In recent research, Chen et al. in 2020 identified that
extracts from the cultured soft coral Sinularia flexibilis,
specifically cembrane diterpenoids, exhibit cytotoxic prop-
erties against cancer cells and also possess properties
counteracting acne [13]. Furthermore, a novel cembranoid,
4-carbomethoxyl-10-epigyrosanoldie E, derived from the
cultured Sinularia sandensis species of soft coral, was found
to have significant anti-inflammatory effects [14]. Expanding
upon this, She et al. in 2022 revealed that this cembranoid
not only induces apoptosis in oral cancer cells but also
triggers autophagy. Their findings suggested that this dual
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effect is primarily due to mitochondrial dysfunction and
endoplasmic reticulum stress, leading to cell cycle arrest and
subsequent apoptosis [15].

In our current research, we delve into the influence and
underlying mechanisms of 4-carbomethoxyl-10-epigyr-
osanoldie E on the migration and invasion processes in oral
cancer cells. This investigation aims to contribute valuable
insights to the field of antitumor drug development, po-
tentially guiding the creation of novel therapeutic agents.

2. Materials and Methods

2.1. Chemicals and Reagents. The compound 4-carbome-
thoxyl-10-epigyrosanoldie E was extracted from the cultured
soft coral species Sinularia sandensis, following a previously
described method [15] and was dissolved in dimethyl
sulfoxide (DMSO). Dulbecco’s modified Eagle’s medium,
FBS (fetal bovine serum), penicillin, and streptomycin were
sourced from Gibco BRL (Grand Island, NY, USA). The
MTT reagent and other standard chemicals were acquired
from Sigma-Aldrich Corporation (St Louis, MO, USA).
Rabbit anti-human S-actin antibody and goat anti-rabbit
IgG-conjugated horseradish peroxidase were procured from
EMD Millipore (Billerica, MA, USA). For Western blot HRP
detection, we used the chemiluminescent substrate from
Pierce (Rockford, IL, USA). We obtained rabbit antibodies
against human MEKK3, MKK7, GRB2, FAK, Ras, and RhoA
from Epitomics Inc. (Burlingame, CA, USA); antibodies
against human TIMP-1 and TIMP-2 from ProteinTech
Group Inc. (Rosemont, IL, USA); and antibodies against
human MMP-2, MMP-9, uPA, ERK and phosphorylated-
ERK, P38 and phosphorylated-P38, JNK and
phosphorylated-JNK, and c-Jun and phosphorylated-c-Jun
from Cell Signaling Technology Inc. (Danvers, MA, USA).

2.2. Cell Culture. Oral squamous cell carcinoma cells, Cal-27
and Ca9-22, were obtained from the Taiwan Food Industry
Research and Development Institute (Hsinchu, Taiwan).
These cells were maintained at 37°C in a 5% CO, envi-
ronment, using Dulbecco’s modified Eagle’s medium
(DMEM) supplemented with 10% FBS (v/v), 100 units/ml of
penicillin, and 100 yg/ml streptomycin. For the experiments
involving the compound, cells were exposed to a DMSO
vehicle as a control comparison.

2.3. Measurement of Cell Viability. Cell viability was eval-
uated using the MTT assay. To test the cytotoxic effects of
drug treatments, cells seeded in 24-well plates were ex-
posed to various concentrations of 4-carbomethoxyl-10-
epigyrosanoldie E (2.5, 5, 7.5, and 10 uM). Following a 24-
hour incubation period, MTT solution (I mg/ml) was
added to each well and allowed to incubate for another
3 hours. Subsequently, the culture medium was removed,
and the cells were solubilized in DMSO with a 10-minute
shaking. Optical density (OD) values were then measured
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using a microplate reader (Bio-Rad, Hercules, CA, USA).
This procedure was conducted in triplicate for each
experiment.

2.4. Cell Migration and Invasion Assay. Cell migration was
assessed using a technique as previously described in the
method by [16]. We seeded 5 x 10* cells, treated with the
drug in serum-free media, into a Boyden chamber (Neuro
Probe; Cabin John, MD, USA). These were then incubated at
37°C for 24 hours, allowing migrating cells to move through
the membrane.

To evaluate cell invasion, we employed a method in-
volving Transwell inserts with 8 yum pore-size polycarbonate
membrane filters, precoated with 0.5 mg/mL Matrigel, as
previously described [16]. Cells suspended in serum-free
media were placed in the upper chamber, while the lower
chamber contained serum-enriched media. Following the
incubation period, membranes from the bottom chamber
were washed with PBS and treated with 1 mg/ml MTT so-
lution and then incubated at 37°C for an hour. The resultant
formazan crystals were dissolved in DMSO, and absorbance
was measured at 550 nm.

2.5. Determination of MMP-2/-9 Activities by Gelatin
Zymography. The activity of MMP-2/-9 enzymes was ana-
lyzed using gelatin zymography, as outlined in [17]. Cells
were treated with varying concentrations of the drug for
24 hours, after which the culture media were gathered and
concentrated using a speed vacuum. The concentrated
samples were then run on a 10% native PAGE gel that
included 0.2% gelatin. Postelectrophoresis, the gels un-
derwent three wash cycles with a buffer containing 100 mM
NaCl, 2.5% Triton X-100, and 50 mM Tris-HCI at pH 7.5.
The gels were then incubated in a reaction buffer (200 mM
NaCl, 1 mM CaCl,, 0.02% NaN3, 1 yuM ZnCl,, 2% Triton X-
100, 50 mM Tris-HCI buffer, and pH 7.5) for 24 hours at
37°C. Postincubation, gels were stained using Coomassie
blue R-250 and then destained. The MMP-2/-9 activity was
quantified using Image ] software (NIH, MD, USA).

2.6. Immunoblotting Analysis. Poststimulation, the cells
were washed twice using ice-cold PBS and then lysed with
100 uL of lysis buffer (containing 20 mM Tris/HCI pH 7.5,
125mM NaCl, 1% Triton X-100, 1mM MgCl,, 25mM
B-glycerophosphate, 50 mM NaF, 100 uM Na3;VO,4 1mM
PMSF, 10 yg/mL leupeptin, and 10 yg/mL aprotinin). The
proteins were denatured, run on a 10% SDS-PAGE, and then
transferred to a PVDF membrane. The membrane was
blocked for nonspecific interactions using TBST (50 mM
Tris-HCI, pH 7.5, 150 mM NaCl, and 0.1% Tween 20) with
5% nonfat milk for 1 hour at room temperature. Following
the primary antibody incubation, the membranes un-
derwent three TBST washes and were incubated with the
secondary antibody for 1hour. After another set of three
washes in TBST, protein bands were visualized using ECL®
reagent.

2.7. Statistical Evaluation. In this research, measurement
values are presented as the average + standard error of the
mean (S.E.M.) from a minimum of three independent ex-
periments, each conducted in duplicate. To determine the
statistical relevance of the differences observed, analysis of
variance (ANOVA) was utilized. A P value of less than 0.05
was deemed to be statistically significant.

3. Results

3.1. Inhibitory Effects of 4-Carbomethoxyl-10-Epigyrosanoldie
E on Cell Migration and Invasion. Tests examining cell
toxicity and structure revealed that the compound 4-car-
bomethoxyl-10-epigyrosanoldie E effectively reduced cell
growth in both Ca9-22 and Cal-27 cell lines [15]. To prevent
low cell viability due to high concentrations of 4-carbo-
methoxyl-10-epigyrosanoldie E, we used doses ranging from
0 to 10 M in our experiments. We assessed the impact of 4-
carbomethoxyl-10-epigyrosanoldie E on the movement and
invasion abilities of Cal-27 and Ca9-22 oral cancer cells
using a Boyden chamber. For cell migration, we tested the
compound at various concentrations (2.5, 5, 7.5, and 10 uM)
and observed an increase in its inhibitory effect with higher
concentrations. This inhibition followed a dose-dependent
pattern, where cell migration activity was reduced to only
20% and 15% at a concentration of 10 uM in Cal-27 and Ca9-
22 cells, respectively (Figure 1(a)). Regarding cell invasion,
we used the same range of concentrations for the tests. The
findings indicated that as the concentration of 4-carbome-
thoxyl-10-epigyrosanoldie E increased, there was a notable
reduction in the invasion capabilities of both Cal-27 and
Ca9-22 cells. This demonstrated a pattern where the extent
of inhibition was dependent on the concentration of the
compound (Figure 1(b)). At a concentration of 10 uM, the
compound reduced the invasion activity to just 10% in Cal-
27 cells and 8% in Ca9-22 cells, suggesting its effectiveness in
hindering the invasion of oral cancer cells. These results
indicate that 4-carbomethoxyl-10-epigyrosanoldie E po-
tentially impacts both the migration and invasion abilities of
Cal-27 and Ca9-22 oral cancer cells.

3.2. Effects of 4-Carbomethoxyl-10-Epigyrosanoldie E on the
Expression Levels of MMP-2, MMP-9, uPAR, TIMP-1, and
TIMP-2. MMP-2 and MMP-9 are part of the matrix met-
alloproteinase (MMP) family, known for their ability to
break down polymeric collagen and the extracellular matrix
(ECM), factors linked to cancer metastasis and angiogenesis.
The activities of MMP-2 and MMP-9 were assessed through
gelatin zymography. The analysis revealed a decline in the
activities of MMP-2 and MMP-9 with increasing concen-
trations of 4-carbomethoxyl-10-epigyrosanoldie E (2.5, 5,
7.5, and 10uM) (data not shown), suggesting that the
compound effectively inhibits these enzymes. Subsequently,
we explored the impact of 4-carbomethoxyl-10-epigyr-
osanoldie E on the expression of MMP-2, MMP-9, and other
related proteins in cell migration and invasion, utilizing
Western blot analysis for this purpose.
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FIGURE 1: 4-Carbomethoxyl-10-epigyrosanoldie E inhibits Cal-27 and Ca9-22 cell migration (a) and cell invasion (b). Control means cells
were treated with DMSO vehicle control (n=3; three independent experiments) (*p <0.05 and * p < 0.001).



Advances in Pharmacological and Pharmaceutical Sciences

Figure 2 illustrates that in both Cal-27 and Ca9-22 cells,
the levels of MMP-2, MMP-9, and uPA were reduced as the
concentration of 4-carbomethoxyl-10-epigyrosanoldie E
increased. In contrast, the levels of TIMP-1 and TIMP-2
showed an increase.

3.3. Effects of 4-Carbomethoxyl-10-Epigyrosanoldie E on the
MAPK Signaling Pathway. The mitogen-activated protein
kinase (MAPK) pathway plays a vital role in cellular pro-
cesses such as growth, differentiation, and development.
Dysregulation of this pathway can lead to improper cell
differentiation and apoptosis, potentially causing cells to
transform malignantly and proliferate uncontrollably. An
altered MAPK pathway could thus enhance the metastatic
and invasive capabilities of cancer cells. Western blot
analysis revealed that in Cal-27 and Ca9-22 cells treated with
4-carbomethoxyl-10-epigyrosanoldie E, the overall MAPK
protein levels remained relatively unchanged. However, the
phosphorylation of JNK, c-Jun, P38, and ERK decreased as
the concentration of 4-carbomethoxyl-10-epigyrosanoldie E
increased (Figure 3). Since activated MAPK proteins are
known to promote cancer cell proliferation, antiapoptosis,
and tumor spread, these findings suggest that 4-carbome-
thoxyl-10-epigyrosanoldie E could influence cancer cell
migration and invasiveness through the MAPK pathway.

3.4. Effects of 4-Carbomethoxyl-10-Epigyrosanoldie E on the
Expression of Cell Migration- and Invasion-Associated
Proteins. We further investigated how 4-carbomethoxyl-10-
epigyrosanoldie E impacts the levels of proteins such as FAK,
PKC, GRB2, Rac, Ras, RhoA, MEKK3, and MKK7, which are
upstream regulators in the MAPK pathway and play a role in
controlling the expression of MMPs involved in cancer cell
metastasis. Western blot analysis revealed a decrease in the
expression of these upstream MAPK molecules with higher
doses of 4-carbomethoxyl-10-epigyrosanoldie E, indicating
their potential link to reduced cell migration and invasion.
Moreover, the study also showed that at elevated con-
centrations of the compound, the levels of other metastasis-
related proteins, such as IQGAPI and ZO-1, were signifi-
cantly diminished. However, the expression of SLUG
remained unchanged, as illustrated in Figure 4(b).

4. Discussion

Cancer’s ability to migrate to different body parts, termed
metastasis, is a primary reason for cancer-related deaths.
This process allows cancer cells to enter the bloodstream,
reach distant organs, and establish new malignant growths.
Understanding the intricate process of metastasis is crucial
for effectively managing the spread of cancer cells. Our
research indicates that the compound 4-carbomethoxyl-10-
epigyrosanoldie E demonstrates inhibitory effects on the
migration and invasion of Cal-27 and Ca9-22 cells, partic-
ularly at concentrations above 5 uM.

MMPs, which are proteases containing zinc ions, play
a key role in degrading components of the extracellular
matrix, including collagen, laminin, and proteoglycans. This

process is vital in facilitating the metastasis of cancer cells
[18]. Earlier studies have shown that extracts from Dioscorea
nipponica Makino (DNE) suppress the activity of the matrix
metalloproteinase-2 (MMP-2) enzyme, as well as its RNA
and protein levels, in oral cancer cell lines Ca9-22 and Cal-27
[19]. In studies using mice lacking MMP-9, there was
a notable reduction in metastatic colony formation from
melanoma and carcinoma cells [20]. High levels of MMP-2,
MMP-9, and vascular endothelial growth factor (VEGF)
have been closely linked to cell growth, dissemination,
metastasis, and the development of new blood vessels in
gastric cancer [21]. The interaction between matrix metal-
loproteinases (such as MMP-2 and MMP-9) and VEGF is
a key focus in cancer research, given their combined impact
on cancer progression and metastasis. VEGF, a vital
angiogenesis-promoting signaling protein, is overexpressed
in many cancers, aiding in tumor growth and metastasis by
fostering new blood vessel formation.

Research has demonstrated that dihydromyricetin im-
pedes cell migration and MMP-2 expression in human
nasopharyngeal carcinoma, with this action mediated
through the ERK1/2 signaling pathway [22]. In addition,
there is an interactive relationship among EGF, growth
factor, metallothionein 2A, and MMPs in malignant tumors.
Dias and colleagues found that reducing metallothionein 2A
levels using siRNA lowered MMP-9 and EGF protein levels,
leading to decreased proliferation, migration, and invasion
in human oral squamous cell carcinoma cells [23]. Tissue
inhibitors of metalloproteinases (TIMPs) regulate MMPs,
and changes in TIMP levels are crucial as they directly affect
MMP activity. Monitoring changes in the MMP/TIMP
profile could help predict the effectiveness of cancer
treatments [24].

Neoh et al. found that an extract from soft coral, flac-
cidoxide-13-acetate, curbed migration and invasion in T24
and RT4 human bladder cancer cells. They observed an
increase in TIMP-1 and TIMP-2 protein levels alongside
heightened flaccidoxide-13-acetate concentrations, while
MMP-2 and MMP-9 expressions declined simultaneously
[11]. In addition, the urokinase-type plasminogen activator
(uPA) receptor (uPAR), known for its high expression in
aggressive tumors, showed a drop in levels, signifying
treatment efficacy [25]. In our study, increasing amounts of
4-carbomethoxyl-10-epigyrosanoldie E led to a 5.3-fold
decrease in MMP-2 and a 4.25-fold decrease in MMP-9,
while TIMP-1 and TIMP-2 expressions rose 8-fold and 3-
fold, respectively, as shown in Figure 2. These findings imply
that 4-carbomethoxyl-10-epigyrosanoldie E can hinder the
migration and invasion of Cal-27 and Ca9-22 oral cancer
cells. Given the crucial role of MMP-2 and MMP-9 in tumor
migration and invasion, research has substantiated that
inhibiting the MAPK (JNK/P38/ERK) pathway and re-
ducing MMP-2, MMP-9, and uPA protein expression can
effectively prevent cancer cell migration and invasion
[26-28].

The influence of 4-carbomethoxyl-10-epigyrosanoldie E
on cell metastasis and invasion, potentially via the MAPK
signaling pathway, was investigated in Cal-27 and Ca9-22
oral cancer cells. Western blot analysis revealed that as the
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FIGURE 2: 4-Carbomethoxyl-10-epigyrosanoldie E suppressed the expressions of MMP-2, MMP-9, and uPAR protein and augmented the
expressions of TIMP-1 and TIMP-2 protein. The expression levels of MMP-2, MMP-9, uPAR, TIMP-1, and TIMP-2 were analyzed by
Western blotting. The total cell lysates of Cal-27 and Ca9-22 cells treated with 4-carbomethoxyl-10-epigyrosanoldie E, respectively, were
analyzed. C means cells were treated with DMSO vehicle only. 3-Actin was used as the protein loading control.

concentration of 4-carbomethoxyl-10-epigyrosanoldie E
increased, there was a reduction in the expression of
phosphorylated forms of JNK, c¢-Jun, P38, and ERK (Fig-
ure 3). This suggests that the compound may impede cancer
cell migration and invasion by targeting the MAPK pathway.
Similarly, sinulariolide, extracted from Sinularia flexibilis,
has been shown to suppress MMP-2 and MMP-9 expression
via the MAPK pathway in liver and gastric cancer cells,
thereby diminishing cancer cell migration and invasion
[29, 30]. Marine soft corals, including compounds such as
11-epi-sinulariolide acetate [10], flaccidoxide-13-acetate
[11], 7-acetylsinumaximol B [12], and 4-carbomethoxyl-10-
epigyrosanoldie E, are known for their rich bioactive sec-
ondary metabolites, particularly cembrane diterpenoids with
cytotoxic properties. In addition, triterpenes from Gano-
derma lucidum have been found to trigger apoptosis in lung
cancer and other tumors [31].

FAK plays critical roles in cell adhesion and migration.
Research by Chan et al. indicated that reducing FAK levels
may lead to lower invasion rates in breast cancer cells [32].
Multiple studies have demonstrated that FAK inhibitors can
lessen tumor growth and metastasis, with FAK known to
regulate MMP expression in tumor cells and promote their
survival, migration, proliferation, and angiogenesis [33].
Sieg et al. found that reintroducing FAK into FAK-deficient
cells restored their migration capabilities by integrating

growth factor and integrin signals [34]. Our study revealed
that 4-carbomethoxyl-10-epigyrosanoldie E suppresses FAK
protein expression in oral cancer cells, impacting down-
stream MAPK proteins and MMPs (Figure 4). In addition,
the compound reduced the expression of proteins involved
in cancer cell migration and invasion, such as PKC, GRB2,
Rac, Rho A, Ras, MKK7, and MEKK3. FAK has been
suggested to activate PKC, with its overexpression en-
hancing cell proliferation through the PKC pathway [35].
Schlaepfer and Hunter’s studies showed that FAK phos-
phorylation enables its binding to Grb2, which then activates
the downstream Ras signal [36]. Grb2 is crucial for linking
cell surface receptors to downstream proteins, playing a key
role in cell cycle progression and actin-based cell motility
[37]. Cell migration involves the cooperative action of GTP-
binding proteins Rho and Rac, with Rho promoting actin
polymerization and contraction and Rac managing pseu-
dopod and membrane ruffle formation, thereby orches-
trating the dynamic interaction between actin and cell
adhesion [38]. Our findings confirm that 4-carbomethoxyl-
10-epigyrosanoldie E inhibited both Rho and Rac, reducing
oral cancer cell migration and invasion.

Metastasis in oral cancer, like in many other types of
cancer, is a complex and multifactorial process involving
varjous signaling pathways and mechanisms. While the
MAPK (mitogen-activated protein kinase) signaling
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FIGURE 3: 4-Carbomethoxyl-10-epigyrosanoldie E regulated the expression levels of the MAPK signaling pathway. Western blotting analysis
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pathway is one of the pathways associated with cancer
metastasis, there are several other pathways and factors
involved. For example, curcumin was reported to shown
anti-inflammatory, antioxidant, and antitumor activities
with therapeutic benefits against various cancers. It can
regulate multiple signaling pathways, such as PI3K/Akt,
Wnht/beta-catenin, JAK/STAT, p53, MAPKs, and NF-kB,
which are involved in cancer cell proliferation, metastasis,
apoptosis, angiogenesis, and autophagy [39]. Another po-
tential pathway is the Notch signaling pathway which is an
evolutionarily ancient mechanism which intricated in cell-
cell communication and it plays a crucial role in various
developments in malignancies. Inactivating mutations of
Notch targets are present in about 10% of the cases of
squamous cell carcinoma of the skin, oral cavity, and
esophagus, rendering it one of the most frequently mutated
genes in oral squamous cell carcinoma [40]. Curcumin has
also been shown to inhibit migration and invasion in rodent
retina ganglion N18 cells by suppressing RhoA, MMP-2, and

MMP-9 expression [41]. RhoA is known to trigger MMP-9
expression in human microvascular endothelial cells, pro-
moting cell migration and invasion [42]. Thus, when 4-
carbomethoxyl-10-epigyrosanoldie E inhibits RhoA ex-
pression, this leads to a decrease in MMP-2 and MMP-9
levels, impacting the migration and invasion of Cal-27 and
Ca9-22 oral cancer cells. Thant et al. noted that Ras regulates
MMP expression [43]. Our findings also indicate that 4-
carbomethoxyl-10-epigyrosanoldie E treatment inhibits Ras
expression in oral cancer cells, affecting downstream MMP
proteins and reducing cancer cell migration and invasion.

The migration of cancer cells is influenced by the
IQGAP1 protein. Research by Chellini et al. indicated that
the silencing of IQGAP1 led to reduced cell mobility due to
its disrupted interaction with beta-catenin [44]. SLUG,
a zinc finger transcription factor, functions as a transcrip-
tional repressor. Hajra et al. demonstrated that SLUG’s
binding to E-box elements in the E-cadherin promoter
suppressed E-cadherin transcription, impacting breast
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FIGURE 4: 4-Carbomethoxyl-10-epigyrosanoldie E reduced the expression levels of proteins associated with cell migration and invasion.
(a) Western blotting analysis examined the expression levels of FAK, PKC, GRB2, Rac, Ras, RhoA, MEKK3, and MKK?7 in Cal-27 and Ca9-

22 cells treated with 4-carbomethoxyl-10-epigyrosanoldie E (2.5-10

uM), respectively. (b) Expression levels of IQGAP1, SLUG, and ZO-1in

Cal-27 and Ca9-22 cells treated with 4-carbomethoxyl-10-epigyrosanoldie E (2.5-10 uM), respectively. C means cells were treated with
DMSO vehicle only. -Actin was used as the protein loading control.

cancer cell growth [45]. ZO-1, crucial in regulating tight
junctions, plays a role in cell transformation and migration
[46]. Our study found that 4-carbomethoxyl-10-epigyr-
osanoldie E significantly reduced the expression of IQGAP1
and ZO-1 (as shown in Figure 4(b)), which in turn

suppressed cell migration. However, SLUG expression
remained unchanged, suggesting a reduced proliferation
ability. These findings elucidate how 4-carbomethoxyl-10-
epigyrosanoldie E inhibits cell migration and invasion in
oral cancer cells.
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FIGURE 5: The mechanism of 4-carbomethoxyl-10-epigyrosanoldie
E inhibition of Cal-27 and Ca9-22 oral cancer cell migration and
invasion mediated by the MAPK pathway.

5. Conclusion

The compound 4-carbomethoxyl-10-epigyrosanoldie E,
derived from the cultured soft coral Sinularia sandensis,
effectively reduced migration and invasion of Cal-27 and
Ca9-22 oral cancer cells, showing concentration-dependent
effects. As depicted in Figure 5, its regulatory action pri-
marily involves targeting upstream proteins such as FAK,
Grb2, Ras, and RhoA, leading to the inhibition of the MAPK
pathway. Consequently, this results in decreased levels of
MMP-2, MMP-9, and uPAR proteins, curtailing the mi-
gratory and invasive capabilities of these oral cancer cells.
While in vitro cell line studies are fundamental for pre-
liminary research, they might not completely mirror the
complexity found in vivo. Our findings indicate the potential
of 4-carbomethoxyl-10-epigyrosanoldie E as an oral cancer
metastasis treatment, though caution is advised in extrap-
olating these results to whole organisms. Further research,
including animal studies or clinical trials, is necessary to
confirm and expand upon our in vitro observations.

Data Availability

The data generated used to support the findings of this study
are included within the article.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Authors’ Contributions

YJW and WTW conceived, designed, and performed the
experiments. JHS isolated and identified the compound.
FRY, YWL, YGG, and JJL performed the experiments and
analyzed the data. YJW and WTW wrote the paper. All
authors have read and approved the final manuscript.
Wen-Tung Wu and Yu-Jen Wu equally shared their con-
tributions to this research.

Acknowledgments

This study was supported in part by research grants from the
Ministry of Science and Technology (MOST 108-2320-B-
276-001) to YJW.

References

[1] Q. Wang and D. W. Hou, “Research progress in pathogenesis
of Oral squamous cell carcinoma,” Journal of Oral Science
Research, vol. 34, no. 11, pp. 1164-1167, 2018.

[2] F. Vargas-Ferreira, F. Nedel, A. Etges, A. P. N. Gomes,

C. Furuse, and S. B. C. Tarquinio, “Etiologic factors associated

with oral squamous cell carcinoma in non-smokers and non-

alcoholic drinkers: a brief approach,” Brazilian Dental Jour-

nal, vol. 23, no. 5, pp. 586-590, 2012.

K. Hema Shree, P. Ramani, H. Sherlin et al., “Saliva as a di-

agnostic tool in oral squamous cell carcinoma-a systematic

review with meta analysis,” Pathology and Oncology Research,

vol. 25, no. 2, pp. 447-453, 2019.

[4] C. A. C. Klein, “The metastasis cascade,” Science, vol. 321,
no. 5897, pp. 1785-1787, 2008.

[5] K. Omura, “Current status of oral cancer treatment strategies:
surgical treatments for oral squamous cell carcinoma,” In-
ternational Journal of Clinical Oncology, vol. 19, no. 3,
pp. 423-430, 2014.

[6] J. S. Sebolt-Leopold, “Development of anticancer drugs tar-
geting the MAP kinase pathway,” Oncogene, vol. 19, no. 56,
pp. 6594-6599, 2000.

[7] P.Radhika, “Chemical constituents and biological activities of
the soft corals of genus Cladiella: a review,” Biochemical
Systematics and Ecology, vol. 34, no. 11, pp. 781-789, 2006.

[8] X. Yan, J. Liu, X. Leng, and H. Ouyang, “Chemical diversity
and biological activity of secondary metabolites from soft
coral genus Sinularia since 2013,” Marine Drugs, vol. 19, no. 6,
p. 335, 2021.

[9] C. A. Gray, M. T. Davies-Coleman, and M. H. Schleyer,
“Cembrane diterpenes from the southern african soft coral
cladiella k ashmani,” Journal of Natural Products, vol. 63,
no. 11, pp. 1551-1553, 2000.

[10] J. J. Lin, J. H. Su, C. C. Tsai, Y. J. Chen, M. H. Liao, and
Y. J. Wu, “11-epi-Sinulariolide acetate reduces cell migration
and invasion of human hepatocellular carcinoma by reducing
the activation of ERK1/2, p38MAPK and FAK/PI3K/AKT/
mTOR signaling pathways,” Marine Drugs, vol. 12, no. 9,
pp. 4783-4798, 2014.

[11] C. A. Neoh, W. T. Wu, G. F. Dai et al., “Flaccidoxide-13-
acetate extracted from the soft coral cladiella kashmani re-
duces human bladder cancer cell migration and invasion
through reducing activation of the FAK/PI3K/AKT/mTOR
signaling pathway,” Molecules, vol. 23, no. 1, p. 58, 2017.

[12] T. C. Tsai, K. H. Lai, J. H. Su, Y. J. Wu, and J. H. Sheu, “7-
Acetylsinumaximol B induces apoptosis and autophagy in

[3



10

(13]

(14

(15

(16

[17

(18]

(19]

[20

[21

(22]

(23]

[24]

[25]

human gastric carcinoma cells through mitochondria dys-
function and activation of the PERK/elF2a/ATF4/CHOP
signaling pathway,” Marine Drugs, vol. 16, no. 4, p. 104, 2018.
L. W. Chen, H. L. Chung, C. C. Wang, J. H. Su, Y. J. Chen, and
C. J. Lee, “Anti-acne effects of cembrene diterpenoids from
the cultured soft coral Sinularia flexibilis,” Marine Drugs,
vol. 18, no. 10, p. 487, 2020.

T. C. Tsai, H. Y. Chen, J. H. Sheu et al., “Structural elucidation
and structure-Anti-inflammatory activity relationships of
cembranoids from cultured soft corals Sinularia sandensis and
Sinularia flexibilis,” Journal of Agricultural and Food Chem-
istry, vol. 63, no. 32, pp. 7211-7218, 2015.

Y. Y. She, J. J. Lin, J. H. Su, T. S. Chang, and Y. J. Wu, “4-
Carbomethoxyl-10-Epigyrosanoldie E extracted from cul-
tured soft coral Sinularia sandensis induced apoptosis and
autophagy via ROS and mitochondrial dysfunction and ER
stress in oral cancer cells,” Oxidative Medicine and Cellular
Longevity, vol. 2022, Article ID 3017807, 11 pages, 2022.

C. B. Yeh, M. J. Hsieh, Y. S. Hsieh et al., “Terminalia catappa
exerts antimetastatic effects on hepatocellular carcinoma
through transcriptional inhibition of  matrix
metalloproteinase-9 by modulating NF-xB and AP-1 activity,”
Evidence-based complementary and alternative medicine
ecam, vol. 2012, Article ID 595292, 11 pages, 2012.

K. Chen, S. Zhang, Y. Ji et al., “Baicalein inhibits the invasion
and metastatic capabilities of hepatocellular carcinoma cells
via down-regulation of the ERK pathway,” PLoS One, vol. 8,
no. 9, 2013.

E. I Deryugina and J. P. Quigley, “Matrix metalloproteinases
and tumor metastasis,” Cancer and Metastasis Reviews,
vol. 25, no. 1, pp. 9-34, 2006.

M. H. Chien, T. H. Ying, Y. S. Hsieh et al., “Dioscorea
nipponica Makino inhibits migration and invasion of human
oral cancer HSC-3 cells by transcriptional inhibition of matrix
metalloproteinase-2 through modulation of CREB and AP-1
activity,” Food and Chemical Toxicology, vol. 50, no. 3-4,
pp. 558-566, 2012.

T. Itoh, M. Tanioka, H. Matsuda et al., “Experimental me-
tastasis is suppressed in MMP-9-deficient mice,” Clinical and
Experimental Metastasis, vol. 17, no. 2, pp. 177-181, 1999.
H. Zheng, H. Takahashi, Y. Murai et al., “Expressions of
MMP-2, MMP-9 and VEGF are closely linked to growth,
invasion, metastasis and angiogenesis of gastric carcinoma,”
Anticancer Research, vol. 26, no. 5A, pp. 3579-3583, 2006.
C. C. Huang, C. W. Su, P. H. Wang et al., “Dihydromyricetin
inhibits cancer cell migration and matrix metalloproteinases-
2 expression in human nasopharyngeal carcinoma through
extracellular signal-regulated kinase signaling pathway,”
Environmental Toxicology, vol. 37, no. 5, pp. 1244-1253, 2022.
A. M. Dias, R. P. de Mendonga, M. S. da Silva Kataoka,
R. G. Jaeger, J. de Jesus Viana Pinheiro, and
S. de Melo Alves Junior, “Downregulation of metallothionein
2A reduces migration, invasion and proliferation activities in
human squamous cell carcinoma cells,” Molecular Biology
Reports, vol. 49, no. 5, pp. 3665-3674, 2022.

B. Gentner, A. Wein, R. S. Croner et al., “Differences in the
gene expression profile of matrix metalloproteinases (MMPs)
and their inhibitors (TIMPs) in primary colorectal tumors
and their synchronous liver metastases,” Anticancer Research,
vol. 29, no. 1, pp. 67-74, 2009.

P. A. Andreasen, L. Kjoller, L. Christensen, and M. J. Duffy,
“The urokinase-type plasminogen activator system in cancer
metastasis: a review,” International Journal of Cancer, vol. 72,
no. 1, pp. 1-22, 1997.

Advances in Pharmacological and Pharmaceutical Sciences

(26]

(27]

(28]

[29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

C. Gialeli, A. D. Theocharis, and N. K. Karamanos, “Roles of
matrix metalloproteinases in cancer progression and their
pharmacological targeting,” FEBS Journal, vol. 278, no. 1,
pp. 16-27, 2011.

H. Kim, C. S. Kong, and Y. Seo, “Salidroside 8(E)-Nuezhenide,
and ligustroside from ligustrum japonicum fructus inhibit
expressions of MMP-2 and -9 in HT 1080 fibrosarcoma,”
International Journal of Molecular Sciences, vol. 23, no. 5,
p. 2660, 2022.

Y. C. Chuang, M. C. Hsieh, C. C. Lin et al., “Pinosylvin in-
hibits migration and invasion of nasopharyngeal carcinoma
cancer cells via regulation of epithelial-mesenchymal transi-
tion and inhibition of MMP-2,” Oncology Reports, vol. 46,
no. 1, pp. 143-210, 2021.

Y. J. Wu, C. A. Neoh, C. Y. Tsao, J. H. Su, and H. H. Li,
“Sinulariolide suppresses human hepatocellular carcinoma
cell migration and invasion by inhibiting matrix metal-
loproteinase-2/-9 through MAPKs and PI3K/Akt signaling
pathways,” International Journal of Molecular Sciences, vol. 16,
no. 7, pp. 16469-16482, 2015.

Y. J. Wy, S. H. Lin, Z. H. Din, J. H. Su, and C. 1. Liu,
“Sinulariolide inhibits gastric cancer cell migration and in-
vasion through downregulation of the EMT process and
suppression of FAK/PI3K/AKT/mTOR and MAPKs signaling
pathways,” Marine Drugs, vol. 17, no. 12, p. 668, 2019.

L. Feng, L. Yuan, M. Du et al, “Anti-lung cancer activity
through enhancement of immunomodulation and induction
of cell apoptosis of total triterpenes extracted from Gano-
derma luncidum (leyss. Ex Fr.) karst,” Molecules, vol. 18, no. 8,
pp. 9966-9981, 2013,

K. T. Chan, C. L. Cortesio, and A. Huttenlocher, “FAK alters
invadopodia and focal adhesion composition and dynamics to
regulate breast cancer invasion,” Journal of Cell Biology,
vol. 185, no. 2, pp. 357-370, 2009.

F.J. Sulzmaier, C. Jean, and D. D. Schlaepfer, “FAK in cancer:
mechanistic findings and clinical applications,” Nature Re-
views Cancer, vol. 14, no. 9, pp. 598-610, 2014.

D.]J. Sieg, C. R. Hauck, D. Ilic et al., “FAK integrates growth-
factor and integrin signals to promote cell migration,” Nature
Cell Biology, vol. 2, no. 5, pp. 249-256, 2000.

D. Yamamoto, Y. Sonoda, M. Hasegawa, M. Funakoshi-Tago,
E. Aizu-Yokota, and T. Kasahara, “FAK overexpression
upregulates cyclin D3 and enhances cell proliferation via the
PKC and PI3-kinase-Akt pathways,” Cellular Signalling,
vol. 15, no. 6, pp- 575-583, 2003.

D. D. Schlaepfer and T. Hunter, “Evidence for in vivo
phosphorylation of the Grb2 SH2-domain binding site on
focal adhesion kinase by Src-family protein-tyrosine kinases,”
Molecular and Cellular Biology, vol. 16, no. 10, pp. 5623-5633,
1996.

A. Giubellino, T. R. Burke, and D. P. Bottaro, “Grb2 signaling
in cell motility and cancer,” Expert Opinion on Therapeutic
Targets, vol. 12, no. 8, pp. 1021-1033, 2008.

A.J. Ridley, W. E. Allen, M. Peppelenbosch, and G. E. Jones,
“Rho family proteins and cell migration,” Biochemical Society
Symposium, vol. 65, pp. 111-123, 1999.

S. L Shelash Al-Hawary, S. Abdalkareem Jasim, M. M Kadhim
et al, “Curcumin in the treatment of liver cancer: from
mechanisms of action to nanoformulations,” Phytotherapy
Research, vol. 37, no. 4, pp. 1624-1639, 2023.

S. Jayaraman, V. P. Veeraraghavan, and S. Jayaraman,
“Molecular docking analysis of cetuximab with NOTCH
signalling pathway targets for oral cancer,” Bioinformation,
vol. 19, no. 4, pp. 471-473, 2023.



Advances in Pharmacological and Pharmaceutical Sciences

[41]

(42]

(43]

[44]

[45]

(46]

H.J. Lin, C. C. Su, H. F. Lu et al., “Curcumin blocks migration
and invasion of mouse-rat hybrid retina ganglion cells (N18)
through the inhibition of MMP-2,-9, FAK, Rho A and Rock-1
gene expression,” Oncology Reports, vol. 23, no. 3, pp. 665-670,
2010.

1. Abécassis, B. Olofsson, M. Schmid, G. Zalcman, and
A. Karniguian, “RhoA induces MMP-9 expression at CD44
lamellipodial focal complexes and promotes HMEC-1 cell
invasion,” Experimental Cell Research, vol. 291, no. 2,
pp. 363-376, 2003.

A. A. Thant, T. T. Sein, E. Liu et al., “Ras pathway is required
for the activation of MMP-2 secretion and for the invasion of
src-transformed 3Y1,” Oncogene, vol. 18, no. 47, pp. 6555—
6563, 1999.

L. Chellini, V. Caprara, F. Spadaro, R. Sestito, A. Bagnato, and
L. Rosano, “Regulation of extracellular matrix degradation
and metastatic spread by IQGAP1 through endothelin-1
receptor signalling in ovarian cancer,” Matrix Biology,
vol. 81, pp. 17-33, 2019.

K. M. Hajra, D. Y. Chen, and E. R. Fearon, “The SLUG zinc-
finger protein represses E-cadherin in breast cancer,” Cancer
Research, vol. 62, no. 6, pp. 1613-1618, 2002.

H. Wang, T. Ding, N. Brown et al., “Zonula occludens-1 (ZO-
1) is involved in morula to blastocyst transformation in the
mouse,” Developmental Biology, vol. 318, no. 1, pp. 112-125,
2008.

11





