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Abstract Background/purpose: The extract of the soft coral Lobophytum crassum has shown
an anti-cancer activity in various cancer cells. However, its effect on the oral squamous cell
carcinoma cell (OSCC) lines remains unclear. The purpose of this study is to investigate the
anti-cancer effects of the extract of L. crassum (C127) on the OSCC cells.
Materials and methods: This study evaluated the effects of the soft coral extract of L. crassum
(C127) on SAS and Ca9-22 cells, cell viability, migration ability, and apoptosis. Electric cell-
substrate impedance sensing (ECIS) was parallelly used on SAS cells to confirm the results.
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Results: C127 affected cell viability, morphology, and migration ability in both cell lines. In SAS
cells, C127 inhibited cell viability in a dose dependent manner (P < 0.001) and induced
apoptosis at 10 mg/mL (P < 0.05). In addition, C127 significantly inhibited migration ability
on both cell lines in a dose-dependent manner (P < 0.001).
Conclusion: This study illustrated the potential of marine-derived compounds of L. crassum on
its activity against OSCC cells.
ª 2025 Association for Dental Sciences of the Republic of China. Publishing services by Elsevier
B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).
Introduction

Head and neck squamous cell carcinoma (HNSCC) is one of
the most common cancers worldwide. Although the survival
rates are higher for early-stage HNSCC, generally, the five-
year survival rate ranges from approximately 40%e60%.1

The acquired resistance in HNSCC cells resulted from the
utilization of chemotherapies causes the poor treatment
efficacy.2 Therefore, the discovery of potential compounds
especially natural ones for developing adjuvant or a com-
bination chemotherapies has been focused for improving
the therapy outcome in HNSCC.3,4

Scientists have been interested in marine natural prod-
ucts due to their distinct, unique structural diversifications
and a wide range of medicinal potentialities based on novel
mechanisms of action.5 Since fifties, over a dozen medi-
cines have been produced from or inspired by marine or-
ganisms, such as sponge and mollusk.5 Given the newly
discovered metabolites in soft corals display various bio-
activities, soft corals have emerged as a hotspot for anti-
cancer drug research.6,7 The cembranoid metabolites
sourced from the soft coral genera have shown anti-cancer,
anti-bacterial, and anti-inflammatory activities.8 However,
the studies of the marine organism derived products in oral
cancer research are limited.

In the Lobophytum genus, more than 15 of them have
been investigated chemically.9 Lobophytum crassum is one
of the species has shown its therapeutic potential with
more than ten cembranoid diterpene compounds exhibiting
anti-cancer effects.6,10,11 The extract of L. crassum
exhibited a cytotoxic effect in leukemia cell lines and he-
patocellular carcinoma.7 One of its active compound 13-
acetoxysarcocrassolide has shown an anti-proliferation ef-
fect in the oral squamous cell carcinoma (OSCC) from
tongue via apoptosis and a noncanonical pathway.12

Furthermore, the compound crassolide derived from wild
type L. crassum has shown its toxicity in breast cancer cell
lines.13 Yet, the cytotoxicity of individual compound varies
among different cell lines.7,13 Compared to individual
compounds, the extract of L. crassum has shown a rela-
tively even cytotoxic effect among cell lines, which in-
dicates the individual metabolites might have the
coordinating effects on cancer cells.7

Since the aquaculture techniques of soft coral has
improved in recent years, aquaculture L. crassum can be
reproduced in a laboratory for a large amount, which could
be a reliable resource for the development of marine drug.
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However, the effects of the extract of L. crassum in OSCC
cell line, SAS cells, have not been studied yet. Therefore,
for exploring the therapeutic potential of marine organism
derived products on oral cancers, this study aimed to
investigate the effects of the extract of L. crassum (C127)
on the oral squamous cell carcinoma cells, SAS cells.

Materials and methods

Extract of the soft coral L. crassum

The soft coral extract C127 was kindly provided by Profes-
sor Mei-Chin Lu at National Dong Hwa University. The
extraction of C127 was described in the previous publica-
tion.7 Briefly, the aquaculture soft coral of L. crassum was
freeze-dried then was thoroughly extracted using ethyl
acetate. The residue from the reduced pressure evapora-
tion of the ethyl acetate extract was dissolved in DMSO to
produce the C127 solution with a concentration of
12.8 mg/mL.

Cell culture

The tongue squamous cell carcinoma cell line, SAS cells,
and human gingival squamous carcinoma cell line, Ca9-
22 cells, were acquired from the Bioresource Collection and
Research Centre in Taiwan. SAS cells were grown in Dul-
becco’s Modified Eagle Medium/Nutrient Mixture F-12
(DMEM/F12), and DMEM was for the culturing of CA9-
22 cells. Media were enriched with 10% fetal bovine serum
(FBS) and 1% penicillin-streptomycin mixture. Cells were
maintained at a temperature of 37 �C in an environment
with 5% CO2 and adequate humidity. The culture medium
was refreshed every other day, and cells were utilized for
further passages or specific experiments upon reaching
approximately 80% confluency. For the imaging studies,
photographs of the cells were captured 24 h post the
application of varying concentrations of C127 extract.

Cell viability

PrestoBlue (Thermo Fisher Scientific, Waltham, MA, USA)
assay was employed to measure cell viability. Cells were
exposed to varying concentrations of C127 (0, 1, 3, 10, and
30 mg/mL), and the viability assay was conducted at 24 h,
48 h, and 72 h. At each time point, viability dye was added
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to the culture medium at a dilution of 1:10. The absorbance
readings were taken at 570 nm and 600 nm. The cell
viability percentage was determined using the reduction
percentage of PrestoBlue, calculated by comparing the
experimental readings against control.
Impedance measurements via electric cell-
substrate impedance sensing

The ECIS ZӨ system, including its components, was sourced
from Applied BioPhysics, located in Troy, NY, USA. The
system utilized 8W1E arrays for the experiments, which
comprise 8 wells each featuring a 250 mm diameter gold
electrode for sensing. The ECIS method records the
impedance between the cell substrate and the electrode,
translating into measurements of cell attachment and
spreading. A cell density of 1.25 � 105 cells/cm2 was
seeded into each well. When reaching confluency, cells
were cultured for 24 h, followed by treating with a series
concentration of C127 for additional 24 h. Impedance
measurements were then taken across a range of fre-
quencies to observe changes in cell morphology. These
impedance measurements aid in the identification of
morphological characteristics such as resistance in the cleft
between cells and substrate (a) and resistance in the
resistance cellecell junction (Rb).14
Wound healing assay

Cells were seeded in 24-well plates and cultured to reach
confluence. An 1 mL sterile pipette tip was then used to
create a scratch across the monolayer of cells. Cells were
then cultured with indicated concentration of C127 in
serum free medium. The images were taken at 0, 6, and
12 h to monitor cell movement, and the wound area was
quantified with ImageJ software (National Institutes of
Health, Bethesda, MD, USA).
Apoptosis assay

The Annexin V/PI staining method was utilized to deter-
mine and quantify apoptotic cells within the SAS cell pop-
ulations following the manufacturer’s guidelines (abcam,
Cambridge, UK). The percentage of apoptotic cells was
measured using FACSCalibur (BD, Becton Drive Franklin
Lakes, NJ, USA).
Figure 1 The multiple frequency scanning was conducted by
ECIS for optimizing the current frequency for detecting cell
behaviors. 4,000 Hz is the optimized frequency for detecting
SAS cells.
Western blot

Proteins were extracted using RIPA buffer, and concentra-
tions were determined via BCA Protein Assay. Proteins were
separated by SDS-PAGE, transferred to PVDF membranes
(Millipore, Billerca, MA, USA), and probed with anti-PARP
(Cell Signaling Technology, Danvers, MA, USA). The signals
were then quantified by the SignalBoostTM Immunode-
tection Enhancer kit (Calbiochem, San Diego, CA, USA) and
ImageJ software (National Institutes of Health, Bethesda,
MA, USA) respectively.
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Statistics

Data were statistically analyzed using one-way ANOVA to
identify significant differences between control and
treated groups followed by post-hoc Tukey’s multiple
comparisons tests. P-value of less than 0.05 indicated sta-
tistical significance.

Results

C127 inhibits cell viability of OSCCs

Fig. 1 shows the optimal frequency for detecting SAS cells is
at 4 kHz where the increased resistance caused by the cells
were most significant. The result of ECIS at the end of the
24 h treatment is consistent to the viability assay (Fig. 2A).
As shown in Fig. 2A and B, C127 exhibited significant
toxicity to SAS cells and Ca9-22 cells at the concentrations
of 10 and 30 mg/mL. The 72 h IC50 values of C127 against SAS
and Ca9-22 cells were 5.4 � 2.2 and 15.7 � 1.4 mg/mL
respectively. Parallelly, ECIS was used to analyze cell
viability and morphology by detecting the resistance
change. First, the multiple frequency scanning was con-
ducted by ECIS for optimizing the current frequency for
detecting SAS cells. In addition, the real-time ECIS data also
showed the dynamics of viability during the experiment
(Fig. 2C).

C127 changes the morphology

In the phase-contrast images of cells, both types of cells
expended mildly at low concentrations (1 and 3 mg/mL) and
exhibit a shrunken morphology without detaching at the



Figure 2 Cell viability assay of (A) SAS cells and (B) Ca9-22 cells on C127 treatment for 72 h at the indicated concentrations by
PrestoBlue assay. (C) 24 h viability assay of SAS cells by ECIS system.
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concentration above 10 mg/mL after 24 h (Fig. 3A). At low
concentrations of C127, the increase in cell size is also
shown in the ECIS results with the increased Rb value
(Fig. 3B) and alpha value (Fig. 3C) which resulted from the
cellecell junction and cell-substrate adhesion respectively.
Consistently, decreased Rb value and alpha value were
observed at higher concentrations of C127 (10 and 30 mg/
mL) (Fig. 3B and C), which reflects the shrunken
morphology shown in Fig. 3A. However, there is no statis-
tical difference between groups.
Figure 3 (A) Morphology of SAS and Ca9-22 cells after a 24-h-cult
value revealed the resistance resulted from the cellecell junction w
cell-substrate adhesion level. The lower value of ⍺ showed the de
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C127 inhibits the ability of migration

A wound healing assay was employed to assess the effect of
C127 on OSCC migration. As depicted in Fig. 4AeSAS cells
treated with C127 exhibited significantly reduced migration
compared to the control group at concentrations exceeding
3 mg/mL, at both the 6 h (P< 0.05) and 12 h (P< 0.001) time
points. Similarly, Ca9-22 cells displayed inhibited migration
at higher concentrations (�10 mg/mL) at 6 h (P < 0.01) and
at the concentrations above 3 mg/mL after 12 h (P < 0.001).
ure at a series concentration of C127. Scale bar, 200 mm. (B) Rb
hich decreased at 10 and 30 mg/mL. (C) Alpha value shows the

creased cell-substrate adhesion at 10 and 30 mg/mL.



Figure 4 The analysis of the effect of C127 on migration ability in (A) SAS cells and (B) Ca9-22 cells. Scale bar, 100 mm *P < 0.05,
**P < 0.01, ***P < 0.01 compared to control group.
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These observations suggest that C127 impedes themigratory
ability of OSCCs in a dose-dependent manner.

C127 affects the micromotion of SAS cells

In the cell micromotion assay, normalized resistance curves
were measured with multiple frequency-scan after treated
with different concentrations of C127 for 24 h 4 kHz was
found to be a proper frequency for analyzing how SAS cells
reacts to C127 at which the resistance of SAS cells changed
distinctively at different concentrations of C127 (Fig. 5A). It
has been shown that cell micromotion detected by ECIS is
correlated to cell metabolic activity.15 The micromotion of
SAS cells in response to different concentrations of C127
were detected by ECIS (Fig. 5B). By calculating the fluctu-
ation of cells in each group, the cell activities of SAS cells
significantly decreased in a dose dependent manner
(Fig. 5C).

Apoptosis is involved in C127-induced cell death

Flow cytometry analysis with Annexin V staining revealed a
significant increase in the percentage of apoptotic SAS cells
following a 24-h incubation with C127, in a dose-dependent
manner (Fig. 6A and B). The percentage of cells in both
early and late stages of apoptosis was significantly
increased at concentrations of 10 and 30 mg/mL compared
to the control group (P < 0.05; P < 0.001). Western blot
analysis further corroborated these findings (Fig. 6C).
Cleaved poly (ADP-ribose) polymerase (PARP), a marker of
caspase-dependent apoptosis, was significantly elevated in
SAS cells treated with C127 compared to the control group,
indicating activation of the apoptotic pathway (P < 0.05).
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Discussion

Marine drugs have been studied for over half a century.5

Although the cytotoxic effect of L. crassum has been
widely studied in various types of cancer cell lines, the
effects of L. crassum derived products in OSCCs remain
largely unclear. This study investigated the effects of the
extract of the soft coral L. crassum on cell proliferation and
migration ability in SAS and Ca9-22 cells. It has been re-
ported the major bioactive compound in L. crassum, 13-
acetoxysarcocrassolide, inhibits cell proliferation and
migration in Ca9-22 cells.12 In our study, the aligned results
were observed in higher concentration of C127 treated
groups (Figs. 2 and 4). Consistently, reduced cell viability
was reported in two lung cancer cell line treated with
crassolide extracted from wild type L. crassum.16

In our study, apoptosis in SAS cells was trigged by C127
with the increased level of cleaved PARP (Fig. 6). This result
is consistent with that in human lung cancer cells treated
with crassolide extracted from L. crassum. Crassolide has
shown to induce apoptosis by triggering the reactive oxygen
species-mediated endoplasmic reticulum stress.16 Howev-
er, previous study has reported 13-acetoxysarcocrassolide
also triggered apoptosis via a non-canonical pathway with
the involvement of Keap1/Nrf2 pathway in OSCCs, which
might result from the unique structural features of marine
derived products.12 In addition, Nrf2 is required for the cell
migration in various cancer cells.17,18 The involvement
Keap1/Nrf2 pathway in the induction of apoptosis and the
inhibition of cell migration of C127 need to be further
investigated in oral cancers.

Interestingly, at a concentration of 3 mg/mL, C127
significantly inhibited the migration ability of both SAS and
Ca9-22 cells for 12 h (Fig. 4), despite not exhibiting a



Figure 5 (A) The multiple frequency scanning for identify the optimal frequency. The resistance change is distinct between
groups, and the frequency at 4 kHz is suitable for the analysis of cell micromotion in the presence of C127. (B) RTC detection and
(C) Var32 analysis showed the activity of SAS cells after treated with C127 for 24 h at the indicated concentrations. *P < 0.05,
**P < 0.01, ***P < 0.001. Each value is expressed as a percentage of the control.

Figure 6 (A) Flow cytometry analysis with Annexin V staining to assess apoptosis in SAS cells treated with different C127 con-
centrations (1, 3, 10, 30 mg/mL) for 24 h. (B) Percentage of apoptotic cells (combining early and late stages) after 24-h incubation
with C127. (C) Western blot result of the relative expression ratio of cPARP/PARP. *P < 0.05, **P < 0.01, ***P < 0.001 compared to
control group.
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cytotoxic effect on SAS cells at this concentration (Fig. 2).
This observation is noteworthy considering SAS cells are
generally considered a more aggressive OSCC lineage
compared to Ca9-22 cells.19 Furthermore, the IC50 value of
C127 against SAS cells was significantly lower than that
against Ca9-22 cells (P < 0.01), indicating a selective tar-
geting effect. This selectivity is reminiscent of other com-
pounds like paclitaxel, evodiamine, and kaempferol.20
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However, further studies are warranted to elucidate the
underlying mechanisms responsible for the selective anti-
migration effect of C127 in OSCC cells.

A reduction of cell micromotion can be observed
accompanied with cytoplasmic shrinkage when apoptosis is
induced.21 C127 at the concentrations above 10 mg/mL
induced apoptosis in SAS cells (Fig. 6), and also caused a
decrease of overall resistance (Fig. 2C). In general, Var32
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ratio reflects the decrease of cell fluctuation in apoptosis.
We found that the Var32 ratio reduced significantly in a
dose dependent manner (Fig. 6), which revealed that C127
affected cell micromotion without inhibiting cell viability
and the migration ability.

In conclusion, the variety of marine life and their
distinct biochemical profiles has resulted in the discovery of
a plethora of biologically active natural compounds pro-
duced from marine species, making them an important
source for developing new medications. This study
demonstrated the potential of marine-derived substances,
specifically L. crassum, on its activities against the cancer
cell line, SAS cells.
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