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Paclitaxel induces human KOSC3 oral cancer cell apoptosis through

caspase pathways
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Abstract: Background: Paclitaxel is a compound derived from Pacific yew bark that induces various cancer cell apoptosis.

However, whether it also has anticancer activities in KOSC3 cells, an oral cancer cell line, is unclear. Methods: 3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide, flow cytometry, and western blotting assays were carried out

to assess cell viability, subG1 phase of the cell cycle, and apoptosis-related protein expression, respectively. Results:

Our findings indicate that paclitaxel could inhibit cell viability and increase the expression of apoptotic markers,

including plasma membrane blebbing and the cleavage of poly ADP-ribose polymerase in KOSC3 cells. Also, the

treatment with paclitaxel remarkably elevated the percentage of the subGl phase in KOSC3 cells. In addition,

treatment with a pan-caspase inhibitor could recover paclitaxel-inhibited cell viability. Moreover, caspase-8, caspase-9,

caspase-7, and BH3 interacting domain death agonist (Bid) were activated in paclitaxel-treated KOSC3 cells.

Conclusions: Paclitaxel induced apoptosis through caspase cascade in KOSC3 cells.

Abbreviations
Bak Bcl-2 homologous antagonist/killer

Bax Bcl-2-associated X protein

Bcl-2 B cell lymphoma 2

Bid BH3 interacting domain death agonist

DMSO Dimethyl sulfoxide

ELISA Enzyme-linked immunosorbent assay

IncRNA Long non-coding RNA

HRP Horseradish peroxidase

MTT 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenylte-
trazolium bromide

PARP ADP-ribose polymerase

PBS Phosphate buffered saline

PI Propidium iodide

RT Room temperature
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Introduction

Oral cancer is a type of head and neck squamous cancer [1]
that typically arises from the lips, gums, tongue, mouth, or
palate. Squamous cell carcinomas account for more than
90% of all cases [2]. Worldwide, over 400,000 people are
diagnosed with this public health problem annually [3]. It
has been reported that several areas and countries have a
high incidence rate of oral cancers, such as India, Sri Lanka,
Southern China, and the Taiwan region [4]. Chronic oral
inflammation, alcohol consumption, tobacco smoking, and
betel quid chewing are the relevant risk factors for oral
cancers [5,6]. Despite various treatment modalities available,
the 5-year survival rate of oral cancer patients is only
approximately 50%, meaning that most patients did not
benefit from the treatments [7]. Therefore, we must seek
more effective methods or improve current treatment
modalities to treat oral cancer.

Recently, some natural products extracted from plants
have been reported to have anticancer activity. For example,
the extract of Caesalpinia sappan L. can trigger cell death in
lung and breast cancer cells [8]. In addition, the extract of
Eclipta alba L. can inhibit viability, colony formation, and
migration in colon cancer cells [9]. Also, the extract of
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Hibiscus sabdariffa leaf induces apoptosis in melanoma cancer
cells [10]. Paclitaxel, a naturally occurring substance, was
obtained from the Pacific yew bar (Taxus brevifolia), which
also has anticancer activity and induces apoptosis in various
cancer cell lines, such as lung, colon, nasopharyngeal, and
oral cancer cells [11-14]. It can trigger apoptosis through
multiple pathways. For instance, paclitaxel can induce
apoptosis in the prostate cancer cells via reactive oxygen
species-c-Jun N-terminal kinase-caspase-3 pathway [15].
Also, paclitaxel can activate B cell lymphoma 2 (Bcl-2)
homologous antagonist/killer (Bak), a pro-apoptotic protein,
to trigger apoptosis in breast cancer cells [16].

Apoptosis and necrosis are forms of cell death. When
necrosis occurs, cells release cellular components into the
extracellular space and initiate an inflammatory response,
while apoptosis does not harm the host and causes
inflammatory reactions [17,18]. Apoptosis has several
biological features, including plasma membrane blebbing, cell
shrinkage, formation of apoptotic body, and chromosomal
DNA fragmentation [19,20]. Two major signaling pathways
mediate apoptosis, the extrinsic (death receptor) and intrinsic
(mitochondrial) pathways, and caspases are the vital proteins
involved in executing both pathways. Caspases are a type of
endoproteases that are classified into initiator caspases and
effector caspases [19]. Caspase-8 and caspase-9 are the
important initiator caspases, contributing to the intrinsic and
extrinsic apoptosis pathways, respectively [19-21]. When
initiator caspases are activated, they can cleave and activate
their downstream effector caspases, such as caspase-7,
resulting in poly ADP-ribose polymerase (PARP) cleavage
that causes DNA fragmentation [19,22].

Previous studies have shown that paclitaxel could induce
apoptosis in multiple oral cancer cell lines, such as OEC-M1,
OC3, and CAL27 [11,23,24]. However, whether it also triggers
KOSC3 oral cancer cell line apoptosis is still unknown. This
study aims to evaluate whether paclitaxel can induce
apoptosis in KOSC3 cells and investigate the underlying
mechanism to provide a basic mechanism for designing and
improving more effective paclitaxel-combining regimens to
treat oral cancers.

Materials and Methods

Cell culture and drug treatment

KOSC3 oral cancer cell line was purchased from Health
Science Research Resources Bank (Osaka, Japan) and
cultured in RPMI-1640 medium (SH30096.02, Hyclone, UT,
USA) supplemented with 10% fetal bovine serum
(SH30070.03, Hyclone, UT, USA) at 37°C with 5% CO,.
Paclitaxel was purchased from Sigma-Aldrich, Inc. (T7191,
MO, USA), dissolved in Dimethyl sulfoxide (DMSO; D8418,
Sigma-Aldrich, Inc., MO, USA) to make the 1 pM paclitaxel
stock, and stored at —20°C. To explore the role of caspases
in paclitaxel-induced cell death, KOSC3 cells were treated
with a 10 pM pan-caspase inhibitor, Z-VAD-FMK
(FMKO001, R&D Systems, MN, USA), for 48 h.

MTT assay
The MTT assay was utilized to evaluate cell viability in
accordance with a previous study protocol [25]. KOSC3 cells
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were seeded at a density of 1 x 10* cells per well in a 96-well
plate. Following a 24 h incubation period at 37°C with 5%
CO,, the cells were exposed to varying concentrations of
paclitaxel for 24 and 48 h, respectively. The supernatants
were aspirated at the indicated time points, and MTT reagent
(M2128, Sigma-Aldrich, MO, USA; 0.5 mg/mL in phosphate
buffered saline (PBS)) was added to each well. After a
subsequent 4 h incubation at 37°C with 5% CO,, the
supernatants were aspirated, and 100 pLof dimethyl sulfoxide
(DMSO) was added to dissolve the formed crystals. The
optical density readings were obtained at 570 nm using an
enzyme-linked immunosorbent assay (ELISA) reader from
BMG LABTECH, Ortenberg, Germany. The experiments
were repeated independently a minimum of three times.

Flow cytometry

The alterations in the subG1 phase of the cell cycle, indicative
of DNA fragmentation, were evaluated through flow
cytometry analysis with propidium iodide (PI) staining
(P4170, Sigma-Aldrich, Inc., MO, USA) staining [24]. After
exposure to paclitaxel at specified time intervals, the cells
were detached using 0.05% trypsin (25300054, Thermo
Fisher Scientific Inc., MA, USA). Subsequently, they were
rinsed with PBS thrice and then fixed with 70% ethanol at
RT for 20 min. After 20 min, the fixed cells were rewashed
with PBS thrice and then stained with PI (P4170, Sigma-
Aldrich, Inc., MO, USA) staining solution (contained
40 pg/ml and RNase A (ENO0531, Thermo Fisher
Scientific Inc.,, MA, USA) 100 pg/mL in PBS) at RT for
lh. A FACScan flow cytometer (Becton, Dickinson and
Company, NJ, USA) was carried out to analyze the cell cycle
distribution of KOSC3 cells. The CellQuest software
(version 5.1, Becton, Dickinson and Company, NJ, USA)
was utilized to assess the proportion of cells in the subGl
phase of KOSC3 cells. The experiments were repeated
independently a minimum of three times.

Western blotting

Total cell lysate preparation and Western blotting were
performed as previously described [24]. Primary antibodies
used in this study, including anti-cleaved caspase-8 (catalog
number 9496; 1:1000), anti-cleaved caspase-9 (catalog number
7237; 1:1000), cleaved caspase-7 (catalog number 8438;
1:1000), anti-PARP (catalog number 9535; 1:1000), anti-BH3
interacting domain death agonist (Bid) (catalog number 2003;
1:1000), and anti-B-actin antibody (catalog number 58169;
1:50000) were purchased from Cell Signaling Technology
(Cell Signaling Technology, MA, USA). Horseradish
peroxidase (HRP)-conjugated goat anti-rabbit IgG (catalog
number 111-035-144; 1:5,000) and HRP-conjugated goat anti-
mouse IgG (catalog number 111-035-146; 1:5,000) were
purchased from Jackson ImmunoResearch, Inc. (PA, USA).
The optical density of protein bands was quantified using
Quantity One (PDI, Huntington Station, NY, USA), a
computer-assisted image analysis system. The experiments
were independently repeated a minimum of three times.

Statistical analysis
Data were presented as mean + SEM. Statistical analyses were
conducted using the SPSS software version 17.0. To compare
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FIGURE 1. Paclitaxel inhibited cell viability in KOSC3 cells. KOSC3 cells were treated without (control) or with various concentrations of
paclitaxel (0, 5, 50 and 500 nM) for 24 (A) and 48 h (B), respectively. The MTT assay was carried out to analyze the cell viability. n = 3, One-
way ANOVA, and Tukey’s post-hoc test was performed, *p < 0.05 vs. control.

differences between the two groups, the unpaired Student
t-test was used. To compare differences among multiple
groups the One-way ANOVA and Tukey’s post-hoc tests
were utilized. p-value < 0.05 was defined as statistical
significance.

Results

Paclitaxel inhibits cell viability in KOSC3 cells

In a previous study, we investigated the apoptotic effects of
paclitaxel at concentrations of 5, 50, and 500 nM on OEC-
M1 and OC3 oral cancer cell lines [11]. To minimize the

difference in experimental results caused by changes in
paclitaxel concentration, we used the same three
concentrations in this study to explore the mechanism of
paclitaxel-induced apoptosis in KOSC3 oral cancer cells. We
treated KOSC3 cells with different paclitaxel concentrations
(0, 5, 50, and 500 nM) at 24 and 48 h, respectively, to
evaluate whether paclitaxel affected the viability of KOSC3
cells. Our MTT data showed that treatment with paclitaxel
at 50 and 500 nM for 24 h (Fig. 1A, p < 0.05) and treatment
with paclitaxel at 50 and 500 nM for 48 h, respectively,
could significantly reduce the cell viability of KOSC3 cells
(Fig. 1B, p < 0.05).
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FIGURE 2. Paclitaxel induced apoptosis in KOSC3 cells. (A) KOSC3 cells were treated without (control) or with 50 nM paclitaxel for 48 h. The
morphological changes of cells were observed using light microscopy (scale bar: 100 um; arrowheads: membrane-blebbed cells). (B) KOSC3
cells were treated without (control) or with 50 nM paclitaxel for 8, 20, 24, and 48 h. A FACScan flow cytometer was used to analyze the changes
in the subG1 phase of the cell cycle, and the percentage of KOSC3 cells in the subG1 phase was analyzed using CellQuest software. (C) KOSC3
cells were treated without (C) or with 50 nM paclitaxel (T) for 16, 24, and 48 h. Western blotting was used to analyze cleaved PARP and B-actin
protein expression. (D) The Quantity One image analysis system was used to quantify the cleaved PARP expression. n = 3, unpaired Student’s

t-test was performed, *p < 0.05 vs. control.
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FIGURE 3. Caspases were involved in paclitaxel-induced KOSC3 cell
death. KOSC3 cells were treated without (C) or with 50 nM paclitaxel
(T) and concurrently treated with the solvent control DMSO or
various concentrations of Z-VAD-FMK for 48 h. The MTT assay
was carried out to analyze the cell viability. n = 3, One-way
ANOVA, and Tukey’s post-hoc test was performed, *p < 0.05 vs.
C + DMSO group. *p < 0.05 vs. T+ DMSO group.

Paclitaxel induces apoptosis in KOSC3 cells

Next, we evaluated whether paclitaxel could induce apoptosis
in KOSC3 cells. From observing the morphological changes
between control and paclitaxel-treated cells, we observed
that paclitaxel-treated cells exhibited more membrane
blebbing (Fig. 2A), a feature of apoptosis, than control cells.
To further confirm that paclitaxel can induce apoptosis, we
treated KOSC3 with paclitaxel at 8, 16, 20, 24, and 48 h to
evaluate the changes in the subGl phase of the cell cycle.
The quantitative analysis showed that the percentage of
paclitaxel-treated KOSC3 cells in the subGl phase was

YU-YAN LAN et al.

(Fig. 2B). We also investigated whether the cleavage of
PARP, an apoptotic marker [20], was also affected by
paclitaxel treatment. Thus, we treated KOSC3 cells with
paclitaxel for 16, 24, and 48 h and performed Western
blotting to detect cleaved PARP expression (Fig. 2C).
Quantitative evaluation of the Western blots demonstrated a
significant elevation in cleaved PARP expression levels
compared to the control group at 16, 24, and 48 h post-
paclitaxel treatment (Fig. 2D, p < 0.05). Our results suggest
that paclitaxel induced KOSC3 cell death through apoptosis.

Caspases are involved in paclitaxel-induced KOSC3 cell death
Since caspases are the mediators of apoptosis in both extrinsic
and intrinsic pathways [19,21], we treated KOSC3 cells with a
pan-caspase inhibitor, Z-VAD-FMK, to investigate whether
caspases participated in paclitaxel-induced cell death. Fig. 3
(p < 0.05) shows that treatment with Z-VAD-FMK could
significantly recover the cell viability inhibited by paclitaxel,
indicating caspases were involved in paclitaxel-induced cell
death.

Caspase-8, caspase-9, and caspase-7 are activated in paclitaxel-
treated KOSC3 cells

It is well known that caspase-8 mediates the extrinsic pathway,
while caspase-9 initiates the intrinsic pathway [19,21].
Therefore, the activation of caspase-8 or caspase-9
represents the initiation of the intrinsic or extrinsic pathway
of apoptosis. We performed Western blot analysis to
determine whether paclitaxel-induced apoptosis occurred
through the extrinsic or intrinsic pathways by detecting the
expression of cleaved (activated) initiator caspase-8 and
initiator caspase-9 (Fig. 4A). The quantitative results showed
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FIGURE 4. Caspase-8, caspase-9, and caspase-7 were activated in paclitaxel-treated KOSC3 cells. (A) KOSC3 cells were treated without (C) or
with 50 nM paclitaxel (T) for 16, 24, and 48 h. Western blotting was performed to detect the cleaved caspase-8, cleaved caspase-9, cleaved
caspase-7, and [B-actin expression. The Quantity One image analysis system quantified protein expression levels of (B) cleaved caspase-8,
(C) cleaved caspase-9, and (D) cleaved caspase-7. n = 3, unpaired Student’s ¢-test was performed, *p < 0.05 vs. control.
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FIGURE 5. Paclitaxel induced Bid cleavage in KOSC3 cells. KOSC3
cells were treated without (C) or with 50 nM paclitaxel (T) for 24, 48,
and 72 h. (A) Protein expression of Bid and p-actin was examined
using Western blotting. (B) The Quantity One image analysis
system was used to quantify the cleavage of Bid. n = 3, unpaired
Student’s t-test was performed, *p < 0.05 vs. control.

significantly increased than the control at 16, 24, and 48 h
after paclitaxel treatment (Fig. 4B, p < 0.05). Similarly, after
paclitaxel treatment, the cleaved caspase-9 protein
expression levels were also significantly increased at 16, 24,
and 48 h than the control (Fig. 4C, p < 0.05), suggesting
that both pathways were activated in paclitaxel-treated
KOSC3 cells. In addition, caspase-7 is a downstream effector
caspase of caspase-8 and caspase-9. We also investigated
whether caspase-7 was cleaved in paclitaxel-treated KOSC3
cells (Fig. 4D). The quantitative analysis of the blots showed
that the expression levels of cleaved caspase-7 were
significantly increased than the control at 16, 24, and 48 h
after paclitaxel treatment (Fig. 4D, p < 0.05). Our results
suggest that both initiator and effector caspases were
activated in paclitaxel-treated KOSC3 cells.

Paclitaxel induces bid cleavage in KOSC3 cells

Bid, a pro-apoptotic Bcl-2 protein, is downstream of caspase-8
[19,21]. Caspase-8 could cleave Bid into t-Bid, which causes
Bid activation, resulting in mitochondrial pathway initiation
[19,21]. We performed the Western blotting to detect
whether Bid was cleaved after paclitaxel treatment (Fig. 5A).
The blots were quantitatively analyzed, which showed that
truncation of Bid (Bid activation) remarkably occurred at
24, 48, and 72 h post-paclitaxel treatment (Fig. 5B, p < 0.05).

Discussion

Paclitaxel is an extracted substance from the bark of Pacific
yew (Taxus brevifolia). Although previous studies have
demonstrated it has anticancer activity on several oral
cancer cell lines, such as OEC-M1, OC3, and CAL27 cells
[11,23,24], it is still unclear whether paclitaxel also has
anticancer effects on KOSC3 cells, a cancer cell line derived
from gingival squamous cell carcinoma. In this study, data
from MTT assay showed that paclitaxel could inhibit cell
viability in KOSC3 cells (Fig. 1). Our previous study showed
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that after a 24 h paclitaxel treatment, cell viability decreased
by approximately 20% in OEC-M1 cells and 60% in OC3
cells [11]. The present study also found that cell viability
only reduced by approximately 25% in KOSC3 cells after
paclitaxel treatment for 24 h (Fig. 1A). We observed that
OC3 is more sensitive to paclitaxel than OEC-M1 or
KOSC3 cells. It has been shown that p53 plays a critical role
in promoting apoptosis under paclitaxel treatment in cancer
cells [26]. As OEC-M1 and KOSC3 are p53 mutation cell
lines [27,28], the mutation might be the reason for their
insensitivity to paclitaxel. Our findings may provide related
evidence supporting that p53 plays a vital role in cell
viability inhibition under paclitaxel treatment in oral
cancer cells.

The flow cytometry and Western blotting results further
revealed that the subG1 phase percentage (Fig. 2B) and the
cleaved of PARP (Fig. 2C) were increased in paclitaxel-
treated KOSC3, indicating paclitaxel induced KOSC3 cell
death through apoptosis. We observed that the protein
expression level of cleaved PARP was remarkably increased
at 24 h (Fig. 2C), but the protein was reduced substantially
at 48 h (Fig. 2C) after paclitaxel treatment. This is
consistent with our previous findings in two oral cancer cell
lines, OEC-M1 and OC3 [11]. The N-terminus of proteins
is involved in regulating protein stability [29]. It is known
that PARP contains a cleavage site for effector caspases on
its N-terminus [30]. Therefore, the cleaved PARP may lose
its N-terminus, accelerating the protein degradation.

Also, treatment with a pan-caspase inhibitor (Z-VAD-
FMK) could significantly restore paclitaxel-induced KOSC3
viability inhibition (Fig. 3). These results found in the
present study are consistent with the results of paclitaxel
treatment in OC3 and OEC-M1 oral cancer cell lines [11],
suggesting that paclitaxel induces apoptosis in the three oral
cancer cell lines through the caspase pathway.

Since treatment with Z-VAD-FMK significantly blocked
paclitaxel-induced cell death, suggesting that caspase
activation is involved in cell death induced by paclitaxel in
KOSC3 cells (Fig. 3). We used a Western blotting assay to
examine whether caspases were cleaved (activated) in
paclitaxel-treated KOSC3 cells. Our results demonstrated
that the cleaved of initiator caspases, caspase-8 and caspase-
9 (Fig. 4A), plus the effector caspase, caspase-7 (Fig. 4A),
were increased by paclitaxel treatment, indicating the
caspase cascade is activated under paclitaxel treatment in
KOSC3 cells.

Activation of initiator caspase-8 or initiator caspase-9
represents the induction of the intrinsic or extrinsic apoptotic
pathways, respectively [19,21], our results showed that the
activities of caspase-8 (Fig. 4B) and caspase-9 (Fig. 4C) were
initiated at 16 h, peaked at 20 h, and degraded at 48 h after
paclitaxel treatment. This suggests that paclitaxel may
activate the extrinsic and intrinsic pathways simultaneously
in KOSC3 cells. In addition, Bid, a pro-apoptotic Bcl-2
protein cleaved by caspase-8, can contribute to the link
between intrinsic and extrinsic apoptotic pathways [19,21].
Our study found that Bid was cleaved (activated) by
paclitaxel treatment (Fig. 5). Therefore, the extrinsic may
connect with the intrinsic pathway to induce apoptosis in
paclitaxel-treated KOSC3 cells.
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This study also found that either treatment with caspase-
8 or caspase-9 inhibitors alone did not inhibit paclitaxel-
induced KOSC3 cell death (data not shown). Furthermore,
combined treatment with both inhibitors did not recover
paclitaxel-induced KOSC3 cell death (data not shown). In
addition to caspase-8, caspase-9, caspase-2, and caspase-10
are also initiator caspases [19,31], and they can cause Bid
cleavage, contributing to apoptosis [19,32,33]. The present
study discovered that paclitaxel also induced Bid cleavage.
Thus, it is speculated that other initiator caspases, such as
caspase-2 and caspase-10, may play a role in paclitaxel-
induced apoptosis. Further studies could be investigated for
confirmation.

It is still unknown how paclitaxel activated extrinsic and
intrinsic pathways in KOSC3 cells. Paclitaxel is known to
target the tubulin and suppress the dynamics of
microtubules, which causes mitotic arrest [34]. This leads to
DNA damage and p53 activation [35], ultimately
contributing to apoptosis [36,37]. However, as KOSC3 is a
p53 mutation cell line [28], other cellular signaling pathways
may be involved in paclitaxel-induced apoptosis in these
cells. For instance, DNA damage can activate the c-Jun N-
terminal kinase and extracellular signal-regulated kinase
pathways [38,39], which promote the expression of death
receptor ligands such as Fas ligand and tumor necrosis
factor-a [40-42]. The binding of these death receptor ligands
to their death receptors will initiate the extrinsic pathway
[19,21]. Tt is known that the expression of pro-apoptotic Bcl-
2 protein, such as Bax and Bak, can activate the intrinsic
pathway [19,21]. In this study, we found that paclitaxel can
activate Bid. In addition, previous studies also report that
paclitaxel can trigger the expression of Bax and Bak [43,44].
According to these studies, paclitaxel could induce death
receptor ligands or pro-apoptotic Bcl-2 proteins to initiate
extrinsic and intrinsic apoptotic pathways in KOSC3 cells. It
should be interesting to examine the expression of the related
apoptotic proteins, such as death receptor ligands and pro-
apoptotic Bcl-2 proteins, in paclitaxel-treated KOSC3 cells
further in the future.

In addition, long non-coding RNA (IncRNA) is involved
in regulating caspase expression and activation [45]. Due to
budget and technological limitations, we could not
investigate the involvement of IncRNA in paclitaxel-induced
KOSC3 apoptosis in this study. However, in the future, we
plan to collaborate with IncRNA-related laboratories to
understand better whether IncRNA is involved in regulating
paclitaxel-induced apoptosis.

The side effects of paclitaxel treatment include
hypersensitivity reactions, peripheral neuropathy, myalgias,
neutropenia, and arthralgia [46], which may cause
significant discomfort and complications for paclitaxel-
treated patients. It has been found that certain natural
extracts, such as resveratrol [47] and curcumin [48], can
increase the effectiveness of paclitaxel-induced apoptosis.
Our study shows that paclitaxel could induce the apoptosis
of KOSC3 oral cancer cells. In the future, we will also
investigate whether other natural extracts with anti-cancer
properties, such as fucoidan [49] and oligonol [50], can
enhance paclitaxel-induced apoptosis to reduce the side
effects of paclitaxel in oral cancer treatment.
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Conclusion

This study demonstrates that paclitaxel is able to induce
apoptosis in KOSC3 cells through the intrinsic and extrinsic
apoptotic pathways. Our findings may serve as a reference
for designing more effective paclitaxel-based therapeutics to
enhance apoptotic cell death in oral cancer cells.
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