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Abstract: Tumor metastasis is the leading cause of death in cancer patients. Epithelial cell adhesion molecule 
(EpCAM) is abundantly expressed in various malignant tumors and plays a crucial role in cell adhesion, metastasis, 
proliferation, and differentiation. This study investigated the effects of hinokitiol, a natural tropolone compound 
known for its antiviral, anti-inflammatory, and antibacterial properties, on tumor growth and metastasis. Specifically, 
the study focused on the expression of EpCAM in mouse tumor cells treated with hinokitiol. Hinokitiol was admin-
istered to mouse melanoma cells (B16F10) and mouse colorectal carcinoma cells (CT26), resulting in a significant 
decrease in EpCAM expression. Additionally, the protein levels involved in the protein kinase-B/mammalian target 
of rapamycin (AKT/mTOR) signaling pathway were reduced following hinokitiol treatment. Using wound healing and 
Transwell assays, the study demonstrated that hinokitiol effectively inhibits cancer cell migration. In vivo experi-
ments were conducted using mice, which were injected intravenously with B16F10 or CT26 cells to induce tumor 
metastasis. The tumor cells were either treated with hinokitiol or left untreated. The results showed that tumor 
cells treated with hinokitiol exhibited significantly reduced tumor size and weight in the lungs, as well as prolonged 
survival, compared to untreated tumor cells. This study concludes that hinokitiol inhibits tumor migration by down-
regulating EpCAM via the AKT/mTOR signaling pathway and exhibits positive effects in vivo.
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Introduction

Cancer incidence is steadily increasing globally, 
positioning it as the leading cause of death 
worldwide. Among cancer-related fatalities, me- 
tastasis is the primary driver. This complex pro-
cess involves tumor cells spreading via the 
bloodstream or lymphatic system, forming cir-
culating tumor cells (CTCs). Metastasis not only 
complicates treatment but also contributes to 
multiple organ failure and mortality in advanc- 
ed stages, making it a critical factor in cancer-
related deaths [1].

Tumor metastasis is regulated by a network of 
signaling pathways and factors, including trans-
forming growth factor-beta (TGF-β), epidermal 
growth factor (EGF), and hepatocyte growth fac-
tor (HGF). These extracellular signals activate 
transcription factors such as Snail, ZEB1, ZEB2, 
TWIST1, and Smad2/3, which promote epitheli-
al-mesenchymal transition (EMT) and enhance 
tumor progression [2]. A key player in metasta-
sis is the epithelial cell adhesion molecule 
(EpCAM), a type I transmembrane glycoprotein 
highly expressed on epithelial tissues and vari-
ous malignant tumors. Initially identified as an 
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adhesion molecule, EpCAM is now recognized 
for its roles in tumor proliferation, metastasis, 
invasion, differentiation, and poor prognosis 
[3]. It is considered a tumor-associated antigen 
and a marker for CTC detection [4].

Research has revealed that EpCAM under- 
goes proteolytic cleavage by metalloproteinas-
es like presenilin 2 (PS-2), releasing its extra-
cellular domain (EpEX) and intracellular domain 
(EpICD), which regulate downstream signaling 
pathways [5]. These pathways include Akt/
mTOR, Ras/Raf/ERK, and Wnt/β-catenin, all  
of which influence tumor progression [6-8]. In 
epithelial cells, EpCAM disrupts the interac- 
tion between α-catenin and F-actin, inhibiting 
E-cadherin-mediated adhesion [9]. Additionally, 
EpEX interacts with EGFR and HGFR, induc- 
ing EMT-related genes, enhancing cancer cell 
migration, and stabilizing PD-L1 protein to pro-
mote immune evasion [10]. Given EpCAM’s  
role in metastasis, targeting its activity through 
protein interactions or signaling pathways is  
a promising therapeutic strategy. This study 
focuses on hinokitiol’s potential to inhibit 
EpCAM expression and suppress metastasis in 
mouse melanoma and colorectal cancer cells.

In recent years, natural medicines have 
emerged as effective treatments for various 
diseases, including cancer, by targeting multi-
ple signaling pathways [11, 12]. Due to the  
limitations of conventional therapies, such as 
side effects and drug resistance, natural com-
pounds are viewed as safer alternatives. Com- 
bining natural medicines with chemotherapy 
has shown promise in enhancing efficacy, re- 
ducing side effects and drug resistance, and 
preventing recurrence and metastasis [13]. 
Hinokitiol, a natural monoterpenoid extracted 
from the heartwood of Taiwan’s Cupressaceae 
plants, is widely used in health products like 
cosmetics, toothpaste, and food as an anti- 
microbial agent. Beyond these applications, 
hinokitiol exhibits pharmacological properties, 
including anti-inflammatory, antimicrobial, anti-
cancer, antioxidant, and neuroprotective eff- 
ects [14-16]. Recent studies demonstrate that 
hinokitiol can induce ferroptosis, promote reac-
tive oxygen species (ROS)-mediated apoptosis, 
and suppress cell growth in triple-negative 
breast cancer [17, 18]. Moreover, hinokitiol has 
been shown to reduce metastasis and modu-
late drug resistance via the Akt/mTOR pathway 

[11]. These findings underscore its potential as 
an anti-metastasis agent, warranting further 
investigation into its use as a targeted therapy 
for tumors.

Materials and methods

Reagents, cell lines, plasmids, and mice

Hinokitiol and dimethyl sulfoxide (DMSO) were 
obtained from Sigma-Aldrich (St. Louis, MO, 
USA). The constitutively active AKT plasmid was 
generously provided by Dr. Chiau-Yuang Tsai 
(Department of Molecular Immunology, Osaka 
University, Japan). B16F10 (mouse melanoma) 
[19], CT26 (mouse colon cancer) [3], 4T1 and 
LL2 cell lines were cultured in a medium con-
taining 2 mM l-glutamine, 1% antibiotics, and 
10% heat-inactivated fetal bovine serum (FBS) 
at 37°C in a 5% CO2 atmosphere. Female 
C57BL/6 (for the B16F10 mouse tumor mo- 
del) and BALB/c (for the CT26 mouse tumor 
model) mice were purchased from the Taiwan 
Laboratory Animal Center. All experimental pro-
tocols adhered to the Animal Protection Act of 
Taiwan and were approved by the Laboratory 
Animal Care and Use Committee of National 
Sun Yat-sen University.

Cell viability

Tumor cells were treated with varying concen-
trations of Hinokitiol (0, 0.125, 1.25, 12.5 µM) 
for 16 hours, and cell viability was assessed 
using the WST-1 assay [20].

Immunoblotting and transfection

B16F10 and CT26 cells were seeded in 6-well 
plates at a density of 4 × 105 cells/well. After 
24 hours, the cells were treated with hinokitiol 
for 16 hours, followed by the addition of 100 μL 
of lysis buffer to each well. Cells were lysed for 
30 minutes and then centrifuged at 12,000 
rpm for 10 minutes. The supernatant was col-
lected, and protein content was determined 
using the bicinchoninic acid (BCA) protein as- 
say (Pierce Biotechnology, Rockford, IL, USA). 
Cytosolic protein samples (40 μg) were sub- 
jected to 8% or 10% SDS-PAGE and then trans-
ferred to Hybond-enhanced chemiluminescen- 
ce nitrocellulose membranes (Amersham, Little 
Chalfont, UK). The membranes were blocked 
and incubated with primary antibodies at 4°C 
overnight, followed by incubation with second-
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ary antibodies. Protein-antibody complexes 
were detected using an enhanced chemilu- 
minescence system (Amersham), and signals 
were quantified using ImageJ software [21].

Wound healing assays

Wound healing assays were conducted accord-
ing to the manufacturer’s instructions (IBIDI, 
Martinsried, Germany). Cells were seeded in 
Culture-Insert 2 wells at a density of 104 cells/
well. After cell attachment, a gap was created 
to observe cell movement. Migration distances 
were measured under a microscope at 0, 12, 
and 24 hours. The migration distance of control 
cells (0 μM) was set as 100% for reference, and 
these values were compared with those of cells 
treated with Hinokitiol (12.5 μM) [22].

Transwell assays

For Transwell assays, 24-well inserts (8.0 μm 
Millicell® Hanging Cell Culture Inserts) were 
placed in FBS-DMEM wells containing 500 μL 
of FBS. Cells (5 × 103-104, 200 μL/well) were 
seeded into the inserts and incubated at 37°C 
in 5% CO2 for 24 hours. The inserts were then 
washed with PBS and placed in wells contain-
ing DMEM, followed by treatment with either 
control (0 μM) or Hinokitiol (12.5 μM) for 16 

rificed and dissected to observe lung tumor 
and record tumor weight. Lung tissue samples 
were fixed in 3.7% formaldehyde and embed-
ded in paraffin for sectioning and histochemi-
cal staining. Tissue sections were then micro-
scopically examined for the presence of tumor 
nodules [23].

Statistical analysis

Differences between groups were analyzed 
using Student’s t-test. Survival analyses were 
performed using Kaplan-Meier survival curves 
and the log-rank test. P-values less than 0.05 
were considered statistically significant.

Results

Effect of hinokitiol on B16F10 and CT26 cells

EpCAM is overexpressed in tumor cells. Initially, 
EpCAM protein levels were assessed in various 
murine cancer cell lines. B16F10 and CT26 
cells exhibited greater EpCAM expression lev-
els than the other murine tumor cells (Figure 
1A). The B16F10 cell line, derived from murine 
melanoma, is widely recognized for its aggres-
sive metastatic phenotype. These cells exhibit 
a strong ability to invade surrounding tissues, 
intravasate into blood vessels, and form sec-

Figure 1. The epithelial adhesion molecule (EpCAM) expression in various 
murine tumor cells and effect of hinokitiol on B16F10 and CT26 cells. The 
expression levels of EpCAM in various cancer cell lines. (A) The levels of Ep-
CAM proteins in various cancer cell lines. B16F10 and CT26 cells were cul-
tured in a 96-wells plate with a number of 104, and then B16F10 and CT26 
cells were treated with different concentrations of hinokitiol (0, 0.125, 1.25, 
12.5 µM) for 16 hours. The viability of (B) B16F10 and (C) CT26 cells was 
determined using the WST-1 method. *, P<0.05; **, P<0.01; ***, P<0.001 
(Mean ± SD, n = 4).

hours. Inserts were washed 
with PBS, fixed in formalde-
hyde for 3 minutes, stained 
with 4’,6-diamidino-2-phenyl-
indole (DAPI) (Sigma-Aldrich) 
for 1 minute, and observed 
under a fluorescence micro-
scope for cell counting [23].

Animal studies

C57BL/6 mice were inoculat-
ed with 1.25 µM hinokitiol-
treated or untreated B16F10 
via the tail vein. Meanwhile, 
BALB/c mice were also treat-
ed with 12.5 µM hinokitiol-
treated or untreated CT26. 
Mice mortality was record- 
ed after tumor inoculation. 
C57BL/6 or BALB/c mice we- 
re inoculated with hinokitiol-
treated or untreated tumor 
cells as already described. 
After 15 days, mice were sac-
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ondary tumors, particularly in the lungs. The 
high metastatic potential of B16F10 makes it 
an ideal model for studying melanoma progres-
sion, metastasis mechanisms, and evaluating 
anti-metastatic therapies. The CT26 cell line, 
derived from murine colorectal carcinoma, also 
displays metastatic properties, though typically 
less aggressive than B16F10 cells. CT26 cells 
frequently metastasize to the liver and lungs 
when introduced into experimental models. 
This cell line is commonly used to study colorec-
tal cancer metastasis, immune responses, and 
the efficacy of therapeutic agents targeting 
metastatic colorectal cancer. Both cell lines  
are valuable in cancer research for their ability 
to mimic human cancer metastasis processes 
and serve as platforms to evaluate the effects 
of therapeutic interventions aimed at inhibiting 
metastasis. Since hinokitiol can influence pro-
tein levels in tumor cells, we treated tumor cell 
lines to hinokitiol at different concentrations 
[23]. Hinokitiol did not significantly affect the 
cell viability at the highest dose for 16 hours. 
This ensures that cell survival is not compro-
mised by hinokitiol’s potential toxicity. As shown 
in Figure 1B and 1C, different concentrations 
of hinokitiol (0, 0.125, 1.25, 12.5 µM) were 
treated with B16F10 and CT26 cells for 16 

two cells, the expression levels of EpCAM, 
phospho-Akt, phospho-mTOR and phodpho-
p70S6K proteins decreased in a dose-depen-
dent manner (Figures S1 and S2).

Constitutively active-Akt reduces the effect of 
hinokitiol on B16F10 and CT26 cells

To confirm whether hinokitiol regulates EpCAM 
expression via the Akt/mTOR signaling path-
way, a constitutively active Akt gene was trans-
fected into the cells [25], and Western blotting 
analysis was used to observe the effects of 
hinokitiol on the Akt/mTOR signaling pathway 
and epithelial cell adhesion molecules. If the 
constitutively active Akt results in higher ex- 
pression of downstream genes like phospho-
AkT and phosoho-mTOR compared to the non-
transfected group, and if hinokitiol treatment 
significantly reduces this expression, it can be 
concluded that hinokitiol inhibits the Akt/mTOR 
signaling pathway to regulate EpCAM expres-
sion in B16F10 and CT26 cells. Based on the 
findings in Figure 3, which showed significant 
inhibitory effects at the highest concentration 
of hinokitiol (12.5 μM), this concentration was 
selected for further testing. B16F10 and CT26 
cells were transfected with the constitutively 

Figure 2. Hinokitiol treatment of B16F10 and CT26 cells, expression of Ep-
CAM and AKT/mTOR/p70S6K pathway. B16F10 and CT26 cells were cul-
tured in 6-well plates at 3 × 105 and 4 × 105, respectively. Hinokitiol (0, 
0.125, 1.25, 12.5 µM) were added for treatment for 16 hours. The cells were 
collected and extracted. Western blotting was used to determine whether the 
expression levels of EpCAM and AKT/mTOR/p70S6K-related proteins after 
Hinokitiol treatment were dose-dependent. The β-actin expression served as 
loading controls for and total protein. Each experiment was repeated three 
times with similar results. *, P<0.05; **, P<0.01; ***, P<0.001 (Mean ± 
SD, n = 3).

hours. It was confirmed that 
these two cell lines were not 
significantly affected in terms 
of survival rate at concentra-
tions up to 12.5 µM.

Effects of hinokitiol on 
EpCAM and the Akt/mTOR/
p70S6K pathway in B16F10 
and CT26 cells

Previous studies have indicat-
ed that hinokitiol can regulate 
downstream proteins via the 
Akt/mTOR signaling pathway 
[24]. Additionally, some stud-
ies suggest that EpCAM can 
be regulated through this pa- 
thway. To explore this, Wes- 
tern blot analysis was con-
ducted to examine the Akt/
mTOR signaling and EpCAM 
protein expression in B16F10 
and CT26 cells. The results  
in Figure 2 demonstrate that 
as the concentration of hinok-
itiol increased (0-12.5 µM) in 
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active Akt plasmids, followed by hinokitiol tre- 
atment for 16 hours. Figure 3A and 3B show 
that hinokitiol inhibited the overexpressed  
Akt/mTOR signaling pathway proteins and the 
EpCAM expression mediated by constitutively 
active Akt. Integrating the results from Figures 
2 and 3, it can be concluded that hinokitiol reg-
ulates EpCAM expression through the Akt/
mTOR/p70S6K signaling pathway (Figures S3 
and S4).

Migration ability of B16F10 and CT26 cells 
after hinokitiol treatment

Given that hinokitiol inhibited EpCAM expres-
sion (Figure 2), we hypothesized that hinokitiol 
could reduce tumor cell migration. To test this, 
we first used a wound healing assay to observe 
the migration distance of B16F10 and CT26 
tumor cells following treatment with 12.5 µM 
hinokitiol. The migration distance of B16F10 
and CT26 cells was significantly reduced upon 
the addition of hinokitiol compared to the con-
trol groups (Figure 2). To ensure that the 
observed wound healing effect was not due  
to cell proliferation (Figure 4), we conducted a 
Transwell assay to examine and confirm the 
migration capability of the tumor cells. As 
expected, the migration of B16F10 and CT26 
tumor cells was significantly reduced after 
hinokitiol treatment in the Transwell assay, as 
shown in Figure 5. These results demonstrate 

5A and 5B) and CT26 (Figure 5A and 5C) cells 
with constitutively active AKT. Transfection with 
the constitutively active Akt plasmid slightly 
increased EpCAM expression following hinoki-
tiol treatment compared to the control group 
(Figure 3). This increase was further enhanced 
by transfecting the two tumor cell lines with 
constitutively active Akt plasmids. Then, Trans- 
well assay was used to assess the role of Akt in 
tumor cell migration. As shown in Figure 6, 
hinokitiol significantly reduced the migration of 
B16F10 and CT26 cells even after transfection 
with constitutively active Akt plasmids.

Hinokitiol prolonged the survival of tumor-
bearing mice in vivo

Our findings above elucidated the physiological 
effects of hinokitiol in vitro, particularly focus-
ing on cell migration. We further validated 
these results in vivo. B16F10 and CT26 tumor 
cells, pre-incubated with or without hinokitiol 
(control), were injected into mice via the tail 
vein. At day 15, the mice were sacrificed, and 
the tumor weight in the lungs was measured. 
Histological examinations of lung tissue sec-
tions revealed a greater number of tumor nod-
ules in the mice that received only B16F10 and 
CT26 cells compared to those injected with 
cells mixed with hinokitiol (Figure 7A). Addi- 
tionally, the weight of lung tumors-treated 
hinokitiol in the mice was significantly lower 

Figure 3. Constitutively active-Akt reduces the effect of hinokitiol on B16F10 
and CT26 cells. (A) B16F10 and (B) CT26 cells were transfected with con-
stitutively active AKT plasmid for 16 hours, and then treated with hinokitiol 
(12.5 μM) or not treated for 16 hours. Western blotting was used to detect 
the expression of EpCAM, P-Akt, P-mTOR and P-p70S6K proteins in B16F10 
and CT26 cells. β-Actin is expressed as a loading control for total protein. 
Each experiment was repeated three times with similar results. *, P<0.05; 
**, P<0.01; ***, P<0.001 (Mean ± SD, n = 3).

that hinokitiol can decrease 
cell mobility, and therefore, 
may be effective in preventing 
the migration process.

Transwell assays to evaluate 
the inhibitory effect of consti-
tutively active-Akt and hinoki-
tiol on tumor cell migration

In this study, hinokitiol re- 
duced EpCAM levels in tu- 
mor cells by decreasing Akt 
phosphorylation. The effect 
on the Akt/mTOR/p70S6K 
signaling pathway was rever- 
sed by transfection with con-
stitutively active Akt plas- 
mids. Specifically, the inhibi-
tory effect of hinokitiol on the 
Akt/mTOR/p70S6K signaling 
pathway was alleviated by 
transfecting B16F10 (Figure 
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Figure 4. Cell migration ability of B16F10 and CT26 cells after treatment with hinokitiol. Wound healing assays were performed, and the cells were co-cultured with 
hinokitiol for 16 hours. The movement distances of (A) B16F10 and (B) CT26 cells were observed at 0, 12, and 24 hours respectively (×200) scale bar, 60 µm and 
the measurements are shown in (C, D).
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Figure 5. Effects of hinokitiol on cellular migration in B16F10 and CT26 cells. Transwell assays, (A) B16F10 and 
CT26 cells were treated with hinokitiol (12.5 µM) for 16 hours, and stained with DAPI in the lower layer of Tranwell. 
(B) B16F10 cells and (C) CT26 cells were counted under a fluorescence microscope (×400) scale bar, 30 µm. *, 
P<0.05; **, P<0.01; ***, P<0.001 (Mean ± SD, n = 3).

Figure 6. Transwell assays was used to detect the inhibitory effect of constitutively active-AT and hinokitiol on tumor 
cell migration. (A, C) B16F10 and (B, D) CT26 cells were transfected with persistently activated AKT plasmid. After 
12-16 hours, B16F10 and CT26 cells were placed on the upper layer of Tranwell and then treated with hinokitiol for 
16 hours. The lower layer of Tranwell was stained with 4’,6-diamidino-2-phenylindole (DAPI), and (C) B16F10 cells 
and (D) CT26 cells were counted under a fluorescence microscope (×400) scale bar, 30 µm. *, P<0.05; **, P<0.01; 
***, P<0.001 (Mean ± SD, n = 3).
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Figure 7. Hinokitiol inhibited metastasis in vivo. B16F10 and CT26 cells were 
treated with hinokitiol or not, then cells were injected into mice via tail vein. 
(A) Histological sections of lung tissue showing metastatic pulmonary tumor 
nodules observed at 15 days post-intravenous injection of cells (n = 5) (×40) 
scale bar, 2 mm. (B) After 15 days, mice were sacrificed and the lung tumor 
weight were measured (n = 3). (C) Recorded mice survival after tumor in-
oculation (n = 10). Recorded mice survival after tumor (D) (B16F10) and (E) 
(CT26) inoculation (n = 10).

than that of the PBS control group, as shown in 
Figure 7B and 7C. Regarding the survival rate 
of the mice, we recorded the day each animal 
died and found that the lifespan was extended 
in the hinokitiol-treated group (Figure 7D and 
7E). These results demonstrate that hinokitiol 
effectively impedes tumor metastasis in vivo 
and prolongs the survival rate of the mice.

Discussion

Migration and invasion are hallmark behaviors 
of aggressive and malignant tumor cells. Des- 
pite significant advancements in cancer treat-
ment, metastasis, chemoresistance, and tumor 
relapse remain substantial barriers to effective 
therapy. Overcoming these challenges requires 
strategies that disrupt the physiological activi-
ties critical for tumor growth and survival. Pre- 
vious studies have shown that hinokitiol can 
inhibit tumor growth by inducing autophagy 
[26] and promoting ferroptosis [17].

In this study, we investigated the effects of 
hinokitiol on the highly invasive B16F10 mela-
noma cells and aggressive CT26 colorectal car-

sion. Hinokitiol inhibited Akt and mTOR phos-
phorylation, resulting in reduced EpCAM 
expression and suppressed tumor cell migra-
tion. In contrast, constitutive activation of Akt 
increased EpCAM expression and promoted 
cell migration. However, hinokitiol treatment 
not only reversed Akt phosphorylation but also 
downregulated EpCAM expression, as con-
firmed by Transwell assays.

Animal studies further validated the anti-meta-
static effects of hinokitiol. Tumor-bearing mice 
treated with hinokitiol exhibited fewer meta-
static nodules, lighter lung weights, and longer 
survival times compared to controls. Impor- 
tantly, no toxicity or carcinogenic effects were 
observed, highlighting hinokitiol’s safety profile. 
These results underscore the compound’s abil-
ity to inhibit metastasis in vitro and in vivo by 
targeting multiple pathways.

Beyond its impact on EpCAM and Akt/mTOR, 
hinokitiol exhibits pleiotropic activity by modu-
lating several other pathways, including matrix 
metalloproteinase (MMP) suppression [28], 

cinoma cells. B16F10 cells 
are known to metastasize to 
the lungs following intrave-
nous injection, while CT26 
cells spontaneously metasta-
size to multiple sites, includ-
ing lymph nodes, blood, brain, 
lungs, and liver. We identified 
EpCAM as a key target of hi- 
nokitiol in reducing tumor mi- 
gration and invasion. Consis- 
tent with previous evidence 
linking EpCAM to these pro-
cesses [3, 27], our findings 
demonstrate that hinokitiol 
treatment significantly de- 
creased EpCAM expression in 
both cell lines. Reduced mi- 
gration was observed in 
wound healing and Transwell 
assays, further supporting hi- 
nokitiol’s anti-metastatic effe- 
cts.

To elucidate the mechanism 
underlying this effect, we ex- 
amined the Akt/mTOR signal-
ing pathway, which is known 
to regulate EpCAM expres-
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hypoxia-inducible factor 1-α (HIF-1α) downre- 
gulation [29], and inhibition of Wnt/β-catenin 
[30], NF-κB [31], and MAPK/ERK [28]. These 
multifaceted effects emphasize hinokitiol’s po- 
tential as a versatile therapeutic agent with 
anti-inflammatory, anti-metastatic, and pro-
apoptotic properties.

In conclusion, our study highlights EpCAM as a 
critical target of hinokitiol, underscoring its role 
as a potent anticancer candidate. By inhibiting 
the Akt/mTOR pathway, hinokitiol downregu-
lates EpCAM expression, reducing tumor migra-
tion and metastasis in vitro and in vivo. These 
findings pave the way for further investigation 
into hinokitiol’s mechanisms of action and 
potential side effects, with the ultimate goal of  
developing more effective and targeted cancer 
therapies. Hinokitiol-mediated inhibition of 
tumor-induced EpCAM expression offers a 
promising approach for suppressing tumor 
growth and metastasis, representing a signifi-
cant step forward in cancer treatment 
strategies.
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Figure S1. The EpCAM/P-Akt/P-mTOR/P-p70S6K phosphorylation expression levels following various concentration 
hinokitiol treatment in B16F10 cells. Quantified band intensities normalized to β-Actin (n = 3, mean ± SD. *P<0.05; 
***P<0.001).

Figure S2. The EpCAM/P-Akt/P-mTOR/P-p70S6K phosphorylation expression levels following various concentration 
hinokitiol treatment in CT26 cells. Quantified band intensities normalized to β-Actin (n = 3, mean ± SD. *P<0.05; 
**P<0.01; ***P<0.001).
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Figure S3. B16F10 cells were transfected with constitutively active Akt plasmid for 16 hours, and then treated with 
hinokitiol (12.5 μM) or not treated for 16 hours. The EpCAM/P-Akt/P-mTOR/P-p70S6K phosphorylation expression 
levels. Quantified band intensities normalized to β-Actin (n = 3, mean ± SD. *P<0.05; **P<0.01; ***P<0.001).

Figure S4. CT26 cells were transfected with constitutively active Akt plasmid for 16 hours, and then treated with 
hinokitiol (12.5 μM) or not treated for 16 hours. The EpCAM/P-Akt/P-mTOR/P-p70S6K phosphorylation expression 
levels. Quantified band intensities normalized to β-Actin (n = 3, mean ± SD. *P<0.05; **P<0.01).


