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Abstract 

Heparanase cleaves the extracellular matrix by degrading heparan sulfate that ultimately leads to cell 
invasion and metastasis; a condition that causes high mortality among cancer patients. Many of the 
anticancer drugs available today are natural products of plant origin, such as hinokitiol. In the previous 
report, it was revealed that hinokitiol plays an essential role in anti-inflammatory and anti-oxidation 
processes and promote apoptosis or autophagy resulting to the inhibition of tumor growth and 
differentiation. Therefore, this study explored the effects of hinokitiol on the cancer-promoting pathway 
in mouse melanoma (B16F10) and breast (4T1) cancer cells, with emphasis on heparanase expression. 
We detected whether hinokitiol can elicit anti-metastatic effects on cancer cells via wound healing and 
Transwell assays. Besides, mice experiment was conducted to observe the impact of hinokitiol in vivo. 
Our results show that hinokitiol can inhibit the expression of heparanase by reducing the 
phosphorylation of protein kinase B (Akt) and extracellular regulated protein kinase (ERK). Furthermore, 
in vitro cell migration assay showed that heparanase downregulation by hinokitiol led to a decrease in 
metastatic activity which is consistent with the findings in the in vivo experiment. 
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Introduction 
Tumor cells interact with the extracellular matrix 

(ECM) through surface receptors or related 
substances or secrete proteases to degrade the matrix, 
which constitutes a pathway for tumor metastasis [1]. 
Metastasis is a major problem in cancer treatment and 
an indicator of poor prognosis among cancer patients. 
Metastasis is a rather complex tumor physiological 
process that develops after years or even decades 
from diagnosis of the primary tumor [2-3]. One of the 
enzymes responsible for ECM degradation is 
heparanase—an endo-β-glucuronidase that cleaves 
heparan sulfate (HS) side chains at a low sulfation site 

in the ECM. This ECM degradation process leads to 
some underlying biological phenomena associated 
with tissue remodeling and cell invasion, including 
inflammation, angiogenesis, and metastasis [4-5]. 
There is an active area for tumor treatment to screen 
for specific heparanase inhibitors [6]. Botanical 
preparations have been used to treat and prevent 
various diseases in history. Many of the anticancer 
drugs are plant-derived natural products and 
derivatives thereof, for example: the bioactive 
compound taxol, an alkaloid derived from Taxus 
brevifolia, can be used to treat malignant tumors such 
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as breast cancer and ovarian cancer. The natural 
galactolipid from Crassocephalum crepidioides was 
shown to have anti-inflammatory activity and 
growth-suppressive effect against melanoma [7-8]. 
The wood of trees in the family Cupressaceae, 
including the heartwood of Taiwan cypress plant or 
Taiwanese hinoki can purify Hinokitiol (β-thujaplicin) 
[9]. This bioactive compound has several biological 
functions such as differentiation-inducing, anti- 
inflammatory, antibacterial, antifungal, antioxidant, 
and antitumor activities [10-12]. Based on our 
previous report, hinokitiol inhibits melanogenesis in 
B16F10 mouse melanoma as well as inhibits 
vasculogenic mimicry activity of breast cancer stem/ 
progenitor cells [13-14]. However, the mechanism of 
hinokitiol involved in the regulation of tumor 
metastasis is still unclear. In this present report, we 
aimed to characterize the mechanism of action of 
hinokitiol on tumor metastasis. This study provided 
evidences that hinokitiol can inhibit heparanase 
expression via protein kinase B (Akt) and extracellular 
signal-regulated kinase (Erk) signaling pathways, 
leading to a reduction in tumor metastasis. Previous 
reports are consistent with the observation that 
treatment of hinokitiol in B16F10 cells decreases 
tumor cell migration [15]. 

Materials and Methods  
Cell culture 

 Murine melanoma cells (B16F10) [16] and 
murine mammary carcinoma (4T1) cells [17] were 
maintained in 10cm culture dish with Dulbecco’s 
Modified Eagle Medium (DMEM) containing 1% 
Penicillin-Streptomycin (100 units/mL penicillin and 
100 μg/mL streptomycin), and 10% fetal bovine 
serum (FBS). Both B16F10 and 4T1 cells were 
incubated at 37°C, 5% CO2.  

Cell viability 
 Tumor cells were treated with varying concen-

trations of hinokitiol for 16 h (0, 1.25, 12.5, 125 and 
1250 mM). Consequently, the cells were harvested 
and diluted 10-fold with trypan blue dye. Cell 
viability is then measured using cell counter.  

Gene transfection 

 B16F10 or 4T1 cells (1 × 106 cells per well) were 
seeded in 6-well culture plates incubated for 24 h at 
37°C, 5% CO2. Then, the cells were either transfected 
with 5 μg pCDNA 3.1 control plasmid or 
constitutively active AKT plasmid (Provided by Dr. 
Chiau-Yuang Tsai of the Department of Molecular 
Immunology, Osaka University, Japan) using 
Lipofectamine 2000 [18, 19] and then incubated for 

another 24 h at 37°C, 5% CO2. Afterwards, the cells 
were washed and treated with hinokitiol (Sigma 
Aldrich, St. Louis, MO, USA) for 16 h and prepared 
for Western blotting.  

Protein extraction and quantitative analysis 
 B16F10 or 4T1 cells in 6-well culture plates were 

washed with PBS and lysed using lysis buffer (100 μl 
PBS containing 0.5% NP40 and 100X dilution protease 
inhibitor in 106 cells/well). Cells were scraped in each 
well and the resulting suspension was collected into 
Eppendorf, stand in ice for 30 min and centrifuged at 
12000 rpm for 10 min, 4℃. The supernatant is then 
subjected to further analysis or stored at -80℃. Protein 
contents was determined using PierceTM BCA 
Protein Assay (Pierce Biotechnology, Rockford, IL, 
USA). 

Western blot analysis 
 Proteins of about 40-80 μg/mL were 

fractionated on SDS-PAGE, and then transferred onto 
nitrocellulose membranes (Pall Life Science, Glen 
Cove, NY, USA). Then, the membranes were probed 
with antibodies against heparanase (Abcam, 
Cambidge, UK), Akt (Santa Cruz Biotechonoly Inc., 
Santa Cruz, CA, USA), Erk (GeneTex International 
Corporation, Taiwan,), phosphorylation -Akt (Santa 
Cruz Biotechonoly Inc.,), phosphorylation-Erk (Merk 
Millipore, Germany), mTOR (Cell Signaling, Danvers, 
MA, USA) or β-actin (Sigma-Aldrich). The secondary 
antibodies was used the horseradish peroxidase- 
conjugated anti-rabbit IgG or anti-mouse IgG 
(Jackson, West Grove, PA, USA). The enhanced 
chemiluminescence system (Advansta, San Jose, CA, 
USA) was used to observe the signals. The signals was 
quantified by using the ImageJ software (rsbweb.nih. 
gov/ij/) [20, 21]. 

Wound healing assay 
Two-well culture-inserts was place in a 12-well 

plate, seeded with 2 × 105 tumor cells (70 μl per well of 
cell solution) and incubated overnight for 37°C, 5% 
CO2. Hinokitiol (1250 nM) treatment or control (0 nM) 
treatments were done post-preincubation. Cell 
migration was assessed, and photomicrographs were 
taken at 0, 6, and 12 h after the addition of hinokitiol 
to observe the wound healing phenomenon [30].  

Transwell assay 
Transwell inserts (Merk Millipore) were placed 

in a 24-well plate, seeded with 2× 105 cells in the upper 
chamber (200 μl of cell solution per chamber), and 
added with 500 μl of FBS into each well. Traswell 
culture was then incubated at 37℃ with 5% CO2 for 
24hr. Afterwards, each well were treated with 
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hinokitiol (1250 nM) or control (0 nM) for 16 h. The 
cells that have penetrated the membrane were fixed 
with formaldehyde for 3 min, stained with DAPI 
(Sigma-Aldrich, St. Louis, MO, USA) for 1 min, and 
finally, the cells were observed and counted under a 
fluorescent microscope. 

Animal study 
C57BL/6 mice and BALB/c mice were 

purchased from the National Laboratory Animal 
Center of Taiwan. The Laboratory Animal Care and 
Use Committee of the National Sun Yat-sen- 
University approved the animal studies ((permit 
number: 10624). 

Tumor treatment and survival analysis  
 C57BL/6J mice were inoculated with 1250 nM 

hinokitiol-treated or untreated B16F10 via the tail 
vein. Likewise, BALB/c mice were also treated with 
1250 nM hinokitiol-treated or untreated 4T1. Mice 
mortality was recorded after tumor inoculation.   

Tumor weight and histochemical staining 
 C57BL/6J or BALB/c mice were inoculated with 

hinokitiol-treated or untreated tumor cells as already 
described. After 15 days, mice were sacrificed and 
dissected to observe lung tumor and record tumor 
weight. Lung tissue samples were fixed in 3.7% 
formaldehyde and embedded in paraffin for 
sectioning and histochemical staining. Tissue sections 
were then microscopically examined for the presence 
of tumor nodules. 

Statistical analysis 
 Image data were quantified using Image-j 

software. All experimental data were analyzed and 
presented as mean ±SD or standard deviation. The 
difference among the means were calculated using 
Student t-test of SigmaPlot statistical software. A 
p-value that is less than 0.05 was considered to be 
statistically significant. 

Results 
Cell Viability and heparanase expression in 
B16F10 and 4T1 following hinokitiol treatment 

 Mouse B16F10 melanoma cells and 4T1 
mammary carcinoma cells were used to investigate 
the anticancer activity of hinokitiol. This experiment 
determined the suitable concentration for hinokitiol 
that can affect tumor cell biological activities (i.e. 
growth, proliferation, differentiation and mobility) 
without harming the cells because excessive 
concentration may lead to direct cell death, including 
those with normal function. Thence, we need to find 
the most suitable concentration so it can achieve the 

benefit of anticancer effect as described in the 
literature [10-14]. The cell survival and heparanase 
content of B16F10 and 4T1 cells treated with hinokitiol 
are shown in Figure 1. We found out that hinokitiol 
did not elicit substantial effects on cell viability, 
indicating that the dosage of hinokitiol between 
0-1250 nM have no significant cytotoxicity effect 
against the cell lines tested (Fig. 1a). Furthermore, we 
evaluated the effects of hinokitiol on heparanase 
expression. As previously mentioned, heparanase is 
an important enzyme involved in the induction of 
tumor metastasis [4-5]. The expression of heparanase 
in tumor cells was significantly downregulated after 
hinokitiol treatment as shown in Fig. 1b. The results 
demonstrated that hinokitiol could reduce heparanase 
expression in both B16F10 and 4T1 cells in a 
dose-dependent manner. 

Hinokitiol inhibits tumor cell migration 
Heparanase cleaves the heparan sulfate (HS) 

side chains to cause degradation of the ECM and 
allows cells to pass through the loosened ECM and 
basement membrane thereby gaining access to the 
lymphatic system or vascular circulation [4,5,22]. 
Since hinokitiol inhibited heparanase expression (Fig. 
1), we predicted that hinokitiol can reduce tumor cell 
migration. First, we utilized wound healing assay to 
observe migration distance of B16F10 and 4T1 tumor 
cells following treatment with 1250 nM hinokitiol. 
Cell migration distance of B16F10 and 4T1 cells was 
significantly decreased upon the addition of hinokitiol 
compared with the PBS control groups (Fig. 2a). In 
order to verify the phenomenon of wound healing 
was not caused by cell proliferation, we performed 
Transwell assay to examine and validate the cell 
migration capability of the tumor cells. As expected, 
the migration of B16F10 and 4T1 tumor cells were 
significantly reduced after a hinokitiol treatment in 
the Transwell assay, as seen in Fig. 2b. These results 
demonstrated that hinokitiol can decrease both 
mobility and invasion; hence, can be used to prevent 
the migration process. 

Hinokitiol reduced heparanase expression 
through protein kinase B (AKT) and 
extracellular signal-regulated kinase (Erk) 
signaling pathways 

The abnormal activation of cancer-promoting 
pathways, Akt and Erk, is associated with the process 
of tumor proliferation, invasion and metastasis. In 
addition, previous research also has mentioned that 
heparanase is strongly correlated with the 
phosphorylation of Akt and Erk pathways [23, 24]. 
Therefore, we conduct Western blot analysis to 
explore whether hinokitiol can inhibit heparanase 
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through Akt and Erk pathway. As previously 
mentioned, based on Fig. 1, we know that hinokitiol 
possessed the ability to reduce heparanase expression. 
In this part, B16F10 and 4T1 cells were incubated for 
16 h with 0, 1.25, 12.5, 125 and 1250 nM concentrations 
of hinokitiol. After the treatment, cells were lysed and 
the phopho-Akt and phospho-Erk expression levels 
were measured by Western blotting (Fig. 3). The 

results of the Western blot analysis showed that the 
phosphorylation of Akt and Erk were reduced in the 
hinokitiol-treated group compared with PBS control 
group. The results suggest that hinokitiol can 
significantly suppress heparanase expression as well 
as downregulate P-Akt and P-Erk which indicate that 
hinokitiol may inhibit heparanase through these two 
pathways (Fig. 3).   

 

 
Figure 1. Effects of hinokitiol on cell viability and heparanase expression in B16F10 and 4T1 cells. Cells (5 × 105 cells/well) were placed onto plates and incubated 
at 37 °C for 24 h and then treated with 0, 1.25, 12.5, 125 and 1250 nM hinokitiol for 16 h. (a) Cell viability was measured using cell counter after the cells were harvested and 
stained with trypan blue; (b) The Western blot analysis was used to detect the expression of heparanase. 

 
Figure 2. Effects of hinokitiol on cellular migration in B16F10 and 4T1 cells. (a) Wound healing assay. B16F10 and 4T1 cells (2×105 cells/well) were placed into 2-Well 
Culture-Inserts inside 12-well plate and incubated at 37℃ for 24 h. Photographs were taken at 0 h, 6 h, and 12 h after the addition of hinokitiol. Each experiment was repeated 
three times with similar results. In histogram, 100 present the starting point of the cell, the number above 100 is the percentage of cell migration (100%+ cell migration %) (b) 
Transwell assay. B16F10 and 4T1 cells (2×105 cells/well) were placed into the upper layer of a cell culture insert with a permeable membrane and incubated at 37℃ for 24 hours. 
Similarly, the cells were treated with hinokitiol for 16 h and then stained with 4′,6-Diamidino-2-Phenylindole (DAPI) and counted under a fluorescence microscope (×400). Each 
experiment was repeated three times with similar results. (n=3, mean ±SD. * p < 0.05; ** p < 0.01; *** p < 0.001) 
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Figure 3. The expression levels of heparanase and phosphorylation Akt/Erk after hinokitiol treatment. B16F10 and 4T1 cells were treated with hinokitiol at the 
concentration of 0-1250 nM for 16 h. The protein expression was determined by immunoblotting. The values show the protein expression normalized to β-actin. The Western 
blotting assay was repeated three times with similar results. (n=3, mean ±SD. * p < 0.05; ** p < 0.01; *** p < 0.001)  

 

Hinokitiol elicits suppressive effect on protein 
expression in tumor cells bearing 
constitutively active-phosph-protein kinase B 
(P-Akt) and resveratrol-induced phosph- 
extracellular signal-regulated kinase (P-Erk) 

 Resveratrol supports the Erk signaling pathway 
in an activated state and can cross the blood-brain 
barrier [25]. Therefore, in order to confirm whether 
hinokitiol negatively regulates heparanase through 
Erk pathway, we used 4 μg/mL resveratrol to induce 
Erk phosphorylation prior to hinokitiol treatment and 
then observe whether heparanase will increase Erk 
phosphorylation levels. Additionally, we explored 
Akt pathway for our experiment. We transfected 
tumor cells with constitutively active Akt plasmid to 
increase Akt transcription and phosphorylation and 

then observe whether heparanase will upregulate 
because of high phospho-Akt expression levels. 
Subsequently, we treated the Akt transfected-tumor 
cells with hinokitiol to examine the changes in 
heparanase expression and Akt phosphorylation.  

 In the resveratrol-induced Erk pathway, B16F10 
and 4T1 tumor cells were treated with varying 
experimental conditions as follows: Both resveratrol 
and hinokitiol were not given (PBS group); treated 
only with hinokitiol (Resveratrol was not given); 
treated only with 4 μg/mL resveratrol (Treated 
resveratrol for 2 h and hinokitiol was not given), and 2 
h stimulation with resveratrol prior to hinokitiol 
treatment for 16 hours. The results showed that 
resveratrol increased the phosphorylation of Erk and 
the expression profile of heparanase. Interestingly, 
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hinokitiol also downregulated the phosphorylation of 
resveratrol-activated Erk and heparanase. These 
results confirm that hinokitiol inhibited the 
expression of heparanase indeed via Erk pathway 
(Fig. 4a). Moreover, in the Akt transfection experi-
ment, B16F10 and 4T1 cells were treated with different 
experimental conditions as follows: Both transfected- 
Akt and hinokitiol were not given (PBS group); 
treated only with hinokitiol (No Akt transfection); 
transfection with Akt alone (Akt transfection for 24 h 
and hinokitiol was not given) and after 24 h Akt 
transfection, cells were treated with hinokitiol for 16 
h. The results showed that Akt transfection not only 

increased the phosphorylation of Akt but also 
resulted to an elevated heparanase expression. 
Furthermore, hinokitiol also downregulated the Akt 
phosphorylation and heparanase expression of 
Akt-transfected tumor cells. These results confirm 
that hinokitiol inhibited the expression of heparanase 
even in the presence of a constitutively active Akt 
(Fig. 4b). The consistency of findings from the 
resveratrol and Akt transfection studies suggest that 
the suppression of Akt by hinokitiol will cause the 
reduction of Erk phosphorylation and the subsequent 
downregulation of heparanase. 

 

 
Figure 4. Hinokitiol downregulates heparanase through Erk and Akt pathway. The B16F10 and 4T1 cells (5 × 105 cells/well) were placed into 6-well plates and 
incubated at 37℃ for 24 h. (a) Cells were treated with 4 μg/mL resveratrol to increase Erk phosphorylation for 2 hr and then treated with 0 or 1250 nM of hinokitiol for 16 h, 
cells were lysed and processed for western blot analysis. (b) Constitutively active-Akt transfection was performed to increase Akt expression for 24 h and then treated with 0 
or 1250 nM of hinokitiol for 16 h, cells were lysed and processed for Western blot analysis. The Immunoblotting assay was repeated three times with similar results. The values 
show the protein expression normalized to β-actin. (n = 3, data are mean± SD). 
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Figure 5. Hinokitiol inhibits the migration through Erk and Akt pathway. B16F10 and 4T1 cells (2 × 105 cells/well) were placed into 2-Well Culture-Inserts inside a 
12-well plate and incubated at 37°C for 24 h. (a) We use resveratrol to increase Erk expression for 2 h and then treat with hinokitiol. Migration distance were recorded at 0 h, 
6 h, and 12 h after the addition of hinokitiol. (b) B16F10 and 4T1 cells (2 × 105 cells/well) were placed into 2-Well Culture-Inserts inside a 12-well plate and incubated at 37°C 
for 24 h. Cells were transfected with Akt plasmid (5 μg) to increase Akt expression for 24 h and then treated with hinokitiol. Migration distance were recorded at 0 h, 6 h, and 
12 h after the addition of hinokitiol. Each experiment was repeated three times with similar results. In histogram, 100 present the starting point of the cell, the number above 100 
is the percentage of cell migration (100%+ cell migration %). (n=3, mean ±SD. * p < 0.05; ** p < 0.01; *** p < 0.001) 

 

Hinokitiol reduces cell migration tumor cells 
bearing constitutively active-phosph-protein 
kinase B (P-Akt) and resveratrol-induced 
phosph- extracellular signal-regulated kinase 
(P-Erk)  

     From the results above, we now know that 
either the addition of resveratrol or Akt transfection in 
tumor cells enhanced phospho-Erk and phospho-Akt 
and increase heparanase expression after that. With 
that, we hypothesized that resveratrol treatment or 
Akt transfection will further induce migration ability 
of the cells and that after the addition of hinokitiol, 
migration will be inhibited. 

     Here, we used the wound healing assay as 
described above. B16F10 and 4T1 tumor cells were 
treated with varying experimental conditions as 
follows: Group 1: Both resveratrol and hinokitiol were 
not given (PBS group), Group 2: Treated only with 
hinokitiol (Resveratrol was not given), Group 
3:Treated only with 4 μg/mL resveratrol (Treated 

resveratrol for 2 hours and hinokitiol was not given), 
Group 4: 2 hour stimulation with resveratrol prior to 
hinokitiol treatment for 16 hours. The tumor cells 
were observed, and photomicrographs were taken at 
0, 6, and 12 h after the addition of hinokitiol. We 
observed that the group 3 gained an increase in cell 
movement which may be accounted for by the effects 
of resveratrol, and after treatment with hinokitiol, 
migration activity was reduced. This demonstrates 
that hinokitiol inhibit metastasis through Erk 
signaling pathway (Fig. 5a). Also, we examined 
migration in Akt-transfected tumor cells using the 
same assay. B16F10 and 4T1 cells were treated with 
different experimental conditions as follows: Group 1: 
Both transfected-Akt and hinokitiol were not given 
(PBS group), Group 2: Treated only with hinokitiol 
(No Akt transfection), Group 3: Transfection with Akt 
alone (Akt transfection for 24 h and hinokitiol was not 
given), Group 4: After 24 h Akt transfection, cells were 
treated with hinokitiol for 16 h. Likewise, the results 
revealed that the group 3 gained an increase in cell 
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movement primarily due to the effect of Akt 
transfection that amplified migration factors 
including heparanase, and after treatment with 
hinokitiol, migration was reduced; suggesting that 
hinokitiol inhibits metastasis through Akt signaling 
pathway (Fig 5b). 

Hinokitiol inhibits tumor metastasis and 
prolongs survival rate in vivo 

 Our findings above explained the physiological 
effects of hinokitiol in vitro, with emphasis on cell 
migration. We further confirmed the results in vivo. 
The B16F10 and 4T1 tumor cells pre-incubated with 
hinokitiol or not (control) were injected into mice via 
tail vein. After hinokitiol treatment, mice were 

sacrificed, and the tumor weight in the lungs was 
measured. The weight of lung tumors in 
hinokitiol-treated mice was found to be significantly 
lighter than that of PBS control group as shown in Fig 
6a. Furthermore, histological examinations of lung 
tissue sections showed more tumor nodules in the 
mice that received B16F10 and 4T1 cells alone than 
those injected with cells admixed with hinokitiol (Fig. 
6b). As for the mice survival rate, we also recorded the 
day that the animal died and found out that the 
lifespan was prolonged in hinokitiol-treated group 
(Fig. 6c). These results demonstrated that hinokitiol 
possessed an ability to impede tumor metastasis in 
vivo and prolonged mice survival rate. 

 

 
Figure 6. Hinokitiol inhibited metastasis in vivo. B16F10 and 4T1 cells were treated with hinokitiol or not, then cells were injected into mice via tail vein. (a) After 15 days, 
mice were sacrificed and the lung tumor weight were measured (n = 5-10) (b) Histological sections of lung tissue showing metastatic pulmonary tumor nodules observed at 15 
days post-intravenous injection of cells (n = 5 ) (c) Recorded mice survival after tumor inoculation (n = 10-14). 
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Discussion 
 Migration and invasion are vital biological 

behaviors of aggressive and malignant tumor cells. To 
date, tumor metastases, along with the development 
of chemoresistance and tumor relapse, remains the 
significant barriers to various cancer treatment 
modalities. To overcome this hindrance, an effective 
strategy to disrupt physiological activities required 
for tumor growth and survival is necessary. 
Previously, we found that hinokitiol inhibited tumor 
growth through the induction of autophagy [26], and 
apoptosis through a caspase 3-dependent pathway or 
cell-cycle arrest [27-28]. This study used B16F10 and 
4T1 cells for experiments. The B16F10, which is highly 
invasive, and will migrate from the primary tumor to 
the lungs and colonize the lungs upon intravenous 
(i.v.) injection. The 4T1 mammary carcinoma is highly 
tumorigenic and aggressive tumor cell line. It can 
spontaneously metastasize from a primary tumor to 
multiple distant locations, including lymph nodes, 
blood, brain, lung, liver, and bone. In this study, we 
identified heparanase as one of the potential targets of 
hinokitiol. The heparanase is involved in the 
hinokitiol-mediated tumor inhibition. Moreover, 
evidence shows that heparanase participates in tumor 
migration and invasion [4, 5]. Hence, we 
hypothesized that hinokitiol drives the suppression of 
tumor metastasis. The expression of heparanase, 
wound-healing, and Transwell assay in B16F10 and 
4T1 cells were significantly decreased after hinokitiol 
treatment. Next, we explored the signal pathway 
between hinokitiol and heparanase. Dr. Sheu and his 
colleagues, the experts in the field, found that 
hinokitiol inhibits tumor cell migration via blocking 
the phosphorylation of mitogen-activated protein 
kinase and p65 nuclear factor kappa B (NF-κB) [15]. 
Our findings verified that the expression of 
phosphorylated Akt/Erk is decreased in 
hinokitiol-treated B16F10 and 4T1 tumor cells, which 
is consistent with the results published by other 
groups [15-19]. We also used resveratrol and 
constitutively active Akt transfection to make a 
thorough inquiry on the association of heparanase 
and these two pathways. When phospho-Erk or 
phospho-Akt expression levels were stably activated, 
heparanase expression was increased considerably 
and after treatment with hinokitiol, not only that the 
Erk and Akt phosphorylation levels were decreased, 
but also the upregulation of heparanase protein 
expression was reversed. It is worth noting that we 
have found out that hinokitiol may behave differently 
in regulating protein expression in B16F10 and 4T1 
cells. In 4T1 cell as shown in Figure 4b, when 
transfected with plasmid that constitutively expresses 
Akt, the phospho-Erk expression level was activated 

along with Akt phosphorylation. However, this 
knock-on effect did not appear in B16F10. Based on 
the findings, it can be assumed that Akt is located 
upstream of Erk in 4T1 tumor cell line, indicating that 
Akt affect Erk phosphorylation and then 
downregulate heparanase expression after treatment 
with hinokitiol. In B16F10 cell, Akt and Erk are two 
separate pathways regulated differently by hinokitiol. 
The wound healing assay also showed that cell 
migration was induced after P-Akt and P-Erk 
activation. About animal studies, less metastatic 
nodules and significantly lighter lung weights were 
recorded in hinokitiol-group, which explains the 
longer lifespan observed in hinokitiol-group 
compared with the PBS control group. Herein, we 
provide the similar results to demonstrate that 
hinokitiol reduced tumor cell migration in vitro and in 
vivo [15]. The different target molecule (heparanase) 
and dose of hinokitiol were observed in this study. 
Hinokitiol has pleiotropic activities and appears to 
hold promise for the treatment of tumors. 

    The toxicity or carcinogenic effect of hinokitiol 
was not observed in animal studies. Even at a very 
high dose, hinokitiol was a high degree of safety for 
uses [28, 29]. In these studies, if the highest treatment 
(1250 nM) uses in mice, the 22.55 μg/kg is acceptable 
in human. Hinokitiol exerts anti-metastasis activity 
through suppressing matrix metalloproteinase (MMP) 
9 and 2 [30]. The epithelial-mesenchymal transition 
(EMT) transcription factor Snail expression, as known 
associated with metastasis, was decreased after 
hinokitiol treatment [31]. 

 To sum up, this study has illustrated heparanase 
as a target of hinokitiol, and we believe that hinokitiol 
may be a potent anticancer candidate as it acts against 
cancer-promoting pathways namely, P-Akt and 
P-Erk, that drives the expression of heparanase. The 
suppression of P-Akt and P-Erk by hinokitiol caused a 
significant downregulation of heparanase in the two 
tumor cell lines tested which resulted to a reduced 
tumor metastasis both in vitro and in vivo. It is 
required to explore further the mechanism by which 
hinokitiol acts upon the cell, other than heparanase in 
the future. More so, it is necessary to investigate the 
side effects or drug damage caused by using 
hinokitiol. Other prospects like this investigation offer 
a new direction to design a more efficient way to 
suppress cancer. Hinokitiol can effectively down-
regulate tumor-induced heparanase expression in 
B16F10 and 4T1 cancer cell lines through the 
suppression of Akt and Erk signaling pathways. The 
result was verified using Akt transfection and 
resveratrol-induction. Hinokitiol is not only regulated 
the AKT pathway, but also regulated mitogen- 
activated protein kinase (MAPK ) [32], NF-κB [33], 
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and hypoxia inducing factor-1 (HIF-1) [34]. It would 
be interesting to test the possibility that RAC is a 
common regulator of cell motility mediating 
increased motility and invasive characteristics of 
cancer cells. Because Akt is dispensable for RAC 
regulation of actin reorganization, it has been 
assumed that RAC stimulate cell motility 
independent of Akt in mammalian cells [35]. Both 
RAC and Akt are necessary for cell motility, and it is 
possible that these molecules interact functionally. 
This is a topic worth exploring in the future by using 
hinokitiol. 

Furthermore, we demonstrated that hinokitiol 
can inhibit metastasis as demonstrated in the in vitro 
experiments that is consistent with the animal studies. 
Therefore, hinokitiol-mediated tumor therapy can be 
considered as a promising strategy in battling cancer 
and it merits further investigations in order to 
develop and design an appropriate method to 
suppress tumor growth and metastasis. 

Acknowledgement 
This work was supported by Ministry of Science 

and Technology, Taiwan (MOST 107-2313-B-110-003- 
MY3), Higher Education Sprout Project and 
Kaohsiung Armed Forces General Hospital, Taiwan 
(108-31). 

Competing Interests 
The authors have declared that no competing 

interest exists. 

References 
1. Lu P. Weaver V.M. Werb Z. The extracellular matrix: A dynamic niche in 

cancer progression. J Cell Biol. 2012; 196(4): 395-406.  
2. Chiang SP. Cabrera RM. Segall JE. Tumor cell intravasation. Am J of 

Physiol Cell Physiol. 2016; 311(1): C1–C14. 
3. Hunter K.W. Crawford N.P. Alsarraj J. Mechanisms of metastasis. Breast 

Cancer Res. 2008; 10: S2. 
4. Ilan N. Elkin M. Vlodavsky I. Regulation, function and clinical 

significance of heparanase in cancer metastasis and angiogenesis. Int J 
Biochem Cell Biol. 2006; 38: 2018–2039. 

5. Vlodavsky I. Friedmann Y. Molecular properties and involvement of 
heparanase in cancer metastasis and angiogenesis. J Clin Invest. 2001; 
108: 341–347. 

6. McKenzie EA. Heparanase: a target for drug discovery in cancer and 
inflammation. Br J Pharmacol. 2007; 151(1): 1–14.  

7. Lee WL. Shiau JY. Shyur LF. Taxol, camptothecin and beyond for cancer 
therapy. Adv Bot Res. 2012; 62: 133-178. 

8. Hou CC. Chen YP. Wu JH. Huang CC. Wang SY. Yang NS. Shyur LF. A 
galactolipid possesses novel cancer chemopreventive effects by 
suppressing inflammatory mediators and mouse B16 melanoma. Cancer 
Res. 2007; 67: 6907-6915 

9. Jayakumar T. Hsu WH. Yen TL. Luo JY. Kuo YC. Fong TH. Sheu JR. 
Hinokitiol, a natural tropolone derivative, offers neuroprotection from 
thromboembolic stroke in vivo. Evid Based Complement Alternat Med. 
2013; 2013: 8404872013. 

10. Shih MF. Chen LY. Tsai PJ. Cherng JY. In vitro and in vivo therapeutics 
of β-thujaplicin on LPS-induced inflammation in macrophages and 
septic shock in mice. Int J Immunopathol Pharmacol. 2012; 25: 39–48. 

11. Liu S. Yamauchi H. Hinokitiol, a metal chelator derived from natural 
plants, suppresses cell growth and disrupts androgen receptor signaling 
in prostate carcinoma cell lines. Biochem Biophys Res Commun. 2006; 35: 
26–32. 

12. Liu S. Yamauchi H. P27-associated G1 arrest induced by hinokitiol in 
human malignant melanoma cells is mediated via down-regulation of 
pRb, Skp2 ubiquitin ligase and impairment of Cdk2 function. Cancer 
Lett. 2009; 286: 240–249. 

13. Tsao YT. Huang YF. Kuo CY. Lin YC. Chiang WC. Wang WK. Hsu CW. 
Lee CH. Hinokitiol inhibits melanogenesis via AKT/mTOR signaling in 
B16F10 mouse melanoma cells. Int J Mol Sci. 2016; 17(2): 248. 

14. Tu DG. Yu Y. Lee CH. Kuo YL. Lu YC. Tu CW. Chang WW. Hinokitiol 
inhibits vasculogenic mimicry activity of breast cancer stem/progenitor 
cells through proteasome mediated degradation of epidermal growth 
factor receptor. Oncol Lett. 2016; 11: 2934-2940.  

15. Huang CH. Lu SH. Chang CC. Thomas PA. Jayakumar T. Sheu JR. 
Hinokitiol, a tropolone derivative, inhibits mouse melanoma (B16-F10) 
cell migration and in vivo tumor formation. Eur J Pharmacol. 2015; 476: 
148-157. 

16.  Phacharapiyangkul N, Wu LH, Lee WY, Kuo YH, Wu YJ, Liou HP, Tsai 
YE, Lee CH. The extracts of Astragalus membranaceus enhance 
chemosensitivity and reduce tumor indoleamine 2, 3-dioxygenase 
expression. Int J Med Sci. 2019; 16(8):1107-1115. 

17.  Wang CC, Yang CJ, Wu LH, Lin HC, Wen ZH, Lee CH. Eicosapentaenoic 
acid reduces indoleamine 2,3-dioxygenase 1 expression in tumor cells. 
Int J Med Sci. 2018; 15(12):1296-1303. 

18.  Kuan YD. Lee CH. Salmonella overcomes tumor immune tolerance by 
inhibition of tumor indoleamine 2, 3-dioxygenase 1 expression. 
Oncotarget. 2016; 7: 374–385.  

19. Tsao YT. Kuo CY. Cheng SP. Lee CH. Downregulations of AKT/mTOR 
signaling pathway for Salmonella-mediated suppression of matrix 
metalloproteinases-9 expression in mouse tumor models. Int J Mol Sci. 
2018; 19(6): 1630. 

20. Chang WW. Liu JJ. Liu CF. Liu WS. Lim YP. Cheng YJ. Lee CH. An 
extract of Rhodobacter sphaeroides reduces cisplatin-induced 
nephrotoxicity in mice. Toxins. 2013; 5: 2353–2365.  

21. Wang WK. Lu MF. Kuan YD. Lee CH. The treatment of mouse colorectal 
cancer by oral delivery tumor-targeting Salmonella. Am J Cancer Res 
2015; 5: 2222–2228. 

22. Wiig H. Keskin D. Kalluri R. Interaction between the extracellular matrix 
and lymphatics: consequences for lymphangiogenesis and lymphatic 
function. Matrix Biol. 2010; 29(8): 645–656. 

23.  Zhang Y. Zhang GL. Sun X. Cao KX. Shang YW. Gong MX. Ma C. Nan N. 
Li JP. Yu MW. Yang GW. Wang XM. Gubenyiliu II inhibits breast tumor 
growth and metastasis associated with decreased heparanase expression 
and phosphorylation of ERK and AKT pathways. Molecules. 2017; 22(5): 
787. 

24. Zhang Y. Sun X. Nan N. Cao KX. Ma C. Yang GW. Yu MW. Yang L. Li JP. 
Wang XM. Zhang GL. Elemene inhibits the migration and invasion of 
4T1 murine breast cancer cells via heparanase. Mol Med Rep. 2017; 16(1): 
794-800. 

25.  Maher P. Dargusch R. Bodai L. Gerard PE. Purcell JM. Marsh JL. ERK 
activation by the polyphenols fisetin and resveratrol provides 
neuroprotection in multiple models of Huntington's disease. Hum Mol 
Genet. 2011; 20(2): 261–270. 

26. Wang WK. Lin ST. Chang WW. Liu LW. Li TY. Kuo CY. Hsieh JL. Lee 
CH. Hinokitiol induces autophagy in murine breast and colorectal 
cancer cells. Environ Toxicol. 2014; 31(1): 77-84 

27. Lee YS. Choi KM. Kim W. Jeon YS. Lee YM. Hong JT. Yun YP. Yoo HS. 
Hinokitiol inhibits cell growth through induction of S-phase arrest and 
apoptosis in human colon cancer cells and suppresses tumor growth in a 
mouse xenograft experiment. J Nat Prod. 2013; 76: 2195-2202. 

28. Ido Y. Muto N. Inada A. Kohroki J. Mano M. Odani T. Itoh N. Yamamoto 
K. Tanaka K. Induction of apoptosis by hinokitiol, a potent iron chelator, 
in teratocarcinoma F9 cells is mediated through the activation of 
caspase-3. Cell Prolif. 1999; 32: 63-73. 

29. Cho YM. Hasumura M. Takami S. Imai T. Hirose M. Ogawa K. 
Nishikawa A. A 13-week subchronic toxicity study of hinokitiol 
administered in the diet to F344 rats. Food Chem Toxicol 2011, 49, 
1782-1786. 

30. Jayakumar T. Liu CH. Wu GY. Lee TY. Manubolu M. Hsieh CY. Yang 
CH. Sheu JR. Hinokitiol inhibits migration of A549 lung cancer cells via 
suppression of MMPs and induction of antioxidant enzymes and 
apoptosis. Int J Mol Sci. 2018; 19: pii: E939. 

31. Yang HW. Lu MY. Chiu YW. Liao YW. Huang YF. Ju Chueh P. Hsieh PL. 
Yu CC. Hinokitiol ablates myofibroblast activation in precancerous oral 
submucous fibrosis by targeting Snail. Environ Toxicol. 2018; 33: 454-462. 

32.  Wei KC, Chen RF, Chen YF, Lin CH. Hinokitiol suppresses growth of B16 
melanoma by activating ERK/MKP3/proteosome pathway to 
downregulate survivin expression. Toxicol Appl Pharmacol. 2019; 366: 
35-45. 



Int. J. Med. Sci. 2020, Vol. 17 

 
http://www.medsci.org 

413 

33.  Lu WJ, Lin KH, Tseng MF, Yuan KC, Huang HC, Sheu JR, Chen RJ. New 
therapeutic strategy of hinokitiol in haemorrhagic shock-induced liver 
injury. J Cell Mol Med. 2019; 23(3): 1723-1734. 

34.  Moon JH, Lee JH, Lee YJ, Park SY. Hinokitiol protects primary neuron 
cells against prion peptide-induced toxicity via autophagy flux regulated 
by hypoxia inducing factor-1. Oncotarget. 2016; 7(21): 29944-29957. 

35. Higuchi M, Masuyama N, Fukui Y, Suzuki A, Gotoh Y. Akt mediates 
Rac/Cdc42-regulated cell motility in growth factor-stimulated cells and 
in invasive PTEN knockout cells. Curr Biol. 2001; 11(24): 1958-1962. 

 


