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Background: Bladder cancer has long been recognized as one of the most common and 
aggressive human malignant carcinomas due to the increased invasiveness and metastasis. 
The discovery and development of natural compounds from Dendrobium species for cancer 
therapy have garnered increasing attention in recent years. Among those natural elements, 
the bibenzyl compound gigantol has promising therapeutic potential against several cancer 
cell lines; however, its roles on bladder tumor metastasis have not been investigated.
Materials and Methods: Here in this in vitro study, we utilized viability tests, cell 
migration, cell invasion and apoptosis assays to evaluate the anti-tumor activity of gigantol 
on three human bladder cancer cell lines (SW780, 5637, and T24) and a normal human 
bladder cell line (SVHUC-1). Cells were treated with different concentrations of gigantol (0, 
40, 80, and 160 µM) for 24, 48 and 72 h.
Results: Here in this study, we showed that gigantol suppressed cancer cell proliferation but 
not normal SVHUC-1 cells. The inhibitory effect of the compound on cell migration and 
invasion was also exhibited in the cancer cell lines. Cell apoptosis assay by flow cytometry 
revealed enhanced apoptotic effects of gigantol on cancer cells. Gene expression analysis 
revealed that Wnt/EMT signaling might involve in the response of bladder cancer cells to 
gigantol.
Conclusion: Therefore, the present data demonstrate gigantol as a strong anticancer reagent 
against bladder cancer possibly through Wnt/EMT signaling.
Keywords: bladder cancer, tumor metastasis, Dendrobium, gigantol

Introduction
Bladder cancer, the most predominant genitourinary malignancy is the 9th most 
common cancer and the 13th most common cause of cancer death worldwide, 
representing the 7th most prevalent in men and the 17th most prevalent in 
women.1 Cigarette smoking is the greatest established risk factor for bladder cancer 
with the highest incidence rates in Europe, the United States, and Egypt,2 while 
other risk factors include aging, genetic variation, Schistosoma haematobium infec
tion, occupational exposure to aromatic amines and hydrocarbons.3,4 The most 
common symptom in 85% patients is haematuria, while other clinical presentations 
may include urinary urgency and painful urination.5 Localized urothelial carcinoma 
of the bladder is broadly classified as non-muscle invasive bladder cancer (80% 
cases, do not typically pose threats to survival but easily recur), muscle-invasive 
bladder cancer (15% cases, clinically aggressive and usually fatal), and the 
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remaining 5% presenting with metastases.6 It is evidenced 
that the patient experience for people with bladder cancer 
is worse than affected individuals with other cancers,7 and 
that the most bladder cancer patients have a chronic dis
ease that requires continued surveillance and regular, long- 
term follow-up, making it one of the most expensive 
tumors to manage on a per-patient basis and imposing 
heavy economic burden to the patients and healthcare 
system.8 Failure is usually due to occult metastatic dis
eases present at the time of diagnosis. Metastasis is char
acterized as a dissemination of primary tumors to 
secondary sites, consisting of several sequential steps, 
cell migration, invasion, intravasation, extravasation, and 
establishment of secondary tumors. Cancer migration and 
invasion are the initial steps and important prerequisites 
for successful metastasis; inhibition of cancer motility can 
cause metastasis suppression.9

Recently, natural compounds from herbal plants have 
attracted increasing attention as major parts of alternative 
medicines because of the plants’ abundance, compound 
diversity, and cost-effectiveness.10,11 Several classes of 
such bioactive compounds including bibenzyl have been 
identified in medicinal Dendrobium plants previously.12,13 

Dendrobium in the family Orchidaceae has more than 
1100 species which are widely distributed throughout 
Asia and Australia.14 As a representative of small mole
cule, Gigantol (3′,4-dihydroxy-3,5′-dimethoxy-bibenzyl), 
a bibenzyl phenolic compound frequently found in the 
stem of medicinal Dendrobium,15 has been shown to 
have a wide range of pharmacological activities without 
adverse effects, eg, anti-inflammation,16,17 anti-osmosis,18 

anti-oxidant,18 anti-spasm,19 anti-nociception,17 anti- 
diabetic cataracts,20 anti-platelet aggregation,21 anti- 
mutagenesis,22 and immune modulation.16 In addition, 
gigantol has significant anti-tumor activity as evidenced 
in several cancer cell lines, including lung cancer,23,24 

liver cancer,25 and breast cancer.26

Based on our previous works, which revealed that 
recurrence and death rates of human bladder cancer 
remained high,27 and that gigantol induced growth inhibi
tion and apoptosis of human breast cancer cells via Wnt/β- 
catenin signaling,26 we speculated that gigantol as repre
sentatives of small molecule from Dendrobium species, 
might also have inhibitory effects on bladder cancer 
tumorigenesis. However, certain information regarding 
the tumor growth attenuation and the underlying mechan
ism are still required. The present study investigated the 
regulatory role of gigantol on bladder cancer cell 

proliferation, migration, invasion and apoptosis using 
CCK-8 cell counting, wound healing, transwell assays, 
and flow cytometry and further explored the possible 
molecular mechanism through qRT-PCR and Western 
blot analysis of Wnt signaling and epithelial–mesenchymal 
transition (EMT)-related genes. Our results demonstrated 
that gigantol was effective to attenuate the metastatic 
behavior of human bladder cancer cells. The findings 
gained from the present study may support the develop
ment and further investigation of gigantol for cancer 
therapy.

Materials and Methods
Reagents and Equipment
Dimethyl sulfoxide (DMSO) was purchased from 
Amresco (OH, USA), reverse transcription system kit 
and quantitative real-time PCR (qRT-PCR) kit from 
Toyobo Co. Ltd (Osaka, Japan), Phenol-free RPMI-1640 
medium, DMEM, and F12K medium, fetal bovine serum 
(FBS), phosphate-buffered saline (PBS), penicillin/strepto
mycin, and 0.25% trypsin from Gibco Chemical. Co. (MA, 
USA), CCK-8 cell counting kit from TransGen Biotech 
Co. Ltd (Beijing, China), Gigantol from MCE (NJ, USA), 
TRIzol reagents from Invitrogen (Thermo Fisher 
Scientific, New Zealand). The human bladder cancer cell 
lines, SW780, 5637, and T24, and a normal urothelial cell 
line SVHUC-1 were acquired from Institute of Cell 
Biology, Chinese Academy of Science (Shanghai, China). 
UV spectra was recorded using an ELISA microplate 
reader (Bio-Rad Laboratories Inc., CA, USA). Images 
were taken using an inverted fluorescence microscope 
and camera system (Olympus Co., Tokyo, Japan). The 
Annexin V-PE/7-AAD apoptosis detection kit was pro
vided by BD PharmingenTM (Shanghai, China). The anti
bodies against β-Actin, Axin2, Survivin, Slug, and 
Vimentin proteins were purchased from Affinity 
Biosciences (Melbourne, Australia). All other reagents 
used were of analytical grade and acquired from local 
vendors in China.

Cell Culture and Treatment
Cell lines were cultured as monolayers in phenol-free 
RPMI-1640 (for 5637), DMEM (for T24 and SW780), or 
F12K mediums (for SVHUC-1) supplemented with 10% 
heat-inactivated FBS and 1% penicillin/streptomycin in 
a humidified chamber with 5% CO2 at 37°C and passaged 
at near confluent density with trypsin-EDTA. Gigantol 
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powder was dissolved in DMSO, and stock sample was 
further diluted in culture medium to the appropriate con
centration. The final concentration of DMSO in all assays 
did not exceed 0.1% (v/v), a concentration that did not 
affect cell viability. Cells were incubated with gigantol (0, 
40, 80 and 160 μM) for the indicated times. Experiments 
were performed in triplicate. The research protocol using 
commercially available human cell lines was reviewed and 
approved by the Institutional Ethics Committee of the First 
Affiliated Hospital of Shenzhen University and the 
research was carried out in accordance with the principles 
of the Declaration of Helsinki.

Cell Viability
Cell viability was examined by Cell Counting Kit-8 (CCK- 
8) assay as previously described.27 Briefly, cells were 
seeded onto 96-well flat-bottom plats (1×104 cells/well) 
during exponential growth and incubated overnight for cell 
attachment. Subsequently, cells were treated with various 
concentrations of gigantol (0, 40, 80 and 160 μM) for 0, 
24, 48 and 72 h. At the end of incubation for indicated 
period, 100 μL fresh medium with 10% CCK-8 solution 
was replaced into each well and incubated in the dark for 
another 3 h at 37°C. The absorbance was read at 450 nm 
using a microplate reader.

Cell Migration
Cell migration was determined using the wound healing 
assay. Cells were seeded onto 6-well plates (1×106 cells/ 
well) and grown to confluence. The monolayer cells were 
vertically scratched with a sterile micropipette tip (200 µL) 
to generate a wound space. The cells were then washed 
thrice with PBS to remove cell debris and replaced with 
fresh serum-free medium containing various concentra
tions of gigantol (0, 40, 80 and 160 μM) for 24 
h. Migrating cells across the wounded space were recorded 
under an inverted microscope at the indicated time. The 
relative cell migration was measured by using Image 
J software (NIH, MD, USA).

Cell Invasion
Cell invasion was assessed by transwell invasion assay 
using 24-well matrigel pre-coated culture inserts (BD 
Biosciences, CA, USA). The upper chamber of each insert 
was plated with 1×105 cells suspended in FBS-free med
ium, while the lower chamber was filled with 500 µL FBS- 
free medium to allow for cell attachment overnight. The 
next day, medium in the upper and the lower chambers 

was refreshed with medium containing various concentra
tions of gigantol (0, 40, 80 and 160 μM). Twenty percent 
FBS was added specifically to the lower chamber. After 24 
h of incubation, the leftover cells were removed from 
upper side of membrane with a cotton swab, whereas 
invaded cells on the bottom layer surface were rinsed in 
PBS, fixed with methanol for 20 min, stained with 0.1% 
crystal violet dye for 25 min, followed by thrice PBS 
washing. The invaded cells were photographed and ana
lyzed under an inverted microscope with a digital camera.

Quantitative Real-Time PCR Analyses 
(qRT-PCR)
5637 cells were treated with gigantol (0 and 80 μM) for 48 
h. Cells were collected and homogenized for total RNA 
isolation using TRIzol reagent (Thermo Fisher Scientific) 
following the manufacturer’s instructions. Total RNA (1 
μg) was reverse-transcribed into cDNA using the Revertra 
Ace qPCR RT Kit with gDNA Eraser (Toyobo Co. Ltd, 
Japan). qRT-PCR analysis was performed with SYBR 
Green Premix Kit (Toyobo Co. Ltd, Japan) in the ABI 
PRISM 7500 Fluorescent Quantitative PCR System 
(Thermo Fisher Scientific). GAPDH was used as the inter
nal control; other genes and the primers are listed in 
Table 1.

Cell Apoptosis Assay
Bladder cancer cell lines SW780 and T24 were seeded in 
6-well plates (1x106 cells/well) and treated with different 
concentrations of gigantol (0, 40, 80, and 160 μM) for 
24 h. Cell apoptosis was determined by using flow cyto
metry. Cells were digested with trypsin (non-EDTA), fol
lowed by thrice PBS washing, and then collected and 

Table 1 Primers for qRT-PCR Analysis

Gene Name Sequence

GAPDH Forward 5ʹ-ATGGGGAAGGTGAAGGTCG-3’
Reverse 5ʹ-TGGAAGATGGTGATGGGATTT-3’

Axin2 Forward 5ʹ-CCACACCCTTCTCCAATCCA-3’
Reverse 5ʹ-CCCTTTTTGCTGAGCTGCTC-3’

Survivin Forward 5ʹ-GCTTCATCCACTGCCCCAC-3’
Reverse 5ʹ-CAAAGTGCTGGTATTACAGGCGT-3’

Slug Forward 5ʹ-GGGGATACAGGCATGGAGG-3’
Reverse 5ʹ-GCTTTGTGGAAGCTGAGGGAT-3’

Vimentin Forward 5ʹ-AAGGAGGAAATGGCTCGTCAC-3’
Reverse 5ʹ-CAGAAGTGTCCTTTTTGAGTGGG-3’
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re-suspended in 500 μL binding buffer. The cells were co- 
mixed with 5 μL of Annexin V-PE and 5 μL of 7-AAD 
and incubated for 15 min at room temperature in darkness. 
The proportion of apoptotic cells was immediately ana
lyzed by using flow cytometry (EPICS XL-4, Beckman 
Counter, USA).

Western Blot Analysis
Bladder cancer 5637 cells were seeded in 6-well plates 
(1x106 cells/well) and left to grow overnight. Cells were 
treated with medium containing varied concentrations of 
gigantol (0, 40, 80, and 160 μM). After 24 h incubation, 
cells were collected, washed with cold PBS, and lysed with 
cold RIPA buffer containing the protease inhibitor cocktail. 
Protein concentration in the cell lysates was measured using 
the BCA protein assay kit (Thermo Fisher Scientific). Equal 
amounts of total cell extracts (30 μg protein/lane) were 
separated by molecular weight on 10% SDS-PAGE gels 
and electrotransferred onto PVDF membranes. The mem
branes were then blocked with TBST buffer (Tris-buffered 
saline and 0.05% Tween-20) containing 5% skimmed milk 
for 1 h, and incubated with the specific primary antibodies at 
4°C overnight. After thrice TBST washing for 10 min each, 
the membranes were incubated with HRP-conjugated goat 
anti-rabbit IgG for 1 h at room temperature. Subsequently, 
the membranes were washed with TBST three times and 
visualized using the ECL System (GE Healthcare, Italy) 
according to the protocol.

Statistical Analysis
Present data were collected from at least triplicate samples and 
expressed as means ± SD. Data processing and statistical 
analyses were performed using GraphPad Prism 8 software 
package (La Jolla, CA, USA) and the statistically significant 
differences were considered at *p<0.05, **p<0.01, 
***p<0.001, ****p<0.0001, and the lowercase letters indicate 
the significance (P<0.05) according to one-way ANOVA tests.

Results
Gigantol Suppressed Cell Growth and 
Migration of Bladder Cancer Cells
The effect of gigantol on the viability of bladder cancer cells 
was measured by CCK-8 cell counting assay. Human blad
der cancer cell lines (SW780: G1 grade; 5637: G2 grade; 
T24: G3 grade) generated from different original tumor 
grades (G1/G2: low grade; G3: high grade)28 and a normal 
bladder cell line (SVHUC-1) were treated with varied 

concentrations of gigantol (0, 40, 80 and 160 μM) for 
indicated times (0, 24, 48 and 72 h). Results showed that 
gigantol had no significant effect on cell growth of SVHUC- 
1 cells at all concentrations indicated (Figure 1A), while an 
obvious reduction of cell growth could be first detected in 
response to gigantol at a concentration of 40 μM in both 
SW780 and 5637 cell lines (Figure 1B and C). Gigantol at 
concentrations of more than 40 μM caused a significant 
decrease in viability, with approximately 38% and 28% of 
SW780 cells remaining viable in response to 80 μM and 160 
μM of gigantol treatment for 48 h, and with about 61% and 
83% growth reduction of 5637 cells under 80 μM and 160 
μM treatment of gigantol for 48 h, respectively. Gigantol 
reduced the viability of bladder cancer cells in a dose- and 
time-dependent manner with IC50 values (48 h) of 109.7 μM 
in SW780 cells and 186.5 μM in 5637 cells. Gigantol exhib
ited less toxicity to higher grade T24 cells as compared with 
lower grade bladder cancer cells with an observable growth 
reduction only at 160 μM for 48 h of gigantol treatment 
(Figure 1D). These results indicated that gigantol has selec
tive cytotoxicity in lower grade bladder cancer cells.

Cancer cell migration is one of the several first key steps 
during metastasis, allowing for cell detachment from pri
mary site to another where secondary tumors were estab
lished. To further evaluate the effect of gigantol on bladder 
cancer motility, wound-healing assay was performed. 
Bladder cancer cells 5637 and T24 representing low and 
high tumor grade, respectively, were treated with various 
concentrations of gigantol (0, 40, 80, and 160 μM) for 24 
h. As shown in Figure 2A, gigantol suppressed the migration 
of 5637 and T24 cells to the scratched area compared to 
untreated control cells in a dose-dependent manner. 
However, the migration of gigantol treated normal 
SVHUC-1 cells was not significantly affected (Figure 2B). 
Approximately 16.5% and 80.5% reductions in motile activ
ity were found in the 5637 cells treated with 80 μM and 160 
μM of gigantol for 24 h (Figure 2C), and about 26%, 59% 
and 86% inhibition of cancer motility were recorded in T24 
cells incubated with 40 μM, 80 μM and 160 μM of gigantol 
for 24 h, respectively (Figure 2D). These results clearly 
demonstrated that gigantol significantly suppresses the 
migratory behavior of bladder cancer cells.

Gigantol Inhibited Cell Invasion and Wnt/ 
EMT Signaling
Cancer cell migration and invasion are integral steps for 
cancer metastasis, which prompted us to further verify the 
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possible anti-invasiveness function of gigantol on bladder 
cancer cells using matrigel pre-coated transwell assays. 
Cancer cells representing low-grade tumor (SW780 and 
5637) and high-grade tumor (T24) were seeded onto the 
pre-coated transwell inserts and treated with various con
centrations of gigantol (0, 40, 80, and 160 μM) for 48 
h. Results showed that gigantol significantly reduced the 
number of invaded cancer cells at all stages checked in 
a dose-dependent manner when compared with nontreated 
control cells (Figure 3A). A sharp decrease of cell inva
siveness was first detected in SW780 and 5637 cells at 40 
μM of gigantol incubation, while T24 cells exhibited less 
sensitivity to gigantol (Figure 3A). These results suggested 
that gigantol has strong inhibitory effects on bladder can
cer cell invasion.

To explore the possible molecular mechanisms of 
gigantol antitumor activity, we analyzed the effect of 
gigantol on the expression of two well-known Wnt target 
genes (Axin2 and Survivin) and two EMT marker genes 
(Slug and Vimentin). Attached 5637 cells were treated with 
gigantol (0 and 80 μM) for 48 h. The results of qRT-PCR 
showed that the mRNA expression of Axin2, Survivin, 
Slug, and Vimentin was significantly decreased after 

gigantol treatment in bladder cancer 5637 cells (Figure 
3B). These results suggested that gigantol might inhibit 
Wnt signaling and EMT process in bladder cancer cells.

To re-confirm the inhibitory effects of gigantol on Wnt/ 
EMT signaling in bladder cancer cells, we investigated the 
effect of gigantol on the expression of the two Wnt targets 
(Axin2 and Survivin) and the two EMT marker proteins 
(Slug and Vimentin) by Western blot analysis. Attached 
5637 cells were treated with indicated concentrations of 
gigantol (0, 40, 80, and 160 μM) for 48 h. The results 
showed that gigantol significantly reduced the expression 
levels of Axin2, Survivin, Slug and vimentin in a dose- 
dependent manner (Figure 3C), which is in good agree
ment with their expression at RNA level. Together, these 
results suggested that gigantol has an ability to suppress 
Wnt/EMT signaling in bladder cancer cells.

Gigantol Enhanced Cancer Cell 
Apoptosis
We further evaluated cell apoptosis using the Annexin 
V-PE and 7-AAD double-staining assay by flow cytome
try. SW780 and T24 cells were incubated with gigantol (0, 
40, 80, and 160 μM) for 24 h. Our results showed an 

Figure 1 Gigantol inhibited cancer cell viability. (A) Gigantol had non-significant effect on normal bladder cell line SVHUC-1. (B) Gigantol suppressed growth of the G1 grade 
cancer cell SW780. (C) Gigantol inhibited growth of the G2 grade cancer cell 5637. (D) The effect of gigantol on growth of G3 grade cancer cell T24. The data were shown 
as means ± SD (n = 4), the statistically significant differences compared with non-treated cells were considered at *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001.
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increased ratio of apoptotic cells with increased concentra
tions of gigantol in both SW780 and T24 cells (Figure 4), 
indicating the positive role of gigantol in stimulating can
cer cell apoptosis.

Discussion
Metastasis of cancer cell from one primary site to a distant 
secondary site for tumor initiation is a fundamental cause 
of death in bladder cancer patients, with increasing rates of 
incidences and mortality worldwide.29 Therefore, the 
development of effective anti-cancer therapy focusing on 
reduction of the metastasis rate is highly needed. It has 
been reported that several naturally derived compounds 
have been identified for inhibition of cancer 
metastasis.23–25 Our previous study also demonstrated 
that gigantol, a stilbenoid derivative originally isolated 

from medicinal Dendrobium, suppressed the viability and 
migration of breast cancer cells via inhibition of Wnt/β- 
catenin signaling.26 Following an ongoing effort to isolate 
and characterize bioactive compounds from medicinal 
plants for treating cancer, the present study has provided 
further evidence supporting the potential of gigantol as 
biological agent for bladder cancer therapy. Our results 
demonstrated that gigantol significantly inhibited cell via
bility, migratory behavior, and attenuated cell invasion, but 
strongly induced cell apoptosis in bladder cancer cells.

Charoenrungruang et al23 reported that gigantol inhib
ited viability of non-small cell lung cancer H460 cells with 
IC50 value of 247.55 μM. In comparison with their finding, 
we previously found that gigantol suppressed the viability 
of breast cancer cells with IC50 values of 115.2 μM in 
MDA-MB-231 cells and 103.6 μM in MDA-MB-468 

Figure 2 Cell migration assays in cells treated with gigantol. (A) Cell migration by wound-healing assay in 5637 (low grade), T24 (high grade) and normal SVHUC-1 cells 
incubated with various concentrations of gigantol. (B) Quantification of relative migration for SVHUC-1 cells treated with indicated concentrations of gigantol. (C) 
Quantification of relative migration for 5637 cells treated with vary concentrations of gigantol. (D) Quantification of relative migration for T24 cells treated with increasing 
concentrations of gigantol. Bars in (A) represent 200 μm. Data in (B–D) were shown as means ± SD (n = 10), and the lowercase letters (a, b, c, and d) indicate the 
significance (p<0.05) according to one-way ANOVA test.
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cells,26 which were comparable with the present study in 
bladder cancer cells with IC50 values of 109.7 μM in 
SW780 cells and 186.5 μM in 5637 cells when incubated 
with gigantol (Figure 1), suggesting the sensitivities of 
lower grade bladder cancer cell towards this compound. 
In contrast, the growth of non-tumorigenic bladder cell 
SVHUC-1 was not affected at the indicated concentrations 
(Figure 1), suggesting that gigantol had selective cytotoxi
city against cancer cells. We also detected a timely and 
sensitive response in the decrease of cell viability in lower 
grade cancer cells at 40 μM for 24 h (Figure 1).

Our previous results and others have shown that gigan
tol had cytotoxic activity against breast, liver, and lung 
cancer cells23,25,26 and that gigantol could attenuate certain 
aggressive phenotypes of cancer cells including prolifera
tion, migration, and invasion, etc.24,30 In consistent with 
these reports, the present study demonstrated that gigantol 
suppressed bladder cancer cell proliferation, migration, 
and invasiveness. Interestingly, our results revealed that 
gigantol was more cytotoxic to lower grade bladder cancer 
cells (SW780 and 5637, G1/2 grade) than higher grade cell 

line T24 (G3 grade) (Figure 1), which was in good agree
ment with the invasive behavior of cells to gigantol treat
ment, with SW780 and 5637 cells more sensitive than T24 
cells (Figure 3A).

It has been demonstrated that activated Wnt signaling 
and epithelial–mesenchymal transition (EMT) played vital 
roles in tumor establishment and that gigantol inhibited 
cell viability and migration by decreasing the functions of 
Wnt signaling and EMT process.26,30 The Wnt/β-catenin 
signaling cascade can be activated when secreted Wnt 
proteins bind to its coreceptor LRP5/6 and subsequent 
phosphorylation of Dishevelled (DVL), which stabilizes β- 
catenin to activate transcription of Wnt target genes 
including Axin2 and Survivin.19,31 If aberrantly activated, 
it can contribute to the initiation, progression and metas
tasis of various human cancers.32 We previously identified 
gigantol as a novel inhibitor of Wnt/β-catenin signaling in 
breast cancer cells through inhibition of LRP6 phosphor
ylation and cytosolic β-catenin accumulation.26 The pre
sent study further expanded the mechanism of action of 
this small molecule to bladder cancer and found that 

Figure 3 Cell invasion assays and expression analysis of Wnt/EMT related genes in cells treated with gigantol. (A) Cell invasion was measured by transwell assay in bladder 
cancer cells treated with increasing concentrations of gigantol (magnification ×100). (B) qRT-PCR analysis of the Wnt target genes and EMT markers in bladder cancer cells 
treated with gigantol. (C) Western blot analysis of Wnt/EMT markers in bladder cancer cells treated with indicated concentrations of gigantol. Data in (B) were shown as 
means ± SD (n = 3), the statistically significant differences were considered at *p<0.05, **p<0.01, ***p<0.001.
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gigantol significantly inhibited the expression of two Wnt 
target genes, Axin2 and Survivin.

Gigantol could decrease β-catenin expression and 
“stemness” in lung cancer cells.24,30 It was worth noting 
that the levels of proteins belonging to the Wnt pathway, 
which is also related to cancer stem cells (CSCs) pheno
types, were altered under gigantol treatment,33 and that the 
expression of CSC markers was significantly reduced after 
48 h of gigantol incubation.24 Recent study has suggested 
that CSCs, a group of specialized cells within the tumor, 
use their ability of self-renewal and differentiation for 
tumor initiation, progression, metastasis, and cancer 
recurrence,34 and that CSCs phenotypes are also related 
to EMT.35 As EMT is a conversion of the terminally 
differentiated epithelial cells back to their mesenchymal 
states with an increase in mesenchymal-related proteins, 
namely, Slug and Vimentin,36 it is very similar to the 
initiation step of the “stemness” phenotype of CSCs. 
A sharp expression decrease of Slug and/or Vimentin has 
been observed according to the gigantol treatment.30,37 

Although it is still debatable that EMT is one of the CSC 
behaviors and a required step driving cancer cell towards 
CSC, our results showing decreased expression of Wnt 
targets (Axin2 and Survivin) and EMT markers (Slug 
and Vimentin) have provided further molecular evidences 
to connect them together (Figure 3B and C). It is therefore 

possible that gigantol is able to suppress “stemness” of 
bladder cancer cells through inhibition of Wnt/β-catenin 
signaling and attenuation of the EMT process. However, 
the underlining mechanisms are still to be investigated.

Recent studies showed that gigantol inhibited prolifera
tion and induced apoptosis in liver cancer and lung cancer 
cells,23,25 which is consistent with its apoptosis stimulatory 
role as evidenced in the present study (Figure 4). Gigantol 
has also exhibited protective effects against streptozotocin- 
induced cataracts in rats, possibly via up-regulated expres
sion and activity of aldose reductase (AR) and inducible 
nitric oxide synthase (iNOS).18 Its inhibitory activity against 
lung cancer has also been demonstrated in vivo by subcuta
neous inoculation of gigantol-pretreated tumor cells into 
xenograft mice model, causing dramatic decreases in the 
cell proliferation and relative tumor weight.33 We could 
assume from the present study that gigantol treatment atte
nuated the metastatic properties of bladder cancer cells and 
enhanced cancer cell apoptosis. Although the results helped 
us scope the direct action of gigantol on bladder cancer cells, 
further investigation including in vivo verification of the 
anticancer activities is still needed for gaining more insights.

Conclusion
The present study demonstrated that gigantol as 
a representative of small molecules originally isolated from 

Figure 4 Effect of gigantol on cell apoptosis in bladder cancer cell lines. SW780 (A) and T24 (B) cells were treated with 0, 40, 80, and 160 μM of gigantol for 24 h and the 
percentage of apoptotic cells was determined using Annexin V-PE and 7-AAD.
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medicinal Dendrobium exerted invasiveness and growth inhi
bition against human bladder cancer cells through Wnt/EMT 
signaling. The findings of this study provide confirmation of 
the anticancer effects of gigantol in human bladder cancer, 
which could be beneficial to the future development of this 
compound as an antimetastasis treatment for cancer therapy.
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