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Abstract
Background and Objective: Cyanidin-3-glucoside (C3G) is one of the major bioactive compounds in anthocyanins, which have been
shown to prevent a large spectrum of diseases. It has been reported that hypoxia is a common characteristic of many types of solid
tumor and that the hypoxia-inducible factor 1" (HIF-1") plays an important role in the process of angiogenesis and metastasis in
cancer cells. The objective of this study was to explore the effects of C3G on HIF-1" activation in cholangiocarcinoma (CCA) cells.
Materials and Methods: The human cholangiocarcinoma cell line QBC939 was used in this study. Hypoxic conditions were achieved by
using the chemical hypoxia agent cobalt chloride or incubation at 1% O2. and MTT assay, Luciferase reporter assay, flow cytometric
apoptosis assay, western blot, RT-PCR and immuno fluorescence methods were used to determine the C3G efficacy. Results: C3G
markedly decreased the hypoxia-induced accumulation of HIF-1" reporter activity and protein expression in a dose-dependent manner
and exerted a large apoptotic effect in CCA cells. Furthermore, C3G reduced expression of several genes downstream of HIF-1", such as
vascular endothelial growth factor and erythropoietin, without affecting the expression level of HIF-1" mRNA, thus indicating that C3G
acts as an inhibitor of HIF-1" mRNA translation. Conclusion: This study provides a novel strategy to develop a low toxicity, high efficiency
and multi-target natural active substance for the treatment of cancers.
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translocates to the nucleus where it binds to HIF-1$/p300, to

INTRODUCTION

regulate the transcription and expression of various
downstream target genes14.

Cholangiocarcinoma (CCA) is one of the most malignant
tumors that arises from biliary tract epithelial cells. It is often

Although a number of hypoxia-associated proteins

hard to diagnose owing to its special anatomic location and

involved in cancer growth and proliferation have been well

growth patterns1. There are typically a lack of specific signs or

studied in many types of cancers, the effect of natural

symptoms in the early stage, until the bile duct has been

compounds on the hypoxia-mediated pathways and its

completely blocked, so the large majority of CCA patients

downstream target genes in CCA remain mostly unknown. In

present at an advanced stage and already have distant

the present study, using chemical hypoxia agent cobalt

metastases . In addition, CCA is relatively resistant to

chloride (CoCl2) and 1% O2 to mimic the effects of hypoxia on

treatment with chemotherapy and radiation therapy and the

the human CCA cell line QBC939, investigated the protective

five-year survival rate is only 5% and this has not substantially

effects of C3G on the proliferation and apoptosis of QBC939

improved over the past three decades3. Chemotherapy drugs

cells and their underlying mechanisms. This study might

that commonly used to treat CCA have a high cost, toxic side

provide a novel strategy to develop a low toxicity, high

effects and are susceptible to drug resistance. Developing a

efficiency natural active substance for the treatment of

low toxicity, safe and effective treatment agent is therefore

CCA.

1,2

one of the most urgent tasks for the effective therapy of CCA.
MATERIALS AND METHODS

In recent years, increasing numbers of new drugs have
been developed from natural plant active substances which
have been used for therapeutic purposes in traditional and

Cell culture: The human cholangiocarcinoma cell line QBC939

folk medicine4. Cyanidin-3-glucoside (C3G) (Fig. 1a) is a

(ATCC, Manassas, VA, USA) was cultured in DMEM

monomeric compound isolated from anthocyanins, which are

supplemented with 10% fetal bovine serum at 37EC in a 5%

biologically active components found in blackberries and

CO2 humidified atmosphere for normoxic conditions. Hypoxic

5

other food products . It can scavenge free radicals and

conditions were achieved by adding different concentrations

catalyse biochemical reactions by regulating gene expression

of CoCl2 into the culture media, then incubated under

processes. It has been reported that C3G affects the cell cycle,

otherwise standard culture conditions. In some experiments,

inflammatory responses6, tumor growth7, metastasis8 and

the cells were incubated in a gas-controlled chamber (Thermo

many other physiological and pathological processes.

Electron Corp., Marietta, OH, USA) maintained at 1% O2, 94%

However, little is known about the potential of C3G in

N2 and 5% CO2 at 37EC.

retarding the antioxidant response in cancer cells and the
underlying molecular mechanisms are not well defined.

Determination

Hypoxia is a common character in many types of solid

of cell viability (MTT assay): QBC939

cells were seeded onto 96-well plates at a density of
1×105 cells/well and incubated overnight. The cells were then
pre-treated with different concentrations of C3G (0, 30, 50, 100
and 200 µM). After 24 h exposure period, media was removed
and cells were washed with phosphate-buffered saline (PBS),
followed by incubation with 5 mg mLG1 MTT [3-(4,5dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide]
(Sigma, St. Louis, MO, USA) in culture medium for an additional
4 h. Afterward, 200 µL of lysis buffer (isopropyl alcohol
containing 10% Triton X-100 and 0.1 N HCl) was added to
dissolve the formazan formed and then measured
spectrophotometrically at 570 nm.

cancers. Tumor cells grow faster than non-invasive cells and
form large solid tumor masses, leading to obstruction and
compression of the blood vessels surrounding these masses,
resulting in a hypoxic microenvironment9. Hypoxia modulates
the expression of genes that mediate physiological and
cellular adaptive responses, including angiogenesis, apoptosis,
cell proliferation and resistance to chemotherapy10-12. The key
transcriptional regulator of the hypoxic response is the
hypoxia-inducible factor (HIF)-1, which plays an important
regulatory role in oxygen homeostasis13. HIF-1 consists of two
subunits: HIF-1" and HIF-1$. HIF-1" levels and activity are
regulated by cellular oxygen concentration. In normoxic state,
HIF-1" is rapidly degraded by the ubiquitin-proteasome

Luciferase reporter assay: The ability of the C3G to inhibit

pathway and is almost undetectable in cytoplasm. Whereas

hypoxia inducible factor was determined by HRE-dependent
reporter assay as previously described15. Briefly, at 50-80%
confluence, QBC939 cells were transfected with a HIF-1"

during hypoxia, HIF-1" expression increases as a result of
decreased ubiquitination and degradation and it subsequently
2
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reporter construct pGL3-HRE-Luc using Lipofectamine plus
reagent (in vitro gen, Carlsbad, CA, USA). Following 24 h

Immuno fluorescence: Cultured QBC939 cells were fixed with

incubation, the cells were treated with various concentrations

X100 and 1% bovine serum albumin (BSA). Cells were then

4% paraformaldehyde and permeabilized with 0.2% Triton

of C3G for 30 min and then incubated in 200 µM of CoCl2

processed for immunoreactivity with rabbit anti-HIF-1" (1:500,

for 16 h. A Luciferase assay was then performed using

Cell Signaling Technology) in blocking solution (1% BSA)

dual-luciferase reporter assay system according to the

overnight at 4EC. After washing with PBS several times, fixed

instructions of the manufacturer (Promega).

cells were incubated with anti-rabbit antibody conjugated to
Alexa Flour®-488 (1:1000, Molecular Probes) in 1% BSA

Apoptosis assay: Annexin V-staining was performed using

respectively, for 1 h (room temperature). Upon washing

Annexin V-FITC apoptosis detection kit (BD Biosciences, CA,

with PBS, nuclear staining was then performed with 4ʼ,6-

USA) following the instructions of the manufacturer. Briefly,

diamidino-2-phenylindole (DAPI, 1:1000, Sigma).

after incubation, QBC939 cells were harvested, washed with
PBS (pH 7.4) and centrifuged, then stained with Annexin

Statistical analysis: Data were expressed as Mean±SEM. All

V-FITC and 2 mg mLG1 propidium iodide in binding buffer

statistical analyses were conducted by using SPSS version 13.0

(10 mM Hepes, pH 7.4, 140 mM NaCl, 2.5 mM CaCl2) for 15 min

statistical software package. Comparisons between groups for

at 37EC in the dark. The samples were then analysed using a

statistical significance was carried out with a 2-tailed paired

FACScan flow cytometer in combination with Cell Quest

Student t-test and p-value of less than 0.05 was considered

software (Becton Dickinson).

statistically significant in all cases.

Western blot analysis: Whole-cell extracts were obtained by

RESULTS

lysing QBC939 cells in ice-cold RIPA buffer (Sigma, USA)
supplemented with the protease inhibitor cocktail (BD

C3G inhibits hypoxia induced HIF-1" dependent reporter

Biosciences, San Diego, CA, USA). Protein concentration was

gene expression: Cell viability and cytotoxicity was assessed

determined by the Bradford method. About 50 µg of protein

by using MTT assay. After treating with C3G (30, 50, 100 and

was separated by SDS-PAGE and the expression of HIF-1"

200 µM) for 24 h, no significant alteration of cell viability was

protein in QBC939 cells was compared. Antibodies and their

observed relative to the untreated control group in QBC939

sources were as follow: anti-HIF-1",1:1000 (Cell Signaling

cells, indicated that cell proliferation was not affected by C3G

Technology), anti-$-actin,1:1000 (Santa Cruz) and anti-topo-

(Fig. 1b). After cells were transiently transfected with the

I,1:1000 (Santa Cruz). Following the binding of an appropriate

HIF-1"-regulated luciferase reporter vector, cells were further

secondary antibody, proteins were visualized by enhanced

incubated with 200 µM CoCl2 in the presence of various

chemiluminescence

concentration of C3G for 12 h. A substantial increase of

(Amersham Pharmacia

Biotech,

Buckinghamshire, UK).

luciferase activity was observed in cells cultured in hypoxic
conditions, whereas HIF-1" reporter activity was substantially

RT-PCR analysis: Total

RNA

from

QBC939

cells

was

suppressed by C3G in a dose-dependent manner (Fig. 1c).

obtained using RNA Mini kit (Qiagen, Valencia, CA, USA).
Complementary DNA was synthesized from 1 µg of total RNA

C3G inhibits hypoxia induced HIF-1" protein expressions:

in a 20 µL reverse transcription reaction mixture according to

Under normal conditions, HIF-1" protein was undetectable in

the manufacturer's protocol (Roche, Switzerland). The PCR

QBC939 cells. However, when cells were exposed for 12 h to

primers

5'-CTCAAAGTCCGACAGCCTCA-3'

the different concentrations of CoCl2, HIF-1" protein levels

(sense) and 5'-CCCTGCAGTAGGTTTCTGCT-3' (antisense);

increased dramatically and presented in a dose dependent

VEGF,

and

effect (Fig. 2a). To assess the C3G efficiency, different

5'-TGGAAGATGTCCACCAGGGTC-3' (antisense); EPO, 5'-

concentrations of C3G were added in cells 30 min before CoCl2

CACTTTCCGCAAACTCTTCCG-3'

5'-GTCA

(200 µM) treatment. After 12 h incubation, C3G exerted

CAGCTTGCCACCTAAG-3' (antisense); GAPDH, 5'-ACCACAGTC

dose-dependent inhibition of HIF-1" protein levels induced

CATGCCATCAC-3' (sense) and 5' -TCCACCACCCTGTT GCTGTA-

by CoCl2 in QBC939 (Fig. 2b), indicating that under hypoxic

3' (antisense). The oligonucleotide sequences of the reaction

conditions, HIF-1" accumulation was strongly suppressed by

products were confirmed by sequencing.

C3G in cholangiocarcinoma cells.

were:

HIF-1",

5'-GCTCTACCTCCACCATGCCAA-3'
(sense)

(sense)
and

3
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Fig. 1(a-c): (a) Chemical structure of cyanidin-3-glucoside (C3G), (b) Effect of C3G on QBC939 cells viability and (c) Effect of C3G
on HRE-mediated reporter gene expression under hypoxia
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Fig. 2(a-b): (a) Expression of HIF-1" protein in QBC939 cells exposed to the CoCl2 and (b) Absence or presence of the C3G
C3G promotes apoptosis in human cholangiocarcinoma

enhanced compared with the untreated control. The C3G

cells: The effect of C3G on QBC939 cell death was also

treatments with 50, 100 and 200 :M were enhanced late

confirmed by measuring apoptosis using flow cytometry after
double staining cells with annexin V and propidium iodide (PI).
As shown in Fig. 3, following treatment with increasing C3G
concentration from 50-200 µM for 12 h, it was cleared that the
percentage of cells in the apoptotic stage (the bottom and
top right quadrants represent early and late apoptosis) was

apoptotic cell population to 15.5, 17.9 and 22.4% from 1.8%
(non-treated group), respectively. Indeed, C3G treatments also
induced elevation of early apoptotic cell population to 10.9,
12.8 and 15.2% from 5.4% (non-treated group), respectively.
Whereas, necrotic cell population also increased in a dose
dependent manner but slightly increased. This effect
4

102.8
104

105
106
FL1-H annexin FITC
Vehicle

107.2

105
106
FL1-H annexin FITC
C3G 100 µM

107.2

103.5

(d)

105
106
FL1-H annexin FITC
C3G 50 µM

107.2

104

105

FL2.H Pl

106
105

102.8

104
102.8
103.5

104

106

107.2

107.2

(c)

FL2.H Pl

105

FL2.H Pl

104

105

FL2.H Pl

104
102.8
103.5

Propidium iodide

(b)

106

107.2

(a)

106

107.2

Int. J. Pharmacol., 2019

104

103.5

104

105
106
FL1-H annexin FITC
C3G 200 µM

107.2

Annexin V-FITC

Fig. 3(a-d): Annexin V-FITC and PI staining to evaluate apoptosis in QBC939 cells following C3G treatment. QBC939 cells were
treated with C3G (50, 100 and 200 µM for 24 h), incubated with annexin V-FITC and PI and analyzed using flow
cytometry. In each panel the lower left quadrant shows cells, which are negative for both PI and annexin V-FITC, upper
left quadrant shows only PI positive cells, which are necrotic. The lower right quadrant shows annexin positive cells
(early apoptotic) and the upper right quadrant shows annexin and PI positive cells (late apoptosis cells)
presented in a dose-dependent manner, suggesting that
C3G exerted a strong apoptotic effect on human
cholangiocarcinoma cells. These results supported the
hypothesis that C3G enhancement of cell death involved
initiation of apoptosis.

by immunostaining with polyclonal anti-HIF-1" antibody.
Under normoxic (21% O2) conditions, QBC939 cells expressed
very weak HIF-1" immunoreactivity in the nucleus, while after
exposed to hypoxia (1% O2), a strong nuclear signal of HIF-1"
was detected in QBC939 cells. Interestingly, nuclear expression
of HIF-1" was abolished following C3G treatment under
hypoxic conditions (1% O2), indicating that C3G inhibited the
transcription of hypoxia-regulated genes.

C3G inhibits hypoxia induced nuclear HIF-1" expression in
human cholangiocarcinoma cells: An immunofluorescence
assay was used to confirm whether HIF-1" protein was
accumulated in the nucleus to activate transcription of
hypoxia-regulated genes post-hypoxic conditions. Figure 4
showed the intracellular localization of HIF-1" in QBC939 cells

C3G decreases expression of HIF-1" target genes in
human cholangiocarcinoma cells: The expression of
erythropoietin (EPO) and vascular endothelial
5
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Fig. 4: Effect of C3G on the hypoxia induced HIF-1" accumulation in QBC939 cells. Fluorescent micrographs showed DAPI (blue)
and HIF-1a (green) immunostaining of QBC939 cells
C3G is a member of the polyphenol family, largely present
in food and vegetables from a Mediterranean diet16,17. It is
probably the best-known and most investigated anthocyanin,
having potential beneficial effects in various human
pathologies18,19. An increasing number of studies suggested
that the dietary intake of phytochemicals is a good
substitute for anticancer agents20,21, as phytochemicals
possess antioxidant and radical scavenging effects, which
may reduce the risk of cancer22. Shanmugam et al.23
summarized that numerous medicinal plant-derived
compounds could modulate the activation of diverse
oncogenic transcription factors in various tumor models such
as hepatoma, breast cancer, leukemia and prostate cancer.
However, how C3G effects the HIF-1" transcription factors in
human cholangiocarcinoma has not yet been explored.
HIF-1" was shown to play a central role in mediating
O2-dependent transcriptional responses24. Elevated expression
of HIF-1" protein has been observed in many human cancer
cell types and is associated with a worse prognosis25. In the

factor (VEGF) were involved in tumor cell proliferation,
angiogenesis, invasion and metastasis, with both being
regulated by HIF-1". After exposed to 200 µM CoCl2 for 12 h,
EPO and VEGF mRNA levels were measured using RT-PCR
analysis in QBC939 cells. As expected, CoCl2 leads to enhanced
EPO and VEGF mRNA levels. Treatment cells with C3G 30 min
before CoCl2 resulted in a dose-dependent inhibition of EPO
and VEGF mRNA expression (Fig. 5). HIF-1" mRNA levels were
not affected by hypoxia.
DISCUSSION
Three potentially novel findings are presented in this
study. First, C3G inhibits hypoxia induced HIF-1" reporter
activity and protein expression in human cholangiocarcinoma
cells in a dose-dependent manner. Secondly, C3G exerts a
strong apoptotic effect in human cholangiocarcinoma cells
and does not induce any toxicity. Finally, C3G attenuates
up-regulation of HIF-1" target genes, such as EPO and VEGF.
6
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present study, over expression of HIF-1" was also detected
in QBC939 cells in the hypoxic state and expressed in a
dose-dependent manner. Following treatment with C3G,
there was a significant reduction of the hypoxia induced
HIF-1" reporter activity and protein expression as well as a
pro-apoptotic effect in QBC939 cells. These results are
therefore, in agreement with other findings, that C3G
modulates intracellular redox status and prevents HIF-1"
stabilization in response to chronic hypoxia in human
endothelial cells19.
Furthermore, the present research examined the
induction of HIF-1" under hypoxic conditions using
immunofluorescence staining. HIF-1" expression was
observed in the nucleus as a result of hypoxic stimulation in
QBC939 cells, whereas it was not expressed under normoxic
conditions, indicating that nuclear translocation is necessary
for regulating gene transcription. This supported the concept
that under conditions of normal oxygen tension, the HIF-1"
protein subunits are constitutively expressed but rapidly
degraded by HIF prolyl hydroxylases (PHD) and the
proteasome von Hipple-Lindau (VHL) factor, thereby silencing
HIF-1" activity. However, in the low oxygen environment,
HIF-1" is stabilized and subsequently translocated into the
nucleus26, wherein HIF-1" initiates transcription of a wide
range of genes (such as EPO and VEGF), which may help cells
to adapt to a low oxygen supply27 (Fig. 6). VEGF is a signalling
protein that promotes the growth of new blood vessels. It is a
potent angiogenic factor that increases peripheral oxygen
delivery by stimulating angiogenesis28. The EPO is the principal
hormone that stimulates RBC growth and differentiation29.

VEGF and EPO have both been identified as angiogenic
molecules, stimulating in vitro proliferation, migration and
angiogenesis30. To the best of authorʼs knowledge, this is the
first report describing that EPO and VEGF mRNA levels are
enhanced in CCA cells during hypoxia. These findings are in
accordance with previously obtained evidence from HepG2
liver cancer and breast cancer MDA-MB-231 cells30,31. In
CoCl2
0

0

50

100

200

C3G (µM)

HIF-1

EPO

VEGF

GAPDH

Fig. 5: Effect of C3G on hypoxia induced HIF-1" regulated
gene products in QBC939 cells

Fig. 6: Schematic detailing of C3G on the regulation of hypoxia-inducible factor 1" (HIF-1") and its downstream transcription
factors under normoxic and hypoxic conditions
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addition, C3G pre-treatment of QBC939 cells significantly
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