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Abstract

Kaempferol is a flavonoid that has been reported to exhibit antitumor activity in various malignant
tumors. However, the role of kaempferol on cholangiocarcinoma (CCA) is largely unknown. In this
article, we found that kaempferol inhibited proliferation, reduced colony formation ability, and in-
duced apoptosis in HCCC9810 and QBC939 cells in vitro. Results from transwell assay and wound-
healing assay demonstrated that kaempferol significantly suppressed the migration and invasion
abilities of HCCC9810 and QBC939 cells in vitro. Kaempferol was found to decrease the expression
of Bcl-2 and increase the expressions of Bax, Fas, cleaved-caspase 3, cleaved-caspase 8, cleaved-cas-
pase 9, and cleaved-PARP. In addition, kaempferol also downregulated the levels of phosphorylated
AKT, TIMP2, and MMP2. In vivo, it was found that the volume of subcutaneous xenograft (0.15 cm?)
in the kaempferol-treated group was smaller than that (0.6 cm?®) in the control group. Kaempferol also
suppressed the number and volume of metastasis foci in the lung metastasis model, with no marked
effects on body weight of mice. Immunohistochemistry assay showed that the number of Ki-67-posi-
tive cells was lower in the kaempferol-treated group than that in the control group. We further con-
firmed that the changes of apoptosis- and invasion-related proteins after kaempferol treatment
in vivo were similar to the results in vitro. These data suggest that kaempferol may be a promising

candidate agent for the treatment of CCA.
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Introduction

Cholangiocarcinoma, abbreviated as CCA, is the most common
biliary malignancy and the second common hepatic malignancy
after hepatocellular carcinoma [1]. CCA is officially recognized as a
major health issue in Southeast Asia, where the incidence of CCA is
the highest in the world [2,3]. Although CCA is currently not a com-
mon tumor in western countries, the incidence of CCA has increased
in the past decades partly as a result of the immigration from Asia [4].
Furthermore, oil sand pollution has been reported to be one of the rea-
sons for the increased incidence of CCA in Northern Alberta, Canada
[5]. In the past years, a lot of efforts have been made to treat this dis-
ease, but outcomes are not satisfactory. More unfortunately, CCA is
always diagnosed at an advanced stage and patients always lose the
chance to have an operation at this stage [6-8]. So, more effective
therapeutic strategies for the treatment of CCA are urgently needed.

Kaempferol is a flavonoid that is often found in plant-derived food
and Chinese herbal plants [9]. It is widely accepted that kaempferol
possesses antioxidant and anti-inflammatory activities [10,11].
Recently, its antitumor ability has been gradually discovered. Epi-
demiological studies have confirmed that kaempferol reduces the
risk of developing cancer in smokers [12-14]. It also exhibits antitu-
mor activity in various cancers, including renal cell carcinoma, breast
cancer, gastric cancer, hepatocellular carcinoma, colon cancer, and
CCA [15-20]. Lee et al. [21] have reported that kaempferol competes
with ATP in binding to PI3K in mouse epidermal JB6 P* cells and
subsequently inhibits the downstream activity of AKT and its tran-
scription factor targets [21]. In addition, kaempferol has been
reported to disrupt breast cancer metastasis by suppressing matrix
metalloproteinase-3 (MMP3) activity [22]. However, the exact role
of kaempferol in CCA still needs to be investigated.
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The purpose of the present study was to investigate the role of
kaempferol in CCA and its possible underlying mechanism.

Materials and Methods

Cell lines and reagents

The human CCA cell lines HCCC9810 and QBC939 were obtained
from Shanghai Bioleaf Biotech Co., Ltd (Shanghai, China).
HCCC9810 and QBC939 cell lines were maintained in RPMI 1640
(Hyclone, Los Angeles, USA) and Dulbecco’s modified Eagle’s me-
dium (Hyclone), respectively, supplemented with 10% fetal bovine
serum (FBS; Hyclone) in a humidified incubator at 37°C and 5%
CO,. Kaempferol (purity of >97.0%) and LY294002 were purchased
from Shanghai Winherb Medical S & T Development (Shanghai,
China). Kaempferol was dissolved in dimethyl sulfoxide (DMSO)
for further experiment. Primary monoclonal antibodies against Bcl-2
(1:1000), Bax (1:1000), survivin (1:500), TIMP1 (1:1000),
TIMP2 (1 : 1000), MMP2 (1 : 500), MMP9 (1 : 500), and B-actin (1 :
2000); polyclonal antibody against GAPDH (1 : 4000); and horserad-
ish peroxidase (HRP)-conjugated secondary antibodies against mouse
IgG or rabbit IgG were obtained from Santa Cruz Biotechnology, Inc.
(Santa Cruz, USA). Monoclonal antibodies against Fas (1:1000),
Bcl-xL (1:1000), cleaved-caspase 3 (1:1000), cleaved-caspase 8 (1 :
1000), cleaved-caspase 9 (1:1000), cleaved-PARP (1:2000), PI3K
(1:1000), p-STAT3 (1:1000), STAT3 (1:1000), p-extracellular
signal-regulated kinase (p-ERK, 1:2000), ERK (1:2000), p-AKT
(1:2000), AKT (1:2000), and Ki-67 (1:200) were purchased from
Cell Signaling Technology, Inc. (Danvers, USA).

Cell viability assay

Cell viability was determined using CCK-8 assay (Dojindo Laborator-
ies, Kumamoto, Japan) according to the manufacturer’s instruction.
CCA cells (3 x10%) were seeded in a 96-well plate and cultured
in 150 pl of medium supplemented with 10% FBS. After 24 h,
kaempferol (0, 30, 60, 90, 120, or 150 pM) was added into the culture
medium. Then, after the cells were incubated at 37°C for indicated
time (24, 48, or 72 h), the medium was replaced by 100 pl of medium
and 10 pl of CCK-8 reagent. The cells were incubated for another 2 h
at 37°C. Finally, the optical density was measured using an EnSpire™
2300 Multilabel Reader (PerkinElmer, Waltham, USA) at 450 nm.

Bromodeoxyuridine proliferation assay

CCA cells (3 x 10° cells/well) were seeded in a 96-well plate and cul-
tured in 150 pl of medium supplemented with 10% FBS. After 24 h,
kaempferol (0, 30, 60, 90, 120, or 150 pM) was added into the culture
medium and cultured for two more days. Then, cell proliferation was
determined using a BrdU kit (Roche, Mannheim, Germany) according
to the manufacturer’s instruction.

Colony formation assay

CCA cells were trypsinized and collected by centrifugation. Then, re-
suspended cells were seeded in a 6-well plate at a density of 1000 cells/
well in 2 ml of medium. After 24 h of incubation, culture medium was
replaced by fresh medium containing kaempferol (0, 50, or 100 pM).
Two weeks later, CCA cell clones were stained with a solution contain-
ing 1% crystal violet and counted.

Apoptosis assay

CCA cells were seeded in a 6-well plate and treated with kaempferol
(0, 50, or 100 pM). After incubation for 48 h, cells were collected,
washed with phosphate buffered saline (PBS), resuspended in binding

buffer, stained with an annexin-V/PI solution (BD Biosciences,
California, USA) at room temperature, and then analyzed using a
FACScan system (BD Biosciences).

Wound-healing assay

CCA cells were seeded in a 6-well plate and cultured until confluence,
and then scratched with a 10-ul pipette tip. The wounded cell mono-
layer was then incubated in fresh complete medium with or without
kaempferol. Then images were captured at 0 and 24 h after scratching.

Transwell chamber migration and invasion assay

Cell migration assay was conducted using Transwell/Boyden cham-
bers (BD Biosciences). CCA cells were pretreated with kaempferol
for 8 h, and then 3 x 10* cells were seeded into transwell chambers.
Invasion assay was performed using Transwell/Boyden chambers
coated with Matrigel. CCA cells were pretreated with kaempferol
for 8 h, and then 3 x 10* cells were seeded into transwell chambers.
After 24 h, CCA cells that had migrated or invaded through the mem-
brane were stained with 0.5% crystal violet and counted under an op-
tical microscope. Each experiment was repeated at least three times.

Western blot analysis

Briefly, cells were treated with kaempferol (0, 50, or 100 pM) followed
by lysing in lysis buffer [20 mM Tris (pH 7.4), 250 mM NaCl, 2 mM
ethylenediaminetetraacetic acid (pH 8.0), 0.1% Triton X-100,
0.01 mg/ml aprotinin, 0.005 mg/ml leupeptin, 0.4 mM phenylmethyl-
sulfonylfluoride, and 4 mM NaVQy,]. Protein concentration was mea-
sured by bicinchoninic acid assay. Samples of the total protein lysate
(15 pg protein) were resolved on 10% or 12% sodium dodecyl
sulphate-polyacrylamide gel electrophoresis and then electrophoretic-
ally transferred onto polyvinylidene difluoride membranes. The mem-
branes were blocked with 5% skimmed milk in PBST buffer (PBS plus
0.1% Tween-20). The membranes were incubated overnight with pri-
mary antibodies at 4°C, and then incubated with the corresponding
HRP-conjugated secondary antibody for 1 h at room temperature.
The membranes were then washed, and the protein bands were visua-
lized with an enhanced chemiluminescence detection kit (Pierce, Rock-
ford, USA) followed by exposure to X-ray film. GAPDH and B-actin
were used as a loading control.

Immunohistochemistry

Immunohistochemistry analysis was performed using the anti-Ki-67
antibody. Sections of a paraffin-embedded tissue block were deparaf-
finized three times in xylene for 5§ min and rehydrated through graded
ethanol solutions. Then, endogenous peroxidases were inactivated by
immersing the sections in 3% hydrogen peroxide for 10 min. Sections
were brought to a boil in 10 mM sodium citrate buffer (pH 6.0) and
subsequently heated for 10 min in a microwave oven for antigen re-
trieval. The slides were blocked with 10% bovine serum albumin
for 30 min and then stained with the anti-Ki-67 antibody overnight.
The sections were further incubated with the corresponding secondary
antibody for 1 h at room temperature. Finally, the sections were devel-
oped with DAB color solution (50 pl/section) for 5 min at room tem-
perature. The positive cells were counted under a light microscope.

Animal experiments

Male BALB/c athymic nude mice (4 weeks old) were obtained from the
Experimental Animal Center of Shanghai Institute for Biological
Sciences (Shanghai, China) and housed under standard conditions
and cared for according to the institutional guidelines for animal
care. All of the animal experiments were approved by the Institutional
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Animal Care and Use Committee of Harbin Medical University. Eight
mice were used in each group to establish subcutaneous xenograft
model. QBC939 cells (2.5 x 10°) in 150 ul of PBS were subcutaneously
injected into the flanks of nude mice. After the tumor volume reached
100 mm?, kaempferol (20 mg/kg/day) was administered i.p. daily for
3 weeks. At the end of treatment, tumors were excised and tumor vol-
ume was calculated by the following equation.

Tumor volume = length x (width)* Xg

For the lung metastasis model, CCA cells (5 x 10°) in 200 ul of PBS
were injected into the nude mice through the tail vein (7 = 8/group).
Animals were randomized to receive either kaempferol (20 mg/kg/
day) or DMSO at 1 week after injection. After 8 weeks, the mice
were sacrificed, and their lungs were collected for further experiment.
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Statistical analysis

Results were expressed as the mean = SD from at least three independ-
ent experiments. The difference between groups was analyzed using
Student’s #-test when only two groups were compared or by a one-way
analysis of variance when more than two groups were compared. Sig-
nificant difference was taken as P < 0.05.

Results

Kaempferol inhibits proliferation, reduces colony
formation ability, and induces apoptosis in CCA cells

In order to explore the effect of kaempferol on the viability of CCA
cells in vitro, CCK-8 assay was performed at 24, 48, or 72 h after
drug administration. Results showed that kaempferol significantly
suppressed the viability of CCA cells in a time- and dose-dependent
manner (Fig. 1A,B). According to the results of bromodeoxyuridine
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Figure 1. Kaempferol inhibits proliferation, reduces colony formation ability, and induces apoptosis in CCA cells (A, B) CCA cells were incubated with increasing
doses of kaempferol (30-150 uM) for 24-72 h and analyzed for cell viability using CCK-8 assay. (C) CCA cells were incubated with increasing doses of kaempferol
(30-150 uM) for 48 h and analyzed for cell proliferation using bromodeoxyuridine proliferation assay. (D,E) CCA cells were seeded in 6-well plates, and then treated
with gradually increasing concentrations of kaempferol. The number of colonies was counted on the 14th day after seeding. (F) CCA cells were incubated with 50 or
100 uM kaempferol for 48 h and analyzed for apoptosis. Assays were done in triplicate. *P<0.05.
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proliferation assay, kaempferol also inhibited the proliferation of CCA
cells in a dose-dependent manner (Fig. 1C). We then investigated
whether kaempferol could affect the capacity of CCA cells to form
foci. Data from colony formation assay showed that kaempferol re-
duced the number of colonies in a dose-dependent manner, compared
with the controls (Fig. 1D,E). To find out whether the inhibition of cell
viability was induced by stimulating cell apoptosis, flow cytometric
analysis with annexin-V/PI staining was carried out. Results showed

that kaempferol induced apoptosis in a dose-dependent manner in
CCA cells (Fig. 1F).

Kaempferol suppresses the migration and invasion of
CCA cells

We firstly detected the effect of kaempferol on migration using wound-
healing assay, which measured the rate of cell migration into the area
of injury created by a sharp object. Results showed that kaempferol-
treated group acquired slower closure of the scratched ‘wound’ com-
pared with the control group (Fig. 2A,B). As wound-healing assay is
semi-quantitative, we also quantitatively measured the rate of cell

migration using transwell migration assay. Consistent with the
above results, kaempferol significantly decreased the migration ability
of CCA cells in a dose-dependent manner (Fig. 2C,E). Then, we inves-
tigated the role of kaempferol on the invasion ability of CCA cells
using transwell invasion assay. Results showed that kaempferol signifi-
cantly reduced the invasion ability of CCA cells in a dose-dependent
manner (Fig. 2D,F).

Kaempferol inhibits PI3BK/AKT pathway and affects the
expressions of apoptosis- and invasion-related proteins
in CCA cells

As caspase family proteins are critical enzymes to execute apoptosis,
we firstly detected the effect of kaempferol on caspase-dependent
apoptotic pathway (Fig. 3). Results showed that kaempferol increased
the expressions of Fas, cleaved-caspase 3, cleaved-caspase 8, cleaved-
caspase 9, and cleaved-PARP in a dose-dependent manner after 48 h
incubation with kaempferol (Fig. 3A). We then explored the expres-
sions of Bcl-2 family proteins which lead to the activation of caspase
3 and PARP in the execution of apoptosis [23]. Data showed that
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Figure 2. Kaempferol suppresses the migration and invasion in CCA cells

(A) Wound-healing assays were used to detect the effect of kaempferol on the migration

of CCA cells. Scale bar =50 um. (B) The widths of the gaps in wound-healing assays were measured and shown as a bar graph. (C, E) Cell migration was determined
by transwell migration assays. Representative images of the migrated cells selected from three experiments were shown. Migrated cells were counted under a
microscope. Scale bar=100 um. (D, F) Cell invasion was determined by transwell invasion assays. Representative images of the invaded cells selected from
three experiments were shown. Invaded cells were counted under a microscope. Scale bar =100 um. Assays were done in triplicate. *P<0.05.
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Figure 3. Kaempferol inhibits PI3K/AKT pathway and affects the expression of apoptosis- and invasion-related proteins in CCA cells
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(A) Lysates from CCA cells

treated with kaempferol (50 and 100 pM) for 48 h were probed for Fas, cleaved-caspase 3, cleaved-caspase 8, cleaved-caspase 9, and cleaved-PARP by western blot
analysis. (B) Expressions of apoptosis-related proteins (Bax, Bcl-2, Bcl-xL, and survivin) were evaluated by western blot analysis after treatment with kaempferol (50
and 100 pM) for 48 h. (C) Lysates from CCA cells treated with kaempferol (50 and 100 uM) for 48 h were probed for PI3K p110a, p-AKT, AKT, p-p65, p-ERK, and
p-STAT3 by western blot analysis. (D) Lysates from CCA cells treated with kaempferol (50 and 100 pM) for 48 h were probed for MMPs and TIMPs by western
blotting. (E, F) Changes in cleaved-caspase 3, cleaved-PARP, and the histograms of apoptosis rate from two cell lines treated with kaempferol alone or
kaempferol in combination with Q-VD-OPH. (G) The histograms of apoptosis rate from QBC939 cells treated with kaempferol alone or kaempferol in
combination with LY294002. (H) The number of invaded QBC939 cells treated with kaempferol alone or kaempferol in combination with LY294002. The western
blot is representative of three independent experiments. p-Actin and GAPDH were used as the internal control. *P<0.05.

kaempferol increased the expression of Bax and reduced the expres-
sion of Bcl-2, but the expressions of Bcl-xL and survivin were not
changed (Fig. 3B). To detect the dependence of kaempferol-induced
apoptosis on the caspase pathway, we treated CCA cells with pan-
caspase inhibitor Q-VD-OPH. The results showed that pretreatment
of Q-VD-OPH reversed the expressions of cleaved-caspase 3 and
cleaved-PARP, and kaempferol-induced apoptosis (Fig. 3E,F). As
tumor invasion is coordinated with the increased proteolytic activity
of MMPs, we assessed whether kaempferol could affect their expres-
sion. It was found that kaempferol decreased the expression level of

MMP2 and increased the expression of TIMP2, but the expression
of MMP9 and TIMP1 was not changed (Fig. 3D). Next, signaling
pathways involved in the apoptosis and invasion of CCA were ana-
lyzed by examining the expressions of phosphorylated forms of
STATS3, protein kinase B (AKT), and ERK by western blot analysis.
Results showed that kaempferol only reduced AKT phosphorylation
status, but the phosphorylation levels of STAT3 and ERK were not
changed (Fig. 3C). We then detected the expressions of PI3K P110a
(the catalytic subunit of PI3K) and p65 (a downstream transcription
factor of PI3K/AKT pathway). As shown in Fig. 3C, the expressions
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of PI3K P110c and p-p65 were reduced. To further investigate the PI3K inhibitor LY294002 before kaempferol treatment. Results
whether kaempferol affected the apoptosis and invasion of CCA showed that the pretreatment of LY294002 enhanced the effects of
cells through the PI3K/AKT pathway, CCA cells were treated with kaempferol on apoptosis and invasion in QBC939 cells (Fig. 3G,H).
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Figure 4. Kaempferol inhibits tumor growth and metastasis of CCA in vivo (A) Representative images of mice in each group were presented. Tumor volume in
kaempferol-treated mice was smaller than that in the control mice. (B) Tumors from different groups were immunostained for Ki-67. The positive cell rate of Ki-67
was reduced in kaempferol-treated group compared with the control group. (C) Images showed the representative lung tissue samples from the different
experiment. The number of metastatic nodules per lung in kaempferol-treated group was lower than that in the control group. (D) Western blot analysis on the
expressions of apoptosis- and invasion-related proteins as well as key proteins of signaling pathways involved in the apoptosis and invasion of CCA. (E) There
was no significant change in body weight between control and kaempferol-treated mice. * P<0.05.
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Kaempferol inhibits tumor growth and metastasis of
CCA in vivo

We further detected the effect of kaempferol on CCA growth by estab-
lishing a subcutaneous xenograft model in nude mice. QBC939
cell-derived xenograft tumors were allowed to grow to a size of
100 mm?>, and then kaempferol (20 mg/kg/day) was administered
i.p. daily for 3 weeks. As shown in Fig. 4A, kaempferol significantly
inhibited the growth of the tumor, compared with the control
group. Ki-67 staining was then performed to assess the role of kaemp-
ferol on the proliferative ability of tumor. Results showed that the
number of Ki-67-positive tumor cells was lower in kaempferol-treated
group than that in the control group (Fig. 4B). The effect of kaempfer-
ol on the metastatic phenotype of CCA was examined by injecting
QBC939 cells into nude mice through the tail vein to imitate lung
metastasis. Kaempferol was found to reduce the average volume and
number of foci per mouse, compared with the control (Fig. 4C). The
pulmonary foci were mainly located in the peripheral area of lung. The
expressions of the apoptosis- and invasion-related proteins were also
measured by western blot analysis (Fig. 4D). In addition, no marked
change was observed in body weight in the mice, indicating that
kaempferol was relatively nontoxic to mice (Fig. 4E).

Discussion

CCA is one of the most malignant tumors which have a poor response
to the current chemotherapeutics, including the classic cisplatin and
gemcitabine [24-29]. Kaempferol, commonly found in fruits and ve-
getables, has been reported to possess antitumor ability in various can-
cers [12]. However, in CCA, the effect of kaempferol remains
unknown. In the present study, we demonstrated that kaempferol in-
hibited the growth and metastasis of CCA in vitro and in vivo.

We firstly demonstrated that kaempferol exhibited a dose- and
time-dependent antiproliferation effect on CCA cells by CCK-8
assay and bromodeoxyuridine proliferation assay. Kaempferol also in-
hibited the colony formation ability and promoted apoptosis in CCA
cells, which were consistent with the cell viability variation. Previous
studies have reported that kaempferol induces apoptosis by regulating
Bcl-2 and caspase family proteins [15-17,30]. Our results showed that
kaempferol did not affect the expression of Bel-xL or survivin, but it
significantly reduced the expression of Bcl-2 and increased the expres-
sion of Bax. Our results also demonstrated that kaempferol increased
the expressions of Fas, cleaved-caspase 3, cleaved-caspase 8, cleaved-
caspase 9, and cleaved-PARP. More importantly, the pan-caspase
inhibitor Q-VD-OPH reversed kaempferol-mediated activation of
caspase 3 and PARP as well as kaempferol-induced apoptosis, indicat-
ing that kaempferol induced apoptosis partly through the Fas death
receptor/caspase pathway.

A number of studies have revealed that kaempferol inhibits the in-
vasion and metastasis of malignant tumor [22,31-34]. MMPs, a fam-
ily of zinc-dependent endopeptidases, are involved in the invasion,
metastasis, and angiogenesis of various cancers [35]. High expression
of MMP?Y is associated with lymph node metastasis and poor progno-
sis in intrahepatic CCA [36]. The upregulation of MMP2 and MMP9
is a critical factor that causes CCA cells to invade into the surrounding
tissue [37,38]. In our research, kaempferol was found to suppress the
migration and invasion of CCA cells in a dose-dependent manner.
Moreover, kaempferol-treatment group exhibited decreased expres-
sion of MMP2 and increased expression of TIMP2, but no obvious
changes were found in the expressions of MMP9 and TIMP1. Gener-
ally, all TIMPs are capable of inhibiting all known MMPs; however,

the efficacy of MMP inhibition varies with each individual TIMP. For
example, TIMP1 is a strong inhibitor of MMP9, while TIMP2 is cap-
able of suppressing the expression of MMP2 [39]. Therefore, we de-
duced that kaempferol may suppress the migration and invasion of
CCA cells partly through inhibiting the TIMP2/MMP2 pathway. It
is widely accepted that inactivating the PI3K/AKT pathway is one of
the mechanisms through which kaempferol exerts its biochemical ef-
fects [17,40,41]. Furthermore, previous studies have reported that the
PI3K/AKT pathway is a major survival pathway involved in the apop-
tosis and invasion of CCA [42,43]. Our data showed that kaempferol
suppressed the expression levels of PI3K P110c¢, p-AKT, and p-p65,
with no obvious changes in the total AKT protein level. Although
the effects of kaempferol on other critical proteins in CCA need to
be further detected [44,45], we deduce that kaempferol may suppress
the growth and metastasis of CCA partly through the PI3K/AKT
pathway.

More importantly, we further confirmed the above-mentioned re-
sults i vivo. A subcutaneous xenograft model was established to in-
vestigate the effect of kaempferol on CCA growth. Kaempferol-treated
group showed decreased tumor volume when compared with the con-
trol group. The expression of Ki-67, a proliferation biomarker, was
also decreased after kaempferol treatment. In addition, in the lung me-
tastasis model, kaempferol significantly decreased the number and vol-
ume of foci compared with the control group. Song et al. [17] have
reported that no marked change was observed in body, liver, or spleen
weight of the nude mice after the treatment of kaempferol, indicating
little side effect of kaempferol at this dose of treatment. In our experi-
ment, no apparent difference was found between the kaempferol-
treated group and the control group in body weight of the nude mice.

In conclusion, we demonstrate that kaempferol has potent activity
against CCA both in vitro and in vivo. These effects may be related to
the inactivation of PI3K/AKT pathway and downstream proteins,
which are involved in the proliferation, apoptosis, and invasion.
Based on our data, kaempferol may be a potential agent for the pre-
vention and therapy of CCA.
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