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on the growth of colorectal cancer cells by
regulating the PI3K/Akt signaling pathway
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Abstract. Combination chemotherapy with chemosensitizers
can exert synergistic therapeutic effects, reduce toxicity, and
delay the induction of drug resistance. In the present study, the
antitumor effects were investigated, and the possible under-
lying mechanisms of kaempferol combined with 5-fluorouracil
(5-FU) in colorectal cancer cells were explored. HCT-8 or
HCT-116 cells were treated with various concentrations of
kaempferol and/or 5-FU for the indicated time-points. An
MTT assay was used to determine cell viability, whereas the
synergistic effects were assessed by calculating the combina-
tion indices of kaempferol and 5-FU. Annexin V analysis and
Hoechst staining were used to determine cell apoptosis. g-PCR
and western blotting were performed to determine the expres-
sion levels of Bax, Bcl-2, thymidylate synthase (TS), PTEN,
PI3K, AKT, and p-AKT. The combination of kaempferol and
5-FU was determined to be more effective in inhibiting cell
viability than either of the agents alone. The inhibition of
tumors in response to kaempferol and 5-FU was associated
with the reduction in proliferation ability and stimulation of
apoptosis. The protein results indicated that kaempferol and
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5-FU could significantly upregulate the expression levels of
Bax and downregulate the expression levels of Bcl-2 and TS.
Furthermore, the combination treatment greatly inhibited the
activation of the PI3K/Akt pathway, suggesting the involvement
of this pathway in the synergistic effects. The present study
demonstrated that kaempferol has a synergistic effect with
5-FU by inhibiting cell proliferation and inducing apoptosis
in colorectal cancer cells via suppression of TS or attenuation
of p-Akt activation. The combination of kaempferol and 5-FU
may be used as an effective therapeutic strategy for colorectal
cancer.

Introduction

Colorectal cancer (CRC) is a major public health problem
since it is the third most commonly diagnosed cancer
resulting in mortality worldwide (1). Moreover, the incidence
rates of colorectal cancer in developing countries, including
China, have risen due to the growth of the aging popula-
tion and adoption of westernized behaviors and lifestyles.
Surgery and adjuvant chemotherapy are the main treat-
ments for colorectal cancer. However, 40-50% of patients
succumb to this disease due to recurrence, metastases, and
drug resistance (2,3). In addition, severe side effects caused
by chemotherapeutic agents lead to the deterioration of the
quality of life of patients. Therefore, it is necessary to develop
tolerable treatment strategies with increased sensitivity in
order to improve the clinical outcome and overall survival
rates.

The most widely used chemotherapeutic drug, 5-fluo-
rouracil (5-FU), is a first-line base treatment of colorectal
cancer (4-6). 5-FU inhibits cancer cell growth and initiates
apoptosis by inducing DNA damage during replication and
hindering its repair. It could disturb the synthesis of the
pyrimidine thymidine, a nucleoside required for DNA replica-
tion, and block the activity of thymidylate synthase (TS) (7).
Although 5-FU treatment has been demonstrated to be effec-
tive for CRC, it is associated with severe side effects and
acquired drug resistance (8,9). Therefore, further studies are
required to identify agents that can increase the efficacy of
5-FU and reduce its side effects.
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Clinically, patients with low TS expression in tumor tissues
exhibit improved response to 5-FU-based therapy, indicating
that TS expression may be involved in the development of 5-FU
resistance. A previous study revealed that cancer cells acquire
5-FU resistance when stimulated with low doses of 5-FU for
a prolonged period, which is accompanied by high expression
levels of TS (10-12). The results of these studies demonstrated
that TS overexpression is closely related to the occurrence of
5-FU resistance (13). Thus, TS is not only considered to be
a target of 5-FU but also an oncogene participating in 5-FU
resistance (14).

Recent studies indicated that prolonged exposure to 5-FU
could activate several signaling pathways, including the
PI3K/Akt pathway, which is a major downstream effector
pathway leading to chemoresistance (15,16). This pathway is
involved in cell growth and drug resistance. Recent evidence
indicates that activation of the PI3K/AKT pathway contributes
to resistance to multiple cancer therapies and is deemed a poor
prognostic factor for cancers (17).

Combination studies are widely used in treating dreadful
diseases, including cancer (18), and aim to achieve synergistic
therapeutic effects, minimize toxicity, and delay the induction
of drug resistance. Several compounds from nature, such as
medicinal plants, are pharmacologically safe and have been
demonstrated to be potent chemosensitizers in combination
with conventional chemotherapeutic drugs. Therefore, phyto-
chemicals have a good application prospect in the treatment of
cancer and adjuvant chemotherapy (19-22).

Kaempferol is an ideal chemosensitizer owing to its diverse
pharmacological actions and nontoxic nature. Fig. 1 illustrates
the structure of kaempferol, which is known to exert antitumor
effects in various cancer models (23-26). However, no study
has been conducted on the effect of 5-FU and kaempferol in
cancer. The purpose of this study was to investigate the syner-
gistic antitumor effects of 5-FU and kaempferol in CRC and
elucidate the possible mechanisms underlying this effect.

Materials and methods

Chemicals and reagents. Roswell Park Memorial Institute
(RPMI) 1640 medium, fetal bovine serum (FBS), peni-
cillin-streptomycin, trypsin-EDTA, and BCA Protein Assay
Kit were obtained from Thermo Fisher Scientific, Inc. An
Annexin V-FITC Apoptosis Detection Kit was purchased
from Nanjing KeyGen Biotech Co., Ltd. TRIzol Reagent and
PrimeScript RT Reagent Kit were provided by Takara Bio,
Inc. 5-FU, kaempferol, 3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyl tetrazolium bromide (MTT), and the remaining
chemicals used in the present study, unless otherwise
stated, were obtained from Sigma-Aldrich; Merck KGaA.
Primary antibodies for Bax, Bcl-2, TS, PI3K, Akt, and
phosphorylated (p)-Akt and B-actin horseradish peroxidase
(HRP)-conjugated secondary antibodies were provided by
Cell Signaling Technology, Inc.

Cell line and cell culture. The CRC cell lines HCT-8,
HCT-116 and the normal human embryonic kidney cell line
293 were purchased from the Type Culture Collection of the
Chinese Academy of Sciences. The cells were maintained in
RPMI-1640 medium supplemented with 10% FBS, 100 unit/ml
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benzyl penicillin, and 100 pg/ml streptomycin in 5% CO, and
95% air at 37°C.

Cell viability assay. The HCT-8 cells and 293 cells
(6x10° cells/well) were seeded in 96-well plates and exposed
to serial dilutions of 5-FU and/or kaempferol for 24 h. Then,
MTT reagent (0.5 mg/ml in PBS) was added, and the cells
were cultured for a further 4 h at 37°C prior to the addition
of dimethyl sulfoxide. Absorbance at 570 nm was measured
using an ELISA reader (Model ELX800; BioTek Instruments,
Inc.). All assays were independently performed in tripli-
cates. The cell inhibition ratio was calculated as follows:
(Acomrol'Atreated)/ Acomrol XlOO%’ where Alrealed and Acomrol were the
absorbance from treated and control groups, respectively. The
IC4, values (dose of 5-FU and kaempferol required to inhibit
cell growth by 50%) were assessed using nonlinear regression
analysis.

Calculation of combination index (CI). During the different
dose combinations (ratios of ICs, as 5-FU: kaempferol:
2:1, 1:1, 1:2, and 1:4), the HCT-8 and 293 cells were treated
with various concentrations of kaempferol and 5-FU; a new
concentration-dependent curve was constructed using the
MTT assay. In different combination ratios, we used the
chessboard concentration dilution method to design drug
combinations of different concentrations and then calculated
the CI according to the dose-effect curve. The Chou-Talalay
method for drug combination is based on the median-effect
equation (27,28). Based on these algorithms, CalcuSyn was
used for determining synergism and antagonism at all doses or
effect levels. The CI was analyzed by CalcuSyn where values
<1, =1, and >1 indicated synergism, an additive effect, and
antagonism, respectively.

Identification of apoptosis by Annexin V/propidium iodide
(PI) staining. The percentages of cells undergoing apoptosis
with or without 5-FU and/or kaempferol were assessed by
Annexin V-FITC/PI kit-based FACS (BD Biosciences). Cells
were plated (3x10° cells/well) in a 6-well plate and then incu-
bated for 48 h with 100 M kaempferol or 50 uM 5-FU alone
or in combination. Subsequently, the cells were washed twice
with cold PBS and stained with Annexin V/PI before being
analyzed by FACS, according to the manufacturer's instruc-
tions. All assays were performed independently in triplicates.

Hoechst staining. HCT-8 cells were grown in a 6-well plate
and treated with 100 M kaempferol and/or 50 uM 5-FU for
48 h. The cells were fixed in ice-cold 4% paraformaldehyde for
10 min. Following washing with PBS, the cells were incubated
with 1 ug/ml of Hoechst 33258 solution for 5 min in the dark.
The cells were washed with PBS again and observed under a
fluorescent microscope (DMI4000B; Leica Microsystems); the
apoptotic cells appeared condensed and displayed fragmented
nuclei.

Western blot analysis. Total protein extracts were obtained
using lysis buffer and concentrations were determined by the
BCA assay (both from Pierce Chemical Co.; Thermo Fisher
Scientific, Inc.). Equal amounts of protein (50 ug) from each
sample were separated by 12% SDS-PAGE gels and transferred
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Figure 1. The structure of kaempferol.

to PVDF membranes (EMD Millipore). The membranes were
blocked with 5% skimmed milk for 1 h at room temperature
and probed with specific a primary antibody Bax (1:1,000;
cat. no. 5023, Cell Signaling Technology, Inc.), Bcl-2 (1:1,000;
cat. no. 4223; Cell Signaling Technology, Inc.), TS (1:1,000;
cat. no. 5449; Cell Signaling Technology, Inc.), -actin
(1:1,000; cat. no. 4967, Cell Signaling Technology, Inc.), PI3K
(1:1,000; cat. no. 4257; 1:1,000), AKT (1:1,000; cat. no. 2938;
Cell Signaling Technology, Inc.), p-Akt (1:1,000; serd73; cat.
no. 4060, Cell Signaling Technology, Inc.), PTEN (1:1,000; cat.
no. 4257; Cell Signaling Technology, Inc.) overnight at 4°C.
After being washed three times with TBST, the membranes
were incubated with horseradish peroxidase-conjugated goat
anti-rabbit IgG secondary antibody (1:25,000; cat. no. 31460;
Thermo Fisher Scientific, Inc.) or rabbit anti-mouse immu-
noglobulin G secondary antibody (1:25,000; cat. no. 27025;
Thermo Fisher Scientific Inc.) at room temperature for 2 h.
Following washing again in TBST, protein signals were
visualized by an enhanced chemiluminescence reaction
system (Bio-Rad Laboratories, Inc.) and quantified using the
ImageQuant software (Version 3.0; Bio-Rad Laboratories,
Inc.). B-actin served as the loading control. All protein
quantifications were normalized to their respective p-actin
expression levels.

Statistical analysis. Three independent experiments were
performed in triplicate. Data are presented as the mean + standard
deviation (SD). Differences between two groups were analyzed
using unpaired Student's t-test. Datasets that involved more
than two groups were assessed with one-way analysis variance
(ANOVA), along with the Tukey-Kramer test. A P-value <0.05
was regarded as statistically significant. Regular analysis was
carried out using the SPSS package for Windows (version 17.0;
SPSS, Inc.).

Results

5-FU and kaempferol cause greater inhibition of cell viability
in CRC cells. Firstly, the cell viability inhibition potential of
each drug was examined in the HCT-8 and HCT-116 cells. As
anticipated, the growth of the cells was significantly decreased
by treatment with kaempferol and 5-FU in a dose-dependent
manner. The ICs, values of 5-FU and kaempferol were 177.78
and 350 M, respectively, in HCT-8 cells and 77.63 and
184.33 uM, respectively, in the HCT-116 cells. The IC, concen-
trations were then used to generate fixed ratios for subsequent
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Table I. CI for different ratios of 5-FU and kaempferol on
HCT-8 cells.

Ratio (5-FU: kaempferol) CI Effect

1:2 0.351 Synergistic
1:1 0.378 Synergistic
2:1 0.808 Synergistic
4:1 0.800 Synergistic

CI, combination index; 5-FU, 5-fluorouracil.

Table II. CI for different ratios of 5-FU and kaempferol on
HCT-116 cells.

Ratio (5-FU: kaempferol) CI Effect

1:10 0.828 Synergistic
1:5 0.621 Synergistic
1:2.5 0.716 Synergistic
1:1.25 0.895 Synergistic

CI, combination index; 5-FU, 5-fluorouracil.

Table III. CI for different ratios of 5-FU and kaempferol on
293 cells.

Ratio (5-FU: kaempferol) CI Effect

12.5:25 2.852 Antagonistic
25:50 1.574 Antagonistic
50:100 4.039 Antagonistic
100:200 0.895 Antagonistic

CI, combination index; 5-FU, 5-fluorouracil.

combination studies and to calculate the CI. Among them,
50 uM of 5-FU combined with 100 M of kaempferol exhib-
ited synergistic anticancer effects on HCT-8 cells (CI value,
0.351; Table I), when compared with the effects of the two
compounds used alone. Consistent results were found in the
HCT-116 cell line (CI, 0.621; Table II).

The combination of 5-FU and kaempferol has no synergistic
effect on 293 cells. The combination of 100 M of kaempferol
with 50 M of 5-FU did not exhibit greater cytotoxic effects
on the 293 cells (CI, >1) when compared with either of the two
agents used alone (Table III).

The combination of 5-FU and kaempferol exhibits greater
inhibition on cell growth and cell viability. Microscopy
was used to observe the cell morphology. Cells treated with
5-FU and kaempferol were crenulated, and the nuclei were
dim (Fig. 2A). Cell viability was significantly lower in cells
subjected to treatment with 5-FU and kaempferol alone when
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Figure 2. Combination of 5-FU and kaempferol has synergistic effects on the growth and viability of HCT-8 cells. (A) Effect of 5-FU and kaempferol on HCT-8
cell morphology. HCT-8 cells were treated with 5-FU and kaempferol for 48 h, and morphological changes were observed using phase-contrast microscopy.
(B) The HCT-8 cells were treated with kaempferol and 5-FU. Relative cell viability was determined as the percentage of absorbance relative to the untreated
controls. Data are presented as the mean + SD of three independent experiments. “P<0.05 vs. untreated control cells. 5-FU, 5-fluorouracil; SD, standard deviation.

compared with that of the untreated control cells (Fig. 2B).
These results indicated that combined treatment with kaemp-
ferol and 5-FU could inhibit the growth of HCT-8 cells.

Enhancement of 5-FU-induced apoptosis by kaempferol.
To assess if kaempferol plus 5-FU could induce apoptosis,
Hoechst staining and flow cytometric analysis were performed
to detect cell apoptosis (Fig. 3A). Kaempferol combined
with 5-FU treatment significantly induced cancer cell apop-
tosis in HCT-8 cells when compared with either of the two
compounds alone. Although 50 uM of 5-FU and 100 uM of
kaempferol induced 10.13 and 3.31% apoptosis, respectively,
in HCT-8 cells, a combination of these two induced 31.41%
apoptosis, which is almost three times that induced by 50 pM
5-FU (Fig. 3B).

Kaempferol combined with 5-FU upregulates the expression
levels of apoptosis-associated proteins Bax, Bcl-2, and 5-FU
metabolic enzyme TS. Apoptosis-related gene expression of
Bax, Bcl-2, and 5-FU metabolic enzyme TS was detected by
western blotting. The expression levels of Bax were higher
in cells subjected to combination treatment when compared
with those with either agent alone (Fig. 4). Conversely, the
expression levels of Bcl-2 were decreased in the combina-
tion group when compared with single-agent treatment; TS
expression levels were significantly decreased in HCT-8 cells
when treated with kaempferol and 5-FU (Fig. 4). These results
indicated that kaempferol combined with 5-FU exhibits syner-
gistic anticancer effects by inducing CRC cell apoptosis and
altering the expression levels of TS.

Role of the PI3K/AKT pathway in the synergistic effects of
kaempferol and 5-FU. To determine whether AKT activa-
tion was involved in the synergistic effects of kaempferol
and 5-FU, the levels of PI3K, PTEN, AKT, and p-AKT in
HCT-8 cells were examined by western blotting. The p-AKT
levels were attenuated in cells treated with kaempferol and
increased after 5-FU treatment. However, PI3K and p-AKT
levels were significantly lower in cells subjected to combina-
tion treatment when compared with 5-FU alone (Fig. 5). Thus,

kaempferol and 5-FU may have synergistically suppressed
CRC cell growth by inhibiting the activation of the PI3K/Akt
pathway.

Discussion

Chemotherapy is considered as the most potent treatment
option to improve poor survival rates in cancer. Although the
combination of 5-FU, oxaliplatin, and irinotecan are being used
in the clinical setting, their effects are not entirely satisfac-
tory (2). The two main problems associated with chemotherapy
are drug toxicity and the development of resistance of the
tumor cells toward apoptosis. Thus, the combination of 5-FU
with chemosensitizers could minimize the occurrence of side
effects and maximize efficacy. Several synthetic chemosen-
sitizers have been developed, but their cytotoxic effects and
adverse pharmacokinetics have prohibited their use in clinical
trials.

Hedyotis diffusa Willd is a major component frequently
used in traditional Chinese medicine for the clinical treat-
ment of CRC and is associated with drug resistance (29,30).
Kaempferol is one of the main active components of
Hedyotis diffusa and has been revealed to possess anti-
cancer effects in several cancer cell lines both in vitro and
in vivo (31-36). Notably, they exhibit almost no or minor
toxicity against normal epithelial, peripheral blood, and
myeloid cells. In the present study, the effects of different
combinations of kaempferol and 5-FU were examined; the
inhibition rates were analyzed by the method described by
Chou and Talalay. As revealed in Table I, the combined inhibi-
tory effect of kaempferol and 5-FU (CI, <1) on the growth of
the CRC cells was stronger than that of kaempferol or 5-FU
alone. The following combination was used for further evalu-
ations and comparisons in this study: kaempferol (100 M)
and 5-FU (50 uM).

The effect of kaempferol (100 xM) and 5-FU (50 uM)
on apoptosis induction in HCT-8 cells was higher than that
of either of the agents used alone. These results encouraged
further evaluations into the mechanism of this synergistic
effect.
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Figure 3. The enhancement of 5-FU-induced apoptosis by kaempferol. (A) HCT-8 cells were treated with 5-FU, kaempferol, or a combination of both for 48 h.
The cells were cultured in fresh medium for Hoechst staining assay. (B) Flow cytometry was used to detect apoptosis in HCT-8 cells treated with 5-FU and/or
kaempferol for 48 h. Annexin V/PI double-negative population indicates viable cells, and Annexin V-positive/PI-negative or Annexin V/PI double-positive
population represents cells undergoing early or late apoptosis, respectively. Data are representative of at least three independent experiments, which are
presented as the mean + SD of triplicate experiments. “P<0.05 vs. untreated control cells. 5-FU, 5-fluorouracil; SD, standard deviation.
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Figure 4. Kaempferol combined with 5-FU regulates the protein expression levels of Bax, Bcl-2, and TS. (A) Bax, Bcl-2, and TS protein expression levels in
HCT-8 cells were assessed by western blot analysis. (B) Quantitation of the expression levels by densitometric analysis. $-actin served as the loading control.
All protein quantifications were normalized to their respective -actin expression levels. Data are representative of at least three independent experiments.
“P<0.05 vs. untreated control cells. 5-FU, 5-fluorouracil; TS, thymidylate synthase.

It is widely accepted that the PI3K/Akt pathway plays
an important role in drug resistance. Overexpression of this
PI3K/Akt pathway has been identified in 5-FU-resistant
cell lines, and the blocking of this pathway could sensitize
cancer cells to 5-FU in vitro (37). However, activation of the
PI3K/Akt pathway was revealed to induce 5-FU resistance
in cancer cells (38). Furthermore, this pathway has a major
function in cell proliferation and apoptosis. Apoptosis-related
proteins, such as Bax, Bcl-2, and the 5-FU metabolic enzyme
TS, are major downstream effectors of the PI3K/Akt signaling
pathway (39).

The intrinsic apoptotic pathway is largely controlled by
proapoptotic (Bax) and the antiapoptotic (Bcl-2) proteins (40).
In the present study, kaempferol combined with 5-FU decreased
the expression levels of Bcl-2 and Bax when compared with
kaempferol or 5-FU alone. Thus, based on the results of Hoechst
nuclear staining, and flow cytometric and western blot analyses,
the synergistic effect of 5-FU and kaempferol on apoptosis induc-
tion was confirmed. The formation of the apoptosome causes
cleavage of procaspases (caspase family) which are responsible
for activating effector caspases, such as caspase-3, which is a key
protease of the apoptotic machinery and ultimately resulting in
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Figure 5. Role of the PI3K/Akt pathway in the synergistic effects of kaempferol and 5-FU. (A) PI3K, AKT, p-AKT, and PTEN protein expression levels in
HCT-8 cells were assessed by western blot analysis. (B) Quantitation of the protein expression levels by densitometric analysis. f-actin served as the loading
control. All protein quantifications were normalized to their respective B-actin expression levels. Data are representative of at least three independent experi-
ments. ‘P<0.05 vs. untreated control cells. 5-FU, 5-fluorouracil; p-AKT, phosphorylated AKT.

apoptosis (41). Among them, it is unclear how the synergy of
kaempferol and 5-FU affects the caspase family and ultimately
promotes apoptosis. In addition, it was also revealed that combi-
nation of 5-FU and kaempferol could arrest the cell cycle in the
S phase, while the specific regulatory mechanism of kaempfetol
is unknown. All of these issues rquire further study.

TS, a critical 5-FU-targeted enzyme, participates in 5-FU
resistance in cancer patients receiving chemotherapy. TS
has been well accepted as one of the most important targets
of 5-FU resistance (42). A previous study indicated that TS
was dramatically increased following prolonged exposure
to 5-FU (43). Consistent with previous research, the expres-
sion level of TS was increased along with the decrease in
5-FU sensitivity after 5-FU treatment in the present study.
Additionally, TS levels could be downregulated by kaemp-
ferol; thus, kaempferol may increase 5-FU sensitivity by
upregulating the expression levels of TS, thereby contributing
to the synergistic effects of kaempferol and 5-FU.

In the present study, kaempferol combined with 5-FU
demonstrated synergistic anticancer effects by inducing
apoptosis and altering the expression levels of TS in CRC
cells. These effects may have occurred via attenuation of
the activation of p-AKT and suppression of the PI3K/AKT
pathway.
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