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Xanthohumol chalcone acts as a powerful inhibitor of
carcinogenesis in drug-resistant human colon carcinoma and
these effects are mediated via G2/M phase cell cycle arrest,
activation of apoptotic pathways, caspase activation and
targeting Ras /MEK/ERK pathway
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Summary
Purpose: Xanthohumol is a prenylated flavonoid of plant
origin and has been reported to exhibit a spectrum of pharmacological properties including anticancer effects. However, the anticancer properties of Xanthohumol have not been
thoroughly evaluated against drug-resistant colon cancer
cells. This study was undertaken to evaluate the anticancer
effects of Xanthohumol against the human colon cancer cell
line HT-29 and normal CDD-18Co cell line.

normal CDD-18Co cells suggested cancer cell specific activity.
DAPI staining revealed nuclear fragmentation, suggesting
xanthohumol induces apoptosis in HT-29 cells. Xanthohumol
also caused activation of caspase-3 and 9 and increased the
Bax/Bcl-2 ratio. Cell cycle analysis showed that this molecule
caused arrest of the HT-29 cells at the G2/M phase of the cell
cycle. The induction of G2/M cell cycle was also accompanied
with depletion of the expression of cyclin B1. The effects of
Xanthohumol were also investigated on the Ras/MEK/ERK
Methods: HT-29 cell viability was evaluated by cell countsignalling pathway which revealed that Xanthohumol also
ing kit-8 (CCK8) assay. Apoptotic effects were examined by
blocks the MEK/ERK signalling pathway in colon cancer cells
fluorescence microscopy using DAPI staining and flow cyin a concentration-dependent manner.
tometry using annexin V/propidium iodide (PI) staining.
Effects on cell cycle were studied by flow cytometry while Conclusions: Xanthohumol may prove an efficient lead
western blot analysis was done to study effects on protein molecule for the development of more potent anticancer
expressions.
agents through semi-synthetic approaches.
Results: The results showed that Xanthohumol causes a dramatic decrease in the HT-29 cell viability with an IC50 of 10 Key words: colon cancer, xanthohumol, cell cycle, apoptosis,
µM. However, an IC50 >100 µM for Xanthohumol against the migration

Introduction
Colon cancer is the fourth cause of cancerrelated mortality. It ranks third common type of
cancer and around 1.4 million new cases of colon
cancer are reported annually [1]. In 2013, around

0.7 million deaths were reported to be due to colon
cancer around the world [2]. Although the incidence
of colon cancer has declined to some extent, it is
believed it will increase by 60% till 2030 [3]. Late
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diagnosis, lack of potent and safe chemotherapeutic drugs and therapeutic targets form an obstacle in the treatment of colon cancer [4]. Natural
products including plants, microbes and animals
have the capability to synthesize a wide array of
chemical entities for their own benefits. However, these metabolites have been used by humans
across the globe for their health promoting properties [5]. Plants produce a diverse group of metabolites [6,7]. Xanthohumol is a prenylated flavonoid
generally extracted from the flowers of Humulus
lupulus, commonly known as hops [8[. Prenylated
flavonoids, such as Xanthohumol, halt the growth
of cancer cells via multiple mechanisms such as apoptosis, autophagy and cell cycle arrest and thereby
are considered as vital anticancer agents [9] and has
been reported to exert antiproliferative effects on
human colon cancer cells [10]. Xanthohumol has
also been reported to suppress the growth and metastasis of hepatocellular carcinoma cells [11]. In
yet another study, Xanthohumol has been shown
to exert growth inhibitory effects on the human
prostate cancer cells [12]. Given this background
the present study was designed to investigate the
anticancer effects of Xanthohumol against human
colon cancer cells and the underlying mechanism
for the anticancer effects together with its effects
on the Ras/MEK/ERK signalling pathway were also
investigated.

Methods
Cell counting kit -8 (CCK8) assay for determination of cell
viability
The determination of the drug-resistant cancer cells
HT-29 and non-cancer CDD-18Co normal cell viability
was done by CCK-8 assay. In brief, the HT-29 cells were
seeded in 96-well plates and treated with varied concentrations of Xanthohumol at 37°C for 24 h. Thereafter, 10
µL of CCK-8 solution were added to the cell culture and
incubated for 2 h at 37°C in a humidifier (5% CO2, 95%
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O2). Optical density (OD)450 was taken with the help of a
microplate reader to determine the cell viability.
DAPI staining assay for detection of apoptosis
The drug-resistant colon HT-29 cells (0.6×106) were
seeded in 6-well plates and incubated for 24 h at 37°C
with varied concentration of Xanthohumol. As the cells
cast-off, 10 μl cell culture were put onto glass slides and
stained with DAPI. The slides were cover-slipped and
examined with a fluorescent microscope.
Annexin V/PI staining
ApoScan kit was used to determine the apoptotic
HT-29 cell percentage. In brief, Xanthohumol-treated
HT-29 cells (5×105 cells per well) were incubated for 24
h. This was followed by staining of these cells with annexin V-FITC or PI. The percentage of apoptotic HT-29
cells at each concentration was then determined by flow
cytometry.
Cell cycle analysis
After treating the drug-resistant HT-29 cells with
varied concentrations of Xanthohumol for 24 at 37 °C the
cells were washed with phosphate buffered saline (PBS).
Afterwards, the HT-29 cells were stained with PI and the
cell distribution in cell cycle phases was assessed by
FACS flow cytometer.
Western blot analysis
The determination of the protein expression was estimated by western blot analysis. The drug-resistant HT-29
cells were cultured for 24 h at 37°C. The cultured cells
were then treated with 0, 5, 10 and 20 µM concentrations
of Xanthohumol for 24 h and then collected by centrifugation. The HT-29 cells were then lysed in lysis buffer containing protease inhibitor. Afterwards, using SDS-PAGE,
protein extracts were separated, followed by transferring
to PVDF membranes. Next, fat-free milk was used to block
the membrane at room temperature for 1 h. Afterwards,
the membranes were treated overnight with primary antibodies at 4°C. Subsequently, the membranes were incubated with secondary antibodies. Finally, the bands weres
was detected by Odyssey Infrared Imaging System (LICOR, USA). Actin was used as control for normalisation.

Figure 1. Effect of Xanthohumol on the viability of (A) HT-29 drug-resistant colon cancer cells and (B) normal CDD18Co cells. The experiments were performed in triplicate and shown as mean ± SD (*p< 0.05).
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Statistics

Results

The experiments were carried in triplicate and
the values are shown as means±SD. One-way ANOVA Xanthohumol suppresses colon cancer cell growth
was used to evaluate significant intergroup differences.
The CCK-8 assay was used to assess the imP<0.05 was considered as statistically significant.
pact of Xanthohumol on the viability of the drug-

resistant HT-29 colon cancer and CDD-18Co normal
cells. Xanthohumol caused a significant reduction
in the viability of the HT-29 cells which was dosedependent and IC50 of 10 µM was observed for
Xanthohumol against the HT-29 cells (Figure 1A).
Nonetheless, the effects of Xanthohumol on the
normal CDD-18Co cells showed an IC50 > 100 µM
(Figure 1B).
Apoptotic effects of Xanthohumol on colon cancer cells

Figure 2. DAPI staining showing induction of apoptosis
in HT-29 cells. The experiments were performed in triplicate. The Figure shows that Xanthohumol induces apoptosis
as shown by arrows (chromatin condensation and nuclear
fragmentation).

To investigate the mechanism behind the antiproliferative effects of Xanthohumol, the drugresistant HT-29 cells were treated with different
doses of Xanthohumol and then stained with DAPI.
The results of DAPI showed that Xanthohumol
caused nuclear fragmentation of the HT-29 cells
in a dose-dependent manner which indicated the
induction of apoptosis (Figure 2). Annexin/PI staining showed that the apoptotic cell percentage was
4.0%, 8.9%, 10.7% and 15.5% at concentrations of
0, 5, 10 and 20 µM (Figure 3). The Xanthohumolinduced apoptosis was also accompanied with increase in the Bax and decrease in the Bcl-2 expression in a dose-dependent manner (Figure 4).
Xanthohumol causes activation of caspases
The effects of Xanthohumol were investigated
on the expression of caspase-3, caspase-8 and caspase-9 in drug-resistant HT-29 colon cancer cells
at concentrations of 0, 5, 10 and 20 µM. The western blot analysis showed that the expression of
caspase-3, caspase-8 as well as the expression of
caspase-9 was increased in a dose-dependent manner (Figure 5). These results indicate Xanthohumol

Figure 3. Annexin V/PI staining showing the percentage of
the apoptotic HT-29 cells. The experiments were performed
in triplicate. The Figure shows increase in the percentage
of apoptotic cells with increasing dose of Xanthohumol.
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Figure 4. Effect of Xanthohumol on the expression of Bax
and Bcl-2 in HT-29 cells as depicted by Western blot analysis. Xanthohumol led to increase in the expression of Bax
and decrease in the expression of Bcl-2 in a dose-dependent
manner.
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increases the expression of caspases in HT-29 colon ver the phosphorylation of the MEK and ERK was
also suppressed by Xanthohumol in HT-29 cells
cancer cells.
in a concentration-dependent manner (Figure 8).
Xanthohumol causes arrest of the HT-29 cells at the
G2/M checkpoint
Discussion
The effects of Xanthohumol were also evaluated on the cell cycle distribution of the drug-resistant HT-29 cells. The results indicated that Xanthohumol treatment caused a significant increase
in the G2/M phase of the cell cycle, indicative of
G2/M arrest (Figure 6). This was also accompanied
by downregulation of Cyclin A and B1 expression
in a dose-dependent manner (Figure 7).
Effect of Xanthohumol on the MEK/ERK pathway in
colon cancer cells
Xanthohumol’s effects on the Ras/MEK/ERK
signalling pathway was assessed by western blot
analysis after treating the drug-resistant HT-29
cells with 0, 5, 10 and 20 µM (Figure 8). It was
found that the expression of Ras was decreased concentration-dependently in the HT-29 cells. Moreo-

The clinical outcomes of colon cancer with the
current drugs are unsatisfactory and there exists an
obvious need for discovery of new drug candidates.
The development of drug resistance in colon cancer
cells makes it even difficult to manage this disease.
The currently available chemotherapeutic agents
have a number of adverse effects [13]. This study
was carried out to evaluate the anticancer effects
of a pharmacologically important prenylated flavonoid Xanthohumol against human colon cancer
cells. The findings of the present study showed that
the HT-29 cell viability was decreased significantly
upon treatment with Xanthohumol. Additionally,
the findings indicated selective anticancer effects
this molecule against the drug-resistant HT-29 colon cancer cells as a very high IC50 of xanthohumol
was observed against the normal cells. Xanthohu-

Figure 7. Effect of Xanthohumol on the expression of cyclin B1 in HT-29 cells as depicted by Western blot analysis.
Xanthohumol treatment led to decrease in the expression
of cyclin B1.
Figure 5. Effect of Xanthohumol on the expression of caspases in HT-29 cells as depicted by Western blot analysis.
Xanthohumol led to increase in the expression of caspase-3
and 9, indicating onset of apoptosis.

Figure 6. Effect of Xanthohumol on the cell cycle distribution of the HT-29 cells. Xanthohumol treatment led to G2/M
phase cell cycle arrest. The experiments were performed in
triplicate and shown as mean±SD (*p<0.05).

Figure 8. Effect of Xanthohumol on the Ras/MEK/ERK signalling pathway in HT-29 cells as depicted by Western blot
analysis. It was found that the expression of Ras decreased
concentration-dependently in the HT-29 cells. Moreover,
the phosphorylation of MEK and ERK was also suppressed
by Xanthohumol.
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mol has also been reported to inhibit the growth
of epithelial ovarian cancer cells [14]. The antiangiogenic effects of Xanthohumol have also been
reported to inhibit the growth of HUVEC, human
unbilical vascular endothelial cells [15]. In yet another study Xanthohumol has been found to interact with histones to exert antiproliferative effects
[16]. Given these studies, we sought to know if
Xanthohumol causes apoptosis of the colon HT-29
cancer cells and the DAPI staining showed that this
molecule induces apoptosis in these cells. This was
also associated with activation of caspases 3 and
9 as well as increase in the Bax/Bcl-2 ratio. This is
in agreement with previous studies wherein xanthohumol has been shown to trigger apoptotic cell
death cancer cells [17]. Moreover, Χanthohumol has
also been shown to induce apoptotic cell death in
many human cancer cells [18]. Many of the flavonoids with anticancer activity have been reported
to induce cell cycle arrest of cancer cells and herein
we observed that Xanthohumol caused arrest of the
cancer cells at the G2/M phase of the cell cycle,
which was also accompanied with suppression of

cyclin B1 expression. Owing to the therapeutic importance of MEK/ERK signalling in the treatment
of human cancer [19], studies are being directed to
identify the molecules that could block this pathway. Herein, we found that Xanthohumol blocked
this pathway in the HT-29 cells in a concentrationdependent manner, indicating that Xanthohumol
may prove a beneficial lead molecule for colon cancer treatment.

Conclusion
Xanthohumol selectively supresses the growth
of the colon cancer cells via induction of apoptosis
and cell cycle arrest. Additionally, Xanthohumol
also blocks the MEK/ERK pathway in colon cancer
cells. To sum up, Xanthohumol may prove beneficial in colon cancer treatment provided further in
vivo studies are performed.
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