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Background: Xanthohumol, a major prenylated chalcone found in female hop plant, 
Humulus lupulus, was reported to have various chemopreventive and anti‑cancer properties. 
However, its apoptotic effect on human alveolar adenocarcinoma cell line (A549) of non-small 
cell lung cancer (NSCLC) was unknown. Objective: This study aimed to investigate the effects 
of xanthohumol on apoptosis in A549 human NSCLC cells. Materials and Methods: A549 cell 
proliferation was determined by sulforhodamine B assay. Morphological changes of the cells were 
studied via phase contrast and fluorescent microscopy. Induction of apoptosis was assessed 
by Annexin-V fluorescein isothiocyanate/propidium iodide (Annexin V-FITC/PI ) staining, DNA 
fragmentation (TUNEL) assay mitochondrial membrane potential assay, cell cycle analysis, 
and caspase activity studies. Results: Xanthohumol was found to decrease cell proliferation in 
A549 cells but had relatively low cytotoxicity on normal human lung fibroblast cell line (MRC-5). 
Typical cellular and nuclear apoptotic features were also observed in A549 cells treated with 
xanthohumol. Onset of apoptosis in A549 cells was further confirmed by externalization of 
phosphatidylserine, changes in mitochondrial membrane potential, and DNA fragmentation in the 
cells after treatment. Xanthohumol induced accumulation of cells in sub G1 and S phase based 
on cell cycle analysis and also increased the activities of caspase‑3, ‑8, and ‑9. Conclusion: 
This work suggests that xanthohumol as an apoptosis inducer, may be a potent therapeutic 
compound for NSCLC.
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INTRODUCTION

Lung cancer is the leading cause of  death among various 
types of  cancers, and accounts for 1.38 million deaths 
worldwide, as of  2008.[1] There are two main types of  lung 
cancer: small cell lung cancer  (SCLC) which comprises 
15–20% of  total lung cancer cases, and non‑small cell 
lung cancer  (NSCLC) which comprises 80–85% of  all 
lung cancer cases. The 5 years survival rate for NSCLC 
is  <15% and even lower in SCLC.[2] Besides surgery, 
radiation therapy, and chemotherapy, targeted therapies 
are currently used to treat lung cancer for their specificity 
in reducing side effects of  conventional treatments. Some 
examples of  drugs currently used in targeted therapies 
for lung cancer are erlotinib, bevacizumab, and crizotinib. 

Ongoing research efforts are carried out to discover new 
agents for both types of  lung cancer to achieve a better 
favorable efficacy‑to‑toxicity profile.[3]

Xanthohumol (2’ ,  4, 4’‑trihydroxy‑3’‑prenyl‑6’‑ 
methoxychalcone) [Figure  1] is a natural compound 
of  the female hop plant, Humulus lupulus, and is 
the major prenylated chalcone of  the plant. It was 
known as a “broad spectrum” chemopreventive 
agent for its ability to inhibit initiation (metabolic 
activation of  procarcinogens), promotion (activation 
of  carcinogen‑detoxifying enzymes), and progression 
of  tumor development.[4] Xanthohumol was reported 
to induce apoptosis in cancer cell lines such as prostate 
cancer cells,[5] hepatocellular carcinoma,[6] ovarian cells,[7] 
and malignant glioblastoma cells.[8] Previous studies 
showed that xanthohumol targets all three apoptotic 
pathways: the extrinsic  (death receptor‑mediated) 
pathway, intrinsic (mitochondria‑mediated) pathway, and 
the endoplasmic reticulum stress and unfolded protein 
response pathway.[9]
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Xanthohumol was reported to induce cytotoxicity against 
human alveolar adenocarcinoma cell line (A549) cells via 
the inhibition of  DNA topoisomerase I (Top 1) activity.[10] 
Top 1 is involved in the relaxation of  supercoiled DNA 
during replication and transcription. Top 1 exists in 
higher level in tumor cells than normal body cells and 
hence has become a target for chemotherapeutic drugs 
such as camptothecin and etoposide. These drugs, 
known as Top 1 inhibitors or Top 1 poisons, inhibit the 
activities of  Top 1 by preventing DNA religation step. 
This leads to DNA lesions and the initiation of  cell cycle 
arrest, DNA repair and/or apoptosis.[11] Review articles 
also discussed the great potential of  Top 1 inhibitors 
to be used together in radiotherapy as a combination 
therapy for lung cancer.[12,13] However, no further study 
was reported on the anti‑cancer properties and the 
apoptotic‑inducing effects of  xanthohumol on lung 
cancer cells. Hence, in this study, we aimed to further 
investigate the anti‑cancer properties of  xanthohumol 
on A549 lung cancer cells by studying its role on cell 
proliferation, induction of  apoptosis, cell cycle arrest, 
and caspase activities.

MATERIALS AND METHODS

Chemicals and materials
Xanthohumol was purchased from Biobiopha Co., Ltd., 
China. Doxorubicin hydrochloride, dimethyl sulfoxide 
(DMSO), sulforhodamine B (SRB), Hoechst 33342, and 
propidium iodide (PI) were purchased from Sigma, USA. 
Roswell Park Memorial Institute (RPMI) 1640 medium, 
fetal bovine serum  (FBS), penicillin/streptomycin, and 
amphotericin B were obtained from PAA Laboratories, 
Austria. Xanthohumol was dissolved in DMSO and 
diluted to various concentrations with 10% fetal 
bovine serum- (FBS-) supplemented media, achieving 
the final concentration of  0.5%DMSO. Fluorescein 
isothiocyanate (FITC) annexin V apoptosis detection kit, 
mitochondrial membrane detection kit, and caspase‑3 assay 

kit were supplied by BD Biosciences, USA. APO‑BrdU 
terminal deoxynucleotidyl transferase dUTP nick end 
labeling (TUNEL) assay kit was purchased from Molecular 
Probes, USA. Caspase‑8 and caspase‑9 activity kits were 
purchased from Promega, USA.

Cell culture
Human alveolar adenocarcinoma cell line (A549) and 
human fetal lung fibroblast cell line (MRC-5) cell lines 
were obtained from American Type Culture Collection, 
USA. A549 cells were cultured in RPMI 1640 medium 
containing 10% FBS, 2% penicillin/streptomycin, and 1% 
amphotericin B. MRC-5 cells were cultured in Minimum 
Essential Medium (MEM) supplemented with 10% FBS 
and 1% penicillin/streptomycin. Cells were maintained at 
37°C with 5% CO2 saturation.

Sulforhodamine B assay
This assay method is adapted from Houghton.[14] 
8,000  cells/well were seeded into a 96‑well plate and 
incubated overnight for adherence. At the end of  
incubation, media in each well was discarded and 
replaced by various concentrations of  xanthohumol 
or doxorubicin for 24, 48, and 72 h treatment periods. 
Treatment periods were ended by adding 50 µl of  
40% cold trichloroacetic acid (TCA) acid  (w/v) to 
each well. The plates were incubated for 1  h at 4°C 
before supernatant were discarded. Each well was then 
washed with 50 µl of  distilled water for 5  times and 
air‑dried. 50 µl of  SRB (0.4% w/v in 1% acetic acid) 
was added to each well and incubated for 30  min at 
room temperature for the staining process. To remove 
unbound dye, each well was washed with 50 µl of  1% 
acetic acid for 5  times and air‑dried. 100 µl Tris base 
(10 mM unbuffered, pH 10.5) was added to each well. 
To solubilize bound SRB dyes, the plate was shaken at 
500 rpm for 5 min. Absorbance values were measured 
at 492 nm using Synergy H1 Hybrid. IC50 values were 
determined by plotting dose response curves using 
percentage of  inhibition of  cell proliferation against 
treatment concentrations.

Phase contrast microscopy
A549 cells seeded in 24-well plates (5 × 104 cells/well) were 
treated with 14, 28, and 42 μM xanthohumol for 72 h. Cells 
were then observed under AxioCam ERc5s inverted phase 
contrast microscope.

Hoechst/propidium iodide staining
1.0 × 106  cells were seeded in each 6 cm culture dish 
and allowed to adhere overnight. The cells were 
treated with various concentrations of  xanthohumol 
for 72 h. At the end of  incubation period, the media 
in the culture dishes were discarded and were washed 

Figure 1: Xanthohumol
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with cold phosphate-buffered saline (PBS). 1 ml of  
cold PBS was added to each culture dish. To stain the 
cells with fluorescent dyes, 100 µl of  Hoechst solution 
(100 µg/ml) and 25 µl PI solution  (100 µg/ml) were 
added to each culture dish and incubated for 15 min. The 
cells were observed under Leica DMI6000B fluorescent 
microscope.

Apoptosis detection by annexin V-fluorescein 
isothiocyanate/propidium iodide (annexin V-FITC/PI) 
staining
FITC annexin V Apoptosis Detection Kit was used 
to detect apoptosis. Cells were seeded in 6‑well plates 
(2.4  ×  105  cells/well) and allowed to adhere overnight. 
Then, the cells were treated with 14, 28, and 42 μM of  
xanthohumol for 72 h. The cells were harvested, washed 
and resuspended in 1× binding buffer. 1 × 105 cells were 
stained with 5 μl of  FITC‑Annexin V and 5 μl of  PI. 
Unstained and single stained untreated cells were also 
included as controls. 10,000 were acquired for each replicate 
using Accuri C6 flow cytometer.

Mitochondrial membrane potential assay
JC‑1, a lipophilic and cell‑permeable fluorochrome was 
used to measure the changes in mitochondrial membrane 
potential (∆ψm), according to the manufacturer’s instruction. 
Cells seeded in six‑well plates were treated with 14, 28, and 
42 μM of  xanthohumol for 72 h. After treatment, cells were 
harvested and incubated with JC‑1 working solution for 
15 min. The cells were washed and resuspended in 1× assay 
buffer. The intracellular fluorescence (FL) signal intensity 
of  JC‑1 was measured by Accuri C6 flow cytometer.

DNA fragmentation by transferase dUTP nick end 
labeling assay
DNA strand breaks in apoptotic cells were detected by 
APO‑BrdU TUNEL assay kit. After incubation with 
xanthohumol at 14, 28, and 42 μM for 72 h, cells were 
harvested and washed with PBS. Then, the cells were fixed 
with 1% (w/v) paraformaldehyde for 15 min, washed with 
PBS, and fixed with 70% (v/v) ethanol overnight. Ethanol 
was removed by centrifugation and DNA labeling steps 
were performed according to manufacturer’s instructions. 
Samples were analyzed by flow cytometer and 10,000 events 
were acquired for each replicate.

Cell cycle analysis
At 72 h after treatment with xanthohumol, adherent and 
floating cells were collected, centrifuged, and fixed in 70% 
ethanol overnight. Samples were centrifuged and washed 
with cold PBS. The cells were then resuspended in 300 μl 
of  staining solution containing final concentrations of  
50 μg/ml PI, 50 μg/ml RNase, 0.1% triton X‑100, 
1 mg/ml sodium citrate, and distilled water.[15] After 30 min 

incubation at room temperature, cells were analyzed 
using flow cytometer and data analysis was performed by 
Modfit LT software, USA.

Caspase‑3 activity
Caspase‑3 activity assay was carried out according 
to manufacturer’s instruction. Briefly, cells seeded in 
6-well plates at a density of  3.0 × 105 cells/well were 
treated with various concentrations of  xanthohumol 
and different incubation time (12, 24, and 48 h). At the 
end of  treatment, cells were harvested, washed with 
PBS, and lysed in the cold lysis buffer for 30 min on 
ice. In a 96‑well plate, 200 µL of  HEPES buffer, 5 μL 
acetyl Asp‑Glu‑Val‑Asp 7‑amido‑4‑methylcoumarin 
(Ac‑DEVD‑AMC) substrate, and 50 μL cell lysate were 
added to each well. The reaction mixtures were incubated 
for 1 h at 37°C. AMC liberated was measured using 
Synergy H1 Hybrid with 380 nm as excitation wavelength 
and 440 nm as emission wavelength.

Caspase‑8 and caspase‑9 activity
Caspase‑8 and caspase‑9 activity assays were performed 
according to manufacturer’s instruction. Cells were 
seeded at a density of  25,000 cells/well in white‑walled 
96 well plates. After treatment with different doses of  
xanthohumol and incubation period of  12, 24, and 48 h, 
the plates were equilibrated to room temperature and then 
100 μL Caspase-Glo® Reagent were added to each well. 
After incubation for 1 h, luminescence of  each test sample 
was measured by Synergy H1 Hybrid.

Statistical analysis
Values are shown as mean ± standard error of  the mean. 
Experiments were done at least twice with triplicates. 
Flow cytometry plots are representative of  the experiment 
replicates. Comparison between control and treated groups 
was made using one‑way analysis of  variance with post‑hoc 
Tukey test. P < 0.05 was considered statistically significant. 
All calculations were performed using SPSS version 17.0, 
USA.

RESULTS

Xanthohumol decreases cell viability and proliferation 
of A549 cells
The results from SRB assay showed that xanthohumol 
inhibited cell proliferation and viability in dose‑and 
time‑dependent manner [Figure 2a]. The IC50 values of  XN 
on A549 cells were 74.06 ± 1.98 μM, 25.48 ± 0.30 μM, and 
13.50 ± 0.82 μM at 24, 48, and 72 h, respectively.

The IC50 values of  xanthohumol on MRC‑5 were much 
higher than the IC50 values of  xanthohumol on A549. This 
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indicates that xanthohumol was less toxic to normal cells 
compared to cancer cells in vitro. Doxorubicin was used as 
a reference compound in both cell lines. The IC50 values 
were presented in Table 1.

Xanthohumol induces typical apoptotic morphological 
changes
Under phase contrast microscopy [Figure 2b], untreated 
A549  cells were adherent, elongated in shape, high 
confluency and closely arranged. Xanthohumol‑treated 
cells displayed atrophy, size shrinkage, decrease in cell 
number, and detachment of  cells. These are characteristic 
features of  cells undergoing apoptosis.[16]

To observe changes in cell nucleus upon treatment, cells 
were stained with Hoechst 33342 and PI nuclear dyes. 
Untreated A549 cells had dim nuclei that were uniformly 
stained by Hoechst stain  [Figure  2c]. After treatment, 

the DNA of  the apoptotic cell nucleus was observed 
to be brighter, fragmented, and condensed. At higher 
concentrations, increased number of  late apoptotic/
necrotic cells  (stained red by PI due to permeabilized 
membrane) were observed.

Xanthohumo l  i nduces  ex te rna l i z a t i on  o f 
phosphatidylserine and loss of mitochondrial membrane 
potential (Δ ψm)
Apoptosis induced by xanthohumol on A549 was 
confirmed using Annexin V-FITC/PI assay. Figure  3a 
shows that cells treated with higher concentration of  
xanthohumol showed higher percentage of  cells at early 
apoptosis (Annexin V‑FITC+PI‑, lower right quadrant) 
and late apoptosis or secondary necrosis  (Annexin 
V‑FITC+PI+, upper right quadrant). The percentage 
of  early apoptotic cells increased significantly from 
1.42 ± 0.47% (negative control, 0 μM) to 2.72 ± 0.59%, 

Figure 2: (a) The inhibition effects of xanthohumol on proliferation of A549 cells after 24, 48 and 72 h of treatment. Data are presented as the 
mean values ± standard error of mean of triplicates. (b) Phase contrast microscopy for cells treated with various concentrations of xanthohumol 
at different magnification. (c) Hoechst/propidium iodide double staining showing nuclear morphological differences between untreated cells (0 μM) 
and treated cells (14, 28, 42 μM for 72 h) at 40× magnification

c

b
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26.08 ± 1.50%, and 34.42 ± 4.41% upon treatment with 14, 
28, and 42 μM of  xanthohumol, respectively. Population 
of  late apoptotic or secondary necrotic cells also increased 
significantly from 1.80  ±  0.30%  (negative control) to 
4.90  ±  0.85%, 17.05  ±  3.12%, and 33.27  ±  3.55%, 
respectively.

As shown in Figure  3b, Δ ψm of  A549  cells was 
significantly reduced by xanthohumol in a dose‑dependent 
manner. The percentage of  cells in P6 region indicates 
apoptotic cell population with a reduction in Δ ψm. 
Population of  viable cells (P5 region) reduced significantly 
from 91.42 ± 0.36% for untreated sample to only 2.88 ± 
0.62% at 42 μM xanthohumol treatment. In viable cells 
with high Δ ψm, JC‑1 monomers combine and form 
aggregates with intense red FL, which can be detected 
in FL2‑A channel. In apoptotic cells with reduced or 
depolarized Δ ψm, JC‑1 molecules remain as J‑monomers 
with intense green FL detected in FL1‑A channel.[17]

Xanthohumol induces DNA fragmentation and cell 
cycle arrest at S phase
TUNEL (Terminal deoxynucleotidyl transferase-
mediated dUTP nick end labelling) assay was used to 
detect DNA fragmentation and identify individual 
cells that were undergoing apoptosis.[17] Figure  4a 
and b shows that percentage of  cells with DNA 
fragmentation increased significantly in comparison to 
the negative control (4.27 ±  0.13%) to 34.7 ± 0.30% 
and 39.2 ± 0.15% for A549 cells treated with 28 μM and 
42 μM xanthohumol, respectively.

The effect of  xanthohumol on cell cycle progression was 
analyzed using PI staining. Increasing concentration of  
xanthohumol increased the percentage of  cells arrested 
at sub G1 peak, an observation corresponding to 
apoptotic cells with sub‑diploid DNA[17] [Figure 4c and d]. 
Furthermore, there is significant accumulation of  cells 
at S phase with the percentage of  cells increased from 

Table 1: IC50 values (µM) of xanthohumol and doxorubicin on A549 human lung cancer cell line and 
MRC-5 human lung fibroblast at 24, 48, and 72 h of treatment determined using SRB assay
Cell line Growth inhibition, IC50 (µM)

Xanthohumol Doxorubicin
24 h 48 h 72 h 24 h 48 h 72 h

A549 74.06±1.98 25.48±0.30 13.50±0.82 2.85±0.20 0.22±0.03 0.02±0.02
MRC-5 >282 (>100ug/mL) 149.20±4.96 94.38±1.77 5.71±0.55 2.01±0.04 1.09±0.10

Tabulated values are mean±SEM. SEM: Standard error of mean; MRC-5: Human fetal lung fibroblast cell line; A549: Human alveolar adenocarcinoma cell line; SRB assay: Sulforhodamine 
B colorimetric assay

Figure 3: (a) Xanthohumol induces early and late apoptosis. From the flow cytometry analysis, the first quadrant (lower left) depicts percentage 
of viable cells, second quadrant (lower right) depicts percentage of early apoptotic cells, third quadrant (upper right) depicts late apoptotic or 
secondary necrotic cells and fourth quadrant (upper left) depicts primary necrotic cells. (b) Xanthohumol treatment results in a shift in mitochondrial 
membrane potential. Viable cells with active mitochondria have high Ψm and form JC‑1 aggregates (P5 region). Mitochondria of apoptotic or 
necrotic cells have low Ψm and JC‑1 remains as monomer (P6 region)

b

a
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Figure 4: (a) Xanthohumol induces DNA fragmentation. Percentage of cells in R1 region represents cells with DNA fragmentation. (b) Statistical 
significance to control is marked with ** (P < 0.01). (c) Cell cycle progression. The percentage of apoptotic cells at hypodiploid DNA peak (sub‑G1 
population, blue peak) and percentage of cells accumulated at S phase increased at higher concentrations. (d) Percentage of cells at various 
cell cycle phases. Statistical significance to control is marked with (*) (P < 0.05) and (**) (P < 0.01)

dc

ba

8.94  ±  0.23%, 12.34  ±  1.09%, and 16.43  ±  1.52% to 
46.95  ±  2.03% at 0, 14, 28, and 42 μM xanthohumol, 
respectively.

Ac t i v a t i on  o f  c a spase ‑3 ,   ‑ 8  and   ‑9  i n 
xanthohumol‑induced apoptosis
As shown in Figure 5, exposure of  A549 to xanthohumol 
led to increase in caspase‑3,  ‑8, and  ‑9 activities. 
Caspase‑3 activity was measured by the release of  
fluorescent AMC upon cleavage of  fluorogenic substrate 
Ac‑DEVD‑AMC. The results showed that the RFU 
values increased as concentration and treatment time 
increased. This indicated more caspase‑3 enzymes 
were activated. Caspase‑8 and  ‑9 activities were 
measured upon cleavage of  luminogenic substrates, 
releasing aminoluciferin which reacted with luciferase 
and emitted luminescence signals. For both caspase‑8 
and ‑9 activities, the highest RLU values were observed 
for cells treated with 14 μM xanthohumol at 24 h and 
48 h. Xanthohumol treatment significantly increased the 
activities of  caspase‑8 and ‑9.

DISCUSSION

Xanthohumol was reported to be an effective agent to 
induce cell death in different cancer cell lines such as 
liver, breast, prostate, endometrial colon cancer, as well 
as leukemia, myeloma, sarcoma and melanoma cell lines, 
macrophages, adipocytes, dendritic cells, and t‑cells. 
Biochemical effects were induced by xanthohumol at 
concentrations ranging from 0.1–100 µM depending on cell 
lines and treatment periods.[9] This study aimed to provide 
further information on the application of  xanthohumol in 
lung cancer treatment.

Our results demonstrated that xanthohumol decreased cell 
viability and proliferation of  A549  cells. Morphological 
studies revealed typical cell death characteristics such as 
size shrinkage, reduction in cell number, detachment of  
cells, formation of  apoptotic bodies, nuclear fragmentation, 
and permeabilized cell membrane. Onset of  apoptosis 
such as externalization of  phosphatidylserine, changes 
in mitochondrial membrane potential, and DNA 
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fragmentation were also observed in cells after treatment. 
Cell cycle analysis revealed that xanthohumol‑induced 
S‑phase arrest and the compound also increased the activity 
of  caspase‑3,  ‑8, and  ‑9. S phase is defined as the time 
during the cell cycle when DNA synthesis is taking place, 
leading to a doubling amount of  DNA per cell.

The cytotoxic effects of  xanthohumol on A549 cells had 
been previously reported by Lee et al.,[10] with the IC50 values 
of  4.3 µg/ml (approximately 12.14 µM) for xanthohumol 
and 0.5 µg/ml (approximately 0.86 µM) for doxorubicin 
after 48  h treatment. However, in our study, the IC50 
values after 48  h were 25.48 µM for xanthohumol and 
0.22 µM for doxorubicin. Our findings are approximately 
two times higher for xanthohumol and three times lower 
for doxorubicin than the values reported by Lee et  al., 
interestingly, our IC50 value for 72  h treatment period 
(13.50 µM) is more similar to the value reported by 
Lee et al., at 48 h treatment period. Pinmai et al.,[18] also 
performed SRB assay on A549  cells using doxorubicin 
as a positive control and reported the IC50 value for 
doxorubicin as 0.17  ±  0.006 µg/ml, approximately 
0.0293 µM. This value is close to our finding, which is 
0.02 µM at 72 h. The differences in IC50 values between 
different reports might be due to different protocols, cell 
condition, and doubling time. Moreover, in our study, 
majority of  xanthohumol‑induced effects in A549  cells 
occurred significantly at 72 h treatment period. Hence, we 
are convinced that the concentrations and time selected in 
this study have effective cytotoxicity on the cells.

Xanthohumol was reported to induce cytotoxicity against 
A549 cells via the inhibition of  DNA (Top 1) activity by 
Lee et al. Top 1 plays an important role in DNA replication 
and transcription by inducing single‑strand breaks at the 
DNA to assist in the rotation of  the DNA double helix. 
Intermediates called Top 1 cleavage complexes (Top 1 cc) 
are formed rapidly before Top 1 religates the strand 
breaks and regenerates intact duplex DNA. Top 1 exists in 
higher level in tumor cells than normal body cells. Hence, 
Top 1 inhibition has become a target in the treatment of  
NSCLC,[12] to induce DNA lesions and the initiation of  cell 
cycle arrest, DNA repair and/or apoptosis.[11] In the present 
study, xanthohumol was shown to induce significant 
DNA fragmentation in A549 cells. Top 1 inhibitors such 
as camptothecin and etoposide are also reported to cause 
mitochondrial lesions and initiate the production of  
reactive oxygen species (ROS). Xanthohumol treatments 
on human cancer cell lines were reported to increase the 
release of  mitochondria‑derived ROS and subsequently 
trigger apoptosis induction via the intrinsic pathway.[19] 
Thus, ROS production appears to contribute to the changes 
in mitochondrial membrane potential in A549 cells.

Overexpression of  anti‑apoptotic protein, Bcl‑2 in cancer 
cells was reported to prevent the formation of  Top 1 cc. 
Xanthohumol was reported to be able to decrease the 
expression of  Bcl‑2 and induce apoptosis via the intrinsic 
pathway.[9] Apoptotic cell death induced by xanthohumol 
involves different mechanisms: the extrinsic, intrinsic, 
and endoplasmic reticulum stress‑induced pathway. Both 

Figure 5: Xanthohumol increased activity of (a) caspase-3, (b) caspase-8, and (c) caspase-9 activity at 12, 24, and 48 h. Statistical significance 
to control is marked with (*) (P < 0.05) and (**) (P < 0.01)

c
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extrinsic and intrinsic pathways converge on a common 
mechanism activated by caspases. Activation of  caspase‑8 
and ‑9 further confirm the onset of  apoptosis. Caspase‑8 
is activated by the death receptor signaling whereas 
caspase‑9 is activated by the mitochondria‑mediated 
pathway. Caspase‑8 and  ‑9 activate caspase‑3, which 
leads to phosphatidylserine translocation and DNA 
fragmentation by proteolytic cleavage. In our study, 
xanthohumol increased the expression of  caspase‑3, ‑8, 
and  ‑9 in A549  cells, which might then lead to the 
observations of  phosphatidylserine translocation and 
increased DNA fragmentation. Activation of  all 
caspase‑3,  ‑8, and  ‑9 by xanthohumol has also been 
reported on HCT-116 human colon cancer cells in 
which apoptosis occurred via both death receptor and 
mitochondrial‑mediated pathways.[20] The activation of  
caspases leads to ROS production from the mitochondria, 
which subsequently generate Top 1 cc.

Top 1 inhibitors have also been correlated to S phase 
arrest in the cell cycle and reduced DNA synthesis by 
initiating DNA damage and causing replication fork 
arrest. DNA lesions activate Chk1 protein, which 
subsequently results in intra‑S‑phase checkpoint 
by halting the initiation of  DNA replication and 
elongation.[21] Camptothecin and topotecan are examples 
of  top 1 inhibitors that induced S phase‑associated DNA 
strand breaks and reduced DNA synthesis in the cells.[22] 
Our finding revealed that xanthohumol, as an inhibitor 
of  Top 1, induced S phase arrest in A549 cells. S phase 
arrest by xanthohumol was also reported on benign 
prostatic hyperplasia (BPH-1) epithelial cell line treated 
with 10 µM and 20 µM for 48 h[23] and MDA‑MB‑435 
breast cancer cells treated with 5–50 µM xanthohumol 
for 24 h.[4]

Xanthohumol might have selective toxicity to lung cancer 
cells and normal lung cancer cells based on our results in 
the SRB assay. The IC50 values of  xanthohumol on MRC‑5 
normal lung fibroblasts were many folds higher than the 
IC50 values of  xanthohumol on A549 cell line [Table 1]. 
This indicates that xanthohumol is less cytotoxic to 
normal cells in lower doses. Monteiro et al.,[24] reported 
the in vivo antitumor effects of  xanthohumol by testing 
on breast cancer xenografts in nude mice. Tumors isolated 
from xanthohumol treated mice showed a decrease 
in tumor‑surrounding inflammatory cells and a large 
central necrosis. Several in  vivo studies confirmed that 
the oral administration of  xanthohumol to mice was safe 
without affecting major organ functions and side effects. 
Vanhoecke et al.,[25] tested the influence of  xanthohumol 
on the function and integrity of  bone marrow, liver, 
exocrine pancreas, kidneys, muscles, and endocrine 
organs. The results showed that there was no difference 

in hematological and biochemical blood analyses between 
mice treated with xanthohumol and control group. 
Xanthohumol also did not affect the metabolism of  
lipids, carbohydrates, protein, uric acid, and ion regulation. 
Another study by Dorn et  al.,[6] reported that feeding 
xanthohumol to mice did not impair organ function 
and homeostasis and high dose oral administration of  
xanthohumol in mice was safe.

CONCLUSION

Based on our findings and those of  previous studies, it 
can be concluded that xanthohumol, as a Top 1 inhibitor, 
induces apoptosis and S phase cell cycle arrest in A549 cells. 
This work suggests that xanthohumol is a potential 
anti‑cancer agent for the treatment of  lung cancer.
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