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ABSTRACT 
 

Aims: Non-small cell lung cancer (NSCLC) accounts for high lung cancer death that is mostly 
associated with advanced disease stage at diagnosis and resistance to chemotherapy. In the 
present study, we investigated whether xanthohumol, a prenylated flavonoid of hop plant, induces 
metastatic lung cancer H1299 cell death, and whether in combination with cisplatin there are 
additive effects.  
Methodology: H1299 cells were grown and treated with xanthohumol (6.25, 12.5, or 25 µM), 
cisplatin (12.5, 25, or 50 µM) and the combination of cisplatin and xanthohumol for 24 h. Cell 
viability, cell morphology, chromatin condensation, ɣH2AX, cPARP-1, capsase-3, p21

WAF1/CIP1
 and 

p14ARF genes were analyzed.  
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Results: Xanthohumol, cisplatin, and the combination of cisplatin and xanthohumol inhibited 
H1299 cells viability.  Cisplatin growth inhibitory effects were potentiated by xanthohumol.  
Xanthohumol induced chromatin condensation and apoptosis and potentiated cisplatin’s effect vs 
cisplatin alone. Further investigation of growth inhibitory effects, xanthohumol alone induced 
γH2AX foci formation and the combination potentiated γH2AX foci formation. Cisplatin, 
xanthohumol at 25 μM, and the combination of cisplatin and xanthohumol at 6.25 and 12.5 μM 
increased cPARP-1 level.  Active caspase-3 was increased by cisplatin, 12.5 μM of xanthohumol, 
and the combination of xanthohumol and cisplatin. Xanthohumol at 6.25 or 12.5 μM potentiated 
cisplatin effect on active caspase-3 and cPARP-1, respectively.  Xanthohumol at 25 µM significtly 
induced the expression cell cycle control genes p21WAF1/CIP1 and p14ARF.  These results indicate 
that xanthohumol inhibits proliferation of H1299 cells and induces cell death through cleavage of 
PARP-1 and activation of caspase-3. The combination of cisplatin and xanthohumol potentiated 
cytotoxic effects of each other compound. 
Conclusion: The present study suggests that xanthohumol poses apoptotic effects and 
potentiates cisplatin’s growth inhibitory effects on metastatic lung cancer cells. 
 

 
Keywords: Metastatic lung cancer; plant; xanthohumol; cisplatin; combination; apoptosis; γ-H2AX; 

p21WAF1/CIP1; p14ARF. 
 
1. INTRODUCTION 
 
Lung cancer still remains the most common type 
of cancer worldwide. Moreover, the cancer of the 
lung and bronchus accounts for 27% of all 
cancer deaths and is the most common cause of 
cancer death in both sexes, men and women [1-
2]. Lung cancer is a multifactorial disease with 
many risk factors [3]. Genetic, environmental and 
occupational factors, particularly, exposure to 
tobacco, non-ionizing and ionizing radiation, 
chemicals (asbestos, dioxins, metals, etc.), and 
industrial emissions are all high risk factors in 

lung cancer development [3]. Of all lung cancer 
types, non-small cell lung cancer (NSCLC) 
accounts for the highest number of lung cancer 
death [1-3]. The 5-year relative survival rate for 
localized and distant lung cancer is 18% and 4%, 
respectively [2]. The high NSCLC death rate is 
partly associated with advanced disease stage at 
diagnosis (metastasis) and resistance to chemo-
drug cisplatin [2,4-6]. The exact mechanism by 
which cancerous cells overcome cisplatin 
therapeutic effects are not fully understood, 
however increased DNA repair and changes in 
the expression of genes regulating cell death are 

  

 
 

Fig. 1. Hops plant crop, Humulus lupulus (A), hops cone (B) and xanthohumol chemical 
structure (C). Xanthohumol is a prenylated chalcone found in the cone of hop plant [10-11] 
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suggested to play a role [6-8]. To overcome 
cisplatin resistance, new approaches are 
emerging such as combining cisplatin with other 
chemo-agents or natural plant extracts [8]. Mi et 
al. [6] showed that combining cisplatin with 
andrographolide, a natural diterpenoid, NSCLC 
were re-sensitized to cisplatin and tumor growth 
was inhibited through the activation of Akt/mTOR 
pathway and apoptosis. Similarly, Elkady et al. 
[9] showed that combining cisplatin with aqueous 
extract of cinnamon bark, cisplatin non-specific 
cytotoxicity was attenuated while its anticancer 
properties were preserved. Thus there is an 
interest in identifying phytochemicals that 
modulate biological properties of tumors. 
Xanthohumol (XN) is a prenylated flavonoid 
found in the flowers of hop plant Humulus lupulus 
L (Fig. 1) [10-11]. Studies have shown that 
xanthohumol exerts several biological properties 
including anti-angiogenic, anti-inflammatory, and 
anti-carcinogenic [10-12]. Slawinska-Brych et al. 
[13] showed that xanthohumol inhibited lung 
cancer cells growth through the inhibition of ERK 
pathway, up-regulation of cell cycle control 
genes, and activation of caspase-3. Similar 
results were reported in other cancer cells types 
including larynx cancer and multiple myeloma 
cells [14-16]. On metastatic colon cancer cells 
(SW620), xanthohumol has been shown to 
impair mitochondrial function and induce ROS 
production [15]. Yong et al. [16] tested 
xanthohumol effects on human lung 
adenocarcinoma cells (A549) and concluded that 
xanthohumol induced DNA fragmentation, cell 
arrest in the G1/S phase of cell cycle, and 
apoptosis. Studies have shown that advanced 
lung cancer treatment with chemotherapy is often 
presented with chemo-resistance and 
overcoming chemo-resistance still remains a 
challenge [17]. In the present study, we 
investigate cytotoxic effects of xanthohumol on 
metastatic lung cancer H1299 cells and whether 
xanthohumol potentiates cytotoxic effects of 
cisplatin. 
 

2. MATERIALS AND METHODS 
 

2.1 Chemicals 
 

Xanthohumol was purchased from Sigma (St. 
Louis, MO). Caspase-3 assay and CyQUANTTM 
NF cell proliferation assays were purchased from 
Invitrogen (Thermo Fisher Scientific, Grand 
Island, NY). Cisplatin was purchased from Acros 
(New Jersey) and a fresh stock solution (25 mM) 
prepared in PBS pH 7.4 Ca

2+
/Mg

2+
 free that was 

further diluted in culture medium for cell 

treatments. Xanthohumol was prepared in DMSO 
according to methods previously described [10].  
The stock solution of xanthohumol (50 mM) was 
kept at -20°C and used within 2 weeks. For cell 
culture studies, xanthohumol stock was further 
diluted to various concentrations in basal media 
before cell treatment thus achieving the final 
concentration of 0.1% DMSO. 

 
2.2 Cell Culture 
 
Human non-small cell lung cancer cell (NSCLC) 
line H1299 were purchased from the American 
Type Culture Collection (ATCC, Manassas, VA). 
Cell cultures were maintained in Dulbeco’s 
Modified Medium (DMEM, ATCC) with 10% fetal 
bovine serum (FBS), and Streptomycin/ 
Neomycin (10,000/100 units, ATCC) in an 
incubator at 37°C, 5% CO2. 

 
2.3 Cell Viability 
 
Cell viability was measured using CyQUANT NF 
Assay according to manufacturer’s protocol 
(Thermo Fisher Scientific).  Briefly, the cells were 
subcultured in 96-well plates at a density of 
10,000 cell/well in 10% FBS/DMEM/Penicillin/ 
Streptomycin (10,000/1000 units) for 24 h at 
37°C/5% CO2. After 24 h, the media was 
changed to basal medium and the cells were 
treated with xanthohumol at 6.25, 12.5, 25, or 50 
µM for 24 h. In some experiments, the cells were 
treated with cisplatin 12.5, 25 or 50 μM alone 
(ThermoFisher Scientific) or in combination with 
xanthohumol. After 24 h, the treatments were 
removed, and a fluorescent dye in binding           
buffer was added to each well and incubated for 
50 min at 37ºC/5% CO2. After the incubation 
period, the absorbance was measure at          
490/530 nm using a 96-well fluorescent 
microplate reader (SpectraMax 190, Molecular 
Scientifics, NH).  
 

2.4 Cell Morphology 
 

The cells were cultured in 6-well plates in 
10%FBS/DMEM/Penicillin/Streptomycin for 24 h 
at 37°C/5% CO2. After 24 h, the cells were 
treated with xanthohumol 6.25, 12.5, or 25 µM, 
cisplatin 25 or 50 µM, and the combination of 
xanthohumol and cisplatin (25 µM) in basal 
media for 24 h. After 24 h, cell morphology 
micrographs were taken using phase-contrast 
inverted microscopy. Images were captured 
using a Carl Zeiss Axiovert 200 microscope 
equipped with Spot Camera.  
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2.5 Nuclear Staining by Hoechst 33258 
 
The cells were seeded on cover slips in 6-well 
plates and allowed to adhere overnight. The cells 
were treated with various concentrations of 
xanthohumol for 30 h. At the end of the 
incubation period, the cells were fixed in 10% 
paraformaldehyde/PBS for 20 min at RT, and the 
plate spun down at 1000 rmp for 2 min, and 
washed with cold PBS. The cells were stained 
with Hoechst 33258 (10 µg/ml; Molecular Proves, 
NY) and incubated for 15 min at RT. The slides 
were examined and the apoptotic cells were 
identified according to the condensation and 
fragmentation of their nuclei observed under 
Olympus IX70 microscope (Olympus Optical Co., 
Ltd, Japan) equipped with a Retiga 2000R FAST 
camera (Qimaging, Canada). Images were 
acquired using SimplePCI software (Compix Inc., 
Sewickley, PA).   
 

2.6 RNA Isolation 
 
Total RNA was extracted using Trizol® 
(Invitrogen, CA) according to the manufacturer’s 
protocol. To ensure a good RNA quality, the 
quality and integrity of the total RNA was 
evaluated using 28S/18S ratio and a visual 
image of the 28S and 18S bands were evaluated 
on the 2100 Bioanalyzer (Agilent Technologies, 
Santa Clara, CA). Concentrations of the total 
RNA were measured using the NanoDrop-1000 
Spectrophotometer (NanoDrop Technologies, 
Germany). 

 
2.7 Quantitative Real-time (q) PCR 
 
For microRNA analysis, complementary DNA 
(cDNA) was generated using total RNA isolated 
as described above and according to the 
TaqMan Reverse Transcription protocol (Applied 
Biosystems Inc.). qPCR for cell cycle control 
genes p21

WAF1/CIP1, 
p14

ARF
, and 18S genes was 

performed using total RNA and cDNA was 
generated using a High-Capacity cDNA Reverse 
Transcription kit and TaqMan gene expression 
assays (Applied Biosystems Inc., CA). The levels 
of p21

WAF1/CIP1
, p14

ARF
, and 18S mRNA was 

measured using SYBR-Green Master mix and 
gene specific primers according to 
manufacturer’s protocol (Applied Biosystems 
Inc.). All qRT-PCR reactions were performed on 
7500 instrument (Applied Biosystems Inc.). In the 
qRT-PCR analysis of genes, the dissociation 
curve showed the absence of a secondary peak, 
indicating no presence of primer dimer. The 
expression level of each gene was determined 

by following formulas: fold change = 2−ΔΔCt, 
where ΔCt (cycle threshold) = Cttarget gene - 
Ctendogenous control gene, and ΔΔCt = ΔCttreated sample - 
ΔCtcontrol sample. 18S was used as an endogenous 
control gene [19-20]. 
 

2.8 Western Blot 
 
After treatments, the cells were lysed in 1X SDS 
lysis buffer (50 mM Tris-HCl, pH 6.8, 2% SDS, 
10% glycerol). Total protein was quantified by the 
BCA method. β-mercaptoethanol was added to 
lysates at a final concentration 100 mM. Equal 
amounts of total protein were separated by 4-
12% SDS-PAGE and transferred to PVDF 
membranes. Membranes were blocked with 5% 
non-fat milk in 1X PBS containing 0.05% Tween-
20 for 1 h at room temperature. Membranes were 
incubated with PARP primary antibody (Cell 
signaling) at 4ºC overnight. After the incubation, 
the membranes were washed three times in 1X 
PBS with 0.05% Tween-20 for 10 min and then 
incubated for 1 h at room temperature with 
horseradish peroxidase (HRP)- conjugated goat 
anti-mouse IgG in 5% non-fat milk/1X PBS/ 
0.05% Tween-20. Membranes were then washed 
five times for 10 min in 1X PBS with 0.05% 
Tween-20. Proteins bands were visualized using 
an ECL Chemiluminescence Kit (Millipore, MA). 
Relative protein levels were normalization to 
control samples.  
 

2.9 ϒ-H2AX 
 
ɣ-H2AX phosphorylation was analyzed using 
immunofluorescence [20,23]. Briefly, the cells 
were grown on cover slips and treated with 
xanthohumol (6.25, 12.5, or 25 μM), cisplatin (25 
μM) or combination of xanthohumol (6.25, 12.5, 
or 25 μM) and cisplatin (25 μM) for 24 h.  After 
the treatments, the cells were fixed in 4% 
paraformaldehyde for 20 min at RT, rinsed with 
ice-cold PBS (pH 7.4, Ca2+/Mg2+ free), and 
permeabilized in 0.1% Triton X-100/PBS for 20 
min at RT. Cells were rinsed with PBS (2 times) 
and then incubated with 5% bovine serum 
albumin (BSA)/PBS/0.1% TritonX-100 for 2 h at 
RT and then incubated with anti-phosphorylated 
ɣH2A antibody (Thermofisher Scientific, 
Carlsbad, CA) in 5% BSA/PBS/0.1%Triton X-100 
at 1:500 dilution overnight at 4ºC. After primary 
incubation, the cells were washed three times 
with PBS and then incubated with an Alexa-
Fluor®-488-conjugated secondary anti-body 
(Molecular Probes, Life Technologies, MA)/5% 
BSA/PBS/0.1% TritonX-100 at a dilution of 
1:1000 for 1 hour in the dark. After the secondary 
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antibody incubation, the cells were washed with 
PBS three times for 5 min each time, and 
mounted on slides with a mounting antifade 
solution containing DAPI (Molecular Probes, 
Eugene, OR).  Images were captured with an 
Olympus epifluorescence microscope (Center 
Valley, PA). 
 

2.10 Human Caspase-3 (Active) ELISA 
Assay 

 

Active caspase-3 was measured using human 
caspase-3 ELISA assay from Invitrogen 
(ThermoFisher Scientific) according to 
manufacturer’s protocol. Briefly, the cells were 
seeded in 6-well plates in normal growth media. 
After 24 h, the media was replaced with basal 
media and the cells were treated with 
xanthohumol (6.25, 12.5, 25 μM), cisplatin (25 
μM), and the combination of cisplatin (25 μM) 
and xanthohumol (6.25, 12.5, or 25 μM) for 24 h. 
After 24 h, the media was removed, the cell 
monolayer was rinsed with PBS Ca

2+/
Mg

2+
 free 

(4ºC) and lysed with 200 μL of cell lysis buffer 
containing protease inhibitor cocktail (Sigma). 
The level of active caspase-3 was measure 
according to manufacturer’s protocol 
(ThermoFisher Scientific). Absorbance was 
measured at 490 nm using a plate reader 
(SpectraMax 190, Molecular Scientifics, NH).  
 

2.11 Statistical Analysis 
 
Data are presented as mean ± SEM from three 
experiments. Statistical analysis was performed 
using one-way analysis of variance (ANOVA) 
and Student's paired t-test with a significance 
level of p ≤ 0.05 versus non-treated control 
samples. 

 
3. RESULTS 
 
3.1 Xanthohumol Decreases H1299 Cell 

Viability 
 
The effect of xanthohumol on the proliferation of 
H1299 cells was determined using CyQuant 
assay. The H1299 cells were treated with 12.5, 
25, or 50 µM of cisplatin, 6.25, 12.5, or 50 µM of  
xanthohumol, and a combination of cisplatin (25 
μM) and 6.25, 12.5 and 25 µM of xanthohumol 
for 24 h (Fig. 2). Cisplatin, xanthohumol, and the 
combination of cisplatin (25 μM) and 
xanthohumol (6.25, 12.5 or 25 μM) significantly 
decreased cell viability compared to control (Fig. 
2, * p ≤ 0.05). Cisplatin anti-growth effects were 

potentiated by xanthohumol compared to 25 μM 
cisplatin alone (Fig. 2, # p ≤ 0.05). 
 
3.2 Xanthohumol Induces Cell Morphology 

Changes 
 
The effect of different concentrations of 
xanthohumol on cell morphology were analyzed 
using light microscopy. At 6.25 μM, xanthohumol 
did not induce profound cell morphology changes 
compared to control cells, although some cells 
displayed vesicles (broken arrow) and mild 
shrinkage (Fig. 3, arrow). At concentrations 
higher than 6.25 μM, xanthohumol induced 
strong morphological changes such as cell-size 
shrinkage and formation of visible vesicles, and 
rounding (Fig. 3). At the highest tested 
concentration of 25 µM, xanthohumol induced 
profound cell rounding, shrinkage, and a 
reduction in cell number (Fig. 3, arrow). 
Combination of cisplatin (25 μM) and 
xanthohumol induced minimal cell rounding at 
6.25 μM of xanthohumol. A greater cell 
morphological changes such as shrinkage and 
rounding were observed at 12.5 and 25 μM of 
xanthohumol in combination with cisplatin (25 
μM) (Fig. 3, arrow and broken arrow). 
 

3.3 Xanthohumol Effect on Nuclear 
Chromatin  

 

The effect of xanthohumol on nuclear chromatin 
was analyzed following treatment of cells with 
different concentrations of xanthohumol (Fig. 4). 
Chromatin changes were determined using 
nuclear staining dye, Hoechst 33258, and the 
cells were examined using fluorescence 
microscopy.  Cells treated with different 
concentrations of xanthohumol displayed nuclear 
chromatin changes such as chromatin 
condensation which fluoresced bright blue 
(arrow), whereas control cells stained dark blue 
and displayed a normal, round, and 
unpunctuated nucleus (Fig. 4A). The cells treated 
with xanthohumol showed condensed and 
fragmented nuclei which displayed bright blue 
fluorescent appearance compared to control, and 
these cells were scored as apoptotic cells (Fig. 
4A, arrow). Xanthohumol significantly increased 
the number of apoptotic cells at concentrations 
higher than 6.25 μM compared to control (Fig. 
4B). Cisplatin (25 μM) significantly induced 
apoptosis compared to control. Addition of 
xanthohumol to cisplatin significantly potentiated 
cisplatin’s apoptotic effect compared to control 
and cisplatin alone (Fig. 4B). 
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Fig. 2. Xanthohumol’s effects on H1299 cells viability 
The cells were treated with different concentration of cisplatin, xanthohumol and combination of cisplatin (25 μM) 
and xanthohumol as shown in the figure for 24h. Cell viability was measure using CyQuant assay as described in 
Materials and Methods. Data is presented as % cell viability relative to control, n = 3. *,

 
# Statistically significant, 

ANOVA, t-test, * p ≤ 0.05 vs control, and # p ≤ 0.05 vs 25 μM of cisplatin 
 

 
 

Fig. 3. Cell morphology changes in the absence and presence of cisplatin, xanthohumol, or 
combination of cisplatin and xanthohumol 

 The cells were seeded in growth media for 24 h followed by treatment with cisplatin, xanthohumol and 
combination of cisplatin and xanthohumol at different concentrations (µM) as shown in the figure for 24 h. 

Representative micrographs of one experiment are shown, n = 3. The micrographs were recorded using an 
inverted phase-contrast light microscope. Dotted arrow = cytoplasmic vacuoles; arrow head = cell rounding 
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(A) 

 
 (B) 

 
 

Fig. 4. The effect of xanthohumol on nuclear morphology 
The cells were cultured on cover slips in growth media for 24h then treated with different concentrations of 

xanthohumol, cisplatin (Cis) and the combination of Cis and xanthohumol for 24h and shown in the figure. After 
treatments, the cells were washed, fixed, and stained with Hoechst 33258 and analyzed as described in Materials 
and Methods. A) The micrographs were taken with a fluorescent microscope. One representative micrograph is 
shown, n = 3. The arrow indicates condensed chromatin and condensed nuclei and were counted as apoptotic 

cells (bright blue fluorescence), dark blue nuclei were counted as non-apoptotic cells. B) The fold change of 
apoptotic cells relative to control. The values are the mean of two independent experiments with 100 cells 

counted under each condition and experiment. Statistically significant, ANOVA, t-test, * p ≤ 0.05 vs control, and # 
p ≤ 0.05 vs cisplatin 

 

3.4 Xanthohumol Induces 
Phosphorylation of H2AX 

 

Histone protein H2AX belongs to the 2A histone 
family and is rapidly phosphorylated at           
Ser-139 (γH2AX) in response to DNA damage 
[21]. Activated γH2AX forms nuclear foci at the 
sites of DNA damage [22]. To further         
determine genotoxic effect of xanthohumol,               
we investigated γH2AX nuclear foci formation 

using antibodies against phosphorylated                  
H2AX. Immuno - histochemistry analysis            
showed xanthohumol induced the formation of 
nuclear γH2AX foci (Fig. 5d-h; green  fluorescent 
dots). Xanthohumol at 6.25 μM minimally 
induced the formation of γH2AX foci, whereas             
at 12.5 and 25 μM, xanthohumol strongly 
induced γH2AX foci formation (Fig.                             
5f-h). Cisplatin at 25 μM robustly induced  
γH2AX foci formation. The combination of 
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cisplatin (25 μM) and 6.25 µM of xanthohumol 
weakly potentiated γH2AX foci formation (Fig. 
5l), whereas at higher xanthohumol 

concentrations (12.25 and 25 μM) cisplatin 
potentiated xanthohumol γH2AX foci formation                        
(Fig. 5n-p). 

 
(A) 

 
(B) 

 
 

Fig. 5. Xanthohumol induces ɣH2AX phosphorylation 
The cells were cultured on cover slips overnight and then treated with xanthohumol (6.25, 12.5, or 25 µM; d-h), 

cisplatin (25 µM, j), or combination of cisplatin (25 µM) and xanthohumol (6.25, 12.5, or 25 µM; l-p) for 24 h. After 
treatments, the cells were washed, fixed, and incubated with primary antibody against phosphorylated ɣH2AX 

(green fluorescence) and analyzed as described in Materials and Methods. Nuclei were counter-stained with 4,6 
diamidino-2-phenylindole (DAPI, blue fluorescence).  Representative micrograph showing ɣH2AX foci formation 
(arrow). B. The number of γH2AX foci formation after treatments as shown in A. The data is presented mean ± 
SEM. The number of foci (green fluorescence) in each cell were counted. Three independent experiments were 

performed 
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(A) 
 

 
 

(B) 
 

 
 

Fig. 6. Xanthohumol induces cPARP-1 
 The cells were cultured in growth media for 24 h then treated with cisplatin (25 or 50 μM), xanthohumol (6.25, 

12.5 or 25 µM) and the combination of cisplatin (25 μM) and xanthohumol for 24 h. After the treatment, the cells 
were lysed and the cell lysate was subjected to Western blot analysis as descried in Materials and Methods. A) 

One representative blot is shown. B) Relative level of cPARP-1 to PARP-1 and control samples, n = 3. 
Statistically significant, ANOVA, t-test, * p ≤ 0.05 vs control, and # p ≤ 0.05 vs cisplatin 

 

3.5 Xanthohumol Cleaves PARP-1 
 

To further determine cytotoxic effects of cisplatin 
(25 or 50 μM), xanthohumol (6.25, 12.5, or 25 
μM), and the combination of cisplatin (25 μM) 
and xanthohumol (6.25, 12.5, or 25 μM), we 
used Western blot to analyze the level of cleaved 
(c) PARP-1 (Fig. 6). Cisplatin at both tested 
concentrations (25 and 50 μM) significantly 
increased the level of cPARP-1 compared to 
control. Xanthohumol alone only at 25 μM 
significantly increased cPARP-1 level compared 
to control (Fig. 6B). The combination of cisplatin 
and 6.25 or 12.5 μM of xanthohumol significantly 
increased cPARP-1 level compared to control 
(Fig. 6B). The combination of cisplatin and 12.5 
μM significantly increased cPARP-1 level 
compared to cisplatin alone (Fig. 6B). 

 

3.6 Xanthohumol Activates Caspase-3 
 
To further investigate the mechanism by which 
xanthohumol reduces cell viability, human active 
caspase-3 (mg/g protein) was measured. The 
cells were treated with 6.25, 12.5 and 25 μM 
xanthohumol, 25 μM cisplatin, and the 
combination of 25 μM cisplatin and xanthohumol 
(6.25, 12.5 and 25 μM), and active caspse-3 was 
measured using an ELISA kit (Invitrogen). 
Xanthohumol only at 12.5 μM significantly 
increased the level of active capase-3 compared 
to control (Fig. 7). The addition of 25 μM of 
cisplatin to all tested concentrations of 
xanthohumol (6.25, 12.5, or 25 μM) significantly 
increased the level of active caspase-3 
compared to control (Fig. 7). Cisplatin effect on 
active caspase-3 was significantly potentiated 
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only by 6.25 μM of xanthohumol compared to 
cisplatin alone (Fig. 7). 
 

3.7 Xanthohumol Induces p21WAF1/CIP1 and 
p14ARF mRNA Expression 

 
To further determine anti-proliferative effect of 
xanthohumol by inducing cell cycle arrest genes, 
we performed qPCR for cell cycle control genes 
p21WAF1/CIP1 and p14ARF. Treatment of cells with 
12.5 μM of xanthohumol for 24h did not result in 
a significant increase in p21WAF1/CIP1 or p14ARF 
mRNA (Fig. 5). Whereas a higher concentration 
of xanthohumol (25 μM) significantly increased 
p21WAF1/CIP1 by 3.31-fold and p14ARF by 1.47-fold 
increase vs control (Fig. 8, p ≤ 0.05). 
 

4. DISCUSSION 
 

In this study, we show that xanthohumol induces 
apoptosis in metastatic lung cancer cells. 
Moreover, we also found that xanthohumol 
potentiates cisplatin apoptotic effects. Although 
new therapies for the treatment of lung cancer 
have evolved, NSCLC accounts for 85% of lung 
cancer cases and more than half of the cases 
are already metastatic at diagnosis [24]. While 
the treatment options and approaches for 
malignant lung cancer have evolved significantly, 
other factors such as secondary resistance is 
often associated with poor treatment successes 
and survival [24-25]. Platinum-based 
chemotherapy including cisplatin in combination 
with other chemodrugs still remains first line of 
treatment and has been shown to improve 
overall survival (OS) in comparison with other 
drugs such as carboplatin or newer chemodrugs 
[1,26]. Given cisplatin’s efficacy in improving OS 
in metastatic lung cancer patients, we 
investigated whether plant-based extract 
xanthohumol potentiates cisplatin’s effects on 
metastatic lung cancer cells. Xanthohumol exerts 
antiproliferative effects on various cancer cell 
lines [27-29]. Bartmanska et al. [27] reported that 
xanthohumol was more potent than cisplatin 
against five different cancer cell types. In the 
present study, we show that xanthohumol was 
cytotoxic against metastatic lung cancer H1299 
cells and its combination with cisplatin enhanced 
cytotoxic effects compared to each drug alone 
overall. Addition of xanthohumol to cisplatin (25 
μM) significantly decreased cell viability 
compared to cisplatin alone. Xanthohumol has 
been shown to decrease viability of different 
cancer cell lines and induce cellular responses at 
concentrations that varied from 0.1 μM to 100 μM 
depending on cell type and exposure time 

[16,30-31]. In the present study, we tested three 
concentrations of xanthohumol and although cell 
viability was significantly decreased at the lowest 
tested dose of 6. 25 μM, our results are in 
agreement with those by Yong et al. [16] where 
xanthohumol decreased A549 cell viability in a 
dose- and time-dependent manner with an IC50 
of 74 μM at 24 h. However, another study by Lee 
et al. [31] reported a much lower IC50 of 12.14 
μM of xanthohumol on A549 cells viability. 
Although our viability data shows significant 
decrease of cell viability at the lowest tested 
dose, other biological responses showed 
significant effect at a dose much higher than 6.25 
μM. Our results clearly indicate that xanthohumol 
is cytotoxic to metastatic lung cancer H1299 
cells. Cell morphology analysis showed typical 
cell death traits such as cell shrinkage, loss of 
cell-cell contact and detachment, and the 
formation of cytoplasmic vacuoles. Similarly, 
cisplatin also induced vacuolization. Cytoplasmic 
vacuolization has been marked with cell death in 
the presence of a cytotoxic agent [32-34]. Our 
cell viability results are in agreement with cell 
morphology data suggesting cell death induced 
by xanthohumol. To further investigate the 
mechanism by which xanthohumol induces cell 
death, we analyzed the state of chromatin 
condensation and apoptotic bodies formation. 
Hoechst 33289 binds to condense chromatin and 
fluoresce brightly which is a hall mark of 
apoptotic nuclei [35]. Our results demonstrate 
that xanthohumol alone induced chromatin 
condensation and its addition to cisplatin 
potentiated cisplatin’s chromatin condensation 
effect. 
 
To further understand xanthohumol-induced 
nuclear condensation, we investigated H2AX 
histone protein phosphorylation at Ser 139 
(γH2AX). γH2AX is recruited to the sites of DNA 
double-strand breaks (DSBs) and participates in 
chromatin decondensation and plays a role in the 
initiation of DNA damage repair [36-38]. In the 
present study, xanthohumol in a dose-dependent 
manner induced H2AX phosphorylation and 
γH2AX foci formation within nucleus compared to 
untreated cells which showed no γH2AX foci 
formation. The pattern of γH2AX foci formation 
was distinct for each treatment type. Under 
xanthohumol treatment alone, the number 
γH2AX foci per cell was much lower compared to 
cisplatin. Cisplatin alone induced a greater 
number of γH2AX within the nucleus of a cell 
which also displayed a distinct foci pattern such 
as they were numerous, smaller, and mostly less 
distinct. When the cells were treated with the 
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combination of cisplatin and xanthohumol, the 
number of γH2AX foci was higher than with 
xanthohumol alone and the foci appeared larger 
than with cisplatin alone. Our results are 
consistent with other studies which show that 
morphological appearance of γH2AX foci is 
dependent on the type of DNA damage induced 
by different agents [36-38]. Sears et al. [38] 
showed γH2AX foci formation in lung cancer 
cells in response to cisplatin-induced DNA 
damage. In the present study, cisplatin-induced 
foci are consistent with those by Sears et al. [38]. 
However, the pattern of γH2AX formation in 
response to xanthohumol appeared distinct from 
those induced by cisplatin suggesting that 
xanthohumol induces DNA damage most likely 
by a mechanism that still remains to be 
determined.  
 
A hallmark of DNA damage is the formation of 
γH2AX foci within nucleus and activation of 
PARP-1 and other repair factors [39-40]. 
Although PARP-1 plays a role in DNA repair, its 
cleavage by activated caspases leads to the 
formation of cleaved(c)-PARP-1, a hallmark of 
apoptosis [40-42]. In the present study, Western 
blot analysis showed an increased c-PARP-1 
level in cells lysates treated with cisplatin, 
xanthohumol at 25 μM and the combination of 

cisplatin and 6.25 or 12.5 μM of xanthohumol. 
Cleavage of PARP-1 is mediated by caspases 
and considered a hallmark of apoptosis [42]. 
While almost all caspases cleave PARP-1, 
caspase-3 has been shown to cleave PARP in 
vitro and in vivo [43-44]. Our results indicate 12.5 
μM of xanthohumol, cisplatin, and combination of 
cisplatin with xanthohumol increased active 
caspase-3 above control level.  Addition of 6.25 
μM of xanthohumol potentiated cisplatin-induced 
active caspase-3 level.  Increased activity of 
caspase-3 by xanthohumol has been previously 
reported on lung adenocarcinoma A549 with 
concentration of 28 μM [16]. Although in our 
study we report 12.5 μM xanthohumol increasing 
active capase-3 which is lower than those 
reported by Yong et al. [16], the difference might 
be due to different cell types. Previous studies 
showed that caspase-3 is primarily responsible 
for cleavage of PARP-1 during cell death [38-39]. 
In the present study, the difference of one order 
of magnitude of xanthohumol necessary to 
increase cPARP-1 level and active casapase-3 
suggests that cleavage of PARP-1 follows 
activation of caspase-3.   
 

PAPR-1 cleavage and phosphorylation of γH2AX 
occurs in response to DNA damage [28, 41, 45-
46]. γH2AX also plays a role in p53/p21 pathway 

 

 
 

Fig. 7. Xanthohumol activates caspase-3 
The cells were cultured in % growth media for 24 h and then treated with xanthohumol (6.25, 12.5 and 25 µM), 

cisplatin (25 μM), or combination of cisplatin and xanthohumol for 24 h. After the treatment, the cells were lysed, 
and cell lysate was subjected to caspase 3 assay as descried in Materials and Methods. The data represents the 

mean ± SEM, n = 4. Statistically significant, ANOVA, t-test, * p ≤ 0.05 vs control, and # p ≤ 0.05 vs cisplatin 
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(A) 

 
(B) 

 
 

Fig. 8. Regulation of p21WAF1/CIP1 (A) and p14ARF (B) mRNA 
The cells were seeded in growth media for 24 h followed by treated with xanthohumol (12.5 or 25 µM) in basal 
media for an additional 24 h. 

 
 After the treatment, the cell monolayer was rinsed with PBS and total RNA was 

isolated and qPCR were performed as described in Materials and Methods. The data is presented as mRNA fold 
change relative to 18S. The data represents the mean ± SEM, n = 4. *Statistically significant, ANOVA, t-test, p ≤ 

0.05 vs control 
 
and is required in the p21-induced cell cycle 
arrest [47]. Role of p21WAF1/CIP1 and p14ARF in 
arresting cell growth and induction of apoptosis 
has been previously reported [48-50]. In the 
present study xanthohumol increased 
p21

WAF1/CIP1
 and p14

ARF
 mRNA. These data 

suggest that xanthohumol regulates cell cycle 
progression thus limiting metastatic lung cancer 
cell growth.  
 
Cisplatin still remains first line of chemotherapy 
for NSCLC even as survival remains low [51]. In 

the present study we show that combination of 
cisplatin and xanthohumol reciprocally 
potentiated each other’s cytotoxic effect on 
metastatic lung cancer H1299 cells by 
decreasing cell viability, inducing chromatin 
condensation, H2AX phosphorylation, increasing 
cPARP-1 and active caspase-3, and cell cycle 
progression control genes p21

WAF1/CIP1
 and 

p14ARF. Cisplatin crosslinks DNA and inhibits 
DNA replication, however chemosenstivity to 
cisplatin is impeded by chemoresistance, and the 
results of our study suggest that xanthohumol 
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may potentiate cisplatin antigrowth effects on 
metastatic lung cancer cells in an overlapping 
and distinct mechanisms. While both compounds 
induced the formation of γH2AX foci, the pattern 
of these foci were distinct between the two 
compounds.  
 
5. CONCLUSION 
 
In conclusion, our data indicate that combining 
cisplatin with xanthohumol led to reciprocal 
potentiation of their separate anticancer 
properties and points to a possibly new                  
drug combination for targeting metastatic lung 
cancer. 
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