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HOP-DERIVED XANTHOHUMOL INDUCES HL-60 LEUKEMIA CELLS DEATH

Abstract

Background. Acute promyelocytic leukemia (APL) affects both kids and adults, however it is
more prevalent in younger population. Although APL has a favorable prognostic, patients that do
relapse often do not favorable respond to additional chemotherapy. Therefore, there is a need to
further identify ways to overcome these challenges.

Hypothesis: In this study, we examined antileukemic effects of xanthohumol, a prenylated
flavonoid derived from hops (Humulus lupulus), on human promyelocytic HL-60 cells.
Materials and Methods. HL-60 cells were exposed to different concentrations of xanthohumol
(uM) for 24 h. Cell viability, cell morphology, chromatin condensation, cPARP-1 level, and
caspase-3 activation, and the expression of p21" *"“P! were analyzed.

Results. Xanthohumol reduced HL-60 cell viability in a dose-dependent manner. Xanthohumol
induced a dose-dependent profound morphological changes including cell shrinkage and
blebbing, and significantly increased the number of cells with condensed chromatin.
Xanthohumol significantly increased the level of cPARP-1, active caspase-3, and the expression
of P21WAF/CIP mRNA.

Conclusion. These data indicate that xanthohumol induces HL-60 cells death by regulating cell
cycle progression and apoptosis. This study suggests that xanthohumol may have antileukemic
preventive effects.
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Abbreviations

APL acute premyelocytic leukemia

PARP-1 polymerase associated reactive protein 1
cPARP-1 cleaved PARP-1

FBS Fetal Bovine Serum



XN xanthohumol

Introduction

Acute promyelocytic leukemia (APL) a subtype of acute myeloid leukemia (AML)
represents 5-20% of AML. Each year ~ 600-800 new cases of leukemia are diagnosed in the
USA [1]. Although APL has a good prognosis, if untreated or if the disease relapses, the
mortality rate is high [2]. Approximately, 30% of patients relapse [3]. Epidemiologic studies
show that APL is more common in children and young adult patients and among Hispanics [4].
Although new therapeutic approaches have been developed, APL still remains an aggressive
subtype of AML and with high rates of early death [5-6]. Indeed, approximately 17.3% of cases
undergo early death within one month of diagnosis due to severe hemorrhages [7]. Therefore,
finding new approaches to improve APL treatment outcome is of great importance. Plant-based
compounds alone or in combination with chemodrugs have been shown to have antitumor effects
and to improve treatment outcome of several malignant hematologies including Hodgkin’s
disease and acute lymphoblastic leukemia [8-11]. For example, plant-derived alkaloids
vincristine and vinblastine are approved for the treatment of hematological malignancies and
other cancers [10-11]. Vincristine is used to treat childhood leukemia whereas vinblastine is used
in combination with chemodrugs to treat breast and bladder cancers [12-14]. Although
vincristine is successful for childhood leukemia often leads to neuropathy 14-15]. Thus
identifying plant compounds with antileukimic properties and less toxicity will contribute to

improve treatment outcome [11, 16-17]). Plant-derived prenylated flavonoid, xanthohumol



Xanthohumol (XN)

(XN), has been shown to have biological properties. Xanthohumol is present in the cones of hop

plant (Humulus lupulus L.) Fig. 1 [18].

Figure 1. Hop plant cone (Humulus lupulus L) (A), and xanthohumol chemical structure (B).
Xanthohumol is a prenylated chalcone found in the cone of hop plant [18].

In hops, xanthohumol content vary from 0.1% to 1% dry weight [19]. In addition of being
used in brewing industry, numerous studies also showed xanthohumol’s numerous biological
effects including anti-inflammatory, anti-oxidant, and anti-infectious [20-23]. Recent studies
showed xanthohumol increased lipid and glucose metabolism [24-26]. Xanthohumol anti-
carcinogenic properties have been shown on many different cancer cell types including liver,
prostate, endometrial, colon, and lung [26-31]. The exact mechanism by which xanthohumol
exerts its effects is not fully understood, however studies suggest that it inhibits cell proliferation
and induces apoptosis by upregulating pS3 and inducing S phase cell cycle control genes [31-
32].

While xanthohumol anti-carcinogenic effects were studied on many cancer cell types,
fewer studies examined xanthohumol effects on human acute promyelocytic leukemia. In the

present study, we examined xanthohumol effects on acute promyelocytic leukemia HL-60 cells.



Materials and Methods

Chemicals. Xanthohumol was purchased from Sigma Aldrich (Saint Louis, MO). Caspase-3
assay kit was purchased from Thermofisher Scientific/Invitrogen (Waltham, MA), MTT assays
was purchased from Promega (Madison, WI), and Hoechst 33258 was purchased form
Thermofisher Scientific/Molecular Probes, whereas PARP-1 antibody was purchased from Cell

Signaling Technologies (Danvers, MS).

Xanthohumol preparation. Xanthohumol was prepared in DMSO according to the methods
previously described [27]. A stock solution (50 mM) of xanthohumol was prepared and kept at -
20°C and used within 2-3 weeks. For cell culture studies, xanthohumol stock solution was
further diluted to various concentrations in the basal media before cell treatment thus achieving a

final concentration of 0.1% DMSO.

Cell culture. Human acute promyelocytic leukemia HL-60 cell line was purchased from the
American Type Culture Collection (ATCC, Manassas, VA). HL-60 cells were cultured in
Iscove's Modified Dulbecco's Medium (IMDM) supplemented with penicillin, streptomycin, L-
glutamine and 20% fetal bovine serum. The cells were cultured at 37°C in humidified incubator

with 95% air and 5% CO?2.

Cell viability. Cell viability was measured using Celltiter 96 Aqueous One Solution Cell
Proliferation Assay according to the protocol provided by the manufacturer (Promega Inc,
Madison, USA). Briefly, this assay contains tetrazolium compound (3-(4,5-dimethylthiazol-2-
yl)-5-(3-carboxymethoxyphenul)-2-(4-sulfophenyl)-2H-tetrazolium salts; MTS) and an electron

coupling reagent (phenazine ethosulfate; PES). The MTS tetrazolium compound is reduced by



cells into a colored formazan product that is soluble. The cells were subcultured in 96-well plates
at a density of 10,000 cell/well in 5% FBS/DMEM/Penicillin/Streptomycin (10,000/1000 units)
for 24 h at 37°C/5% CO,. After 24 h, the cells were treated with xanthohumol at 6.25, 12.5, 25,
and 50 uM for 24 h. After 24 h of treatment, 20 pl of tetrazolium were added to the cells and
incubated for 4 h at 37°C/5%CO,. After 4 h, 25 pul of 10% SDS were added and the plate was
incubated for 18 h at room temperature in a humidified container. After 18 h, the absorbance was
measure at 490 nm using a 96-well microplate reader (SpectraMax 190, Molecular Scientifics,

NH).

RNA isolation. Total RNA was extracted using Trizol® (Invitrogen, CA) according to the
manufacturer’s protocol. To ensure a good RNA quality, the integrity and quality 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). Concentration of
the total RNA was assessed using the NanoDrop-1000 Spectrophotometer (NanoDrop

Technologies, Germany).

Quantitative real-time (q)PCR. qPCR for target genes was determined using total RNA and
cDNA was generated using a High-Capacity cDNA Reverse Transcription kit and TagMan gene
expression assays (Applied Biosystems Inc., CA). The levels of p21 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-AACt, where ACt (cycle



threShOId) = Cttarget gene ~ Ctendogenous control gene» and AACt = ACttreated sample ~ Athontrol sample- 18S was

used as an endogenous control gene [33-34].

Western blot. After treatments, the cells were lysed in 1X SDS lysis buffer (50 mM Tris-HCI,
pH 6.8, 2% SDS, 10% glycerol). Total protein was quantified by the BCA method. B-
mercaptoethanol was added to lysates to a final concentration 100 mM. Equal amounts of total
protein were separated by 4-12% SDS-PAGE and transferred to a PVDF membrane. Membranes
were blocked with 5% non-fat milk in 1X PBS containing 0.05% Tween-20 for 1 h at room
temperature. Membranes were then incubated with PARP-1 primary antibody (Cell Signaling
Technologies) at 4°C 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 and the proteins were visualized using an ECL Chemiluminescence Kit (Millipore,

MA). Relative protein level was determined after normalization to beta-actin.

Cell morphology. The cells were cultured in 6-well plates in
5%FBS/IMDM/Penicillin/Streptomycin for 24 h at 37°C/5% CO,. After 24 h, the cells will be
treated with xanthohumol 6.25, 12.5, and 25 uM in basal media for 24 h. After 24 h, the cell
morphology micrographs were taken using phase-contrast inverted microscopy. Images will be

captured using a Carl Zeiss Axiovert 200 microscope equipped with Spot Camera.

Nuclear staining with Hoechst 33258. The cells were seeded on cover slips in 6-well plates and
allowed to grow overnight. The cells were treated with various concentrations of xanthohumol
for 24 h. At the end of the incubation period, the cells 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
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cells were stained with fluorescent dye Hoechst 33258 (10 pg/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).

Human Caspase-3 (active) ELISA assay. The cells were cultured in growth media and after 24
h the media was changed to basal media and xanthohumol was applied for 24 h. After the
treatment, the cells were washed, scraped off in 1 X PBS and spun down at 5,000 rpm for 3 min
and the pellet was lysed in cell RIPA extraction buffer (Thermofisher Scientific) with 1 mM
PMSF, and protease inhibitor (Sigma Aldrich) on ice and sonicated 10 sec on ice, and then
centrifuged at 14,000 rpm for 10 min at 4°C. The samples were further diluted 10X in assay’s
standards’ diluent buffer. Caspase-3 assay was performed according to manufacturer’s protocol

(Thermofisher Scientific/Invitrogen).

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 #-test

with a significance level of p < 0.05 versus non-treated control samples.

Results

Xanthohumol effect on cell viability

The effect of xanthohumol on the proliferation of HL-60 cells was determined using MTT assay.
The HL-60 cells were treated with 6.25, 12.5, 25, or 50 uM of xanthohumol for 24 h (Figure 2).
Xanthohumol significantly decreased HL-60 cells viability at 12.5, 25, and 50 uM compared to

control (p < 0.05, Figure 2).
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Figure 2. The effect of xanthohumol on the viability of HL-60 cells. The cells were treated with
6.25, 12.5, 25, and 50 uM of xanthohumol for 24 h. Cell viability was measured using Cell Titer
96 Aqueous One Solution Assay as described in Materials and Methods. Data is presented at %
cell viability relative to control, n = 3, * Statistical significance, ANOVA, p < 0.05, vs control.
Xanthohumol effect on cell morphology

The effect of different concentrations of xanthohumol on cell morphology were analyzed using
light microscopy. At 6.25 uM, xanthohumol did not induce profound cell morphology changes
compared to control cells, although some cells displayed vesicles and mild shrinkage (Figure 3,
arrow). At concentrations higher than 6.25 uM, xanthohumol induced strong cell morphological
changes such as cell-size shrinking and rounding, and formation of cytoplasmic visible vesicles
(Figure 3, dashed arrow). At the highest tested concentration of 25 uM, xanthohumol induced

profound cell rounding, shrinking, and a reduction in cell number (Figure 3, arrow and dashed

arrow).
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Figure 3. Cell morphology changes in the absence and presence of xanthohumol. The cells were
seeded in 5% FBS growth media for 24 h followed by xanthohumol treatment with different
concentrations (UM) 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. Arrow= cell shrinkage and blebbing, dotted arrow = reduced cell density.

Xanthohumol effect on nuclear chromatin
The effect of xanthohumol on nuclear chromatin was analyzed following treatment of cells with

different concentrations of xanthohumol (Figure 4). Chromatin changes were determined using



nuclear staining dye, Hoechst 33258, and then the cells were examined using fluorescent
microscopy. Cells treated with different concentration of xanthohumol displayed nuclear
chromatin changes such as chromatin condensation which fluoresced bright blue (arrow),
whereas control cells stained dark blue without bright blue staining and displayed a normal,
round and unpunctuated nucleus (Figure 4A). The cells treated with xanthohumol showed
condensed and fragmented nuclei which displayed bright blue fluorescent appearance compared
with control, and these cells were scored as apoptotic cells (Figure 4A, dashed arrow).
Xanthohumol significantly increased the number of apoptotic cells at concentration higher than
6.25 uM compared to control (Figure 4B). The number of apoptotic cells was significantly

higher when the cells were treated with 12.5, 25, or 37.5 uM of xanthohumol having a 21-, 40.5
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and 42.2-fold increase in the number of apoptotic cells compared to control, respectively (p <

0.05, Figure 4B).
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The effect of xanthohumol on nuclear morphology. The cells were cultured on cover slips in 5%
FBS growth media for 24 h then treated with different concentrations of xanthohumol (uM) as
shown in the figure. After the treatment, the cells were 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; punctuated nuclei= dotted
arrow. B) The percentage 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, p < 0.05 vs control.

Xanthohumol induces PARP-1 cleavage

To identify which pathway of apoptosis xanthohumol activates, we analyzed PARP-1 cleavage
(cPARP-1). The cells were treated with 6.25 or 12.5 uM of xanthohumol and cell lysates was
subjected to Western blot analysis for PARP-1 cleavage (Figure 5A). cPARP-1 level was

significantly increased by both concentrations, 6.25 and 12.5 uM, of xanthohumol compared to

control (p < 0.05, Figure 5B).
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Figure 5. Xanthohumol activates PARP-1. The cells were cultured in 5% FBS growth media for
24 h then treated with 5 and 12.5 uM of xanthohumol for an additional 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. One representative blot is shown. B) cPARP-1 quantitative analysis
(arbitrary units), n = 3. * Statistically different, ANOVA, p < 0.05 vs control.

Xanthohumol activates caspase 3
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investigate the mechanism by which xanthohumol induces HL-60 cytotoxicity, we performed
additional experiments to detect active caspase-3. Using active caspase-3 ELISA, the results
indicated that HL-60 cells treated with 6.25 or 12.5 uM of xanthohumol had a significant
increase in active caspase-3 (Figure 6). In samples treated with 25 uM of xanthohumol, active
caspase-3 level was not significantly different compared to control samples (Figure 6).
Figure 6. Xanthohumol activates caspase 3. The cells were cultured in 5% FBS growth media
for 24 h and then treated with 6.25, 12.5, and 25 uM of xanthohumol for an additional 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, p < 0.05 vs control.

Xanthohumol effects on p21"A"Y/Chiet

To further determine the mechanism by which xanthohumol inhibits cell growth, we performed
an analysis on cycle control gene p21. Cells treated with 12.5 uM of xanthohumol had 18.3-fold

increase of p21 mRNA compared to control (Figure 7).

14



[ o]
=
|

WAF1/Cip1l

p21

— — — —
] +a (=) oo
| | | |

mRNA fold change relative to control,
ratio/ 18S
=

oL

C 12.5
Xanthohumol, pM

: Figure 7.
Regulation of p21VAFYEPl nRNA in HL-60 cell treated with xanthohumol. The cells were
treated with XN 12.5 uM for 24 h and RNA 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, *, p < 0.05 vs control.

Discussion

AML relapse is often observed regardless of the initial cytotoxic effect of traditional chemodrugs
[35]. The exact mechanisms of how AML relapses are not fully understood, however it is
thought that acquisition of resistance to the initial treatment and accumulation of mutations may
contribute to AML relapse [36]. To aid in alleviating less desirable chemotherapy outcome
including side effects and chemo-resistance, plant-based natural products are becoming of
interest moreover as natural-derived products have guided the development of anti-cancer agents
initially. For example, the discovery of paclitaxel in the bark of Pacific yew led to anticancer

drug, paclitaxel that is used to treat cancer particularly breast and non-small cell lung cancer

[37]. Similarly, vinblastine and vincristine are also the first plant-based alkaloids clinically used
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to treat various cancers including leukemia in children. However, both vinblastine and vincristine
are often associated with peripheral nerves toxicity [14, 38].

Hop plant cones contain prenylated flavonoids among which xanthohumol have been
shown to have cytotoxic effects and to modulate carcinogenesis [39-40]. Numerous studies
analyzing biological activity of xanthohumol showed that is antiproliferative and antitumor [41-
43]. The mechanisms through which xanthohumol exerts its antitumor properties includes
inhibition of alkaline phosphates and upregulation of cell cycle genes in the GO/G1 phase
including p21 [40, 43]. In the present study, we show that xanthohumol inhibited HL-60 cell
proliferation is a dose-dependent manner, and that at the highest tested dose of 50 uM, only 21%
of cell were viable. To further investigate the mechanism involved in the cytotoxic effect of
xanthohumol, we analyzed chromatin condensation. We used Hoechst 33258 staining to
determine apoptotic cells, and we found that xanthohumol dose-dependently increased the
number of apoptotic cells. Xanthohumol induced typical apoptotic nuclear morphology
including chromatin condensation and nuclear fragmentation.

Apoptosis is well organized cellular process in a sequence of steps that leads to the
elimination of cells under normal physiological conditions. However, in tumor cells apoptosis is
an induced process primarily by chemotherapy [44]. In the present study, we examined the
mechanism of apoptosis of xanthohumol in HL-60. Xanthohumol significantly increased active
capsase-3 by 2.39- and 2-fold compared to control at 6.25 and 12.5 uM, respectively. At 25 uM,
caspase-3 was not significantly different from control. Nuclear staining showed that at the same
concentrate of 25 uM, 85% pf cells displayed condensed and fragmented chromatin, indicating
that at this concentration xanthohumol cytotoxic effect was profound. To further determine

xanthohumol apoptotic mechanism, Western blot analysis showed that xanthohumol activated
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PARP cleavage. Cleaved PARP is a hallmark of apoptosis [ 45]. While many caspases cleave
PARP-1, caspase-3 has been shown to cleave PARP-1. Our data indicate that xanthohumol
increased active caspase-3 at 6.25 uM and increased PARP cleavage at 12.5 uM, thus suggesting
that capase-3 activation proceeds PARP cleavage. Soldani et al. [46] monitoring PARP-1 in
Hep2 cells found that PARP-1 cleavage takes place after caspases activation and the larger
fragment p89 of PARP-1 is detected in the cells undergoing apoptosis and also have profound
nuclear fragmentation. To further understand cytotoxic effect of xanthohumol, we investigated
its effect on p21VA*"I MRNA. p21 mRNA was increased 18-folds in cells exposed to 12.5 pM
of xanthohumol compared to control. p21WAF1/ €Il is a member of the CDKISs that inhibits G1
cyclin/Cdks thus arresting cell cycle progression in the G1/S phase [47-48]. Additionally, p21
modulates cell apoptosis [48-49].

Conclusions

The present study demonstrates that xanthohumol significantly decreases HL-60 cells
viability and induces apoptosis through the activation of PARP-1 and p21 gene that controls cell
cycle in the G1/S phase. These results suggest that xanthohumol induces leukemia cells death

and warrants potential therapeutic investigation.
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