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Abstract: Xanthohumol (XN) exerts a broad spectrum of chemoprophylaxis actions. However, the mechanisms un-
derlying effects of XN on lymphoma are still unclear. In this study, we used an apoptosis-resistant human Burkitt
lymphoma cell line, Raji cells, in an in vitro model to assess the influence of XN on cell proliferation, DNA damage,
and cell cycle progression, as well as the molecular mechanisms behind these processes. We found that Raji cell
proliferation was inhibited significantly by XN at concentrations higher than 10 yM. This effect was dependent on
both doses and times. Rapid accumulation of intracellular reactive oxygen species (ROS) in Raji cells was detected
by DCFH-DA at 15 to 30 minutes post-exposure with XN. XN-treated cells exhibited DNA damage, which was related
to ROS in Raji cells post-exposure with XN. Additionally, N-acetyl-L-cysteine (NAC) modestly decreased XN-induced
cell death while XN caused GO/G1-phase cell cycle arrest in a manner unaffected by NAC exposure. Cell cycle ar-
rest correlated with down-regulation of CDK4, cyclin E, phosphorylated cyclin E, and Cdc-2, but up-regulation of
cyclin-dependent kinase inhibitor P21, all in a P53-independent manner. These results demonstrate that XN targets
multiple signaling pathways to mediate ROS generation and cell cycle arrest, suggesting that XN may be a novel
agent for treating lymphoma.
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for improving chemotherapeutic efficacy are
needed.

Introduction

During the last decade, treatment outcomes of

lymphomas have improved considerably with
the introduction of monoclonal antibodies,
Bruton’s tyrosine kinase inhibitors, and immu-
nomodulatory drugs [1]. However, traditional
combination chemotherapy is still the standard
treatment for aggressive Non-Hodgkin's lym-
phomas (NHL). Burkitt lymphoma, an aggres-
sive form of B-cell NHL, commonly occurs in
children and young adults. A characteristic of
Burkitt lymphoma is rapid cell proliferation due
to constitutive overexpression and constant
activation of c-Myc, an oncogenic protein, via
chromosomal translocation (8;14) (q24;932)
[2]. Although intensive chemotherapy has
improved treatment outcomes, some patients
eventually relapse due to drug resistance.
Thus, continued efforts to seek new drugs

More than 70% of all drugs currently used for
cancer therapies are derived from natural
sources. XN, a major prenylated chalcone from
hops (Humulus lupulus L.), has received much
attention recently due to its multiple pharmaco-
logical activities, including anti-proliferative,
anti-inflammatory, antioxidant, pro-apoptotic,
anti-bacterial, and anti-adhesive effects [3].
Several studies have shown that XN inhibits the
growth of cancer cells in various organs, includ-
ing the larynx, breast, pancreas, colon, liver,
and blood, among others [4-6]. However, little is
known about the biological effects of XN on
lymphoma cells. The mechanisms of growth
inhibition by XN vary, depending on the type of
cancer cells. XN could be particularly active
during the aggressive phases of the disease.
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Drug-resistant cancer cells are hypersensitive
to XN [6]. XN does not affect drug-resistance,
but instead, causes a sort of drug adaptation,
which is characterized by downregulation of
FAK, AKT and NF-kB activities, rendering cells
less invasive and more susceptible to cytotoxic
drugs [6-8]. Aberrant NF-kB activation, with
increased expression of pro-proliferative and
anti-apoptotic genes, is a characteristic of
drug-resistant lymphoid tumors [9]. These data
collectively prompted us to investigate whether
XN might be a potential therapeutic option for
the treatment of aggressive lymphoma. EBV-
infected Raiji cells, a human Burkitt lymphoma
cell line, have been resistant to apoptosis due
to defects other than p53 mutation, such as
impaired apoptotic signal transduction in the
cytoplasm [10]. In this study, we used Raji cells
as an in vitro model to investigate the influence
of XN on cell proliferation, ROS generation, and
cell cycle disruption. Additionally, the molecular
mechanisms behind these processes were
analyzed.

Materials and methods
Cell culture and reagents

Raji cells, an EBV-infected human Burkitt’s lym-
phoma cell line, were obtained from the Cell
Bank of the Chinese Academy of Sciences
(Shanghai, China). Raji cells were cultured in
RPMI-1640 medium (Gibco) supplemented with
10% heat-inactivated fetal bovine serum (Si-Ji-
Qing Biotechnology, Hangzhou, China), 100 U/
ml penicillin and 100 mg/ml streptomycin. XN
and the cell permeable ROS scavenger, NAC,
were purchased from Sigma-Aldrich (St. Louis,
MO, USA). 2’,7’-Dichlorofluorescein diacetate
(DCFH-DA) was obtained from Beyotime. DCFH-
DA was dissolved in DMSO to a working con-
centration of 20 mM before use. Anti-y-H2AX
and anti-phosphorylated histone H2AX (Ser
139) mouse monoclonal antibodies (Upstate
Biotechnology, Inc., NY) were purchased from
Invitrogen. Anti-B-actin antibodies were pur-
chased from Sigma Chemical Co. (St. Louis,
MO, USA). The antibodies against Cdc-2, CDK4,
phosphorylated cyclin E (Thr160), cyclin E,
phosphorylated P53 (Serl15), P53, and P21, as
well as the horseradish peroxidase (HRP)-
labeled goat anti-mouse or anti-rabbit IgG anti-
bodies were purchased from Cell Signaling
Technology (Beverly, MA). Paraformaldehyde
was obtained from Fluka Co., USA.
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Sulforhodamine B protein biomass assay

Raji cells were incubated in 96-well plates in
the presence of increasing concentrations of
XN, which were added at different times. Cell
growth was measured using the sulforhoda-
mine B (SRB)-staining assay for whole culture
protein determination. Briefly, after completion
of incubation, Raji cells were fixed with cold tri-
chloroacetic acid (TAC) for 1 h. Moreover, 100
ul SRB solution was added to each well and cul-
tured for 10 min. Unbound SRB was washed
five times with 1% acetic acid, followed by air
drying. The bond stain was solubilized with Tris
buffer, and the absorbance of the liberated dye
was assayed at a single wavelength of 515 nm.

Determination of cell death

Cell death was quantified using a rapid propidi-
um iodide (PI) inclusion assay. Briefly, cell pel-
lets were resuspended in Pl staining buffer,
supplemented with RNase (100 pg/mL). Cells
were stained for 15 minutes at room tempera-
ture in the dark. Samples were kept on ice and
then analyzed by flow cytometry.

Measurement of reactive oxygen species

Intracellular accumulation of ROS was deter-
mined using DCFH-DA. NAC was used as a ROS
scavenger and was added to the culture medi-
um 1 h before XN treatment. Raji cells were
treated with XN, in the absence or presence of
NAC at 5 mM, for various periods of time. Cells
were washed with PBS and then incubated in
the presence of 10 uM DCFH-DA in PBS for 30
min at 37°C in the dark. Cells were then col-
lected by centrifugation and washed with PBS.
Fluorescence was determined by flow cytome-
try with Win-MDI software at an excitation filter
of 480 nm and an emission filter of 525 nm.

Immunofluorescence

An y-H2AX antibody was used to visualize
breaks within double-stranded DNA (dsDNA)
using methods described previously [11]. Cells
were pretreated with or without NAC for 1 h.
Then, the cells were exposed to 20 uM XN and
incubated for various times to characterize the
extent of the different treatment-induced DNA
double-strand breaks. After various treatment
times, cells were fixed with 4% paraformalde-
hyde, and then permeabilized with Triton X-100
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Figure 1. Effect of XN on cell protein biomass in Raji
cells. Cells were treated with various concentrations
of XN for the indicated time periods. Cell protein bio-
mass (relative to controls) was determined by SRB
staining. The data are presented as the means +
SEM. Error bars represent the SEM of 3 independent
experiments.

in a 1% (w/v) solution of bovine serum albumin.
After permeabilization, the cells were incubat-
ed with a primary antibody against y-H2AX at a
dilution of 1:2000 for 2 h at 37°C, then washed
twice with PBS and resuspended in 100 ul of a
1:2000 diluted solution of secondary antibody,
which was conjugated to fluorescein isothiocya-
nate (FITC), for 30 min at room temperature in
the dark. Images were acquired using confocal
microscopy with a 100x objective. Untreated
cells were also examined for y-H2AX foci using
the same time course as the controls. A mini-
mum of 100 cells was counted for each
treatment.

Alkaline comet assay

Cells were treated with 20 uM XN for different
lengths of time in the absence or presence of
NAC at 5 mM. Samples were collected at differ-
ent time points and processed for comet assay.
Briefly, cell suspensions were adjusted to 10°
cells/ml in ice-cold PBS and mixed with
LMAgarose for immediate loading onto regular
agarose pre-coated slides. The third layer, with
an equal volume of LMAgarose gel, was then
loaded onto the solidified second gel and
cooled with ice. The slides were incubated for 1
h at 4°C in lysis solution, and then immersed in
freshly prepared alkaline electrophoresis buf-
fer for 30 minutes at 4°C in the dark.
Electrophoresis was carried out for 30 min at
20 V in electrophoresis solution. Cells were
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stained with ethidium bromide and analyzed
with a fluorescence microscope (Zeiss Axioplan
2) equipped with a Hamamatsu Orca-EC cam-
era. Tail moment of 50-100 randomly selected
cells was measured using OpenComet soft-
ware.

Cell cycle analysis

Cell cycle distribution was analyzed using flow
cytometric measurement of the DNA content of
the cells. Cells were treated with 20 uM XN for
24 or 48 h. All cells were harvested, fixed in 3
ml 95% ice-cold ethanol. Prior to flow cytome-
try, the cells were stained at 4°C for 3 h in PBS
containing Triton X-100, PI, and RNase A. The
cells were incubated for 15 min at room tem-
perature in the dark, and the DNA content of
the cells was analyzed using a FACScan instru-
ment (Becton Dickinson, San Jose, CA).

Western blot analysis

Raji cells were treated with 20 yM XN for 36 h.
After treatment, cells were washed with ice-
cold PBS, and then lysed in ice-cold lysis buffer
for 30 min. Cell lysates were centrifuged at
12000 rpm for 10 min at 4°C and protein con-
centrations in supernatants were determined
using the Bio-Rad protein assay kit. Proteins
(40 ug) were electrophoresed on 5-13.5% poly-
acrylamide gels. The gels were transferred onto
nitrocellulose membranes that were incubated
with relevant antibodies. The following antibod-
ies were used: Phospho-P53 (Serlb), P53,
P21, Phospho-cyclin E (Thr160), cyclin E, Cdc-
2, CDK4 (at a dilution of 1:1000), and B-actin
(at a dilution of 1:5000). Then, membranes
were washed three times with TBST for 5 min
each, and incubated with HRP-labeled mouse
or rabbit IgG antibodies for 1 h at room tem-
perature. The signals of detected proteins were
visualized on an ECL plus system (Amersham
Pharmacia Biotech). B-actin expression was
used as reference band.

Data analysis

Group differences were examined using analy-
sis of variance (ANOVA) and independent sam-
ples t-test. Differences were considered signifi-
cant at P < 0.05. The asterisks displayed on the
figures represent the degree of statistical sig-
nificance as determined by P values as follows:
* < 0.05, ** < 0.01. All of the analyses were
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Figure 2. XN induces ROS production in Raji cells. The antioxidant NAC inhibits XN-induced cytotoxicity. (A) Cells were
treated with 10 yuM and 20 uM XN, then stained with H2DCFDA to assess intracellular ROS levels at indicated time
points. (B) Representative images of ROS generation by flow cytometry using DCFH-DA. (C and D) Before adding 20
UM XN, cells were treated with 5 mM NAC for 1 h or treated with XN alone. ROS production was then determined
30 min later using H2DCFDA staining, and analyzed by flow cytometry. (E) Cells were treated with 20 uM XN alone
or pretreated for 1 h with NAC, and the amount of XN-induced cell death was quantified at 24 h using Pl staining as
described in “Materials and Methods”. The control cells (C) were the untreated group. The data are presented as
the means * SD. Experiments were performed in triplicate and repeated twice.

performed using the SPSS17.0 (Statistical
Package for the Social Sciences) software.

Results
XN decreases protein biomass in Raji cells

The SRB assay of cell protein biomass was per-
formed after 24 h, 48 h and 72 h exposure to
XN treatment at increasing concentrations of
XN, as showed in Figure 1. Raji cell proliferation
was not affected by 2.5 yM or 5 yM within 72 h
exposure period. Similar treatment exposures
using 15 uM or higher concentration XN signifi-
cantly reduced cell proliferation at 24 h (P <
0.05). Under these conditions, normal immor-
talized human lymphoblastoid cell line is more
resistant to XN (data not shown). XN significant-
ly inhibited proliferation of Raji cells with 1C50
values of 27.8 uM, 19.4 yM and 16.2 uM at 24
h, 48 h and 72 h, respectively. Inhibition of cell
proliferation was dependent on both dose and
time (Figure 1). Based on these results, all sub-
sequent studies were conducted at an XN con-
centration of 20 uM.

XN induced intracellular ROS in Raji cells

To investigate potential mechanisms of inhibi-
tion of Raji cell proliferation by XN treatment,
we measured the kinetics of total ROS genera-
tion by flow cytometry using DCFH-DA. Addition
of 5 mM NAC did not affect intracellular ROS in
Raji cells. As seen in Figure 2A and 2B, maxi-
mum levels of intracellular ROS were observed
at 15 to 30 minutes after initial exposure to XN.
Peak ROS production lasted 1-2 h, followed by
a gradual decline to base level at 12 h. However,
pre-treatment with the ROS scavenger, NAC (5
mM), for 1 h, significantly inhibited intracellular
ROS production (Figure 2C and 2D). To deter-
mine whether XN-induced inhibition of cell pro-
liferation and ROS generation correlated with
cell death, a Pl assay was used in conjunction
with flow cytometry. Addition of NAC (5 mM)
alone caused a marginal effect in the level of
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basal cell viability. Raji cells were pre-treated
with NAC, and then treated with 20 uM XN for
24 h. The death rates of cells treated with XN
alone decreased from 28.2% to 17.5% when
treated with XN in the presence of NAC. These
results indicate that NAC significantly inhibited
XN induced cell death. However, inhibition was
not complete, as some level of cell death was
still observed (Figure 2E). Accordingly, these
data suggest that production of ROS contrib-
utes to cell death caused by XN treatment.

XN causes DNA damage in Raji cells

ROS damage a variety of biomolecules: pro-
teins, RNA, and DNA. Many stimuli, such as
tumor necrosis factor, anticancer drugs, and
chemopreventive agents, stimulate cells to pro-
duce ROS, which subsequently activates cell
death machinery. To find if XN treatment of Raji
cells causes DNA damage, DNA double strand
breaks (DSB) were measured relative to y-H2AX
expression. An early cellular response to DSBs
is the phosphorylation at Ser139 of H2AX
(y-H2AX), a subclass of eukaryotic histones
that are part of the chromatin structure. Less
than 20% cells showed 1 to 5 y-H2AX foci in
untreated Raji cells. In contrast, the number of
cells with y-H2AX foci was dramatically
increased after exposure to 20 uM XN. Pre-
treatment with NAC (5 mM) for 1 h caused the
DNA DSB damage to be completely restored
(Figure 3A). Thirty minutes after XN treatment,
the percentage of cells with y-H2AX foci in-
creased to 78.1% compared with 22.9% in con-
trols, a result with significant statistical differ-
ence. The formation of y-H2AX foci in cells grad-
ually disappeared at 4 h after XN treatment
(Figure 3B). Importantly, no cell death was
observed until the first 12 h after 20 yM XN
exposure. Thus, the formation of DSB was not a
secondary event due to internucleosomal DNA
cleavage in the apoptotic process.

Because phosphorylation of H2AX induces acti-
vation of repair machinery rapidly, phosphoryla-

Int J Clin Exp Med 2017;10(7):10091-10102
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tion does not reflect true DNA breaks. To fur-
ther verify DNA breaks, we performed single
cell gel-electrophoresis (alkaline comet assay),
which is a more powerful and direct assay for
the detection of DNA breaks. Our results
revealed that XN could significantly increase
the tail moment of Raji cells at 30 min after XN
exposure. However, as time went on, the tail
moment decreased, until no difference was
observed compared with untreated Raiji cells 6
h later. Pre-treatment with 5 mM NAC for 1 h
significantly restored DNA damage (Figure 4A
and 4B). These results indicate that NAC, an
antioxidant, diminishes the DNA-damaging
effects of XN in Raji cells, which confirms that
XN damages DNA through oxidative stress.

XN induces GO/G1 cell cycle arrest

As shown in Figure 5, after 24 h treatment with
20 uM XN, the percentage of GO/G1 cells sig-
nificantly increased from 45.79% (control) to
66.48% (P < 0.05). This arrest in GO/G1 phase
was accompanied by a concomitant decrease
in S phase cells. The increased accumulation of
cells in GO/G1 phase was sustained after 48 h
treatment with 20 uM XN. In addition, pre-treat-
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Figure 3. Generation of y-H2AX
D5to 10 after XN treatment. A. Raji cells
@>10 were treated with 20 uM XN
or pretreated for 1 h with NAC
for the indicated time periods.
Immunofluorescence staining of
y-H2AX nuclear foci formation in
cells, and the number of y-H2AX
foci were observed by confocal
microscopy. B. Analysis y-H2AX
foci in Raji cells treated with XN for
the indicated time periods. Experi-
ments were performed in tripli-
cate and repeated twice. Means +
SD are shown. *Singificant differ-
ences between XN treated groups
and the negative control.

ment with NAC at 5 mM for 1 h resulted in a
slight reduction in the percentage of cells in the
GO/G1 phase, a finding that was not significant-
ly different from that of Raji cells treated with
XN alone.

Expression of cell cycle regulator proteins after
XN treatment

To characterize the molecular mechanism of
XN induced GO/G1 cell cycle arrest in Raji cells,
we investigated the expression patterns of cell
cycle regulatory proteins that are responsible
for GO/G1 cell cycle regulation using western
blot analysis. As shown in Figure 6, XN treat-
ment caused a significant decrease in the
expression of cyclin E, phosphorylated cyclin E,
and CDK4 in a time-dependent manner. Cdc-2
protein is present in a moderate amount within
8 hin cells treated with XN, and then decreases
dramatically 12 h post-treatment. Cdc-2 was
barely detectable 16 h later in cells treated with
XN. Although the effect of XN treatment on the
levels of P53 and phosphorylated P53 was not
determined in this study, a marked XN mediat-
ed induction of P21 was observed. These
results demonstrate that cyclins-CDK-CDKI

Int J Clin Exp Med 2017;10(7):10091-10102
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Figure 4. Analysis of XN induced DNA damages by comet assay. Raji cells were treated with 20 uM XN alone or
pretreated for 1 h with NAC, DNA damage was assessed at indicated time point. A. The level of DNA strand breaks
are expressed as the tail moment in the comet tails, and 50 to 100 comets were analyzed per experimental point
in each of three independent experimental cultures. The data are presented as the means+ SD. B. Representative

images of DNA strand breaks.

may play an important role in XN-induced GO/
G1 cell cycle arrest, activation of P21 and
attenuation of Cdc-2 independent of P53 sta-
tus in Raji cells.

Discussion

XN is the most abundant prenylated flavonoid
in hops, a common ingredient of beer. The
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structure of XN was first identified by Verzele in
1957, but only in the last decade has XN been
found to exhibit a broad spectrum of biological
properties, including anti-cancer activity [12].
XN by itself was not cytotoxic to Raji cells at low
concentrations, and showed a significant pro-
tective effect against DNA damage caused by
pro-carcinogens and ROS-inducing agents.
However, at high concentrations, XN has signifi-

Int J Clin Exp Med 2017;10(7):20091-10102
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Figure 6. Western blot analysis of cell cycle regulatory protein after treat-
ment with XN on Raji cells. Cells were treated with 20 uM XN for indicated
time periods and the cell lysates were prepared as described in “Materials
and Methods”. Cell extracts were subjected to western blot analysis for
determining the expression of human P53, phosphorylated P53, P21,
Cdc-2, CDK4, cyclin E, and phosphorylated cyclin E. B-actin was used as a
loading control. A representative result from three independent experiments
is shown.

10098

Figure 5. NAC had no effects on XN
induced cell cycle arrest. A. Raji cells
were treated with 20 pM XN alone
or pretreated for 1 h with NAC, then

cells were harvested for cell

cycle

distribution analysis using propidium
iodide staining at the 24 h and 48 h
time points. B. Representative cell cycle
profiles are shown. Experiments were
performed in triplicate and repeated
twice.
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cant anti-cancer activity in
vitro and in vivo. Cells derived
from normal tissue are less
prone to the cytotoxic effects
of XN. XN does not inhibit
growth of bone marrow pro-
genitors isolated from healthy
volunteers [8]. At concentra-
tions up to 100 uM, XN does
not affect the growth of human
hepatocytes or endothelial
cells [13, 14]. The differential
cytotoxic response between
normal and tumor cells sug-
gests that XN may be a poten-
tial candidate as a cancer che-
motherapeutic drug. In this
study, XN at concentrations
higher than 15 uM significantly
reduced proliferation of EBV-
infected Raji cells at 24 h post-
treatment. However, normal
immortalized human lympho-
blastoid cell line without tumor
features preserve the genetic
characteristics of lymphocyte
B donor, which possess are

Int J Clin Exp Med 2017;10(7):10091-10102
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resistant to XN (data not shown). The antiprolif-
erative effect of XN on Raji cells was dependent
on both dose and time. These data indicate
that the mechanisms behind the antitumor
effect of XN are associated with the change of
molecular biologic characteristics in cells from
normal to tumor development.

ROS generation induced by XN treatment may
be a feature shared with other cancer cells
because it has been observed in other cancer
cells [7, 15]. Patterns of ROS induction vary in
cells of different tissue origins. XN induces
transient ROS formation in benign prostate
hyperplasia cells. Even the transient induction
of superoxide anion radical triggers antiprolif-
erative activity and apoptosis [3]. Prostate can-
cer cells and human chronic myelogenous leu-
kemia cells produce strong and continuous
ROS after XN treatment, though the time to a
maximum level and the time of duration are dif-
ferent [7, 15]. In this study, in Raji cells, ROS
content in response to XN rapidly reached a
maximum level following 15-30 min of treat-
ment and then declined at 12 h. The duration of
this treatment is shorter than that of the other
reports in the literature. These data indicate
that cancer cells from different tissues have
respond differently to XN treatment with
respect to ROS.

The neutral comet assay detects DNA double
strand breaks (DSBs) exclusively, whereas the
alkaline comet assay detects both DNA double
and single strand breaks, in addition to alkali-
labile sites. As previously reported, 50-75
breaks per cell could be the comet assay detec-
tion limit [16]. To increase detection sensitivity,
we used the alkaline comet assay to detect
DNA breaks. Here we show that XN significantly
increases the tail moment of Raji cells after XN
exposure. However, both tail moment and pro-
duction of y-H2AX foci decreased dramatically
overtime, which suggests a strong, quick, and
efficient repair of damaged DNA in Raji cells.
EBV-infected Raji cells, as well as other EBV-
positive cell lines, have efficient DNA damage
repairing systems. Up to 59% of DNA double-
strand breaks in Raji cells caused by radiation
are repaired within 1 h [17]. Furthermore, along
with y-H2AX foci formation in nuclei as
described above, pre-treatment with NAC for 1
h significantly decreased XN induced DNA dam-
age, with respect to both tail moment and pro-
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duction of y-H2AX foci. These results indicate
that NAC, a ROS scavenger, diminishes the
DNA-damaging effects of XN in Raji cells, which
confirms that XN damages DNA through oxida-
tive stress. In accordance with previous reports
[7], we found that cell death caused by 20 uM
XN treatment was partly abrogated in the pres-
ence of NAC, which further supports the con-
cept of ROS partly participating in XN induced
Raji cell growth inhibition.

In this study, Raji cells treated with XN for 24 h
were arrested in GO/G1 cell cycle phase, a
response that was sustained to 48 h. NAC pre-
treatment had no effect on cell cycle arrest
after XN treatment, which suggests that the
generation of ROS may not affect cell cycle
arrest induced by XN. Whether the phenome-
non might be ascribed to short duration of ROS
production or quick and efficient repairing of
damaged DNA in Raji cells is not clear. The
induction of cell cycle arrest by XN has been
reported in other cellular models, but the
involved mechanisms may be dependent on
the cell line used [3, 4, 18]. The cell cycle is
considered to be a major regulatory mecha-
nism for cell growth. Cell cycle progression is
regulated by a sequential activation of cyclin
dependent kinases (CDK). Cyclin D and cyclin E,
together with CDK2, CDK4, or CDK®6, play
important roles in the progression of cells
through the GO/G1 phase of the cell cycle [19].
Overexpression of cyclins and CDKS can pro-
vide cancer cells with growth advantage [20].
On the other hand, CDK inhibitors (CDKI) are
considered tumor suppressors and negatively
regulate cell cycle progression by binding the
inhibiting kinase activities of CDKS/cyclins.
Therefore, some molecule inhibitors that target
cyclin/CDK complexes have been discovered
as an effective strategy for cancer treatment
[24]. Tumor suppressor P53 regulates the GO/
G1 and G2/M phase of the cell cycle, resulting
in growth arrest. Previous reports have found
that P21, the target of P53, is one of the major
CDKI that directly inhibit the activity of CDKs,
thereby leading to cell cycle arrest in G1 phase
[22]. It is generally believed that P21 expres-
sion is rarely P53-independent because its
expression is hindered in cells with p53 knock-
out [23]. However, P53-independent P21
expression has been observed in p53 wild type
and p53 null carcinoma cells [24]. Even the Raji
cells have p53 mutants, and mutated proteins
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could be stabilized in these cells and thereby
accumulate to relatively high levels [25]. In our
experiments, XN increased the percentage of
GO/G1 cells by significant decrease in the
expression of CDK4 and cyclin E, and phos-
phorylation of cyclin E, but had no effect on
accumulation or activation of P53. Strong lev-
els of P21 were induced 8 h later in cells treat-
ed with XN. Although the activation of p21 is
mainly regulated by the activation of tumor sup-
pressor protein P53 [26], our results indicate
that activation of P21 does not necessarily
require P53. Because P21 expression is also
regulated by other P53 family proteins (e.g.,
P73 and P63), it is possible that these proteins
contribute to P21-mediated GO/G1 arrest by XN
[27].

Cdc-2, or cyclin-dependent kinase 1, plays a
role in regulating the G2/M transition, but its
synthesis begins at the late G1 to S of the cycle.
Cdc-2 also operates in G1 phase and is involved
in the commitment of cells into the proliferative
cycle [28]. Cdc-2 is a cell growth activating pro-
tein, and inhibition of Cdc-2 is associated with
cell growth inhibition. Previous studies suggest
that P53 may suppress the Cdc-2 promoter
through induction of P21 [29]. In Raji cells, an
abnormal cell cycle regulatory networkcould be
responsible for the transformed phenotype of
malignancy [30]. Our data show that Cdc-2 pro-
tein levels decreased dramatically in amount
12 h after XN treatment to a barely detectable
level 16 h later. Over-expressed Cdc-2 phos-
phorylating survive has been found to be one of
the causes of paclitaxel-resistant ovarian can-
cer [31]. Knockdown of Cdc-2 expression might
suppress the malignant phenotype and over-
coming Cdc-2-associated chemoresistance in
patients with malignant glioma [32]. XN could
be particularly active during the aggressive
phases of the disease [6]. Drug resistant can-
cer cells still remain hypersensitive to XN [7]. In
the present study, attenuating Cdc-2 expres-
sion by XN, independent of P53 status, sup-
pressed Raji cell growth, suggesting that Cdc-2
may be a potential target for treatment of EBV-
infected lymphoma characterized by rapid
growth and drug-resistance.

In conclusion, our results demonstrate that XN
induces ROS generation and ROS-mediated
DNA damage in Raiji cells. XN inhibits the prolif-
eration of Raji cells by inducing GO/G1 cell cycle
arrest through up-regulating the expression of
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P21 and down-regulating the expression of
Cyclin E, phosphorylated cyclin E, CDK4, and
Cdc-2 in a P53-independent manner. Invo-
Ivement of multiple signaling pathways target-
ed by XN in mediating DNA damage and cell
cycle arrest in Raji cells suggests that XN might
be a novel agent for the management of rapid
growth and drug-resistant lymphoma.
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