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Abstract
Environmental exposure to arsenic is known to cause various cancers. There are some potential
relationships between cell malignant transformation and C-X-C chemokine receptor type 4
(CXCR4) expressions. Metastasis, one of the major characteristics of malignantly transformed
cells, contributes to the high mortality of cells. CXCR4 and its natural chemokine ligand C-X-C
motif ligand 12 (CXCL12) play a critical role in metastasis. Therefore, identification of nutritional
factors which are able to inhibit CXCR4 is important for protection from environmental arsenic-
induced carcinogenesis and for abolishing metastasis of malignantly transformed cells. The
present study demonstrates that apigenin (4′, 5, 7-trihydroxyflavone), a natural dietary flavonoid,
suppressed CXCR4 expression in arsenic-transformed Beas-2B cells (B-AsT) and several other
type of transformed/cancer cells in a dose- and time-dependent manner. Neither proteasome nor
lysosome inhibitor had any effect in reducing the apigenin-induced down-regulation of CXCR4,
indicating that apigenin-induced down-regulation of CXCR4 is not due to proteolytic degradation.
The down-regulation of CXCR4 is mainly due to the inhibition of nuclear factor κB (NF-κB)
transcriptional activity. Apigenin also abolished migration and invasion of transformed cells
induced by CXCL12. In a xenograft mouse model, apigenin down-regulated CXCR4 expression
and suppressed tumor growth. Taken together, our results show that apigenin is a novel inhibitor
of CXCR4 expression. This dietary flavonoid has the potential to suppress migration and invasion
of transformed cells and prevent environmental arsenic-induced carcinogenesis.
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Introduction
Human environmental exposure to arsenic is a world-wide health concern because of its
global existence in food, soil, and water (Hughes, 2002). This exposure to arsenic could
cause cell malignant transformation (Chang et al., 2010; Escudero-Lourdes et al., 2012),
leading to cancers of the lung, skin, kidney, urinary bladder, and liver (Haque et al., 2003;
IARC, 2004; Kitchin and Conolly, 2010). There is a possible relationship between malignant
cell transformation and C-X-C chemokine receptor type 4 (CXCR4). CXCR4 is over-
expressed in chronically cadmium-exposed cells which had obtained malignant
transformation characteristics (Qu et al., 2012). It has been reported that ectopically
expressing CXCR4 in immortalized normal breast epithelial cells MCF-10A could induce
transformation and enhance invasive phenotype (Su et al., 2011). The functions of CXCR4
suggest that CXCR4 may play a crucial role during cell malignant transformation and
metastasis. CXCR4 is capable of transducing complex signalings, including up-regulation of
receptor tyrosine kinases (RTKs), deregulation of p53/MDM2 axis, up-regulation of E-
cadherin and c-myc, as well as modulation of cell cycle molecules to facilitate cell
transformation.

Metastasis, anaplasia, and invasiveness are the major characters of malignant
transformation. Tumor metastasis, which is responsible for more than 90% cancer-
associated deaths, is a highly complex process that involves cancer cell adhesion, migration,
invasion, and interaction between cancer cells and the host (Gupta et al., 2005). The
mechanism of tumor metastasis is still not completely understood. Up to now, a wide variety
of molecules have been related to tumor metastasis such as matrix metalloproteinases
(MMPs), vascular endothelial growth factor (VEGF), platelet-derived growth factor
(PDGF), tumor growth factor-β (TGF-β) (Leivonen and Kahari, 2007), and chemokines and
their receptors (Kruizinga et al., 2009).

Chemokines are a super family of small, cytokine-like proteins that regulate immunologic
and inflammatory processes such as leukocyte trafficking, adhesion, hematopoiesis, and
angiogenesis (Kruizinga et al., 2009). Chemokines, which are secreted from normal tissues
and sometimes from cancer cells, attract cells by engaging receptor molecules located on the
cell surface. Many types of cancer cells have been reported to express chemokine receptors
(Coussens and Werb, 2002). The most extensively studied chemokine receptor/ligand
signaling axis in tumor cell metastasis is CXCR4 and its natural ligand Chemokine (C-X-C
motif) ligand 12 (CXCL12) (Marchesi et al., 2004; Raman et al., 2007). CXCR4 expression
has been correlated with poor overall survival rate in patients with breast and colon cancer
(Kim et al., 2006; Holm et al., 2007). At least 23 different types of human cancer cells
express CXCR4, and this receptor-ligand pair appears to be involved in the directed
migration of cancer cells to sites of metastasis (Balkwill, 2004). Moreover, the CXCR4/
CXCL12 axis has also been related to leukocyte trafficking (Hernandez et al., 2003), B cell
lymphopoiesis (Nagasawa et al., 1996), neuronal cell migration (Hurwitz et al., 2001), and
HIV invasion of host cells (Akashi et al., 2008). Due to its functions in tumor metastasis,
CXCR4 is not surprisingly considered as a probable cancer therapeutic target. Thus, agents
that can interrupt the CXCR4/CXCL12 cell signaling pathway have a potential in preventing
cancer progress, especially metastasis.
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Certain natural products, especially nutritional factors, generally regarded as safe, have been
shown to mediate anticancer activities against variety of cancers. Apigenin (4′, 5, 7-
trihydroxyflavone) is a natural dietary flavonoid (Patel et al., 2007), which is widely
contained in many fruits and vegetables such as orange, grapefruit, celery, onion, and wheat
sprouts (Patel et al., 2007). Anticancer effects of apigenin has been shown on different types
of cancers including breast (Choi and Kim, 2009), prostate (Shukla et al., 2005), lung (Li et
al., 2007), and hematologic (Budhraja et al., 2012). Studies have revealed that apigenin
inhibits pancreatic cancer cell growth in vitro by induction of cell cycle arrest (Ujiki et al.,
2006) and induces apoptosis through different cellular signaling transduction pathways
including nuclear factor κ B (NF-κB) (Helbig et al., 2003), p53 (Zheng et al., 2005), and
PI3K/Akt (Way et al., 2004). Apigenin has also been reported to inhibit VEGF
transcriptional activation through the hypoxia-inducible factor 1 (HIF-1) binding site and to
specifically reduce HIF-1α expression (Li et al., 2007).

The present study was designed to investigate the effect of apigenin in transformed cells on
the expression of CXCR4, which plays a critical role in tumor cell invasion and metastasis.
The present study also investigated the effect of apigenin on CXCR4 in transformed cells in
constitutive or inducible migration/invasion.

Materials and Methods
Materials

Chloroquine and MG132 were purchased from Sigma-Aldrich (St. Louis, MO). Matrigel
was purchased from BD Biosciences (Billerica, MA). CXCR4 antibody was purchased from
Abcam (Cambridge, MA). GAPDH, ubiquitin, and NF-κB subunit p65 antibodies were
purchased from Santa Cruz Biotechnology (Santa Cruz, CA) and IκBα and IKKβ antibodies
from Cell Signaling Technology Inc. (Beverly, MA).

Cell culture and plasmid transfection
Colon cancer cell lines SW480, DLD-1, HCT116, HT29, RKO, lung cancer cell line A549,
prostate cancer cell line PC3, and normal human bronchial epithelial cell line Beas-2B were
obtained from the American Type Culture Collection (ATCC; Rockville, MD). Arsenic-,
chromium-, cadmium-, and nickel-induced transform Beas-2B cells (B-AsT, B-CdT, B-CrT,
and B-NiT) were developed and maintained in our lab (Chang et al., 2010; Pan et al, 2011.;
Son et al., 2012). HCT116, A549, and PC3 cells were cultured in RPMI 1640 medium with
penicillin (100 IU/mL), streptomycin (100 μg/mL) and 10% fetal bovine serum (FBS) and
incubated at 37°C with 5% CO2. DLD-1, HT29, RKO, Beas-2B, and transformed cells were
maintained in Dulbecco’s Modified Eagle Medium (DMEM) supplemented with 10% FBS
at 37°C under a humidified 95%:5% (v/v) mixture of air and CO2. SW480 cells were
maintained in Leibovitz’s L-15 medium. B-AsT cells were transfected with p-IκBα or p-
IKKβ vector using lipofectamine 2000 (Invitrigon) as recommended by the manufacturer.

Cell viability assays
Cell viability was evaluated by MTT assay. Briefly, cells were seeded in sextuplet into 96-
well plates at a density of 1×103 cells/well. The treatments were started at indicated
concentrations 24 hours after seeding. At the indicated time, cells were incubated in 3-(4, 5-
dimethylthiszol-2-yl)-2, 5-diphenytetrazolium bromide (MTT) (Sigma-Aldrich) solution for
4 hours, then supplemented with 100 μl of DMSO and shaken for 15 minutes. The
absorbance of cultures was measured using a multi-well spectrophotometer at a test
wavelength of 560 nm. Results were calculated as percentage of absorbance in control
cultures.
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Western blot analysis
Whole-cell extracts were prepared by adding RIPA buffer (Sigma-Aldrich) containing
protease inhibitor cocktail. Protein concentrations of all samples were determined by using
Coomassie (Bradford) protein assay reagent (Thermo, Rockford, IL). Proteins were
separated on SDS-PAGE gels and transferred to nitrocellulose membranes. The membranes
were probed with primary antibodies followed by incubation with horseradish peroxidase
(HRP) conjugated secondary antibodies (Pierce, Rockford, IL). After that proteins of interest
were visualized using a Chemiluminescent Detection Kit (Pierce). The blots were exposed to
Hyperfilm (Amersham Pharmacia Biotech, Piscataway, NJ). The density of western blot
bands was quantified with the software Image-Pro Plus V6.0.

Immunoprecipitation assay
Cells were lysed with RIPA buffer. Lysates were incubated with the CXCR4 antibodies for
overnight at 4°C. Immunocomplexes were collected through Protein G Agarose (Millipore,
Billerica, MA), washed four times in lysis buffer. The samples were resolved by western
blot assay probed with anti- ubiquitin antibody

Wound healing migration assay
Cell motility was measured by a wound healing assay as described previously with
modification (Kuang et al., 2011). B-AsT cells were allowed to grow to full confluency in 6-
well plates and then starved overnight with serum free medium to inactivate cell
proliferation. Cells were then scraped with pipette tips and washed with PBS. DMEM media
containing indicated concentrations of apigenin were added. 100 ng/mL CXCL12 was used
to stimulate cell migration. After 24 hours, cells were imaged and migrated cells were
quantified by manual counting.

Boyden chamber invasion assay
Invasion assay was carried out using modified Boyden chambers consisting of 24-well cell
culture insert membrane filter (8 μM pore size) (BD Biosciences). Briefly, the top surface of
chamber was coated with 100 μL Matrigel (100 μg/mL). Then upper chambers were seeded
with 1 × 105 cells/well in 100 μL medium (serum free), the bottom chambers were added
medium (10% serum) with or without 100 ng/mL CXCL12. Both media contained indicated
concentrations of apigenin. After 24 hours, the cells on the top surface of the filter were
scraped using a cotton swab while cells spreading on the bottom side (invasive cells) were
fixed with cold 4% paraformaldehyde and stained with crystal violate. Invasive cells were
imaged under inverted microscope and quantified by manual counting.

Immunofluoresence microscope
Cells cultured on chamber slides were washed with PBS and fixed in 4% paraformaldehyde
for 10 minutes. A 1% glycine/0.5% Triton X-100 solution was used to permeabilize cells at
room temperature for 15 minutes. After blocked with 5% bovine serum albumin (BSA) for 1
hour, cells were incubated in PBS containing 0.2% Triton X-100, 1% BSA, and anti-NFκB
p65 antibody overnight at 4°C. Then, cells were washed with PBST (PBS containing 0.1%
Tween-20) followed by an incubation with secondary antibody (in PBS containing 1% BSA)
for 45 minutes. At last, cells were washed with PBS containing 0.1% Tween-20 and then
PBS alone. The slides were dried and mounted with Vectashield mounting medium
containing 4′,6-diamidino-2-phenylindole (DAPI).

Luciferase reporter assay
Luciferase reporter assay was carried out as described previously (Wang et al., 2010).
Transformed Beas-2B cells (1 × 106 cells/dish) were seeded into 10 cm cell culture dish.
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When cells achieve 60% confluence, reporter gene constructs were transfected using the
lipofectamine 2000, with 8 μg luciferase vector per plate. After transfection, cells were
reseeded in 24-well plates, and consequently pretreated with the indicated concentrations of
apigenin for 24 hours before being washed and lysed with luciferase lysis buffer (Promega,
Madison, WI). Renilla luciferase reporter was used as a transfection efficiency control.
Luciferase activity of lysates was measured following the manufacturer’s protocol
(Luciferase Assay System, Promega) with GloMax® 96 Microplate Luminometer
(Promega).

Mouse xenograft model and immunohistochemistry
The 4 week-old male athymic nude mice (Nu/Nu mice), which purchased from Jackson
Laboratories (Bar Harbor, ME), were randomized into the 2 treatment groups with 5 mice in
each group. B-AsT cells (5×106 cells/100 μL in medium plus 50% Matrigel) were
subcutaneously injected into the right flanks of nude mice. Tumors were allowed to grow for
one week and apigenin (0 and 40 mg/kg body weight) was administered intraperitoneally in
100 μL of dimethyl sulfoxide/0.9% physiologic saline (1:0.5) daily for 5 days a week for 3
weeks. Mice body weight and tumor mass were recorded every 5 days. Tumor volume was
calculated using the formula volume = (length × width2) × 0.5. Solid tumors were removed,
fixed with 10% formaldehyde, and embedded in paraffin. Immunohistochemical staining for
CXCR4 were carried out. Staining results were imaged under microscope. All animals were
handled according to the Institutional Animal Care and Use, University of Kentucky.

Statistical analysis
All arrays were performed at least three independent experiments. The data were presented
as mean ± SD, and statistical comparisons between groups were performed using one-way
ANOVA followed by Newman-Keuls test. P value ≤0.05 was considered statistically
significant.

Results
Apigenin suppresses CXCR4 expression in B-AsT cells and SW480 cells

Apigenin is a flavonoid with a molecular weight of 270.25 g/mol (Figure 1A). To
investigate the influence of apigenin on cell viability, an MTT assay was performed at first.
The results show that the half maximal inhibitory concentration (IC50) of apigenin was
between 60 μM and 80 μM on B-AsT cells and more than 100 μM on SW480 cells (Figure
1B) for a 24 hour exposure. When B-AsT or SW480 cells were incubated either with
different concentrations of apigenin for 24 hours or with 40 μM apigenin for different times,
apigenin suppressed the expression of CXCR4 in a dose- (Figure 1C) and time-dependent
manner (Figure 1D). Apigenin induced CXCR4 suppression could be observed with
treatment for as short as 6 hours and with a concentration as low as 20 μM. This down-
regulation was not due to the decrease in cell viability (Figure 1B).

Apigenin-induced CXCR4 down-regulation in various cells
CXCR4 is expressed in a wide variety of cancer and transformed cells. Thus, different cell
lines, including transformed cells (B-AsT, B-CdT, B-CrT, and B-NiT), and their parent cell
line (normal human bronchial epithelial cells, Beas-2B), colon cancer cell lines (DLD-1,
HCT116, HT29, and RKO), lung cancer cell line (A549), and prostate cancer cell line
(PC3), were used to investigate whether apigenin could down-regulate expression of
CXCR4. Cells were treated with 40 μM apigenin for 24 hours. The results show that
apigenin down-regulated CXCR4 in transformed cells (Figures 2A and 2C), prostate cancer
cells (Figure 2C), and colon cancer cells (Figure 2E). In A549 cells, the inhibitory effect of
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apigenin was not obvious. The effect of apigenin on CXCR4 expression was not significant
in normal Beas-2B cells while dramatically in transformed cells (Figures 2A and 2C). The
molecular weight of the CXCR4 bands in BAsT are different when compared with that in
other cells. It may be due to the different post-translational modification. It is worthy to do
more investigation on possible post-translational modifications. These results indicate that
apigenin has a down-regulating effect on CXCR4 in most of transformed/cancer cell lines.
The differential inhibition on CXCR4 expression by apigenin in Beas-2B and transformed
cells suggest that the transformation of Beas-2B cells has changed its sensitivity to apigenin.

Apigenin suppresses migration and invasion in B-AsT cells
The CXCL12/CXCR4 signaling has been shown to play a critical role in cancer metastasis
(Marchesi et al., 2004). Breast cancer cell motility could be induced by exposure to
CXCL12 (Muller et al., 2001). Knock down of CXCR4 could inhibit breast cancer
metastasis (Smith et al., 2004). The effect of apigenin on migration of B-AsT cells was
measured by wound healing migration assay. After treatment with apigenin at indicated
concentrations for 24 hours, migratory cells were counted. As shown in Figures 3A and 3B,
apigenin significantly inhibited cell migration in both CXCL12 stimulated and non-
stimulated B-AsT cells. The effect of apigenin on cell invasion was analyzed by Boyden
chamber invasion assay. The results indicate that apigenin markedly suppressed the
constitutive or CXCL12-induced cell invasion through Matrigel (Figures 3C and 3D). These
results suggest that apigenin is highly effective on inhibiting constitutive or CXCL12-
induced migration and invasion of B-AsT cells.

Down-regulation of CXCR4 by apigenin is not mediated through protein degradation
CXCR4 has been shown to be ubiquitinated at its lysine residue, which leads to CXCR4
degradation (Bhandari et al., 2007). To investigate whether apigenin down-regulated
CXCR4 through proteasomal degradation, a proteasome inhibitor MG132 was used to
inhibit proteasomal degradation of CXCR4 in B-AsT and SW480 cells. These cells were
treated with MG132 for 1 hour followed by exposed to apigenin for 24 hours (Sung et al.,
2008). As shown in Figure 4A, MG132 had no effect on apigenin induced reduction of
CXCR4 in these types of cells, suggesting that apigenin did not affect CXCR4 by a
proteasomal degradation mechanism. MG132 treatment could increase the accumulation of
ubiquitinated CXCR4 with or without apigenin treatment. Apigenin treatment did not cause
an additional accumulation on ubiquitinated CXCR4 compared with control group,
indicating apigenin did not have effects on ubiquitin-mediated protein degradation (Figures
4B). On the other hand, since CXCR4 could undergo ligand-dependent lysosomal
degradation (Bhandari et al., 2007), chloroquine, a lysosomal inhibitor, was used to inhibit
lysosomal degradation of CXCR4. As shown in Figure 4C, chloroquine did not prevent the
down-regulation of CXCR4. These results indicate that protein degradation was not the
primary mechanism of CXCR4 suppression by apigenin.

Down-regulation of CXCR4 by apigenin is through suppressing NF-κB activation
The promoter of CXCR4 is known to contain several NF-κB binding sites (Pandey et al.,
2007). In addition, apigenin has been shown to inhibit NF-κB activation in various cancer
cell lines. It is possible that apigenin affects CXCR4 by suppressing NF-κB activation. NF-
κB subunit p65 translocation assay was used to explore whether apigenin affects NF-κB
activation in B-AsT cells. As shown in Figure 5A, p65 translocated into nuclei after FBS
stimulation for 15 minutes and apigenin inhibited p65 translocation. These results suggest
that apigenin may down-regulate CXCR4 expression by suppressing NF-κB activation. To
confirm the above results, a NF-κB luciferase reporter assay was performed. Results showed
that the transcriptional activities of NF-κB were strongly inhibited by treatment with 20
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μmol/L or higher concentration of apigenin and that the inhibitory effect was in a dose-
dependent manner (Figure 5C).

NF-κB is present in the cytosol in an inactive state, complexed with the inhibitor of κB
(IκB) protein. Most agents activate NF-κB through degradation of IκB. The key regulatory
steps in this pathway involve activation of IκB kinase (IKK), which switches on IκB
degradation. To determine the relationship between CXCR4 down-regulation and NF-κB
activation in apigenin treatment, B-AsT cells were transfected with p-IKKβ or p-IκBα
vector respectively, and then treated with apigenin. As shown in Figure 5D, without
apigenin treatment, CXCR4 increased in IKKβ over-expressed cells and decreased in IκBα
over-expressed cells. Apigenin also suppressed CXCR4 expression in IKKβ or IκBα
overexpressed cells. Apigenin did increase IκBα but had a slight effect on IKKβ. These
results suggest that apigenin may down-regulate CXCR4 via suppressing NF-κB signaling.

Apigenin suppresses CXCR4 expression and tumor growth in vivo
B-AsT cells were implanted in the right flanks of nude mice. One week later, animals were
randomized into two groups and treatments were started according to the experimental
protocol. As shown in Figure 6A, the body weight of mice had no observable difference
between treated with 0 mg/kg and 40 mg/kg apigenin, suggesting that apigenin had little or
no toxicity to the mice at the concentration of 40 mg/kg. After 22 days of growth, the tumor
volume and tumor weight were measured. Apigenin reduced both tumor volume and weight
(Figures 6B and 6C). The tumor weight was reduced by 32.3% in treated group. The results
of immunohistochemical analysis show that apigenin suppressed the expression of CXCR4
in tumor tissues (Figure 6D), which was further confirmed by western blotting assay (Figure
6E). These results suggest that apigenin inhibited tumor growth in vivo.

Discussion
Apigenin is a natural dietary flavonoid which has been show to exhibit anticancer activities.
CXCR4, a chemokine receptor, has been closely linked with cancer cell growth, invasion,
angiogenesis, metastasis, and transformation. The present study shows that apigenin
suppressed the expression and function of CXCR4. Our results reveal that apigenin inhibited
the expression of CXCR4 in arsenic-transformed Beas-2B cells. Apigenin also inhibited
CXCR4 expression in other transformed cells and other type of cancer cells, indicating that
this inhibition is not cell type specific. Apigenin decreased CXCR4 through reducing the
activity of transcriptional factor NF-κB, but not via protein degradation. In vivo study also
shows that apigenin down-regulated CXCR4 expression and reduced tumor size/weight.

The CXCR4 chemokine receptor has been found to be overexpressed in more than 20
different tumors, including lung, prostate, kidney, breast, ovarian, and colon carcinoma
(Uchida et al., 2003; Fernandis et al., 2004). Clinical study shows that the level of CXCR4
in oral squamous cell carcinoma was significantly different from normal tissues, indicating
that CXCL12/CXCR4 may be important in early steps of oral transformation and in the
progress of oral carcinogenesis (Xia et al., 2012). The consequence of over-expression of
CXCR4 in tumor cells is still unclear. Gene fusion of PAX3- and PAX7-FKHR (Libura et
al., 2002), gene mutations of von Hippel Lindau tumor suppressor (Staller et al., 2003),
hypoxia of tumor microenvironment (Schioppa et al., 2003), activation of NF-κB (Helbig et
al., 2003), and expression of cytokines such as VEGF (Bachelder et al., 2002) and TNFα
(Kulbe et al., 2005), have all been implicated in CXCR4 overexpression. CXCR4 appears as
an ideal therapeutic target for the development of novel therapeutic agent for the prevention
of metastatic cancer.
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The results of present study indicate that apigenin suppressed CXCR4 expression in BAsT
and SW480 cells in a dose- and time-dependent manner. Our results also show that apigenin
suppressed CXCR4 expression in different kinds of transformed cells and other types of
cancer cells, indicating that the effect of apigenin on CXCR4 is not cell type specific.
Protein down-regulation has two probable pathways, i.e, protein degradation or gene
transcription decrease. A previous study has show that CXCR4 could be degradated through
an ubiquitin-depended pathway (Bhandari et al., 2007). Our results, however, show that
apigenin does not down-regulate CXCR4 through protein degradation. Since down-
regulation of CXCR4 by apigenin did not occur at the post-translational level, we postulate
that the inhibition of CXCR4 expression by apigenin could occur at the transcriptional level.
The transcription factors HIF-1α (Schioppa et al., 2003; Staller et al., 2003), PPARγ
(Richard and Blay, 2007), and NF-κB (Helbig et al., 2003) have been implicated in the
regulation of CXCR4. Interestingly, NF-κB binding site has also been identified in the
proximal region of the CXCR4 promoter and postulated to play an important role in CXCR4
expression in human breast cancer cells (Helbig et al., 2003). Apigenin has been reported to
down-regulate NF-κB activation in various tumor cells (Pandey et al., 2007). Therefore, it is
possible that down-regulation of CXCR4 by apigenin is associated with the inhibition of
NF-κB activation. Indeed, we found that repression of NF-κB by apigenin resulted in down-
regulation of CXCR4. Besides CXCR4, the activation of NF-κB induces expression of
various adhesion molecules including VEGF-C, MMP-2/MMP-9, and Cox-2 which are also
related to cancer cell metastasis. Because apigenin can inhibit NF-κB activation (Kang et al.,
2012), it is possible that apigenin may suppress the functions of these molecules as well. We
have also found that apigenin inhibited the ligand-induced migration/invasion in B-AsT
cells. These results show a critical role of the CXCR4 in migration/invasion of the tumor
and the potentiality of apigenin to down-regulate the expression or the activity of CXCR4.

Malignant transformation is the process by which cells acquire the properties of cancer.
Although malignant transformation may occur because of changes within the cell, it can be
induced by inorganic toxic substances such as arsenic or cadmium and organic compounds
such as tobacco-specific nitrosamines. Despite extensive efforts in determining how
transformation of the normal cells occurs in a number of experimental systems (Chang et al.,
2010; Pan et al., 2011; Wang et al., 2011), the carcinogenic mechanism remains poorly
understood. It is interesting that over-expression of CXCR4 could induce the transformation
of immortalized normal breast epithelial cells MCF-10A and enhance invasive phenotype of
transformed cells (Su et al., 2011). Sequential genetic change has been reported at the TP53
and CXCR4 locus during transformation of human ovarian surface epithelium (Archibald et
al., 2012). CXCR4 has been reported to be up-regulated in chronic cadmium exposed cells,
which acquire the transformation phenotype (Qu et al., 2012). It is possible that CXCR4
could be important in the mechanism of cell malignant transformation.

Taken together, the results of present study demonstrate that apigenin is able to down-
regulate the expression of CXCR4, which is a key receptor involved in the cross talk
between tumor cells and their microenvironments, and to subsequentially suppresses the
metastatic activity of transformed cells. Apigenin can also inhibit tumorigenesis, indicating
that this compound has the potential to be developed as a cancer preventive and therapeutic
agent.
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Highlights

• Apigenin, a diet nutritional factor, has a potential in preventing environmental
arsenic-induced carcinogenesis.

• Apigenin suppresses the expression and functions of CXCR4 in malignant
transformed cells in vitro and in vivo.

• The down-regulation of CXCR4 is mainly due to inhibition of NF-κB activity.
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Fig. 1. Apigenin suppresses CXCR4 in B-AsT and SW480 cells
(A) The chemical structure of apigenin with a molecular weight 270.25 g/mol. (B) Cell
viability was quantified by MTT assay. B-AsT and SW480 cells were treated with different
concentrations of apigenin for 24 hours. Columns, mean from six duplicates; bars, SE (*,
P<0.05 versus control on B-AsT cells, #, P<0.05 versus control on SW480 cells). (C)
Apigenin suppressed CXCR4 levels in a dose-dependent manner. Cells were treated with the
indicated concentrations of apigenin for 24 hours. CXCR4 expressions were indicated by
anti-CXCR4 and anti-GAPDH western blotting analyses. (D) Apigenin suppressed CXCR4
levels in a time-dependent manner. Cells were treated with 40 μM apigenin for the indicated
times, after which western blotting was performed as described above.
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Fig. 2. Apigenin-induced CXCR4 down-regulation is not cell type specific
(A) Beas-2B cells and transformed cells (B-CdT, B-CrT, and B-NiT) were exposed to 40
μM apigenin for 24 hours. CXCR4 expressions were measured by anti-CXCR4 and anti-
GAPDH western blotting analyses. (B) Densitometry analysis of expression level from
western blot as in A. (C) Lung cancer cell line A549, prostate cancer cell line PC3, human
bronchial epithelial cell line Beas-2B and transformed Beas-2B (B-AsT) were exposed to 40
μM apigenin for 24 hours, after which western blotting was performed. (D) Densitometry
analysis of expression level from western blot as in C. (E) Different colon cancer cell lines
(DLD-1, HCT116, HT29 and RKO) were exposed to 40 μM apigenin for 24 hours, after
which western blotting was done. (F) Densitometry analysis of expression level from
western blot as in E. Columns, mean from 3 different experiments; bars, SE (*, P<0.05
versus without apigenin treatment).
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Fig. 3. Apigenin suppresses CXCL12 induced migration and invasion in B-AsT cells
(A) B-AsT cells were scratched with a pipette tip and then treated with 40 μM apigenin
followed by 0 or 100 ng/mL CXCL12 stimulation. Cells were photographed under
microscope (magnification, ×200). (B) Migrated cells were quantified by manual counting,
quantitative analysis of migrated cells as in A was shown. (C) The invasion ability of B-AsT
cells were determined by Boyden chamber invasion assay. Cells in lower surface of the
chamber were stained and photographed under microscope at ×200 magnification. (D)
Invaded cells were quantified by manual counting and quantitative analysis of invasive cells
as in C was shown. Columns, mean from 3 different experiments with 3 duplicates; bars, SE
(*, p < 0.05 versus control).
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Fig. 4. Down-regulation of CXCR4 by apigenin is not mediated through protein degradation
(A) Cells were treated with indicated concentration of MG132 for 1 h at 37°C, followed by
treatment with 40 μM apigenin for 24 hours. Western blot analysis with antibodies against
CXCR4 and GAPDH were performed. (B) Cells lysates were incubating with CXCR4
antibodies overnight at 4°C. Immunocomplexes were collected through Protein G Agarose.
Western blot assay were applied probed with anti- ubiquitin antibody. (C) Cells were treated
with indicated concentration of chloroquine for 1 hour at 37°C, followed by treatment with
40 μM apigenin for 24 hours, and then western blotting was performed as described above.
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Fig. 5. Down-regulation of CXCR4 by apigenin through suppressing NF-κB activity
(A) Cells were starved overnight then treated with 40 μM apigenin for 24 hours, following
stimulated with 10% FBS. NF-κB subunit p65 was probed with p65 antibody. (B)
Quantitative analysis of p65 translocation. Each group consisted of 50 cells were been
counted. (C) Apigenin inhibition of NF-κB activation was measured with luciferase
reporter. pNF-κB-luciferase vector transfected cells were treated with different
concentrations of apigenin for 24 hours. The relative transcriptional activity of NF-κB was
measured by luciferase assay as described in Material and Methods. Columns, mean of
luciferase activities calculated from 3 independent experiments; bars, SE (*, p < 0.05 versus
control). (D) p-IKKβ or p-IκBα vector transfected cells were treated with 40 μM apigenin
for 24 hours. Western blot analysis with antibodies against CXCR4, IKKβ, IκBα and
GAPDH were performed.
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Fig. 6. Apigenin suppresses CXCR4 expression and tumor growth in vivo
Athymic nude mice were inoculated with B-AsT cells (5×106 cells per mouse,
subcutaneously) and randomly divided into 2 groups (n = 5 per group) for treatment with
vehicle/apigenin. (A) Apigenin had no influence in mice body weight during treatment. (B)
Apigenin inhibited tumor growth as measured by tumor volume. (C) Solid tumors weight in
the apigenin treated mice was significantly light than those in untreated mice. (D) Tissue
sections subjected to staining revealed that apigenin inhibited CXCR4 expression. (E)
Tissues subjected to western blotting indicated that apigenin inhibited CXCR4 expression.
Columns, mean of luciferase activities calculated from 3 independent experiments; bars, SE
(*, p < 0.05 versus control).
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