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Abstract

Cysteine X cysteine (CXC) chemokine receptor 4 (CXCR4) and C-X-C motif chemokine 12 (CXCL12) were originally identified
as chemoattractants between immune cells and sites of inflammation. Since studies have validated an increased level of CXCLI2
and its receptor in patients with colorectal cancers, CXCL12/CXCR#4 axis has been considered as a valuable marker of cancer
metastasis. Therefore, identification of CXCR4 inhibitors has great potential to abrogate tumor metastasis. Onbaekwon (OBW)
is a complex herbal formula that is derived from the literature of traditional Korean medicine Dongeuibogam. In this study, we
demonstrated that OBWV suppressed CXCR4 expression in various cancer cell types in a concentration- and time-dependent
manner. Both proteasomal and lysosomal inhibitors had no effect to prevent the OBW-induced suppression of CXCR4,
suggesting that the inhibitory effect of OBW was not due to proteolytic degradation but occurred at the transcriptional level.
Electrophoretic mobility shift assay further confirmed that OBW could block endogenous activation of nuclear factor kappa B,
a key transcription factor that regulates the expression of CXCR4 in colon cancer cells. Consistent with the aforementioned
molecular basis, OBW abolished cell invasion induced by CXCLI2 in colon cancer cells. Together, our results suggest that
OBWV, as a novel inhibitor of CXCR4, could be a promising therapeutic agent contributing to cancer treatment.
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Introduction Over the past centuries, agents derived from natural

sources have long received attention from researchers and
clinicians because of their safety, efficacy, and immediate
availability. Indeed, at least 70% of all drugs approved by
the Food and Drug Administration in the past 30 years orig-
inated from natural sources.® Consequently, discovering
less toxic and more effective drugs that can improve sur-
vival rates and decrease side effects is needed to establish
new therapeutic strategies for colorectal cancer.
Onbackwon (OBW) is a complex herbal formula,
derived from the literature of traditional Korean Medicine,
Dongeuibogam. The formula has been used traditionally for
treating abdominal mass and comprises Aconitum carmi-

Colorectal cancer is one of the most common cancers and
the third leading cause of cancer-related death worldwide.
Death due to colorectal cancer usually results from uncon-
trolled metastasis.'

Several recent studies have assessed the role of chemokines
and chemokine receptors in tumor progression.> Chemokine
networks might play a role in tumor progression because
they can affect the growth, adhesion, and organ-specific
metastasis of tumor cells.® The cysteine X cysteine (CXC)
chemokine family and their ligands were originally identi-
fied as chemoattractants between immune cells and sites of
inflammation.* Cancer cells also use chemokine networks
to modulate the host microenvironment and facilitate can-
cer progression. Recently, studies have validated an
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increased level of chemokine C-X-C motif chemokine 12
(CXCL12) and its receptor in patients with colorectal can-
cer, and the CXCL12/CXCR4 (chemokine receptor 4) axis
is considered a useful marker of cancer metastasis.’
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chaelii Debx, Evodia rutaecarpa Bentham,Gleditsia sinen-
sis Lam, among others.

Evodiamine is a phytochemical from a traditional Chinese
medicine named Evodia rutaecarpa Benth, which is widely
used for the treatment of gastrointestinal disorders and hyper-
tension.” Aconitum carmichaelii Debx has been used to relieve
pain and treat rheumatic arthritis and other inflammatory con-
ditions for over 2000 years. Moreover, Chuanwu (4 carmi-
chaelii) has an anti-arthritic effect in complete Freund’s
adjuvant (CFA)-induced arthritic rats,® and methanol extracts
of crude Aconitum roots have anti-inflammatory effects in
terms of inhibiting acid-induced vascular permeability and
carrageen-induced hind paw edema in mice.’ In contrast, sapo-
nin isolated from Gleditsia sinensis Lam has been reported to
show therapeutic potential against rtheumatoid arthritis and
tumors, 2 angiogenesis-related diseases.'*!! However, the anti-
cancer mechanism of processed OBW remains unclear.

In this study, we investigated the effect of OBW on CXCR4
expression and its inhibition of colon tumor cell invasion. Our
results show that this OBW-induced suppression of CXCR4
expression was evident in various CXCR4-overexpressing
tumor cell lines. This downregulation occurred at both the
transcriptional and translational levels and led to inhibition of
CXCL12-induced invasion by colon tumor cells.

Materials and Methods

Materials and Chemical

RPMI1640, Dulbecco’s modified Eagle’s medium (DMEM),
and fetal bovine serum (FBS) were purchased from Hyclone
(Logan, UT).Trypsin-EDTA (ethylenediaminetetraacetic
acid; 0.25%) and antibiotic-antimycotic were obtained from
Gibco BRL (Grand Island, NY). Lactacystin and chloro-
quine were obtained from Santa Cruz Biotechnology (Santa
Cruz, CA). Antibodies against CXCR4 (ab2074) was
obtained from Abcam (Cambridge, MA). B-Actin was used
as aloading control (Cell Signaling, Danvers, MA). CXCL12
was purchased from R&D system (Minneapolis, MN).

Isolation of Onbaekwon

Onbackwon is composed of Aconitum carmichaelii 250 g,
Evodia rutaecarpa, Platycodi Radix, Bupleuri Radix, Acori
Rhizoma, Asteris Radix, Coptidis Rhizoma, Zingiberis
Rhizoma, Cinnamomi Cortex, Tiglii Fructus, Hoelen,
Gleditsia sinensis Lam, Machili Cortex, Ginseng Radix 100
g each, Zanthoxyli Fructus 75 g. The herbal materials were
purchased from Kyung Hee Pharm (Wonju, Korea) and
identified by Prof Seong Woo Yoon (Kyung Hee University
Hospital at Gangdong, Seoul, Korea). The voucher speci-
men was registered and deposited at East-West Medical
Research Institute, Kyung Hee University. Dried specimen
(1625 g) was ground into powder, and extracted twice with

80% ethanol (1 L x 3) for 2 hours, and filtered through a
filter paper. The filtrate was evaporated in vacuo and dried
with freezer to produce an ethanol extract of OBW (325 g).
OBW was dissolved in dimethyl sulfoxide as a 580 mg/mL
stock solution and stored at 4°C. Further dilution was done
in cell culture medium.

Cell Line and Cell Culture

The immortalized human colon cancer HCT116, breast can-
cer MDA-MB-231, and liver cancer HepG2 and Hep3B
were cultured in DMEM supplemented with 10% FBS and
1% antibiotics. Breast cancer MCF7 was cultured in RPMI
1640 supplemented with 10% FBS and 1% antibiotics.
Cells were maintained at 37°C in an atmosphere of 5%
C0O,-95% air. All cells were passaged at 80% confluences in
0.25% trypsin-EDTA for 3 to 5 minutes.

Western Blotting

For detection of CXCR4, OBW-treated whole cell extracts
were lysed with RIPA buffer (150 mM NaCl, 10 mM
Tris [pH 7.2], 0.1% sodium dodecyl sulfate [SDS], 1% triton
X-100, 1% deoxycholate, and 5 mM EDTA) enriched
with a complete protease inhibitor cocktail tablet (Roche
Diagnostics, Mannheim, Germany), and then incubated on
ice for 30 minutes with regular vortex before centrifuging at
14 000 rpm at 4°C for 15 minutes. Protein concentration was
determined by using bicinchoninic acid protein assay kit
(Pierce Biotechnology, Rockford, IL). The protein samples
were boiled in SDS sample buffer for 5 minutes and were
resolved on a 10% SDS-polyacrylamide gel. After electro-
phoresis, proteins were transferred onto polyvinyl difluoride
(PVDF) membrane, which was blocked with 5% nonfat dry
milk in tris-buffered saline with 0.1% tween-20 (TBST) and
incubated with primary antibody at the appropriate final
concentration followed by hybridization with horseradish
peroxidase-conjugated anti-rabbit or anti-mouse secondary
antibodies. For each step, the membrane was washed with
TBST 3 times for 10 minutes and the transferred proteins
were incubated with super-signal pico-chemiluminescent
substrate or dura-luminol substrate (Thermo Scientific,
Waltham, MA) for 2 minutes according to the manufactur-
er’s instruction and visualized with imagequant LAS 4000
(Fujifilm Life Science, Roche Diagnostics).

RNA Analysis and Reverse Transcription-
Polymerase Chain Reaction (RT-PCR)

Total RNA was extracted using Trizol reagent according to
the manufacturer’s instructions (Invitrogen, Carlsbad, CA).
And cDNA synthesis was performed using the AccuPower
Rocketscript cycle RT premix (Bioneer, Daejeon, Korea)
according to the manufacture’s protocol. The relative
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expression of CXCR4 was analyzed by quantitative RT-PCR
with glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
as an internal control. The following pairs of forward and
reverse primer sets were used: CXCR4, sense: 5'-CCG
TGG CAA ACT GGT ACT TT-3', antisense: 5-TTT CAG
CCA ACA GCT TCC TT-3'; GAPDH, sense: 5'-CAG CCT
CAA GAT CAT CAG CA-3/, antisense: 5'-GTC TTC TGG
GTG GCA GTG AT-3". The RT-PCR reaction mixture con-
tained 2.5 puL of 10x Taq reaction buffer, 0.5 pL of 10 mM
dNTP, 1 pL each of forward and reverse primers, and 2 pL.
template DNA in a final volume of 25 pL. Amplification
products were resolved by 1.5% agarose gel electrophoresis
stained with safe dye and photographed by imagequant
LAS 4000.

Real-Time Quantitative PCR

Real-time PCR was performed on the cDNA using the
selective primers for CXCR4 (sense: 5-CCG TGG CAA
ACT GGT ACT TT-3/, antisense: 5-TTT CAG CCA ACA
GCT TCC TT-3") and GAPDH (sense: 5-CAG CCT CAA
GAT CAT CAG CA-3', antisense: 5'-GTC TTC TGG GTG
GCA GTG AT-3"). PCR was performed in a Light Cycler
480 (Roche Diagnostics, Indianapolis, IN) using the Light
Cycler DNA Master SYBR Green Kit (Roche Diagnostics)
according to the manufacturer’s instruction. The PCR ther-
mal profile was 95°C for 10 minutes, and 40 cycles of 95°C
for 10 seconds, 55°C for 30 seconds followed by a cooling
step at 40°C for 30 seconds. For relative quantification, the
crossing point (Cp) value of CXCR4 was normalized by
keeping the Cp value of GAPDH as a control.

Invasion Assay

In vitro invasion assay was done using Bio-Coat Matrigel
invasion assay system (BD Biosciences, Lexington, KY)
according to the manufacturer’s instructions. Cancer cells
(5 x 10*mL) were suspended in medium and seeded into
the Matrigel-precoated transwell chambers with polycar-
bonate membranes of § pm pore size. After preincubation
with or without pomolic acid (25 puM), transwell chambers
were then placed into 24-well plates, in which was added
the basal medium only or basal medium containing 100 ng/
mL CXCL12. After incubation (24 hours for MCF7 and
MDA-MB-231), the upper surface of transwell chamber
was wiped off with a cotton swab and invading cells were
fixed and stained with a Diff-Quick stain. The invading cell
numbers were counted in 5 randomly selected microscope
fields (x100).

Electrophoretic Mobility Shift Assay

A DIG Gel Shift kit (Roche, Mannheim, Germany) was
used for electrophoretic mobility shift assay. The NF-xB

oligonucleotide probe (NF-kB: 5-CTT GAA GGG ATT
TCC CTG GCT TGA AGG GAT TTC CCT GG-3'—only
sense strands are shown; consensus sequences for NF-kB
are underlined) containing the NF-xB binding motif was
end-labeled with DIG-ddUTP. For the binding reaction, 10
ug of the sample protein was incubated at room temperature
for 30 minutes with a DIG-labeled probe.The DNA-protein
complexes were separated by electrophoresis in 6% nonde-
natured polyacrylamide gels using 0.5x TBE as a running
buffer. After electrophoresis, the gels were transferred to
nylon membranes and detected chemiluminescently. Signal
intensity was quantified by an image analyzer (Las4000).

Statistical Analysis

The results obtained from each experiment are expressed as
mean + standard deviation (SD) from at least 3 independent
experiments. The significance level was set at P < .05 for
each analysis using Student’s ¢ test.

Results

OBW Suppresses CXCR4 Protein Levels in
HCT 116 Cells

The chemokine receptor CXCR4 has been directly impli-
cated in colorectal cancer metastasis.'? Therefore, the effect
of OBW on CXCR4 expression in HCT116 cells was inves-
tigated. Following incubation of HCT116 cells with various
concentrations of OBW for 24 hours or with 0.8 mg/mL
OBW for various times, CXCR4 expression was suppressed
in a dose- and time-dependent manner (Figure 1A and B).
Exposure of cells to 0.8 mg/mL OBW for 24 hours signifi-
cantly inhibited CXCR4 expression.

OBW Suppresses CXCR4 Expression in Various
Cell Types

CXCR4 is overexpressed in a wide variety of tumor cells.
CXCR4 has been implicated in metastasis of breast and liver
cancer.'>' Thus, we investigated the effect of OBW on
CXCR4 expression in liver (HEPG2, HEP3B) and breast
(MDA-MB-231, MCF7) cancer cell lines. Cells were treated
with 0.8 mg/mL OBW for 24 hours and their CXCR4 expres-
sion levels were examined. OBW inhibited CXCR4 expres-
sion in all cell lines tested (Figure 1C). Thus, CXCR4
suppression by OBW is not cell-type specific.

Downregulation of CXCR4 by OBW Is Not Due
to Its Degradation
Because CXCR4 undergoes ubiquitination at its lysine resi-

due followed by degradation,'>!® we next explored the pos-
sibility that OBW enhances the rate of degradation by
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Figure I. OBW suppresses CXCR4 protein levels in HCT1 16 cells.

(A) HCT116 cells (1 x10°%) were treated with the indicated concentration of OBW for 24 hours. Whole cell extracts were prepared and 20 ug of
protein was resolved via SDS-PAGE, electrotransferred onto PVDF membranes, and probed for CXCR4. (B) HCT 116 cells (1 x 10°) were treated with
0.8 mg/mL OBW for the indicated time. Whole cell extracts were prepared and analyzed by western blot analysis with antibodies against CXCR4. (C)
Liver and breast cancer cells were incubated with 0.8 mg/mL for 24 hours. Whole cell extracts were prepared and analyzed by Western blot analysis
with antibodies against CXCR4. The same blots were stripped and reprobed with a B-actin antibody to show equal protein loading. Representative
results of 3 independent experiments are shown. *P< .05 versus control. Data are expressed as mean + SD.

activating proteasomes. To determine this, we examined the
effect of lactacystin, a proteasome inhibitor, on OBW-
induced degradation of CXCR4 in HCT116 cells.

Cells were pretreated with lactacystin for 1 hour before
being exposed to OBW. Lactacystin had no effect on OBW-
induced degradation of CXCR4 (Figure 2A), suggesting
that the effects of OBW on CXCR4 expression are not
mediated by enhanced degradation.

As CXCR4 also undergoes ligand-dependent lysosomal
degradation,'” we next investigated the ability of chloro-
quine, a lysosomal inhibitor, to block OBW-induced degra-
dation of CXCR4. Cells were pretreated with chloroquine
for 1 hour before being exposed to OBW. Chloroquine at
200 pmol/L reduced CXCR4 degradation only slightly
(Figure 2B), indicating that this was not the primary path-
way of suppression of CXCR4 expression.
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Figure 2. Downregulation of CXCR4 by OBW is not due to
its degradation.

(A) HCT116 cells (I x 10° were treated with the indicated concentration
of lactacystin for | hour at 37°C followed by treatment with 0.8 mg/mL
OBW for 24 hours. Whole cell extracts were prepared and analyzed

by western blot analysis with antibodies against CXCR4. (B) HCTI 16
cells were treated with the indicated concentration of chloroquine for

| hour at 37°C followed by treatment with 0.8 mg/mL OBW for 24
hours. Whole cell extracts were prepared and analyzed by western blot
analysis with antibodies against CXCR4. The same blots were stripped and
reprobed with a B-actin antibody to show equal protein loading. *P< .05
versus control. Data are expressed as mean + SD.

Downregulation of CXCR4 by OBW Occurs at
the Transcriptional Level

Because OBW did not downregulate CXCR4 expression by
enhancing its degradation, we investigated whether sup-
pression occurred at the transcriptional level. HCT116 cells
were treated with various concentrations of OBW and then

mRNAs were extracted for analysis by RT-PCR and real-
time PCR.OBW was found to downregulate CXCR4 mRNA
levels (Figure 3A and B).

OBW Suppresses Constitutive Activation of NF-
kB in HCT 116 Cells

Earlier studies reported that NF-kB, a transcription factor
related to expression of various genes, binds to several
regions of the CXCR4 promoter. Thus, OBW likely influ-
ences CXCR4 expression by suppressing NF-«B activation.
We performed a DNA-binding assay to explore the effect of
OBW on constitutive NF-kB activation in HCT116 cells,
and we found that treatment with 0.8 mg/mL OBW for 24
hours significantly inhibited NF-kB activation (Figure 3C).

OBW Suppresses CXCLI 2-Induced Colon
Cancer Cell Invasion

Several lines of evidence implicate that CXCR4 in colon
cancer metastasis, motility, and migration was induced by
exposure to CXCL12.'® Therefore, colon cancer metastasis
may be inhibited by silencing of CXCR4. The correlation
between downregulation of CXCR4 by OBW and colon
cancer cell migration was examined using an in vitro inva-
sion assay. CXCL12 induced invasion of colon cancer cells,
which was abrogated by OBW treatment (Figure 4A and B).
Furthermore, OBW reduced the expression of the tumor
metastasis and progression marker CXCR4.

Discussion

Chemokine receptors, which belong to the G-protein-
coupled receptor family, are involved in regulation of the
immune response, inflammation, leukocyte trafficking, and
cytoskeletal rearrangement.'” A number of chemokine
receptors are expressed in tumor cells, and CXCR4 has been
shown to play an important role in cancer metastasis.?**
CXCR4 expression is higher in embryonic or dedifferenti-
ated cells than in normal cells,”® and CXCR4 expression
was an independent predictor of poor survival in cancer
patients.?* Interaction of CXCL12 with CXCR4 triggers
molecular events that facilitate cell migration, invasion, and
metastasis. Thus, disruption of the CXCR4/CXCL12 axis is
likely to reduce metastasis, making this factor a promising
target for cancer treatment.?! The goal of the present study
was to determine the effect of OBW on CXCR4 expression.
Our results showed for the first time that OBW suppresses
the expression of CXCR4, irrespective of cell type.
Moreover, downregulation of CXCR4 was not due to pro-
teolytic degradation of the receptor but rather through sup-
pression of transcription. Furthermore, suppression of
CXCR4 led to downregulation of invasion induced by the
CXCL12 ligand in HCT116 colon cancer cells.
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Figure 3. Downregulation of CXCR4 by OBW occurs at the transcriptional level.

(A) HCTI16 cells (1 x 10° were treated with OBW at the indicated concentrations. Total RNA was isolated and analyzed by RT-PCR assays. GAPDH
was used to show equal loading of total RNA. *P< .05 versus control. Data are expressed as mean * SD. (B) HCT 116 cells (1 x 10° were treated with
OBW at the indicated concentrations. Total RNA was isolated and analyzed by real-time PCR assays. The crossing point (Cp) value of CXCR4 was
normalized by keeping the Cp value of GAPDH as a control; bars show the standard error (*P<.05). (C) OBW suppresses constitutive activation of
NF-kB in HCT1 16 cells.Cells were incubated with the indicated concentrations of OBW for 24 hours, and then the nuclear extracts were assayed for
NF-kB activation in HCT | 1 6cells. *P< .05 versus control. Data are expressed as mean * SD.

CXCR4 has been reported to be overexpressed in a vari-
ety of tumors and promotes metastasis.>>?’ Our data also
showed that OBW suppressed CXCR4 expression in vari-
ous tumor cell lines, including liver and breast cancer cells,
thereby indicating that the effect of OBW on CXCR4 is not
limited to a single cell type.

The mechanism underlying overexpression of this recep-
tor in tumor cells is unclear. However, recent studies have

documented the ligand-dependent downregulation of the
CXCR4 expression by lysosomal degradation,'® which
involves atrophin-interacting protein 4-mediated ubiquiti-
nation and degradation.!” However, our data indicate that
OBW does not downregulate CXCR4 through this mecha-
nism. As such, as downregulation of CXCR4 by OBW did
not occur at the posttranslational level, we postulated that
the effect would be at the transcriptional level.
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Figure 4. OBW suppresses CXCLI2-induced colon cancer cell
invasion.

(A and B) HCT 116 cells (5 x 10%) were seeded on the top chamber

of matrigel. After incubation with or without 0.8 mg/mL OBW for 24
hours, transwell chambers were then placed in 24-well plates, to which
we added the basal medium only or basal medium containing 100 ng/
mL CXCLI2. After incubation, cell invasion ability was observed. (B)
Columns give the mean numbers of invaded cells; bars give the standard
error (¥*P<.001).
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Inflammatory cytokines produced by tumor cells*®** or

inflammatory cells in the tumor microenvironment can pro-
mote tumor progression by inducing the expression of
genes dependent on the NF-kB signaling pathway.* NF-xB
was also shown to induce the expression of CXCR4.2631:32
Because NF-«B has been shown to upregulate the expres-
sion of several pro-metastatic and pro-angiogenic genes
including interleukin 6 (IL-6), IL-8, and vascular endothe-
lial growth factor (VEGF),***** the NF-kB complex is nor-
mally confined to the cytosol through its interaction with
the IkB protein. On stimulation, IkB is degraded and NF-«xB
is activated. Transient transfection of an NF-kB expression
plasmid upregulated CXCR4 expression in human prostate
cancer cells.*® In this study, we presented evidence that
OBW suppresses CXCR4 expression through NF-xB inhi-
bition in colon cancer cells.

We further investigated the effect of OBW on CXCL12-
induced invasion of colon cancer cells. The role of CXCL12
in promotion of invasive growth is well documented, and the
intracellular signals triggered by CXCR4 activation have
been investigated extensively.’® This argues in favor of a
critical role for the CXCR4 receptor in tumor invasiveness
and progression and the potential of OBW to downregulate
CXCL12-induced invasion of colon cancer cells. In sum-
mary, we found that OBW downregulated the expression of
CXCRA4, a key receptor in the cross-talk between tumor cells
and their microenvironment, and thus, that the antimetasta-
sis effects of OBW may be mediated through CXCR4 regu-
lation. Further in vivo studies are needed to demonstrate the
relevance of these observations to cancer treatment.

Conclusion

OBW exerts potent antimetastasis effects by inhibiting
expression of CXCR4 in colon cancer cells. These inhibi-
tory effects are mediated by the suppression of NF-«B acti-
vation. These findings support the traditional use of OBW
in various anticancer treatments and also suggest that OBW
might be useful in the development of new therapeutic
agents for metastasis diseases.
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