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Abstract
Purpose: To examine the effect of TBM S1on breast cancer metastasis and investigate

the potential mechanism by which Tubeimoside-1 (TBMS1) inhibits CXCR4
expression in breast cancer cells.

Methods: The expression of CXCR4 in breast cancer cell lines was determined by
immunoblotting and real-time PCR. The effect of TBM S1 on NF-xB binding activity
was examined by EM SA assay and ChiIP analysis. Cell proliferation and invasion
were analyzed by MTT assay and transwell invasion assay, respectively. The effect of
TBMSL on breast cancer metastasis was further evaluated in a metastasis model of
nude mice.

Results: TBMS1 suppressed expression of CXCR4 through inhibition of NF-«xB
binding activity. TBM SL inhibited CXCL12-induced invasion in breast cancer cells,
while ectopic expression of CXCR4 abolished inhibitive activity of TBMS1. TBMS1
suppressed breast cancer metastasis in nude mice of metastasis model.

Conclusion: TBMS1 suppressed CXCR4-mediated metastasis of breast cancer by
inhibiting NF-xB binding activity.



I ntroduction

Breast cancer is the leading cause of cancer death in females worldwide and more
than 90% of breast cancer-associated deaths are related to cancer metastasis(1).
However, the mechanism of breast cancer metastasis remains poorly understood. The
stromal cell-derived factor 1o [SDF-1a, also known as Cysteine X Cysteine (CXC)
chemokine ligand 12 (CXCL12)] and its receptor chemokine receptor 4 (CXCR4)
have been shown to play an important role in promoting breast cancer metastasis (2,
3). CXCR4 overexpressed in metastatic breast cancer cells and CXCL12, the ligand of
CXCR4, expressed at typical metastatic sites of breast cancer including bone marrow,
lung, liver and lymph nodes(4-6). It has been demonstrated that the activation of
CXCR4 by CXCL12 promoted migration and invasion of tumor cells (5). Agents that
down-regulate the expression of CXCR4 or interrupt the CXCR4-CXCL12
cell-signaling pathway have the potentia to suppress tumor metastasis (7-9). Thus,
developing and identifying new drugs to antagonize the CXCL12-CXCR4 signaling
pathway is a promising strategy to inhibit breast cancer metastasis.

TBMSL is a nature compound isolated from Chinese medicinal herb Bolbostemma
paniculatum (Maxim) Franquet (Cucurbitaceae) (10). It wastraditionally used for the
treatment of snake venoms and inflammation (10). Recent studies demonstrated that
TBMSLI exerted potential anticancer effectsin several types of cancer including lung
cancer, ovarian cancer, colon cancer and human gliomas(11-15). However, the effects
of TBMS1 on human breast cancer have not been studied and the underlying
mechanisms of its anti-tumor activity remain elusive. In this study, we investigated
the anti-tumor activity of TBMSL in breast cancer and demonstrated that TBMS1
inhibited CXCL 12-induced metastasis of breast cancer by reducing the expression of
CXCR4 in breast cancer cells.



Results

TBM S1 down-regulates CXCR4 expression in breast cancer cells.

TBMS1 was recently identified as a potent anti-tumor compound and has been shown
to induce apoptosis in some types of cancer (11, 14, 16). However, the underlying
mechanisms of its anti-tumor activity remain elusive. To explore the potentia
anti-tumor mechanisms of TBMSL1 in breast cancer, we performed a gene expression
microarray analysisin MDA-MB-231 cells with/out TBM S1 treatment. We found that
CXCR4, achemokine receptor that highly expresses in breast cancer and promotes
tumor metastasis (17), was downregulated after TBM S1 treatment (data not shown).
We then performed an immunoblotting analysis to examine the protein expression of
CXCR4 in MDA-MB-231 cells. Asshown in Fig. 1A, TBMSL inhibited the
expression of CXCR4 in a dose-dependent manner. To further confirmed the
inhibitive effect of TBM S1 on CXCR4 expression, other types of breast cancer cell
lines were analyzed by immunoblotting after TBM S1 treatment. We found that
TBMSL also suppressed the expression of CXCR4 in T47D, MDA-MB-435 and
MCF-7 cdlls (Fig. 1B). Importantly, TBM S1 had no effect on CXCR7, another
chemokine receptor, indicating the specific effect of TBM S1 on the regulation of
CXCR4 expression (Fig. 1A and B). To determine whether TBM S1 inhibits CXCR4
expression at the level of transcription, a RT-PCR was performed. As shown in Fig.
1C and D, TBMS1 inhibited the mRNA expression of CXCR4 in a dose-dependent
manner and in multiple breast cancer cell lines. Similarly, TBMS1 had no effect on
MRNA expression of CXCR7 (Fig. 1C and D). In addition, the inhibitive effect of
TBMS1 on CXCR4 expression was further confirmed by a quantitative real-time PCR
in MDA-MB-231 cells (Fig. 1E). Collectively, these data suggested that TBM S1
inhibited CXCR4 expression in multiple breast cancer cells.

TBM S1 suppresses the binding of NF-kB to CXCR4 promoter
Nuclear factor-kB (NF-xB) was reported as a major transcriptional factor in
regulating CXCR4 expression (18). NF-«xB directly binds to the sequences within the

region of CXCR4 promoter and thus activating its transcription. Since we found that



TBMSL did not influence the expression and nuclear localization of NF-xB (Fig. 2A
and B), we then ask whether TBMS1 influenced the binding activity of NF-xB to
CXCR4 promoter. Oligonucleotides corresponding to the NF-xB binding site in
CXCR4 promoter were designed and incubated with the nuclear extraction from
MDA-MB-231 cells treated with/out TBMSL, respectively. A gel EMSA assay was
performed to anayze the effect of TBMS1 on NF-xB binding activity. As shown in
Fig. 2C, the mobility of the labeled DNA probe was atered in the presence of nuclear
protein. Remarkably, the intensity of shift band was decreased by treating the cells
with TBMSL1 in a dose-dependent manner (Fig. 2C). The NF-xB binding specificity
for the labled DNA probe was verified by supershift when we used anti-p65 antibody
(Fig. 2D). TBMSL further attenuated the abundance of supershift band, suggesting a
potential inhibitive effect of TBMS1 on NF-xB binding activity (Fig. 2D). We then
performed a chromatin immunopreci pitation assay (ChlP) and confirmed that TBM S1
suppressed DNA binding activity of NF-kB to CXCR4 promoter in vivo (Fig. 2E).
Thus, these results suggested that TBMS1 down-regulated CXCR4 expression by

attenuating the NF-xB binding activity to its promoter.

TBM S1 suppresses CXCL 12-induced invasion of breast cancer cells.

It has been reported that CXCL12-CXCR4 signaling pathway promotes breast cancer
metastasis(17). As TBM S1 decreased the expression of CXCRA4 in breast cancer cells,
we then investigated whether TBM S1 influence CXCL 12-induced invasion of breast
cancer cells. MTT assay demonstrated that the treatment of breast cancer cellswith 5
UM TBMS1did not influence the cell viability and proliferation (Fig. 3A). However,
Tanswell assay indicated that TBM S1 significantly inhibited CXCL 12-induced cell
invasion (Fig. 2B). Importantly, ectopic expression of CXCR4 in breast cancer cells
abolished the inhibitive effect of TBMSL1 on cell invasion, suggesting TBM S1 targets
CXCL12-CXCR4 signaling pathway to inhibit breast cancer cell invasion (Fig 2C).

TBM S1 suppresses breast tumor metastasisin vivo.

We then performed a metastasis model in nude mice in vivo to evaluate influence of



TBMSL on breast cancer metastasis. MDA-MB-231-Luciferase cells that can be
traced by a Xenogen 1VIS luminal Imager were used for tail vein injection. After the
30 days of post-injection, control group had devel oped severe lung metastasis (5 mice
each), while TBM S1-treated group (5 mice each) showed a decreased metastasis
(Fig.4A). Furthermore, the protein levels of CXCR4 in lung metastatic tumors were
examined by western blotting and we found that the tumors from TBM S1-treated
group exhibited lower expression level of CXCR4 when compared to control group
(Fig. 4B).Taken together, these results demonstrated TBM S1 suppressed breast tumor

metastasis to the lung.



Discussion

CXCL12-CXCR4 signaing pathway has been shown to play a pivotal role in
promoting tumor metastasis(17). Our study demonstrated that TBM S1, a potential
anti-cancer compound, inhibited CXCL12-CXCR4 signaling axisto prevent breast

cancer metastasis.

As chemokine receptor, CXCR4 has been reported to be overexpressed in avariety of
cancers including breast cancer. The patients with higher expression of CXCR4
exhibited poor clinical outcome compared to the patients with lower CXCR4
expression (19). Moreover, recent studies suggested that the activation of the
CXCL12-CXCR4 pathway contributed to drug resistance in cancer chemotherapy
(20). In the present study, we showed for the first time that TBM S1 attenuated
CXCRA4 expression in breast cancer. As we observed that the mRNA level of CXCR4
was significantly down-regulated by TBM S1, the decreased expression of CXCR4
was most likely not because of the proteol ytic degradation. It has been reported that
transcriptional factors HIF-1a, PPAR-y and NF-xB mediated up-regulation of CXCR4
in human cancer cells (18, 21, 22). TBM S1 was traditionally used as an
anti-inflammatory medicine and has been reported to inhibit NF-xB nuclear
localization and activation in other types of cancer cells (16, 23). Since our data
demonstrated that TBM S1 did not influence the nuclear location of NF-kB in breast
cancer cells, it is possible that TBM S1-induced downregulation of CXCR4 occurs
through downregulation of NF-«xB activity. Although other mechanisms could
contribute to the downregulation of CXCR4 by TMBS1, our dataindicated that
TBMSL at least inhibited binding ability of NF-kB to CXCR4 promoter.

As apotential anti-cancer compound, the anti-cancer activity of TBMS1 was largely
attributed to anti-proliferative or pro-apoptotic effects in multiple cancer cellslines.
TBMSLI has been shown to activate caspase-dependent pathway(14), inhibit
Wnt/B-catenin signaling pathway(11) and induce a p53/M DM 2-dependent mechanism
(13) to potentiate apoptosis and cytotoxic action. In our study, TBMS1 did not



significantly influence the cellular viability and proliferation in MDA-MB-231 cells at
lower concentration (5 uM). However, at this concentration, TBM S1 specifically
inhibited CXCL 12-induced cell invasion and metastasis. Thus, our study identified
CXCR4 as a specific target for TBMS1 and revealed a new anti-cancer mechanism of

TBMSL to suppress breast cancer metastasis.

Overdl, our approaches are not designed to kill cancer cells or interfere with their
growth but to block their dissemination. In the natural history of most human cancers,
patients frequently undergo successful surgical resection of primary tumors but
ultimately succumb to distant site metastases that develop later on (24). TBMS1
might be a promising anti-metastasis therapeutic agent, combined with established
chemotherapy or radiotherapy protocols in a specific clinical stage, representing a

significant addition to the oncologist’s weaponry.



Materials and Methods

Reagents. TBMSI was purchased from National Institute for the Control of
Pharmaceutical and Biological Products (China), dissolved in phosphate buffered
saline (PBS) and stored at -20°C. Antibodies to p65 and -actin were purchased from
Cell Signaling Technology (Danvers, MA, USA). Rabbit polyclonal antibody to
CXCR4 and Lamin B1 was purchased from Abcam (Cambridge, MA, USA). Matrigel
was purchased from Life Technology (Thermo Fisher Scientific, NY, USA).

Cdll linesand cell culture. The human breast cancer cell lines MDA-MB-231,
MDA-MB-435, T47D, and MCF-7 were purchased from ATCC and cultured at 37°C
with 5% CO2 in DMEM Medium (Invitrogen, USA) supplemented with 10% fetal
bovine serum, 100 units/ml penicillin G, 100 pg/ml streptomycin, and 2 mM

L-glutamine.

Plasmid and transfection. pPCMV 6-CXCR4 plasmid was purchased from Origene
(Rockville, MD, USA). MDA-MB-231 cells were transfected with pPCMV 6-CXCR4
plasmid or empty control vector using Lipofectamin 2000 (Invitrogen, USA). After 24

hours, cells were used for experiment.

Wester n blotting. Cells or tumor tissues were lysed in M2 lysis buffer (150 mM
NaCl, 50 mM Tris-Cl (pH 8.0), 5mM EDTA, 1% Nonidet P-40) containing a protease
inhibitor mixture (Roche Applied Science) and a phosphatase inhibitor mixture
(Sigma, MO, USA). For nuclear protein extraction, cells were lysed in 500 pl of lysis
buffer containing 0.5% Nonidet P-40, 10 mM HEPES, 10 mM KClI, 1.5 mM MgCl2,
0.5 mM dithiothreitol, 1 mM NagV O, and protease inhibitor mixture (Roche Applied
Science). Intact nuclei were pelleted by centrifugation at 12,000 x g at 4 °C for 5min
and lysed in 150 pl of nuclear lysis buffer containing 20 mM HEPES (pH 7.5), 25%
glycerol, 0.42 M NaCl, 0.2 mM EDTA, 1 mM NagV O, and protease inhibitor mixture
(Roche Applied Science). The equal amount of total protein was subjected to
SDS-PAGE analysis and immunoblotting with the appropriate antibodies.



RNA analysisand reversetranscription-PCR. Total RNA was extracted using
Trizol reagent according to the manufacturer’s instructions (Invitrogen Carlsbad, CA).
One microgram of total RNA was converted to cDNA by PrimeScript® RT reagent
Kit (TaKaRa, Tokyo, Japan). The respective forward and reverse primer sets used to
analyze the relative expression of CXCR4 and CXCR7 were as follows. CXCR4, 5’
-GAA GCT GTTGGC TGAAAAGG-3" and5’ -GAGTCGATGCTGATC
CCAAT-3" ;CXCR7,5 -TCCATCCTGCACTACATCCCTTTCAC-3'
and5’ -TCTACT CAA GCA TCAAGA CCC GAA GC - 3. The RT-PCR products
were electrophoresed on a 2% agarose gel and then stained with ethidium bromide.
Under ultraviolet light and photographed, stained bands were visualized.

Quantitativereal-time PCR. Total RNA was extracted from cells, then converted
to cDNA as described previously. The messenger RNA (mMRNA) expression of
CXCR4 was determined using quantitative real-time PCR with SYBR® Premix Ex
Taq™ kit (TaKaRa, Tokyo, Japan). Samples were run in triplicate to ensure
amplification integrity. The primer pairs used to measure the mRNA levels of CXCR4
were the same with those used in the reverse transcription-PCR. The expression levels
of genes were normalized to the expression level of GAPDH mRNA in each sample
and the threshold for positivity of real-time PCR was determined based on negative
controls. The standard averages of cycle threshold (Ct) values from duplicate
measurements were used to calculate the expression of the CXCR4 gene with

normalization to -actin expression.

MTT assay. Cell viability was assessed using the 3-[4, 5-dimethylthiazol-2-yl]-2,
5-diphenyltetrazolium bromide (MTT) reduction assay (Sigma, St. Louis, MO). Stock
solutions of MTT (5 mg/mL) were prepared in water. Cells (5 X 10° cellsmL) were
seeded in 6-well platesin the absence or presence of TBMS1 as indicated
concentration for 24 hours. After this incubation period, MTT (50ul) was added to
each well and the cells were incubated for 4 h at 37°C. The medium was then



removed and the converted dye was solubilized with the addition of DM SO.
Absorbance, which was proportional to cell viability, was measured at 570 nm with

background subtraction at 660 nm

Electrophoretic mobility shift assay. MDA-MB-231 cells (2x10%/ml) were treated
separately with different concentrations of TBMS1 at 37°C for 24 hours. Nuclear
extracts were then prepared and incubated with the oligonucleotide containing the
NF-xB consensus sequence: 5° -TCCCCTGGGCTTCCCAAGCC-3' presented in

the promoter of CXCR4 at —96 to —111 for 30 minutes at room temperature. The
resulting DNA—protein complex was separated from the free oligonucleotides on 7.0%
native polyacrylamide gel. The dried gel was directly detected by chemiluminescence.

Signals were taken by LI-COR Infrared Imaged Odyssey (Gene Company).

Chromatin immunoprecipitation assay. MDA-MB-231 cells were treated with
various concentrations of TBMSL for 24 h and fixed with 1% formaldehyde. The cells
were collected in lysis buffer and sonicated, and then immunoprecipitated with
anti-p65 antibody. PCR analyses were carried out for 35 cycles with primers 5’ - GGA
CTCACT ACC GAC CACCC - 3’ (forward) and 5’ - CGG CGT CACTTT GCT
ACC TG - 3’ (backward) for CXCR4, amplified DNA fragment from-192 to +45,

which contains NF-kB-binding sites.

Transwell invasion assay. A Transwell migration assay with 6.5-mm-diameter
polycarbonate filters (8-um pore size) was used. The filter of the Transwell plate (BD
Biosciences) was coated with Matrigel. The bottom chambers were filled with 500 pL
of DMEM containing 10% FBS. Cells (4 x 10%) suspended in 100 pL of DMEM
containing 0.5% FBS were seeded in the top chambers. Cells were alowed to migrate
for 24 hours. Non-migrated cells were removed with cotton swabs, and migrated cells
were fixed with cold 4% paraformal dehyde and stained with 1% crystal violet. Images
were taken using an inverted microscope (10X magnification; Olympus, Tokyo,

Japan), and migrated cells were quantified by manual counting.



In vivo tumor metastasis model.  6-week-old female nude mice were committed to
tail vein injection of MDA-MB-231-Luc cells (1x10°cells/mouse in 50pl PBS).
20mg/kg TBMS1 or DM SO were administrated intraperitoneally every other day for a
month. On the 30th day, all the mice were anaesthetized by isoflurane and
representative images were taken by a Xenogen 1VIS luminal Imager. Animals used in
the present study were maintained according to the NIH standards established in the
Guidelines for the Care and Use of Experimental Animals. All of the experimental
protocols were approved by the Research Ethics Committee of Hainan General

Hospital, Hainan, China..

Statistical analysis.  All the experiments have been done in triplicate and repeated
twice. All data presented were carried out one-way ANOVA, followed by Student’ s
t-test. P-values < 0.05 were considered statistically significant.
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Figurelegends

Figure 1 TBM S1 downregulates expression of CXCR4 in breast cancer cells. (A)
MDA-MB-231 céllsor (B) T47D, MDA-MB-435 and MCF-7 cells were treated with
TBMSL for 24 hr as indicated concentrations and the expression of CXCR4, CXCR7
and B-actin were anayzed by immunoblotting. (C) MDA-MB-231 cells or (D) T47D,
MDA-MB-435 and MCF-7 cells were treated with TBM S1 for 24 hr. The mRNA
expression of CXCR4, CXCR7 and GAPDH were either examined by
reverse-transcript PCR or (E) real-time PCR as indicated. **, P < 0.01 compared with
DM SO treated cells. Representative results of three independent experiments were

shown.

Figure 2 TBM S1 suppresses the binding of NF-kB to CXCR4 promoter (A)
MDA-MB-231 cells were treated with TBMS1 for 24hr as indicated concentrations
and the expression of p65 and B-actin were analyzed by immunoblotting. (B)
MDA-MB-231 cells were treated with 5 uM TBMS1 for 24hr. The total cell lysate
and the nuclear extracts were analyzed with the indicated antibodies by
immunablotting. The nuclear envelope protein Lamin B1 was used as a nuclear
marker. (C) MDA-MB-231 cells were treated with TBM S1 for 24hr as indicated
concentrations. The nuclear extracts were used in EM SA assay with the labeled
CXCR4 promoter sequence containing NF-xB binding site. (D) MDA-MB-231 cells
were treated with 5 uM TBMSL for 24hr. The nuclear extracts were incubated with
the labeled CXCR4 promoter sequence containing NF-kB binding site in the presence
of 1 pg IgG control or anti-p65 antibody as indicated. The NF-kB binding activity
was analyzed by EM SA assay. Specific shift bands for NF-kB were indicated with an
arrow. (E) MDA-MB-231 cells were pretreated with TBM S1 for 24 hr and the
proteins were cross-linked with DNA with formal dehyde and then subjected to ChlP
assay with an anti-p65 antibody. PCR on the immunopreci pitate was performed using

primers spanning -192 to +45 of the CXCR4 promoter. Reaction products were



resolved by electrophoresis. Representative results of three independent experiments

were shown.

Figure 3 TBM S1 suppresses CXCL 12-induced invasion of breast cancer cells. (A)
MDA-MB-231, T47D, MDA-MB-435 and MCF-7 cells were treated with DM SO or
TBMSL (5uM) for 24hr. Relative cell viability was analyzed by MTT assay. Results
shown are averages + S.E.M. (B) MDA-MB-231 cells were treated with/out CXCL12
(300 ng/mL) combined with/out TBM S1 (5 uM) as indicated for 24 hours. Cell
invasion was analyzed by Tranwell assay. Left, representative images of Transwell
assay. Right, quantitative data of migrated cells. Results shown are averages + s.e.m.
(C) MDA-MB-231 were transfected with FLAG-CXCR4 vector. Upper-left,
expression levels of CXCR4 were examined by immunoblotting in empty vector and
pCMV 6-CX CRA4 transfected MDA-MB-231 cells. Lower-left, representative images
of transwell assay. Right, quantitative data of migrated cells. Results shown are

averages + SEE.M.

Figure 4 TBM S1 suppresses breast tumor metastasisin vivo.
(A)MDA-MB-231-Luc cells were injected into 6-week-old female nude mice through
tail veins (1x10° cell¥mouse). These mice were intraperitoneally treated with DMSO
or TBMS1 (20 mg/kg) every other day for a month and then were photographed by
Xenogen VIS lumina Imager. The metastasis conditions correspond to the level of
fluorescence, which g.v. the bar on theright side. (B) Normalized photon flux of
metastasi s conditions of MDA-MB-231-Luc cells treated with DMSO or TBMS1.
Results shown are averages + S.D.; **, P< 0.01 vs. DM SO group. (C) Metastatic
solid tumor tissues were dissected from DM SO and TBMSL1 treated mice. The

expression of CXCR4 and B-actin were examined by immunoblotting analysis.
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