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MicroRNAs play important roles in tumor metastasis.
Recently, we reported that the level of miR-520b is inversely
related to the metastatic potential of breast cancer cells. In this
study, we investigated the role of miR-520b in breast cancer cell
migration. We found that miR-520b suppressed the migration
of breast cancer cells with high metastatic potential, including
MDA-MB-231 and LM-MCF-7 cells, although the inhibition of
miR-520b enhanced the migration of low metastatic potential
MCF-7 cells. We further discovered that miR-520b directly tar-
gets the 3�-untranslated region (3�UTR) of either hepatitis B
X-interacting protein (HBXIP) or interleukin-8 (IL-8), which
has been reported to contribute to cell migration. Surprisingly,
tissue array assays showed that 75% (38:49) and 94% (36:38) of
breast cancer tissues andmetastatic lymph tissues, respectively,
were positive for HBXIP expression. Moreover, overexpression
of HBXIP was able to promote the migration of MCF-7 cells.
Interestingly, HBXIP was able to regulate IL-8 transcription by
NF-�B, suggesting that the two target genes of miR-520b are
functionally connected. In addition, we found that miR-520b
could indirectly regulate IL-8 transcription by targetingHBXIP.
Thus, we conclude that miR-520b is involved in regulating
breast cancer cell migration by targeting HBXIP and IL-8 via a
network in which HBXIP promotes migration by stimulating
NF-�B-mediated IL-8 expression.These studies point toHBXIP
as a potential therapeutic target for breast cancer.

MicroRNAs (miRNAs)3 are a class of small noncoding RNAs
that act as post-transcriptional regulators of gene expression. It
is currently estimated that the human genome may contain at

least 700 miRNAs (1, 2). Emerging evidence has demonstrated
that miRNAs can function as oncogenes or tumor suppressors
involved in neoplasm development, progression, diagnosis, and
prognostication (3, 4). It was recently reported thatmiRNAs are
mutated or differentially expressed in breast cancer, with pro-
found positive or negative effects on breast cancer cell migra-
tion. For instance, miR-10b is highly expressed in human and
mouse metastatic breast cancer cell lines and positively regu-
lates cell migration (5), and MiR-27b stimulates cell migration
by targeting ST14 (6). Let-7g targets collagen type I �2 and
inhibits cell migration in hepatocellular carcinoma (7). Al-
though a large number of miRNAs have been identified to date,
their roles in breast cancer cell migration and the underlying
mechanisms of this regulation remain to be determined.
Hepatitis B X-interacting protein (HBXIP) was originally

identified by its interaction with the C terminus of the hepatitis
B virus X protein (8). It forms a complex with survivin, leading
to the suppression of apoptosis initiated through themitochon-
drial cytochrome c pathway (9). HBXIP was shown to interact
with the hSuv3 protein, which encodes an NTP-dependent
DNA/RNA DEXH box helicase predominantly localized in
mitochondria (10). Furthermore, HBXIP also plays a critical
role inmitosis, serving as a regulator of centrosome duplication
in HeLa human carcinoma cells (11). Our previous studies
demonstrated that HBXIP could promote cell proliferation by
regulating the transcriptional activity of nuclear factor-�B (NF-
�B) (12), which plays a role in the regulation of cell migration
(13). However, the role of HBXIP in cell migration is still
unclear.
Interleukin-8 (IL-8), alternatively known as CXCL8, is a well

characterized member of the CXC chemokine family (14).
Overexpression of IL-8 has been observed in a subset of tumors,
including breast cancer cells (15, 16), and promotes breast can-
cer cellularmigration and invasion (17, 18). IL-8 gene transcrip-
tion is induced by various factors, such as NF-�B (19–22).
However, the role of miRNAs in regulating IL-8 expression
remains poorly understood.
We recently showed that miR-520b is down-regulated in

breast cancer cells with highmetastatic potential relative to the
cells with low metastatic potential (23). Furthermore, miR-
520b can decrease the sensitivity of breast cancer cells to com-
plement dependent cytotoxicity and circumvent the host
immune system by directly targeting the 3�UTR of CD46 (23).
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However, the function of miR-520b in the regulation of breast
cell migration remains unclear.
In this study, we show that down-regulation of miR-520b

contributes to the migration of breast cancer cells with high
metastasis via a network that involves two target genes,HBXIP
and IL-8, in which HBXIP promotes migration by up-regula-
tion of IL-8 mediated by NF-�B.

EXPERIMENTAL PROCEDURES

Cell Culture—MCF-7 cell line and LM-MCF-7 cell line (a
metastatic subclone from the MCF-7 breast cancer cell line)
(24) were cultured in RPMI 1640 medium (Invitrogen). Breast
cancer cell line MDA-MB-231 was cultured in DMEM (Invit-
rogen) supplemented with 10% fetal bovine serum (FBS) (Invit-
rogen), 100 units/ml penicillin, 100 units/ml streptomycin, and
1% glutamine. Cultures were incubated at 37 °C in a humidified
atmosphere with 5% CO2.
Plasmid Construction—The target sites of miR-520b in

HBXIP 3�UTR and IL-8 3�UTR were amplified by PCR. We
included specific primers for IL-8 3�UTR (forward primer,
5�-CGT TCT AGA AAT GGG TTT GCT AGA ATG TG-3�,
and reverse primer, 5�-GGG GGC CGG CCC AAT GAC AAG
ACT GGG AGT A-3�) and HBXIP 3�UTR (forward primer,
5�-CGT TCT AGAGAA CAT TATGAT CCAGAA R-3�, and
reverse primer, 5�-GGGGGCCGGCCCCTCCAAACAGAT
TTA TTG-3�). Both of the target fragments were inserted into
the XbaI site, downstream of the luciferase gene in the pGL3-
control vector (Promega, Madison, WI). The resulting vectors
were sequenced and named pGL3-IL-8–3�UTR and pGL3-
HBXIP-3�UTR. Site-directed mutants of the miR-520b target
sites in pGL3-IL-8–3�UTR and pGL3-HBXIP-3�UTR were
named mu-pGL3-IL-8–3�UTR and mu-pGL3-HBXIP-3�UTR,
using pGL3-IL-8–3�UTR and pGL3-HBXIP-3�UTR as tem-
plates, respectively. Mutagenesis primers used were as follows:
5�-GTG AGG ACA TGT GGA AGA TGC TTA AGT TTT
TTC-3� and 5�-GCA TCT TCC ACA TGT CCT CAC AAC
ATC ACT GTG-3� for mu-pGL3-IL-8–3�UTR; 5�-GCA GCA
GGT CCA GGT ACT CTT GTA TAT AGA AT-3� and
5�-GAGTACCTGGACCTGCTGCTTCAAAACAT-3� for
mu-pGL3-HBXIP-3�UTR.
Full-length HBXIP plus 3�UTR was amplified from MCF-7

cells using primers (forward primer, 5�-GTC GGA TCC ATG
GAG CCA GGT GCA GG-3�, and reverse primer, 5�-GGC
CTC GAG AAA CAG ATT TAT TGA TAC AG-3�) and then
cloned into pCMV-Tag 2B vector. The resulting vector was
sequenced and named pCMV-hbxip-3�UTR.
A 180-bp fragment of the human IL-8 promoter was ampli-

fied by PCR using forward primer, 5�-GGG CTC GAG GAA
GTG TGA TGA CTC AGG-3�, and reverse primer, 5�-GTG
AAGCTTGTGTGCTCTGCTGTCTCT-3� (21) and cloned
into the pGL3-basic vector (Promega), allowing transcription
of the firefly luciferase gene under the control of this fragment.
The corresponding plasmid was used for site-directed
mutagenesis as described by others to mutate the NF-�B site
(21). Primers used for mutagenesis was 5�-GGA TGG GCC
ATC AGT TGC AAA TCG Tta AcT TTC CTC TGA CAT
AATG-3�. All constructs were confirmed by DNA sequencing.

miRNA, Small Interfering RNA, and Plasmid Transfection—
miR-520b (5�-AAAGUGCUUCCUUUUAGAGCG-3�), anti-
miR-520b (5�-CCCUCUAAAAGGAAGCACUUU-3�), small
interfering RNAs (siRNAs) targeting human IL-8 mRNA
(NM_000584.2 68 to 83), human NF-�B-p65 mRNA
(NM_001145138, 781 to 801), and control siRNA were
designed and synthesized by RiboBio (Guangzhou, China).
Transfection with miR-520b, anti-miR-520b, RNAi reagents,
and different doses of plasmids were performed using Lipo-
fectamine 2000 (Invitrogen) according to the manufacturer’s
protocol.
Establishment of StableCell Lines—Stable cell lineswere gen-

erated by transfecting plasmids (pCMV-Tag 2B, pCMV-hbxip,
pSilencer-random, and pSilencer-hbxip vectors) (11) into
breast cancer cells with Lipofectamine 2000. Stable cell lines
were generated by selection in 800 �g/ml G418 (Invitrogen)
and could be maintained in culture with 400 �g/ml G418. The
engineered cell lines were named as follows: MCF-7-pCMV
(stably transfected pCMV-Tag 2B empty vector),MCF-7-hbxip
(stably transfected pCMV-hbxip plasmid), LM-MCF-7
(or MDA-MB-231)-pSilencer-random (stably transfected
pSilencer vector containing a random fragment), and
LM-MCF-7-pSilencer-hbxip (or MDA-MB-231) (stably trans-
fected pSilencer vector containing the HBXIP RNAi fragment).
Treatment of Breast Cancer Cells—Cells were cultured in

serum-freemedium for 12 h. In brief, the cells were treatedwith
PDTC (20, 40, or 60 �M) (an inhibitor of NF-�B, Sigma) for 2 h,
respectively. The treated cells were subjected to RT-PCR.
Luciferase Reporter Gene Assay—Luciferase activity was

determined using a luciferase reporter assay system (Promega)
on a luminometer (TD-20/20; Turner Designs, Sunnyvale, CA)
according to the manufacturer’s instructions. Briefly, cells
grown in 24-well plates were co-transfected with 0.2 �g of a
plasmid encoding firefly luciferase under the control of wild-
type or mutated promoter and 0.1 �g of pRL-TK encoding
Renilla luciferase. The pCMV-Tag 2B empty vector, pGL3-ba-
sic plasmid, and pGL3-control plasmid were used as controls.
Cells were harvested 48 h after transfection and lysed in 1�
passive lysis buffer. The luciferase readings of each sample were
normalized against the Renilla luciferase levels. All of the data
shown in this study were obtained from at least three indepen-
dent experiments.
Total RNA Isolation, RT-PCR, and Real Time PCR—Total

RNA of cells was isolated using TRIzol reagent (Invitrogen)
according to the manufacturer’s instructions. First-strand
cDNA was synthesized with PrimeScript reverse transcriptase
(Takara Bio, China) and oligo(dT). The conditions of PCRwere
as follows: 95 °C for 5 min, 95 °C for 30s, 52 °C annealing for
30 s, and 72 °C for 30 s followed by 30 cycles. Real time PCRwas
performed as described previously (23). The conditions of real
time PCRwere as follows: 95 °C for 10 s, 95 °C for 5 s, and 53 °C
for 1 min to anneal and 72 °C for 15 s for 45 cycles. Melt curves
did not detect nonspecific amplification. We included specific
primers for IL-8 (forward primer, 5�-GGT CTT GAG AGA
TGGCTTGC-3�, and reverse primer, 5�-AATTGGCAAAGC
CGT AGT TG-3�). As a control, GAPDH was amplified with
specific primers (forward primer, 5�-CAT CAC CAT CTT
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CCA GGA GCG-3�, and reverse primer, 5�-TGA CCT TGC
CCA CAG CCT TG-3�).
Chromatin Immunoprecipitation Assay (ChIP)—The ChIP

assaywas performed using the EpiQuikTM chromatin immuno-
precipitation kit from Epigentek Group Inc. (Brooklyn, NY).
Protein-DNA complexes were immunoprecipitated with
NF-�B-p65 antibodies, with anti-RNA polymerase II as a posi-
tive control antibody, and normalmouse IgG as a negative con-
trol antibody. DNA from these samples was subjected to PCR
analyses with the following: NF-1, 5�-CAT CAG TTG CAA
ATC GTG GA-3�, and NF-2, 5�-GAA GCT TGT GTG CTC
TGC TG-3�; GAPDH-1, 5�-GTA TTC CCC CAG GTT TAC
AT-3�, and GAPDH-2, 5�-TTC TGT CTT CCA CTC ACT
CCT-3�, followed by sequencing. Amplification of soluble
chromatin prior to immunoprecipitation was used as an input
control.
Western Blot—Methods for Western blot were described

previously (23). Briefly, cells were washed with cold PBS three
times and lysed in RIPA cell lysis buffer (10 mmol/liter HEPES,
pH 7.4, 0.15 mol/liter NaCl, 1 mmol/liter MgCl2, 1 mmol/liter
CaCl2, 1 mmol/liter dithiothreitol, 0.1% SDS, 0.1% Nonidet
P-40, and 20 �g/ml leupeptin). Protein concentrations were
estimated by the Bradford assay (Bio-Rad). Equal amounts of
total protein were loaded for immunoblotting. Following SDS-
PAGE, resolved proteins were electrotransferred to PVDF
membranes (Millipore, Billerica, MA). The membranes were
blocked overnight in TBS containing 0.1% Tween 20 (TBST)
and 5% skim milk. Membranes were then probed with primary
antibody in TBST for 2 h at room temperature or overnight at
4 °C, followed by three 15-min TBST washes at room temper-
ature. Blotswere incubatedwithHRP-conjugated secondary anti-
body for 1handwashed three times for 10minwithTBSTprior to
chemiluminescence detection using ECL substrate (Amersham
Biosciences). The primary antibodies used forWestern blot were
rabbit anti-human HBXIP (1:2000 dilution, Sigma) monoclonal
anti-human �-actin (1:1000 dilution, Sigma), and secondary goat
anti-rabbit HRP (1:2000 dilution, Bio-Rad). All experiments were
repeated three times.
Nuclear Extraction—To examine the nuclear translocation

of NF-�B, the nuclear extraction assay was performed by using
NE-PER� nuclear and cytoplasmic extraction kit (Pierce). The
MCF-7 cells stably transfected with pCMV empty vector or
pCMV-hbxip (2� 106)were harvested, respectively. According
to the manufacturer’s instructions, the nuclear proteins and
cytoplasmic ones were extracted, respectively, followed by
Western blot analysis to examine the level of NF-�B in the
nuclear extract as shown above under “Western Blot.” Rabbit
anti-histoneH3 (1:100 dilution, Santa Cruz Biotechnology) was
used as loading control.
Tissue Microarray Slides and Evaluation of Immunohisto-

chemical Staining—The tissue array with breast cancer tissues,
lymph node tissues with breast cancer metastasis, and normal
breast tissues was obtained from the Xi’an Aomei Biotechnol-
ogy Co., Ltd. (Xi’an, China), which includes duplicate core
biopsies (1 mm in diameter) from fixed, paraffin-embedded
tumors. Immunohistochemical staining of samples was per-
formed as reported previously (25) using a rabbit anti-human
HBXIP monoclonal antibody (Sigma). Light microscopic

images were documented using a Nikon Eclipse Ti-U fluores-
cencemicroscope (Nikon Corp., Japan) with an attached SPOT
RT digital camera (Diagnostic Instruments, Inc., Sterling
Heights, MI). The number of cells showing positive nuclear
and/or cytoplasmic staining for HBXIP was determined by
reviewing the entire slide (25). On the basis of the percentage of
cells with positive nuclear and/or cytoplasmic staining, staining
patterns were classified on a six-grade scale: 0, absence of any
nuclear or cytoplasmic staining; 1�, �10% cells with positive
nuclear and/or cytoplasmic staining; 2�, 10–25%positive cells;
3�, 26–50% positive cells; 4�, 51–75% positive cells; 5�,
�75% positive cells. For statistical analysis, breast carcinoma
patients were subgrouped into negative staining (0, absence of
cell nuclear and/or cytoplasmic staining), HBXIP low staining
(1–3, nuclear and/or cytoplasmic staining less than 50%), and
HBXIP high staining (4 and 5, nuclear and/or cytoplasmic
staining �51%) groups. These values were multiplied to pro-
vide a single HBXIP scale for each case. The assessment of
immunostaining intensity was performed by two or three inde-
pendent observers.
ELISA for IL-8—IL-8 levels was determined using a commer-

cially available assay (human IL-8 ELISA kit, ADL) according to
the manufacturer’s instructions. Breast carcinoma cells were
seeded in 6-well plates at a density of 2 � 105 cells per well.
When the cultures reached 70–80% confluence, fresh medium
was applied and collected after 24 h of incubation. IL-8 levels
were determined by ELISA reader system (Labsystem, Multi-
skan Ascent). Triplicate cultures of cells were tested for each
experimental condition, and the results are given in pg/ml per
24 h per 106 cells. The protein concentrations in these extracts
were determined using a standard protein assay (Bio-Rad).
Immunofluorescence Analysis—Cells were plated on cover-

slips and fixed using 4% paraformaldehyde for 15 min. Cover-
slips were rinsed with PBS, and cells were permeabilized with
0.2% Triton X-100 for 30 min. Following three PBS washes, the
cells were incubated with anti-NF-�B-p65 antibody (1:100,
Santa Cruz Biotechnology) for 1 h. After being washed with
PBS, cells were incubated with rhodamine-labeled goat anti-
rabbit secondary antibody (1:100, Sigma) for 1 h and 4�,6-di-
amidino-2-phenylindole (30 nM) for 15 min in the dark. After
three washes with PBS, images were captured under a micro-
scope using a digital camera and processed using Spot
Advanced 4.5 software.
Wound Healing Assay—Cells were seeded in a 6-well plate

and cultured for 24 h to form confluent monolayers. A wound
was created by dragging a pipette tip through the monolayer,
and plates were washed using pre-warmed PBS to remove cel-
lular debris. Wound images were photographed when the
scrape wound was introduced (0 h) and 24 h after wounding.
The wound gaps were measured at each time point.
Boyden’s Chamber Assay—96-Well Boyden’s chambers was

used to measure the migratory ability of each cell line. Cells
were trypsinized and resuspended in the culture medium 36 h
post-transfection. Cells (2 � 104) were plated into the upper
chambers on uncoated 8-�m pores in serum-free medium.
Medium with 10% FBS was added to the lower chambers as a
chemoattractant. After 12 h of incubation, cells remaining on
the upper surface of themembranewere removedwith a cotton
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swab, and cells thatmigrated through themembrane filter were
fixed and stained with Giemsa solution for 2 h. The migrated
cellswere visualized under amicroscope, and five random fields
were counted.
MTTAssay—Cell growth assays were carried out usingMTT

reagent (Sigma) as described previously (26). In brief, trans-
fected cells were trypsinized, counted, and plated into duplicate
wells of 96-well plates at a density of 103 cells per well. After
incubation for different time periods (24, 48, 72, or 96 h), MTT
was added directly to each well. Incubation was continued for
4 h, and then the supernatant was removed and 100 �l of
dimethyl sulfoxide (DMSO) was added to stop the reaction.
Absorbance at 570 nm was measured using an ELISA reader
system (Labsystem, Multiskan Ascent). All experiments were
performed in triplicate.
Statistical Analysis—Statistical analysis was performed using

Sigma Plot 2001 (Systat Software Inc., Richmond, CA). Statistical
significancewas assessedbycomparingmeanvalues (�S.D.) using
Student’s t test. p � 0.05 was considered significant.

RESULTS

miR-520b Is Responsible for the Migration of Breast Cancer
Cells—Cell migration is an essential process in cancer metasta-
sis. We previously showed that the expression levels of miR-
520bwere significantly lower in highlymetastatic breast cancer
cell lines, including MDA-MB-231 and LM-MCF-7, than in
poorly invasive MCF-7 cells (23). Consistent with their meta-
static potential, MDA-MB-231 and LM-MCF-7 cells have high
migratory potentials compared with MCF-7 cells (Fig. 1A), so
we speculated that miR-520b might be involved in breast can-
cer migration. To test this hypothesis, miR-520b mimics and a
commercially synthesized anti-miR inhibitor (anti-miR-520b)
were used to alter the levels of miR-520b in breast cancer cells.
Overexpression of miR-520b resulted in a significant decrease
in cell migration compared with scrambled negative control
(Scrambled) in LM-MCF-7 and MDA-MB-231 cells in Boy-
den’s chamber assays (Fig. 1B). Transfection of MCF-7 cells
with miR-520b resulted in the decrease of migration capability
that was similar to the data in LM-MCF-7 and MDA-MB-231
cells (supplemental Fig. 1A). However, anti-miR-520b signifi-
cantly promoted the migration of MCF-7 cells relative to anti-
control (Fig. 1C). Similar results were observed for LM-MCF-7

andMDA-MB-231 cells (supplemental Fig. 1A). Moreover, cell
migration capacity in wound healing assays provided similar
data to the Boyden’s chamber assay data (supplemental Fig. 1B).
We also examined cell viability by MTT assay. Expression of
miR-520b inhibited the growth of LM-MCF-7 and MDA-MB-
231 cells. Conversely, anti-miR-520b was able to increase the
growth of MCF-7 cells (supplemental Fig. 1C), suggesting that
miR-520b can inhibit cell growth.
miR-520b Directly Targets HBXIP—To explore the mecha-

nism underlying the effect of miR-520b on breast cancer cell
migration, we searched for targets using an miRNA target pre-
diction program (DIANA-microT version 3.0) and the data
base (CapitalBio, Beijing, China). Among the predicted genes,
we were particularly interested in HBXIP because it has been
the subject of our research in recent years. Previously, we found
that HBXIP enhanced cell proliferation via NF-�B (12, 27),
which prompted us to speculate that itmight also be involved in
breast cancer cell migration. We therefore examined the
expression levels of HBXIP in different breast cancer cells. LM-
MCF-7 and MDA-MB-231 cells exhibited higher levels of
HBXIP relative toMCF-7 cells (Fig. 2A). HBXIP expressionwas
assessed by immunohistochemistry on tissue arrays that con-
tained 49 cases of breast cancer, 38 cases of breast carcinoma
metastatic to lymph nodes, and 11 samples of normal tissue
microarray samples. Clinical characteristics are listed in sup-
plemental Table 1. We found that positive rates of HBXIP in
primary tumor tissues and metastatic lymph tissues were 75%
(38:49) and 94% (36:38), respectively (Fig. 2B). However,
HBXIP expression was not detectable in normal breast tissues
(0:11), suggesting that HBXIP may be a novel oncoprotein. We
further investigated whether HBXIP influenced migration of
breast cancer cells by Boyden’s chamber assay. As expected,
MCF-7-hbxip cells showed an 2.8-fold increase in migration
compared with the control (Fig. 2C). To confirm that HBXIP
enhances growth of breast cancer cells, we usedMTT assays to
examine cell viability. HBXIP was able to enhance cell viability
from 48 to 96 h (supplemental Fig. 2).

To test whether miR-520b directly targets the predicted
binding site in theHBXIP 3�UTR (Fig. 2D), wild-type ormutant
3�UTRs of HBXIP were cloned into the pGL3-control reporter
construct. Co-transfection of pGL3-HBXIP-3�UTR and the

FIGURE 1. miR-520b affects the migration of breast cancer cells. A, migration potential of MCF-7, LM-MCF-7, and MDA-MB-231 cells was measured by
Boyden’s chamber assays (*, p � 0.05 versus MCF-7 cells, Student’s t test). Graphs indicate the average number of cells per field, 48 h after transfection. B, cell
migration potential of LM-MCF-7 or MDA-MB-231 treated with 100 nM miR-520b mimics or scrambled negative control (Scrambled) was measured by Boyden’s
chamber assay (*, p � 0.05 versus control, Student’s t test). C, cell migration potential of MCF-7 cells transfected with 100 nM miR-520b inhibitor (anti-miR-520b)
or anti-control was measured by Boyden’s chamber assay (*, p � 0.05 versus control, Student’s t test). The data presented are from three independent
experiments; error bars represent standard error.
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miR-520bmimics resulted in a significant decrease of luciferase
activity of the reporter in LM-MCF-7 cells, whereas expression
of the mu-pGL3-HBXIP-3�UTR did not (Fig. 2E). Next, we
examined the effect of miR-520b on the regulation of HBXIP.
We found that the miR-520b mimics were able to markedly
decrease the expression of endogenousHBXIP inLM-MCF-7 and
MDA-MB-231 cells, whereas HBXIP expression was significantly
up-regulated in MCF-7 cells with anti-miR-520b (Fig. 2F). Taken
together, these data suggest that miR-520b is able to regulate
breast cancer cell migration by directly targetingHBXIP.
IL-8 Is a Direct Target of miR-520b—Using on-line tools

(DIANA-microT version 3.0, Targetscan 5.1, andmiRanda), we
also identified IL-8, which is an essential regulator of cellmigra-
tion (30), as a potential target gene of miR-520b (Fig. 3A). We
then confirmed that the 3�UTR of IL-8 is a target of miR-520b.
As expected, miR-520b significantly inhibited the luciferase
activity of the pGL3-IL-8–3�UTR but not mu-pGL3-IL-8–
3�UTR (Fig. 3B). We also examined IL-8 levels in conditioned
medium from several breast cancer cells with different meta-
static potentials by ELISA. We found a positive association
between the level of IL-8 and cell motility (Fig. 3C). Next, we
investigated whether miR-520b could regulate endogenous
IL-8 protein expression. Ectopic expression of miR-520b (100
nM) resulted in a significant reduction of IL-8 protein levels in

conditioned medium from LM-MCF-7 and MDA-MB-231
cells, although knockdown of miR-520b with anti-miR-520b
(100 nM) led to an increase of IL-8 protein in conditioned
medium fromMCF-7 cells (Fig. 3D). To investigate the effect of
IL-8 on miR-520b-mediated cell migration, MCF-7 cells were
treated with anti-miR-520b and/or IL-8 siRNA, and the levels of
IL-8 transcripts were confirmed by RT-PCR (Fig. 3E), and Boy-
den’s chamber assays were used tomeasure cellmigration. Trans-
fection of IL-8 siRNAblocked themigration induced by anti-miR-
520b in MCF-7 cells (Fig. 3F). Similar results were observed in
wound healing assays (supplemental Fig. 3). Overall, these data
strongly suggest that the IL-8 gene is a direct target of miR-520b
and is involved in breast cancer cell migration.
HBXIP Regulates IL8 by NF-�B—Recent studies have

reported associations between gene products that are co-regu-
lated by the same miRNA (28, 29). We therefore investigated
the relationship between HBXIP and IL-8. We previously
reported that HBXIP was able to activate NF-�B in hepatoma
cells (12). IL-8 is a downstream effector of NF-�B that is
involved in breast cancer cell migration (17, 30). We hypothe-
sized that HBXIP could up-regulate IL-8 by NF-�B.

We first investigated the effect of HBXIP on IL-8 protein
levels. After 24 h of incubation, conditioned medium from the
stable cell lines was collected and examined by ELISA. Interest-

FIGURE 2. HBXIP is an miR-520b target gene. A, expression of HBXIP protein in MCF-7, LM-MCF-7, and MDA-MB-231 cells was determined by Western blot.
B, immunohistochemical staining shows the expression levels of HBXIP in metastatic lymph node tissues and breast cancer tissues using tissue arrays. Panel a,
negative control; panel b, breast cancer tissues with HBXIP-positive staining; panel c, metastatic lymph node tissues. Nuclei were counterstained with hema-
toxylin. Imaged at �400 magnification. C, cell migration potential of stable cell lines, including MCF-7-pCMV and MCF-7-hbxip, was measured by Boyden’s
chamber assay (*, p � 0.05 versus MCF-7-pCMV, Student’s t test). D, bioinformatics analysis showed the predicted interaction between miR-520b and its binding
site in the 3�UTR of HBXIP. E, luciferase reporter gene assays show the interaction of the 3�UTR of HBXIP and miR-520b by co-transfection with 100 nM miR-520b
mimics (or control) and plasmid pGL3-HBXIP-3�UTR (or mu-pGL3-HBXIP-3�UTR) 48 h post-transfection (*, p � 0.05 versus control, Student’s t test). F, MDA-MB-
231 and LM-MCF-7 cells were transfected with 100 nM miR-520b mimics or control. MCF-7 cells were transfected with 100 nM miR-520b inhibitor (anti-miR-
520b) or anti-control. After 48 h, HBXIP protein levels were analyzed by Western blot. The data presented are from three independent experiments; error bars
represent standard error.
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ingly, up-regulation of IL-8 was observed in stable MCF-7-
hbxip cells, although down-regulation of HBXIP led to mark-
edly decreased levels of IL-8 in LM-MCF-7 (orMDA-MB-231)-
pSilencer-hbxip cell lines (Fig. 4A). The protein levels ofHBXIP
in each cell line were confirmed in parallel by Western blot
analysis (supplemental Fig. 4A).We also examined cell viability
in these cells usingMTTassays. Cell growth from48 to 96 hwas
also affected in cell lines in which IL-8 was up- or down-regu-
lated by HBXIP (supplemental Figs. 2 and 4B), suggesting that
during the regulation of IL-8 mediated by HBXIP cell viability
was affected by HBXIP as well.
Next, we examined the effect of HBXIP on NF-�B activity.

We found that HBXIP increased the promoter activity of
NF-�B in a dose-dependent manner in MCF-7 cells by lucifer-
ase reporter gene assay (supplemental Fig. 4C). Translocation
of NF-�B to the nucleus is preceded by the phosphorylation,
ubiquitination, and proteolytic degradation of I�B (31). To
determine whether theHBXIP-mediatedNF-�B activation was
caused by I�B phosphorylation, we examined the level of cyto-
plasmic I�Bprotein phosphorylation byWestern blot. Interest-

ingly, we observed that overexpression ofHBXIP corresponded
with an increase in the level of phosphorylated I�B, which
corresponded to the level of p65 in the nucleus in a concentra-
tion-dependent manner (supplemental Fig. 4D). In addition,
HBXIP-induced translocation of p65 from cytoplasm to
nucleus was also observed by immunofluorescence staining
(supplemental Fig. 4E). These data suggest thatHBXIP is able to
activate NF-�B in breast cancer cells.

To determine the involvement of NF-�B in the regulation of
IL-8 transcription by HBXIP, the effect of NF-�B inhibition on

FIGURE 3. miR-520b directly targets IL-8. A, bioinformatics analysis showed
the predicted interaction between miR-520b and its binding site in the IL-8
3�UTR. B, luciferase activity assay demonstrated an interaction between the
3�UTR of IL-8 and miR-520b. LM-MCF-7 cells were transfected with 100 nM

miR-520b mimics (or control) and plasmid pGL3-IL-8 –3�UTR/mu-IL-8 3�UTR.
After 48 h, the luciferase activities were determined (*, p � 0.05 versus con-
trols, Student’s t test). C, levels of IL-8 in conditioned medium (CM) from
MCF-7, LM-MCF-7, and MDA-MB-231 cells were analyzed by ELISA (*, p � 0.05
versus MCF-7, Student’s t test). D, MDA-MB-231 and LM-MCF-7 cells were
transfected with 100 nM miR-520b mimics or control. MCF-7 cells were trans-
fected with 100 nM miR-520b inhibitor or anti-control. After 48 h, IL-8 protein
levels were analyzed by ELISA (*, p � 0.05 versus control, Student’s t test).
E, effect of IL-8 siRNA on expression of IL-8 mRNA was examined by RT-PCR.
F, MCF-7 cells were co-transfected with miR-520b inhibitor (100 nM) and/or
siRNA for IL-8 (50 nM), followed by Boyden’s chamber assay (*, p � 0.05 versus
control, Student’s t test). The data presented are from three independent
experiments; error bars represent standard error.

FIGURE 4. HBXIP stimulates IL-8 by NF-�B. A, ELISAs show the levels of IL-8 in
conditioned medium from the engineered breast cancer cells (*, p � 0.05
versus control, Student’s t test). B, MCF-7-hbxip cells were treated with
increasing concentrations of PDTC, an inhibitor of NF-�B (20, 40, 60 �M) for
2 h. The expression of IL-8 mRNA was analyzed by RT-PCR. C, MCF-7-hbxip
cells were transfected with 50 nM siRNAs for NF-�B-p65 (or control siRNA)
along with the reporter construct WT-IL-8. After 48 h, cells were lysed for the
luciferase assay reporter gene assay (*, p � 0.05 versus control, Student’s t
test). D, MCF-7-pCMV and MCF-7-hbxip cells were transiently transfected
with WT-IL-8 or muNF-�B. After 48 h, cells were lysed for the luciferase
reporter gene assay (*, p � 0.05 versus control, Student’s t test). E, ChIP assay
were performed on cell lysates from MCF-7-pCMV and MCF-7-hbxip cells. The
lysates were cross-linked with 1% formaldehyde, and chromatin was immu-
noprecipitated with anti-NF-�B p65 or normal IgG, which served as the neg-
ative control. The genomic fragments associated with immunoprecipitated
DNA were isolated and amplified by PCR using specific primers flanking the
NF-�B-binding site within the IL-8 promoter. The input was used as a positive
control, and equal amounts of the cell lysates were loaded; GAPDH was used
as the negative control. F, MCF-7-hbxip cells were transfected with 50 nM

siRNAs for IL-8 (or NF-�B-p65). Then Boyden’s chamber assays were per-
formed to evaluate the effect of siRNAs on the function of HBXIP (*, p � 0.05
versus control, Student’s t test). The data presented are from three indepen-
dent experiments; error bars represent standard error.
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the mRNA levels of IL-8 in the stable MCF-7-hbxip cells was
examined using different concentrations of PDTC. We found
that PDTC significantly lowered HBXIP-induced IL-8 release
inMCF-7-hbxip cells in a dose-dependent manner (Fig. 4B). In
addition, we constructed a luciferase reporter containing the
wild-type IL-8 proximal promoter (WT-IL-8). As shown in Fig.
4C, co-transfection of pCMV-hbxip andWT-IL-8 resulted in a
2.6-fold increase of luciferase activity inMCF-7 cells relative to
control cells, whereas silencing of NF-�B-p65 by siRNA abol-
ished the effect. Western blot analysis showed efficient silenc-
ing by siRNA targetingNF-�B-p65 inMCF-7 cells (supplemen-
tal Fig. 4F). We next constructed an IL-8 proximal promoter
mutated at the NF-�B-binding site (muNF-�B), which was
transiently transfected into MCF-7-pCMV cells or pCMV-
hbxip cells. Luciferase activity in control cells was significantly
reduced (about 53%) for the NF-�B mutated construct com-
pared with the wild-type promoter. Luciferase activity in
HBXIP-overexpressing cells transfected with the NF-�B
mutated construct was reduced close to 80% compared with
cells expressing the wild-type promoter (Fig. 4D).

We further investigated the role of HBXIP on IL-8 regulation
by chromatin immunoprecipitation (ChIP). ChIP showed that
overexpression of HBXIP resulted in an increase in the occu-
pancy of NF-�B on its binding site in IL-8 promoter (Fig. 4E),
confirming that HBXIP up-regulates IL-8 by NF-�B.

To test whether HBXIP regulated breast cancer cell migra-
tion involves NF-�B and IL-8, we transiently transfected into
MCF-7-hbxip cells siRNAs targeting NF-�B-p65 or IL-8
mRNA. Boyden’s chamber assays showed that knockdown of
IL-8 or NF-�B-p65 significantly abrogated the effect of HBXIP
on cellmigration (Fig. 4F). Taken together, these results suggest
that up-regulation of IL-8 transcription by HBXIP via NF-�B
can enhance the migration of breast cancer cells.
miR-520b Indirectly Regulates IL-8 by HBXIP—Given the

effect of HBXIP on IL-8 transcription, we wondered whether
this regulation was influenced by miR-520b. We found that
miR-520b mimics decreased the promoter activity of IL-8, as
well as the protein levels of HBXIP, in a dose-dependent man-
ner in LM-MCF-7 cells after 48 h of transfection (Fig. 5, A and
B). We also examined cell viability by MTT 48 h after transfec-

FIGURE 5. miR-520b represses the transcription of IL-8 by HBXIP. A, LM-MCF-7 cells were co-transfected with increasing concentrations of miR-520b mimics
(50, 100, and 150 nM) and WT-IL-8. After 48 h, cells were lysed for the luciferase reporter gene assay (**, p � 0.01 versus control, Student’s t test). B, in parallel,
HBXIP expression was analyzed by Western blot analysis. C, MCF-7 cells were co-transfected with miR-520b (or control) along with plasmid pCMV-hbxip-3�UTR
(or pCMV-hbxip) and WT-IL-8. After 48 h, cells were lysed for luciferase reporter gene assays (*, p � 0.05 versus control, Student’s t test). D, expression of HBXIP
was examined by Western blot assay in above system. The data were analyzed by applying Glyco Band-Scan software. The data presented are from three
independent experiments; error bars represent standard error.
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tion with miR-520b. miR-520b inhibited the proliferation of
LM-MCF-7 cells in a dose- and time-dependent manner (sup-
plemental Fig. 5). To further investigate the effect of miR-520b
on IL-8 transcription by HBXIP, we cloned the HBXIP coding
sequence and HBXIP coding sequence with the HBXIP 3�UTR
into pCMV-Tag 2B vectors, termed pCMV-hbxip and pCMV-
hbxip-3�UTR, respectively. We found that transient transfec-
tion of pCMV-hbxip or pCMV-hbxip-3�UTR into MCF-7 cells
significantly enhanced the promoter activity of IL-8. In con-
trast, miR-520b (100 nM) mimics significantly reduced the IL-8
transcriptional activity in pCMV-hbxip-3�UTR-transfected
MCF-7 cells relative to controls (Fig. 5C).Western blot analysis
verified the expression of HBXIP in the engineered cell lines
(Fig. 5D). These data suggest that miR-520b regulates IL-8
indirectly.

DISCUSSION

Accumulating evidence indicates that aberrant expression of
miRNAs, such as miR-10b (5), miR-21(32), miR-146 (33), and
miR-29a (34), is associated with tumor cell migration. Recently,
Li et al. (35) found lower levels of miR-520b in hepatocellular
carcinoma HepG2 cells compared with hepatocyte L-O2 by
miRNA microarray, which is similar to our previous reports.
Cell motility is an essential feature of the cancer cell metastatic
process. We previously found that expression levels of miR-
520bwere significantly lower in highlymetastatic breast cancer
cell lines, including MDA-MB-231 and LM-MCF-7, than in
MCF-7 cells (23). In this study, we focused on the role of miR-
520b in controlling the migration of breast cancer cells.
We found that the levels of miR-520b were inversely associ-

ated with the migratory behavior of breast cancer cells (Fig. 1
and supplemental Fig. 1).We next set out to identify the targets
of miR-520b. We predicted that HBXIP was a direct target of
miR-520b by bioinformatics analysis (Fig. 2D) and confirmed
this hypothesis by biochemical analysis (Fig. 2E). HBXIP has
been the primary research focus in our laboratory in recent
years.Wepreviously suggested thatHBXIPwas an evolutionary
conserved protein that could promote cancer cell proliferation
via activating NF-�B (12). The association of NF-�B with can-
cer cell growth andmotility has beenwell documented (36–38).
However, the role of HBXIP in cell migration remains unclear.
We hypothesized that HBXIP might also be involved in breast
cancer migration. The results shown here demonstrate that
HBXIP is positively correlated with metastasis in several breast
cancer cell lines (Fig. 2A). In particular, HBXIP was highly
expressed in clinical breast cancer tissues andmetastatic lymph
node tissues (Fig. 2B), suggesting that HBXIP may be a novel
oncoprotein. We also provide functional evidence of the possi-
ble role of HBXIP in cell migration by showing that overexpres-
sion of HBXIP inMCF-7 cells was able to promote cell motility
(Fig. 2C).
Thus far, two miR-520b targets have been described as fol-

lows: NKG2D ligand MHC class I-related chain A (29) and
CD46 (23), suggesting a role of miR-520b in cancer immu-
noediting. Here, we selected IL-8 for further analysis among the
predicted targets of miR-520b because it can modulate cancer
cell migration and metastasis through several signaling path-
ways, such as phosphatidylinositol 3-kinase and Rho-GTPases

(17, 20, 39).We confirmed the correlation between IL-8 expres-
sion and migration of breast cancer cells (Fig. 3B). Moreover,
our data showed thatmiR-520b could suppress themigration of
breast cancer cells by targeting IL-8 (Fig. 3). Recently, it has
been reported that miRNAs such as miR-21 (40) and miR-27b
(28) may target multiple components of certain pathways.
O’Day and Lal (41) reported that among the 34 genes known to
be altered by 11 miRNAs in breast cancer, 19 formed a well
connected gene interaction network. This pattern allows miR-
NAs to function more effectively on cellular pathways. The fol-
lowing question remains.What is the link between twomiRNA
targets? It has been shown that the NF-�B site in the IL-8 pro-
moter is the predominant regulator of IL-8 gene transcription
by numerous signals (42–44).Here, we showed thatHBXIPwas
able to up-regulate IL-8 and that it required an intact NF-�B-
binding site in the promoter region of IL-8 (Fig. 4 and supple-
mental Fig. 4), suggesting that the two target genes ofmiR-520b
are functionally connected.
To rule out the possibility that cell growth is involved in the

changes in migration caused by miR-520b or HBXIP, we used
MTT to examine cell growth and viability.We found that either
miR-520b or HBXIP was able to influence cell viability at 48 h
post-transfection (supplemental Figs 1, 2, and 4B). Thus, both
miR-520b andHBXIP are likely to be involved in the regulation
of cell growth. However, Boyden’s chamber assays showed that
both miR-520b and HBXIP were involved in the regulation of
cell migration of breast cancer cells from 36 to 48 h. They are
unlikely to influence proliferation over these 12 h. Thus, we
conclude that miR-520b and/or HBXIP is involved in the regu-
lation of cell migration, which is not simply due to changes in
proliferation.
It has been suggested that miRNAs indirectly regulate IL-8

transcription by target-induced NF-�B activation (45, 46). We
proposed that miR-520b-regulated IL-8 transcription involves
HBXIP. Our data showed that miR-520b was able to regulate
IL-8 transcription by targeting HBXIP (Fig. 5). Therefore, we
conclude that miR-520b is involved in the promotion of breast
cancer cell migration by a regulatory network involving HBXIP
and IL-8. Potentially, these target genes of miR-520b, especially
HBXIP, may serve as novel therapeutic targets.
In summary, our data demonstrate thatmiR-520b is involved

in the regulation of breast cancer cellmigration by targeting the
HBXIP and IL-8.Moreover, HBXIP is able to regulate IL-8 pro-
duction by NF-�B activation. These findings provide an
increased understanding of the mechanism of miRNAs in the
regulation of breast cancer progression.
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