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Abstract
Epithelial-mesenchymal transition (EMT) is an important parameter related to breast cancer survival. Among several
microRNAs predicted to target EMT-related genes, miR-506 is a novel miRNA found to be significantly related to breast
cancer patient survival in a meta-analysis. miR-506 suppressed the expression of mesenchymal genes such as Vimentin,
Snai2, and CD151 in MDA-MB-231 human breast cancer cell line. Moreover, NF-kB bound to the upstream promoter region
of miR-506 to suppress transcription. Overexpression of miR-506 inhibited TGFb-induced EMT and suppressed adhesion,
invasion, and migration of MDA-MB-231 cells. From these results, we concluded that miR-506 plays a key role in the process
of EMT through posttranslational control of EMT-related genes.
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cell lines, SNAI2 levels were shown to correlate with loss of Ecadherin transport [15].
Proteins of the tetraspanin family form complexes with integrins
and function in cell-cell adhesion in a cadherin-independent
manner. CD151 is the first of 33 tetraspanin family members
associated with promotion of metastasis [16]. In cancer cells,
CD151 regulates adhesion-dependent signaling and post-adhesion
events, including cell migration [17,18]. CD151 also plays a role in
the induction of EMT and the overall survival of patients with
cancer [16,19]. TGFb has been postulated to be a pro-oncogenic
factor acting late in tumor progression. In transformed cells,
TGFb enhances crucial metastatic processes, including the ability
to degrade the extracellular matrix, cell invasiveness, and
epithelial-mesenchymal transition [20]. NF-kB and CD151
induction are required for the TGFb-mediated response [20,21].
Here, we used enrichment analysis to identify miR-506 as being
a miRNA that targets the 39 untranslated regions (UTRs) of EMTrelated genes such as SNAI2, VIM, and CD151. Importantly, we
found an NF-kB binding motif upstream of the promoter region of
miR-506. We therefore hypothesized that NF-kB binds upstream
of the promoter region of miR-506, which further targets the
39UTR of CD151 and other EMT markers such as VIM and
SNAI2 to regulate EMT.

Introduction
Epithelial to mesenchymal transition (EMT) is a process that
enables cancer cells to lose their cell-cell and cell-matrix contacts,
gain migratory properties, and become motile mesenchymal cells
[1]. Transcriptional reprogramming allows epithelial tumor cells
to lose cell polarity and cell-junction proteins while acquiring the
signal transduction activities associated with mesenchymal cells
that facilitate migration and survival in an anchorage-independent
environment [2]. The gain of mesenchymal cell markers such as
Vimentin (VIM), Snail homolog 2 (SNAI2), and fibronectin (FN)
has been observed in tumor progression [3,4]. In addition, cellular
changes resulting in a more mesenchymal-like state are associated
with poor prognosis.
Mesenchymal-like tumor cells gain migratory capacity through
abnormal survival signals via receptors such as fibroblast growth
factor receptor (FGFR), hepatocyte growth factor receptor (MET),
transforming growth factor beta receptors (TGFbRs), insulin like
growth factor 1 receptor (IGF1R), platelet derived growth factor
receptor (PDGFR), and regulatory kinases such as phosphoinositide-3-kinase (PI3K), v-akt murine thymoma viral oncogene
(AKT), and mechanistic target of rapamycin (mTOR) [5–10].
Nuclear factor of kappa light polypeptide gene enhancer in Bcells (NF-kB) is upregulated in human breast tumor cell lines,
carcinogen transformed mammary epithelial cells, the majority of
primary human and rodent breast tumor tissue samples [11]. It
has been reported to be a central mediator of EMT in a mouse
model of breast cancer progression [12,13]. More recently, NF-kB
was shown to act upstream of SNAI2 expression during EMT of
MCF10A human mammary epithelial cells overexpressing a
constitutively active IGF1R [14]. SNAI2 can also repress
endogenous E-cadherin (CDH1) gene expression. In breast cancer
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Results
Selection of miRNAs Regulating EMT and Survival of
Patients with Breast Cancer
We previously investigated the function of miRNAs in tumor
initiation, progression, and metastasis [22,23]. In this study, we
aimed to investigate the role of miRNAs in EMT. We therefore
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considered genes related to the regulation of EMT from the Gene
Ontology database (GO:0001837) and other independent studies.
miRNAs predicted to target these genes were selected using
TargetScan. Interestingly, we found that miR-506 was predicted
to target 16 EMT-related genes (Table S2). We performed a metaanalysis of a publically available human breast cancer miRNA
expression database (GSE22216) [24] and investigated the effects
of miR-506 on distant-relapse-free survival (DRFS) in breast
cancer. The patient samples were divided into high and low miR506 based on median expression levels (P,0.05, n = 206). miR506 showed a significant association with DRFS (p = 0.0458) in
more than 98% of patients (Fig. 1A), while miR-124, which targets
the same seed sequences, showed no significant impact on DRFS
in the same patients (data not shown), thereby leading us to further
investigate miR-506.

effects of miR-506 on EMT-related genes in another breast cancer
cell line, MDA-MB-468 by real-time reverse transcription
polymerase chain reaction (RT-PCR) (Fig. S1). We cloned miR506-binding sequences in the 39UTR of CD151, VIM, and SNAI2
for luciferase assay. Overexpression of miR-506 resulted in a
significant decrease in luciferase activity with the wildtype 39UTR
of CD151, VIM, and SNAI2, but not with mutant 39UTR
sequences (Fig. 1D). Overexpression of miR-506 also induced
morphological changes in MDA-MB-231 cells from long and
elongated mesenchymal-like cell to round and circular epitheliallike cell (Fig. S2).

NF-kB-mediated Regulation of miR-506
Promoter sequence analysis revealed a putative NF-kB binding
site at 21013 bp from precursor miR-506. NF-kB is a well-known
regulator of EMT for the positive correlation with several EMT
markers in patients with breast cancer (Fig. S3). We confirmed
binding of NF-kB upstream of miR-506 by chromatin immunoprecipitation (ChIP) assay (Fig. 2A). We also investigated the
correlation between NF-kB mRNA expression and miR-506 in
MDA-MB-436, MDA-MB-231, MDA-MB-468, and MDA-MB157 cells. In comparison to MCF10A, normal breast epithelial
cells, the expression of NF-kB was consistently high and miR-506
level was low in the four cancer cell lines. On the other hand, the

Regulation of EMT-related Genes by miR-506
miR-506 is predicted to target the 39UTRs of CD151, VIM,
and SNAI2. We overexpressed precursor miR-506 in MDA-MB231 human breast cancer cell lines to monitor the expression of
these target genes and CDH1 (an epithelial marker). The
expression levels of CD151, VIM, and SNAI2 were suppressed
by miR-506, while CDH1 was upregulated at mRNA (Fig. 1B)
and protein level (Fig. 1C). In addition, we also observed the

Figure 1. Selection of miR-506 as a candidate EMT-regulating miRNA and suppression of EMT-related genes by miR-506. (A) The
clinical significance of miR-506 in patients with breast cancer. Tissue samples from patients with breast cancer were analyzed GEO dataset, and
patients were divided into two sets based on miRNA expression (greater or less than the median, p,0.05). P values were computed by log rank and
Wilcoxon tests of significance. (B) Expression of CD151, VIM, SNAI2, and CDH1 in the presence of overexpression of miR-506 was determined by qRTPCR and (C) western blotting. (D) miR-506 targets the 39UTRs of CD151, VIM, and SNAI2. The 39 UTRs of CD151, VIM, and SNAI2 were cloned into
psiCHECK2 vector. Mutations in the miR-506 target sites in these UTRs were generated. MDA-MB-231 cells were cotransfected with UTR (normal and
mutant)-bearing psiCHECK2 vector and pcDNA3-cloned miR-506 for 48 hrs. Luciferase assays were performed. Renilla expression was normalized to
the luciferase gene on the psiCHECK2 vector. All experiments were performed in triplicate and repeated at least twice.
doi:10.1371/journal.pone.0064273.g001
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acted downstream of NF-kB and that NF-kB could not induce
EMT in the presence of miR-506 (Fig. 3B).

expression of NF-kB mRNA was low and the miR-506 level was
high in MCF10A cells (Fig. 2B). To test whether NF-kB
suppressed miR-506, we knocked down NF-kB in MDA-MB231 cells using siNF-kB. As shown in Fig. 2C, miR-506 expression
was induced by the suppression of NF-kB. When we overexpressed miR-506 in MDA-MB-231 cells, the expression of NF-kB
was not changed (Fig. 2D).

Effects of miR-506 in Cell Adhesion, Migration, and
Invasion
We evaluated the effects of miR-506 on cell adhesion by in vitro
adhesion assay. The overexpression of miR-506 decreased the
adhesion of MDA-MB-231 cells to a range of extracellular matrix
components such as fibronectin, collagen 1, collagen 4, laminin1,
and fibrogen (Fig. 4A). We also investigated the effects of miR-506
on the invasive and migratory activity of MDA-MB-231 cells in
in vitro assays. The overexpression of miR-506 in MDA-MB-231
cells was found to suppress invasive potential through Matrigel
(Fig. 4B). The migration of MDA-MB-231 cells was also
suppressed by the overexpression of miR-506 (Fig. 4C and 4D).

Regulation of Epithelial to Mesenchymal Transition by
miR-506
Our results indicated that NF-kB bound to the promoter region
of miR-506, which itself targets several EMT markers in an inverse
manner. We wanted to know if miR-506 suppression was
necessary for NF-kB to regulate EMT. In order to understand
this, we used TGFb as an inducer of EMT [25,26]. We
investigated the effect of miR-506 overexpression on TGFbinduced EMT in MCF10A cells. We found that overexpression of
miR-506 inhibited morphological changes in TGFb-treated
MCF10A cells (Fig. 3A), whereas in the absence of TGFb
treatment, overexpression of miR-506 did not affect epithelial
characteristics. The suppressive function of miR-506 in TGFbinduced EMT was validated by the suppression of expression of
EMT-related genes such as SNAI2, CD151, and CDH1 (Fig. 3B).
Interestingly, the expression of NF-kB remained unaffected in
miR-506-transfected cells induced by TGFb [27], and remained
induced in TGFb and miR-506 transfected cells as compared to
control conditions. These results strongly suggested that miR-506

Discussion
miRNAs are important regulators of gene expression and affect
fundamental cellular processes such as differentiation, proliferation, the cell cycle, and apoptosis [28–30]. In addition, miRNAs
can play a role in cancer processes, including tumorigenesis,
invasion, and recurrence [22,28–31]. Recent miRNA research has
focused on various high-throughput biochemical screens that
measure the expression of over 1,000 human miRNAs in human
cancer. Several hundreds of miRNAs were mapped to altered
regions in the cancer genome. Either overexpression or deletion of
miRNAs can drive the initiation and progression of human cancer.

Figure 2. Binding of NF-kB to upstream sequences of miR-506 to suppress transcription. (A) Chromatin immunoprecipitation showing the
interaction between NF-kB and miR-506. (B) miR-506 and NF-kB correlation in different breast cancer cell lines. (C) Expression of miR-506 in MDA-MB231 cells transfected with siNF-kB. (D) NF-kB expression in MDA-MB-231 cells transfected with miR-506.
doi:10.1371/journal.pone.0064273.g002
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Figure 3. Regulation of epithelial to mesenchymal transition by miR-506. (A) miR-506 could induce TGFb-induced morphological changes
in MCF10A cells. (B) Expression of various EMT markers such as SNAI2, CD151, CDH1, and NF-kB were checked in miR-506 in TGFb-treated MCF10A
cells.
doi:10.1371/journal.pone.0064273.g003

Figure 4. Effects of miR-506 in cell adhesion, migration, and invasion. (A) Overexpression of miR-506 in MDA-MB-231 cells may alter the
binding to the various matrix components responsible for cell adhesion (extracellular matrix array) such as fibronectin, collagen 1, collagen 4, lamin 1,
fibrogen (bovine serum albumin was used as a negative control). (B) Invasive capacity of MDA-MB-231 cells was analyzed by Matrigen Invasion Assay.
Overexpression of miR-506 on the regulation of overall migratory properties were observed by (C) wound healing assay or (D) Boyden Chamber Assay
(3D migration assay). (E) Summary of miR-506-mediated control of EMT.
doi:10.1371/journal.pone.0064273.g004
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7000 (Applied BioSystems). All PCR reactions were performed in
triplicate and the relative quantitative method was applied by
using the averaged DCt from the untreated cells. The endogenous
control was glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
or U6B.

miRNAs also play critical roles in normal stem cell function during
development and have emerged as important regulators of cancer
stem cells [32]. The modulation of specific miRNA alterations in
cancer cells using miRNA replacement or anti-miRNA technologies was shown to restore miRNA activity and repair gene
regulatory networks affecting apoptotic signaling pathways or drug
sensitivity and to improve treatment outcomes [33]. In this study,
we observed that miR-506 played a role as a master suppressor of
EMT in breast cancer through the direct targeting CD151, VIM
and SNAI2.
The role of NF-kB in normal mammary development [34,35]
and its constitutive activation in breast cancer has been well
established [34,36]. NF-kB is thought to function in the initiation
and growth of cancer cells at sites of metastasis. There is growing
evidence that NF-kB plays a central role in EMT [37,38]. There is
an NF-kB binding site in the promoter region of miR-506, and we
confirmed the suppressive function of NF-kB on miR-506
expression. In this sense, the suppression of miR-506 by NF-kB
might be required for the progression of EMT.
Cytokines of the TGFb superfamily have been implicated in a
variety of normal and pathologic phenomena. It is well known that
TGFb induces EMT [25,26]. In addition, the depletion of CD151
attenuates pulmonary metastasis of breast cancer cells by
regulating TGFb signaling [21]. Since CD151 is positively
correlated with TGFb, we treated MCF10A normal breast cancer
cells with TGFb to investigate the involvement of miR-506 in the
regulation of EMT. We found that overexpression of miR-506
suppressed TGFb-mediated induction of EMT marker. These
experiments suggested that miR-506 inhibited TGFb-induced
EMT signaling. We studied the functional relevance of miR-506
with respect to invasion, migration, and adhesion, and showed that
overexpressed miR-506 acted as a tumor suppressor miRNA in
breast cancer cells. Further studies will be needed to validate the
clinical utility of miR-506 as a measure of breast cancer treatment.

Luciferase Assay
The 39 UTRs of CD151, VIM, and SNAI2 were fused to the
Renilla luciferase gene using the XhoI/NotI restriction sites in the
psiCHECK2vector (Promega, Fitchburg, WI). Mutations in the
miR-506 target site in these UTRs were generated using the
QuikChange Multi Site-directed Mutagenesis kit (Stratagene, La
Jolla, CA). Primers used to amplify wild type (WT) and mutant
(MUT) 39UTRs are listed in Table S1. Luciferase assays were
performed using the Dual-Luciferase assay (Promega). Renilla
expression was normalized to the luciferase gene on the
psiCHECK2 vector.

Western Blotting
Cells were harvested and lysed in RIPA buffer and Protease
Inhibitor Cocktail (Sigma). Protein extracts were separated by
sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDSPAGE), followed by transfer to polyvinylidene fluoride membranes
(Bio-Rad, Hercules, CA). Membranes were incubated with CD151
(Santa Cruz Biotechnology Inc., Santa Cruz, CA), CDH1 (Abcam,
Cambridge, UK), SNAI2 (Cell Signaling Technology, Danvers,
MA), or NF-kB (Santa Cruz Biotechnology Inc.) antibodies in
Tris-buffered saline Tween 20 buffer with non-fat dry milk,
followed by incubation with horseradish-peroxidase-conjugated
secondary antibody (Bio-Rad). Immunoreactive bands were
visualized using the Chemiluminescent Substrate Kit (Thermo
Scientific, Rockford, IL).

Adhesion, Invasion and Migration Analysis
Adhesion assays were performed 48 hours after transfection
with miR-506 using a Cytoselect 48-well cell adhesion assay (Cells
Biolabs, San Diego, CA) according to the manufacturer’s protocol.
For invasion assays, cells were seeded in a Matrigel-coated
chamber (BD, Franklin, NJ), and viable cells were quantitated
after 24, 48, 72, and 96 hours using 3-(4,5 dimethylthiazole2,5dipheniltetrazolium bromide) (MTT; Sigma). For migration
assays, cells were seeded into the upper chamber of a Transwell
insert (Corning Life Sciences, Lowell, MA) in serum-free medium
48 hours after transfection. The lower chamber was filled with
medium containing 10% FBS. The cells that migrated onto the
lower surface of the insert were fixed with 4% formaldehyde and
stained with crystal violet (3D migration assay). For the wound
healing migration assay (2D migration assay), a wound was made
in a cell monolayer and images were captured initially and at
regular intervals during cell migration to close the wound. These
images were compared to quantify the migration rate of the cells.

Materials and Methods
Cell Culture and Cloning
MDA-MB-231, MDA-MB-157, and MDA-MB-468 human
breast cancer cell lines were purchased from ATCC and
maintained in Dulbecco’s modified Eagle’s medium (DMEM,
Sigma Aldrich, St Louis, MO) supplemented with 10% fetal
bovine serum (FBS), 100 U/ml penicillin, and 100 mg/ml
streptomycin. MDA-MB-436 cells were maintained in Leibovitz’s
L-15 medium supplemented with 10% FBS and 10 mg/ml insulin.
MCF10A normal mammary epithelial cells were grown in base
medium (MEBM) supplemented with MEGM additives (Lonza
Clonetics, Walkersville, MD). MCF10A cells were treated with
20 ng/mlTGF–b1 (R&D System Inc., Minneapolis, MN) for the
indicated times to induce EMT. Human pre-miR-506 was
amplified and cloned into pcDNA3 (Invitrogen, Carlsbad, CA)
using gene-specific primers (Table S1) for human genomic DNA.

Quantitative Reverse Transcriptase-polymerase Chain
Reaction (RT-PCR)

Chip Assay

Total RNA was extracted using TRIzol and then reverse
transcribed into complementary DNA using Superscript II reverse
transcriptase (Invitrogen, Carlsbad, CA) and oligo-(dT) 12–18-mer
primers according to the manufacturer’s protocol. Quantitative
RT-PCR was performed in a reaction mixture containing SYBR
Premix Ex Taq (Takara Bio Inc., Shiga, Japan). Quantitation of
microRNAs was performed using TaqMan miRNA assays
(Applied Biosystems, Foster City, CA) according to the manufacturer’s protocol. Samples were analyzed using an ABI PRISM

Bioinformatic and Statistical Analyses

PLOS ONE | www.plosone.org

Chromatin immunoprecipitation was modified from the EZCHIP (Upstate, Tenecula, CA) protocol using anti-NF-kB
antibody (Santa Cruz Biotechnology Inc.). Input genomic DNA
served as a control.

Quantitative results were expressed as mean 6 standard error of
the mean (s.e.m.). Independent Student’s t-tests or Wilcoxon
signed-rank tests were performed to analyze gene and miRNA
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Figure S2 Morphological changes in miR-506-overexpressed MDA-MB-231 human breast cancer cell lines.
(DOCX)

expression levels. The log-rank test was used to test for differences
in survival in univariate analysis.
Normalized mRNA and miRNA expression data were obtained
from the Gene Expression Omnibus (GEO, http://www.ncbi.nlm.
nih.gov/geo/) using series matrix files of dataset GSE2990.
Correlation was assessed by Pearson correlation [r], with
p,0.05 considered statistically significant. Kaplan-Meier plots
were used to estimate distant metastasis-free survival in the GEO
dataset GSE22216 [24]. Samples were stratified into high and low
miRNA expression groups based on the median expression level.
The significance of survival differences between groups was
assessed by the log-rank test, with p,0.05 considered statistically
significant.

Figure S3 Correlation between NF-kB and other epithelial to mesenchymal transition marker genes in breast
cancer patients.
(DOCX)
Table S1 Primer sequences used for 39-UTR cloning,
RT-PCR, ChIP and expression vector cloning.
(PDF)
Table S2 List of epithelial to mesenchymal transition-

related target genes for miR-506.
(PDF)

Supporting Information
Author Contributions

Figure S1 Expression of CD151, VIM, and SNAI2 in

Conceived and designed the experiments: HA W-YP. Performed the
experiments: HA RQ. Analyzed the data: HA RQ. Contributed reagents/
materials/analysis tools: HA RQ. Wrote the paper: HA W-YP.
Summarized the data: HA W-YP. Interpreted results: HA W-YP.

miR-506-overexpressed MDA-MB-468 human breast
cancer cell lines.
(DOCX)

References
18. Chometon G, Zhang ZG, Rubinstein E, Boucheix C, Mauch C, et al. (2006)
Dissociation of the complex between CD151 and laminin-binding integrins
permits migration of epithelial cells. Exp Cell Res 312: 983–995.
19. Ke AW, Shi GM, Zhou J, Huang XY, Shi YH, et al. (2011) CD151 amplifies
signaling by integrin alpha6beta1 to PI3K and induces the epithelialmesenchymal transition in HCC cells. Gastroenterology 140: 1629–1641 e1615.
20. Tobar N, Villar V, Santibanez JF (2010) ROS-NFkappaB mediates TGF-beta1induced expression of urokinase-type plasminogen activator, matrix metalloproteinase-9 and cell invasion. Mol Cell Biochem 340: 195–202.
21. Sadej R, Romanska H, Kavanagh D, Baldwin G, Takahashi T, et al. (2010)
Tetraspanin CD151 regulates transforming growth factor beta signaling:
implication in tumor metastasis. Cancer Res 70: 6059–6070.
22. Koturbash I, Zemp FJ, Pogribny I, Kovalchuk O (2011) Small molecules with
big effects: the role of the microRNAome in cancer and carcinogenesis. Mutat
Res 722: 94–105.
23. Shi XB, Tepper CG, deVere White RW (2008) Cancerous miRNAs and their
regulation. Cell Cycle 7: 1529–1538.
24. Buffa FM, Camps C, Winchester L, Snell CE, Gee HE, et al. (2011) microRNAassociated progression pathways and potential therapeutic targets identified by
integrated mRNA and microRNA expression profiling in breast cancer. Cancer
Res 71: 5635–5645.
25. Yilmaz M, Maass D, Tiwari N, Waldmeier L, Schmidt P, et al. (2011)
Transcription factor Dlx2 protects from TGFbeta-induced cell-cycle arrest and
apoptosis. EMBO J 30: 4489–4499.
26. Cufi S, Vazquez-Martin A, Oliveras-Ferraros C, Martin-Castillo B, Joven J, et
al. (2010) Metformin against TGFbeta-induced epithelial-to-mesenchymal
transition (EMT): from cancer stem cells to aging-associated fibrosis. Cell Cycle
9: 4461–4468.
27. Gingery A, Bradley EW, Pederson L, Ruan M, Horwood NJ, et al. (2008) TGFbeta coordinately activates TAK1/MEK/AKT/NFkB and SMAD pathways to
promote osteoclast survival. Exp Cell Res 314: 2725–2738.
28. Bueno MJ, Malumbres M (2011) MicroRNAs and the cell cycle. Biochimica et
biophysica acta 1812: 592–601.
29. Bushati N, Cohen SM (2007) microRNA functions. Annu Rev Cell Dev Biol 23:
175–205.
30. Skaftnesmo KO, Prestegarden L, Micklem DR, Lorens JB (2007) MicroRNAs in
tumorigenesis. Curr Pharm Biotechnol 8: 320–325.
31. Lynam-Lennon N, Reynolds JV, Pidgeon GP, Lysaght J, Marignol L, et al.
(2010) Alterations in DNA Repair Efficiency are Involved in the Radioresistance
of Esophageal Adenocarcinoma. Radiat Res.
32. Liu C, Tang DG (2011) MicroRNA regulation of cancer stem cells. Cancer Res
71: 5950–5954.
33. Wu W (2010) MicroRNA: potential targets for the development of novel drugs?
Drugs R D 10: 1–8.
34. Connelly L, Robinson-Benion C, Chont M, Saint-Jean L, Li H, et al. (2007) A
transgenic model reveals important roles for the NF-kappa B alternative
pathway (p100/p52) in mammary development and links to tumorigenesis. The
Journal of biological chemistry 282: 10028–10035.
35. Brantley DM, Chen CL, Muraoka RS, Bushdid PB, Bradberry JL, et al. (2001)
Nuclear factor-kappaB (NF-kappaB) regulates proliferation and branching in
mouse mammary epithelium. Molecular biology of the cell 12: 1445–1455.
36. Liu S, Tan WY, Chen QR, Chen XP, Fu K, et al. (2008) Daintain/AIF-1
promotes breast cancer proliferation via activation of the NF-kappaB/cyclin D1
pathway and facilitates tumor growth. Cancer Sci 99: 952–957.

1. Thiery JP (2002) Epithelial-mesenchymal transitions in tumour progression. Nat
Rev Cancer 2: 442–454.
2. Evdokimova V, Tognon C, Ng T, Sorensen PH (2009) Reduced proliferation
and enhanced migration: two sides of the same coin? Molecular mechanisms of
metastatic progression by YB-1. Cell Cycle 8: 2901–2906.
3. Emadi Baygi M, Soheili ZS, Schmitz I, Sameie S, Schulz WA (2010) Snail
regulates cell survival and inhibits cellular senescence in human metastatic
prostate cancer cell lines. Cell Biol Toxicol 26: 553–567.
4. Wang J, Kuiatse I, Lee AV, Pan J, Giuliano A, et al. (2010) Sustained c-JunNH2-kinase activity promotes epithelial-mesenchymal transition, invasion, and
survival of breast cancer cells by regulating extracellular signal-regulated kinase
activation. Molecular cancer research : MCR 8: 266–277.
5. Wesche J, Haglund K, Haugsten EM (2011) Fibroblast growth factors and their
receptors in cancer. Biochem J 437: 199–213.
6. De Wever O, Mareel M (2003) Role of tissue stroma in cancer cell invasion.
J Pathol 200: 429–447.
7. Ridolfi E, Matteucci E, Maroni P, Desiderio MA (2008) Inhibitory effect of HGF
on invasiveness of aggressive MDA-MB231 breast carcinoma cells, and role of
HDACs. British journal of cancer 99: 1623–1634.
8. Surmacz E, Bartucci M (2004) Role of estrogen receptor alpha in modulating
IGF-I receptor signaling and function in breast cancer. J Exp Clin Cancer Res
23: 385–394.
9. Rosenfeldt HM, Hobson JP, Maceyka M, Olivera A, Nava VE, et al. (2001)
EDG-1 links the PDGF receptor to Src and focal adhesion kinase activation
leading to lamellipodia formation and cell migration. The FASEB journal :
official publication of the Federation of American Societies for Experimental
Biology 15: 2649–2659.
10. Harvey RD, Lonial S (2007) PI3 kinase/AKT pathway as a therapeutic target in
multiple myeloma. Future Oncol 3: 639–647.
11. Min C, Eddy SF, Sherr DH, Sonenshein GE (2008) NF-kappaB and epithelial to
mesenchymal transition of cancer. J Cell Biochem 104: 733–744.
12. Huber MA, Beug H, Wirth T (2004) Epithelial-mesenchymal transition: NFkappaB takes center stage. Cell Cycle 3: 1477–1480.
13. Huber MA, Azoitei N, Baumann B, Grunert S, Sommer A, et al. (2004) NFkappaB is essential for epithelial-mesenchymal transition and metastasis in a
model of breast cancer progression. The Journal of clinical investigation 114:
569–581.
14. Kim HJ, Litzenburger BC, Cui X, Delgado DA, Grabiner BC, et al. (2007)
Constitutively active type I insulin-like growth factor receptor causes
transformation and xenograft growth of immortalized mammary epithelial cells
and is accompanied by an epithelial-to-mesenchymal transition mediated by NFkappaB and snail. Molecular and cellular biology 27: 3165–3175.
15. Dubois-Marshall S, Thomas JS, Faratian D, Harrison DJ, Katz E (2011) Two
possible mechanisms of epithelial to mesenchymal transition in invasive ductal
breast cancer. Clin Exp Metastasis 28: 811–818.
16. Ang J, Lijovic M, Ashman LK, Kan K, Frauman AG (2004) CD151 protein
expression predicts the clinical outcome of low-grade primary prostate cancer
better than histologic grading: a new prognostic indicator? Cancer Epidemiol
Biomarkers Prev 13: 1717–1721.
17. Yamada M, Tamura Y, Sanzen N, Sato-Nishiuchi R, Hasegawa H, et al. (2008)
Probing the interaction of tetraspanin CD151 with integrin alpha 3 beta 1 using
a panel of monoclonal antibodies with distinct reactivities toward the CD151integrin alpha 3 beta 1 complex. Biochem J 415: 417–427.

PLOS ONE | www.plosone.org

6

May 2013 | Volume 8 | Issue 5 | e64273

miR-506-Mediated Regulation of EMT

38. Maier HJ, Schmidt-Strassburger U, Huber MA, Wiedemann EM, Beug H, et al.
(2010) NF-kappaB promotes epithelial-mesenchymal transition, migration and
invasion of pancreatic carcinoma cells. Cancer letters 295: 214–228.

37. Li QQ, Chen ZQ, Cao XX, Xu JD, Xu JW, et al. (2011) Involvement of NFkappaB/miR-448 regulatory feedback loop in chemotherapy-induced epithelialmesenchymal transition of breast cancer cells. Cell Death Differ 18: 16–25.

PLOS ONE | www.plosone.org

7

May 2013 | Volume 8 | Issue 5 | e64273

