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Summary

Recent studies have suggested that microRNA-10b (miR-10b) acts as a promoter of metastasis in
breast cancer, although the underlying mechanism remains largely unknown. In this study, we pro-
vide the first evidence that E-cadherin (E-cad) is a potential target of miR-10b.

By applying gain-of-function and loss-of-function approaches in the metastatic breast cancer cell
line MDA-MB-231, we demonstrated that miR-10b is necessary and sufficient to regulate the cellu-
lar expression of E-cad and in vitro tumor cell invasion.

Comparative expression analysis of miR-10b in benign breast lesions (N=16), primary breast can-
cers (N=21), and metastatic breast carcinomas (N=23) revealed that miR-10b transcription was
uniquely up-regulated in metastatic cancers. The expression level of miR-10b positively correlated
with tumor size, pathological grading, clinical staging, lymph node metastasis, Her2-positivity and
tumor proliferation, but was negatively associated with estrogen receptor-positivity, progesterone
receptor-positivity and E-cad mRNA and protein levels.

These findings indicate the existence of a novel E-cadherin-related mechanism by which miR-10b
modulates breast cancer metastasis. In addition, miR-10b may be a useful biomarker of advanced
progression and metastasis of breast cancer.

microRNA-10b * E-cadherin ¢ breast cancer * metastasis

Full-text PDF:

Word count:
Tables:
Figures:
References:

Author’s address:

http://www.medscimonit.com/fulltxt.php?ICID=883262

3823
3

5

32

Qing-Song Xi, Cancer Center of Tongji Hospital, Tongji Medical College, Huazhong University of Science and
Technology, No.1095 Jiefang Road, Wuhan 430030, China, e-mail: lyly.7011@163.com or xigingsong@gmail.com

Current Contents/Clinical Medicine © IF(2010)=1.699 * Index Medicus/MEDLINE « EMBASE/Excerpta Medica ¢ Chemical Abstracts ¢ Index Copemicus

BR299



Basic Research

Med Sci Monit, 2012; 18(8): BR299-308

BACKGROUND

Breast cancer is the most common malignancy diagnosed
in women. More than 1.3 million new cases are reported
each year, accounting for approximately 23% of all new
cancer cases in either sex worldwide [1]. Several strong risk
factors, ranging from genetic to environmental, have been
identified for breast cancer and incorporated into public
awareness campaigns and clinical monitoring strategies of
the general at-risk population [2]. In addition, convenient
and accurate early detection techniques have been devel-
oped and are in routine use [3]. While these strategies have
been able to reduce the rates of mortality associated with
breast cancer, nearly half a million women still die of the
disease each year; among those, more than 90% are attrib-
uted to cancer metastasis. Therefore, substantial research
and clinical efforts have been devoted to understanding the
underlying molecular mechanisms that control the meta-
static spread of tumor cells. It is expected that molecularly
targeting these mechanisms, by pharmaceutical or genet-
ic-based approaches, may slow down or stop metastasis and
improve the survival of cancer patients.

MicroRNA (miRNA) is a family of endogenous, highly con-
served, small non-coding RNA molecules. The in vivo ma-
ture miRNA molecules are between 18 to 22 nucleotides (nt)
in length, and are generated from the genome by a 2-step
process [4,5]. First, the gene for miRNA is transcribed in
the nucleus by RNA polymerase II to produce primary miR-
NA (pri-miRNA), which is then targeted by the ribonucle-
ase Drosha for processing into a stem-loop structure, known
as the precursor miRNA (pre-miRNA). Second, with the
help of Exportin 5 and Ran-GTP, pre-miRNA is transport-
ed to the cytoplasm, where it is further processed by the ri-
bonuclease Dicer to an approximately 22-nt double-strand-
ed RNA (dsRNA) molecule, which is the mature miRNA.
The 2 strands of the mature miRNA are thermodynamical-
ly asymmetric, and the strand with less 5’-end base-pairing
stability, also called the guide strand, is preferentially select-
ed by Argonaute 2 and other proteins for subsequent assem-
bly into the RNA-induced silencing complex (RISC) [6]. By
hybridizing, often imperfectly, to a homologous mRNA se-
quence, the guide strand of miRNA directs RISC to the tar-
get mRNA sequence. The miRNA is then cleaved by the en-
donuclease component of the complex, leading to mRNA
degradation and gene silencing. Most miRNA target sites are
located within the 3’-untranslated regions (3’-UTR) of genes.

Through this post-transcriptional regulatory mechanism of
gene expression, miRNA actively modulates many biological
processes, including cell proliferation, apoptosis, differenti-
ation, and motility; likewise, miRNA actions can influence
the onset and progression of a number of human diseases,
as has been demonstrated for heart disease, hematopoietic
disease, neurological disease, immune disease and cancer
[4,5,7]. To date, more than 900 mature miRNAs have been
identified in the human genome (miRbase database, Attp://
www.mirbase.org/). Although the number of miRNA-coding
genes only accounts for approximately 1% of total genes,
they are believed to regulate the expression of more than
30% of the protein-coding genes in humans [8].

miRNAs play an important role in normal development of
the mammary gland. For example, miR-25 and miR-17-92

are involved in the proliferation of normal mammary ducts
and acini, let-7 regulates terminal differentiation of mam-
mary cells, miR-29 mediates breast tissue remodeling, and
miR-205 is considered as a marker for normal mammary
stem cells [9]. In addition, miRNAs also play key roles in
breast cancer development. Abnormal expression levels of
miRNAs have been clinically observed in cancerous breast
tissues, where they are believed to function as oncogenes
or tumor suppressors [5].

Recently, Ma et al. identified the miR-10b gene as a target
of the transcription factor Twist, which is highly expressed
in metastatic breast cancer cells and stimulates in vitroand
in vivo tumor invasion [10]. Up-regulated expression of
miR-10b was shown to result in suppression of the miRNA-
10b target homeobox gene D10 (HOXD10), which in turn
led to induced expression of the pro-metastatic gene RHOC
[10]. In the study presented herein, we identified another
target of miR-10b silencing activity, E-cadherin (E-cad), an
essential component for maintaining epithelial cell polar-
ity and a potent suppressor of breast cancer invasion/me-
tastasis. Moreover, we showed that miR-10b is necessary
and sufficient for driving the expression of E-cad in breast
cancer cells in vitro. A high negative correlation was found
between the expressions of these 2 molecules in human
breast cancer tissues, and a higher level of miR-10b signifi-
cantly correlated with advanced disease and higher lymph
node metastasis.

MATERIAL AND METHODS

Cell culture and treatment

The human metastatic breast adenocarcinoma cell line
MDA-MB-231 was obtained from the Center of Molecular
Medicine, Tongji Hospital (Tongji Medical College, Wuhan,
China) and cultured in RPMI-1640 medium containing
10% fetal bovine serum (FBS; Gibco, Carlsbad, CA, USA).

The 2’-O-methyl miR-10b inhibitor (IN-10b, an antisense
oligonucleotide specifically targeting mature miR-10b;
sequence 5-CACAAAUUCGGUUCUACAGGGUA-3’),
a control scrambled oligonucleotide (IN-Ctrl,
5-CAGUACUUUUGUGUAGUACAA-3’), the 2’-O-methyl
miR-10b mimic (MI-10b, dsRNA molecule mimick-
ing the endogenous mature miR-10b molecules; sense
5’-UACCCUGUAGAACCGAAUUUGUG-3’, antisense
3-CAAAUUCGGUUCUACAGGGUAUU-5’), and its cor-
responding control scrambled RNA duplex (MI-Ctrl,
sense b’-UUCUCCGAACGUGUCACGUTT-3’, antisense
5-ACGUGACACGUUCGGAGAATT-3’) were designed and
synthesized by GenePharma (Shanghai, China). To observe
the transfection efficiency, an FAM-labeled miR-10b inhib-
itor or mimic was used (GenePharma). For delivery of the
inhibitor or mimic into the cells, MDA-MB-231 were seeded
at 1.5x10° cells/well in 6-well plates. Twenty-four hours lat-
er, the miR-10 inhibitor or mimic was transfected into the
cells using Lipofectamine 2000 (Invitrogen, Carlsbad, CA,
USA) by following the manufacturer’s protocol.

Patient selection and clinicopathological information

This study was approved by the Ethics Committee of Tongji
Medical College, Huazhong University of Science and
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Technology (Wuhan, China), and written consent was ob-
tained from all subjects. A cohort of 44 breast cancer tissues
were freshly isolated from female patients (age range: 35
to 76 years; average: 50.27 years) in either Tongji Hospital
(Huazhong University of Science and Technology, Wuhan,
China) or the Affiliated Xuzhou Hospital, Medical College
of Southeast University (Xuzhou, China). According to
the World Health Organization (WHO) guidelines for
Histological Grading of Tumors of the Breast (2003), the
breast cancer tissue samples included 21 grade I, 14 grade
II, and 9 grade III tumors. Pathologically, these tissues in-
cluded 35 invasive ductal carcinoma, 4 ductal carcinoma
in situ, 2 mucinous carcinoma, 1 medullary carcinoma, 1
Paget’s disease, and 1 neuroendocrine carcinoma. Based
on the 2002 TNM Classification of Breast Cancers devel-
oped by the International Union Against Cancer (UICC)
and the American Joint Committee on Cancer (AJCC), the
sample cohort was composed of 21 stage I, 9 stage II, and
14 stage III cases.

Other available clinicopathological data associated with each
breast cancer patient were collected, including tumor size,
positivity for Her2, estrogen receptor (ER) and progester-
one receptor (PR), and mitotic index (as indicated by Ki-
67 staining). As controls, 16 samples of benign breast le-
sions, including 12 fibroadenomas, 2 adenosis, 1 mammary
hamartoma, and 1 mammary duct ectasia, were freshly ob-
tained from 16 female patients (age range: 20 to 63 years;
average: 34.06 years) in the Second Affiliated Hospital of
Henan University of Science and Technology. All breast tis-
sues were immediately transferred to liquid nitrogen and
stored at —86°C until future use.

Reverse transcription (RT) followed by quantitative real-
time PCR (qPCR)

Total RNA was extracted from breast tissues or breast
cancer cells using the Trizol reagent (Invitrogen) and
following the manufacturer’s instructions. To quanti-
fy the miR-10b amount in each of the total RNA sam-
ples, the Hairpin-it™ miR-10b qPCR Quantitation Kit
(GenePharma) was used according to the manufacturer’s
protocol. This procedure involves exclusive stem-loop RT
primer hybridization to mature, miRNA, and not to pri-
miRNA or pre-miRNA, followed by amplification of the
mature miR-10b using a set of gene-specific primers. As
an internal control, the small nuclear RNA (snRNA) U6
was amplified by using the U6 snRNA qPCR Normalization
Kit (GenePharma).

To examine the expression of E-cad in various sam-
ples, total RNA was reverse transcribed into cDNA us-
ing MMLYV reverse transcriptase (Promega, Madison, WI)
and following the manufacturers’ protocol. gPCR was
performed using the following primers provided in the
Custom RT-qPCR Gene Expression Kit (GenePharma):
human E-cad (amplicon size of 176 base pairs (bps)):
forward 5’-ATGCCATCGTTGTTCACTGGA-3’, re-
verse 5’-CATGAGAAGTATGACAACAGCCT-3’; hu-
man GAPDH (internal control; amplicon size of 113
bps): 5>~ AGTCCTTCCACGATACCAAAGT-3’, reverse
5-ATTGGAACGATACAGAGAAGATT-3’. The expression
of the target gene was calculated using the 2-**“ method,
as previously described [11].

Western immunoblot

Tissue homogenate was prepared in an ice cold buffer con-
taining 50 mM Tris-HCI (pH 6.7), 2% sodium dodecyl sul-
fate (SDS), 4% glycerol, and 1 mM phenylmethanesulpho-
nylfluoride (PMSF). Cell lysate was prepared in an ice-cold
buffer containing 50 mM Tris-HCI (pH 8.0), 0.5% Triton
X-100, 10% glycerol, and 0.1 mM ethylenediaminetetraace-
tic acid (EDTA). After centrifugation at 12,000xg for 10
min, the supernatant containing the total protein sample
was collected and used in subsequent analysis. Following
resolution by 10% SDS-polyacrylamide gel electrophoresis
(PAGE), the separated proteins were electro-transferred
onto a polyvinylidene fluoride (PVDF) membrane. The
membrane was then blocked against non-specific binding
by room temperature incubation with TBST buffer (10 mM
Tris-HCI (pH 7.4), 100 mM NaCl, and 0.2% Tween-20) con-
taining 5% skim milk for 2 h. After which, overnight incu-
bation with rocking at 4°C was carried out with the follow-
ing primary antibodies: anti-E-cad antibody (Santa Cruz
Biotechnology, Santa Cruz, CA, USA), anti-B-actin anti-
body (Sigma, St. Louis, MO, USA). The next day, incuba-
tion was carried out with HRP-conjugated secondary anti-
body (Jackson ImmunoResearch, West Grove, PA, USA),
and the signal was developed with SuperSignal West Pico
Chemiluminescent Substrates (Pierce, Rockford, IL, USA).
Immunoreactive signal intensities were analyzed by the Gel-
Pro Analyzer (Media Cybernetics, Bethesda, MD, USA).

Transwell invasion assay

Transwell inserts in 24-well format (8.0-um pores; Corning,
Lowell, MA, USA) were coated on the upper side with di-
luted matrigel (50 mg/L matrigel: DMEM with 0.5% FBS)
and incubated at 37°C for 4 h. After coating, 5x10° cells in
100 pL. DMEM medium containing 5% FBS were seeded on
top of the insert. To the lower chamber, 700 pL of DMEM
medium containing 20% FBS was added. The invasion as-
say was allowed to proceed at 37°C for 24 h. Then, the tran-
swell insert was taken out, washed once with phosphate buff-
ered saline (PBS), and fixed in methanol at —-20°C for 10
min. After another wash with PBS, the non-invasive cells and
matrigel on the top of the insert were cleared with a cot-
ton swab, and the insert was washed 3 times with PBS. After
air drying, the insert was immersed in 200 pL of 0.1% crys-
tal violet and incubated at 37°C for 30 min; after a final 3
washes with ddH, O, the inserts were evaluated and digitally
imaged under a light microscope. For each sample, 6 ran-
dom fields were imaged under high magnification (200x)
and used to calculate the average number of invaded cells.

Statistical analysis

Statistical analysis was performed using SPSS 13.0 software
(Chicago, IL, USA). All quantitative data are presented as
mean + standard deviation (SD) for 3 independent exper-
iments or multiple samples, where indicated. Comparison
between 2 groups was first performed by Levene’s test, with
those showing equal variance being applied to further test-
ing by one-way analysis of variance (ANOVA). If the ANOVA
test was positive (P<0.05), a Student-Newman-Keuls test was
performed for pairwise comparisons. The variation of miR-
10b expression according to distinct clinicopathological fea-
tures was analyzed using the Student’s #test with Bonferroni
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Figure 1. miR-10b inhibitor significantly reduces endogenous miR-
10b level in MDA-MB-231 cells. (A) Maps of the potential
target site of miR-10b in E-cad mRNA. Straight lines
indicate canonical Watson-Crick base pairing, and dotted
lines indicate non-Watson-Crick base pairing. (B) FAM-
labeled miR-10b inhibitor was transiently transfected into
MDA-MB-231 cells. Transfection efficiency was estimated 48
h later by imaging under bright light (left) and fluorescence
microscopy (right) (200x). (C) The level of miR-10b was
examined by RT-qPCR at 48 h after transfection and
quantified as the ratio of miR-10b to snRNA U6 (internal
control), with the relative level in Mock cells arbitrarily
defined as 1.0. Mock, mock-transfected cells; IN-Ctrl, control
inhibitor-transfected cells; Blank, non-transfected cells;
IN-10b, miR-10b inhibitor-transfected cells. * P<0.01, as
compared to all other groups.

correction, and the correlation between these parameters
was examined by a general linear regression model. The
correlation between the expression levels of miR-10b and
E-cad was analyzed using Spearman’s rank correlation test,
with the coefficient r calculated. A Pvalue of <0.05 was con-
sidered statistically significant.

RESULTS

miR-10b up-regulates E-cad and reduces cell invasion

To gain a mechanistic understanding of miR-10b-regulated
breast cancer metastasis, we sought potential human miR-
10b targets by querying bioinformatics databases using the
miRanda (http://www.microrna.org/microrna/home.do) and
PITA (http://genie.weizmann.ac.il/pubs/mir07/mir07_data.
himl) algorithms. Both analyses identified the human CDH1
gene that encodes the transmembrane glycoprotein E-cad
as a potential target for miR-10b. The potential target site
in the E-cad mRNA was located between nucleotides 461
and 481 within the 3’ UTR (Figure 1A).

To test whether miR-10b is required for the down-regulat-
ed E-cad expression commonly observed in breast cancer

cells, we transiently transfected MDA-MB-231 cells with the
2’-O-methyl miR-10b inhibitor (IN-10b). Mock-transfected
cells (Mock), cells transfected with a scrambled oligonucle-
otide (IN-Ctrl), or non-transfected cells (Blank) were used
as controls to evaluate changes in gene expressions associ-
ated with miR-10b silencing. By using FAM-labeled miR-10b,
we were able to visually assess transfection efficiency; at 48
h after transfection, the transfection efficiency reached ap-
proximately 80% (Figure 1B). Meanwhile, RT-qPCR analysis
showed that the level of miR-10b was dramatically reduced
in IN-10b cells, by approximately 53% wvs. Mock cells, 50%
vs. Blank cells, and 58% vs. IN-Ctrl cells (P<0.01; Figure 1C).

Once reduced levels of miR-10b had been established, we ex-
amined the concomitant expression of E-cad at both steady-
state mRNA and protein levels. As shown in Figure 2A and
2B, although we detected a slight up-regulation of both E-cad
mRNA and protein in IN-Ctrl cells, as compared to Mock
and Blank cells, the E-cad expression in IN-10b cells was sig-
nificantly up-regulated as compared to the other 3 negative
control cells (P<0.05). Since E-cad is a crucial regulator of
cell migration/invasion, we examined whether inhibition
of miR-10b led to any alterations in cell invasive properties,
presumably through the dysregulated E-cad. Compared with
Blank cells, the invasion capability of IN-10b cells was re-
duced by approximately 45% (P<0.05; Figure 2C).

Overexpressing miR-10b reduces E-cad and promotes cell
invasion

Next, we investigated whether miR-10b is sufficient to down-
regulate E-cad in breast cancer cells. To achieve this, we
transfected MDA-MB-231 cells with a miR-10b mimic that
functions as a mature miR-10b in cells (MI-10b) and would
create an environment of miR-10b overexpression. Mock-
transfected cells (Mock), cells transfected with a control
mimic (MI-Ctrl), or non-transfected cells (Blank) were used
as controls to evaluate the change in E-cad expression due
to miR-10b overexpression. Again, the transfection efficien-
cy reached approximately 80% at 48 h post-transfection
(Figure 3A). As expected, the MI-10b cells showed a dra-
matically up-regulated miR-10b level, by an approximately
2500-fold increase vs. Mock or Blank cells and 55-fold vs.
MI-Ctrl cells (Figure 3B).

The up-regulation of miR-10b level was accompanied by
significant reduction of E-cad mRNA and protein expres-
sions, by more than 90% and 80% wvs. Mock cells, respec-
tively (P<0.01; Figure 4A and 4B). In functional analysis, the
MI-10b cells also exhibited significantly higher invasion ca-
pability than the Blank cells (P<0.05; Figure 4C).

High miR-10b level is detected in metastatic breast cancer
and negatively correlates with E-cad expression

To analyze the clinical significance of the potential cross-
talk between miR-10b and E-cad during breast cancer de-
velopment, we examined the expressions of miR-10b and
E-cad in benign breast lesions (Benign, N=16), primary
breast cancer that was limited in breast tissue without lymph
node metastasis (Pri, N=21), and metastatic breast cancer
that was positive for lymph node metastasis (Met, N=23).
Compared to cancers from benign breast lesions, primary
breast cancers showed no obvious differences in detectable
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Figure 2. Down-regulation of miR-10b level enhances the expression of
E-cad. (A) MDA-MB-231 cells were transfected as indicated.
The steady-state mRNA level of E-cad was determined by
RT-qPCR 48 h later, and is presented as the ratio to GAPDH
(internal control), with the relative level in Mock cells arbitrarily
defined as 1.0. (B) MDA-MB-231 cells were treated as in (A),
and the protein level of E-cad was examined by a Western
immunoblot. A representative gel image is shown (top), along
with quantification of the ratio of E-cad to -actin from three
independent experiments (bottom). The level of relative E-cad
expression in Mock cells was arbitrarily defined as 1.0. (C) At
48 h after transfection, the invasion capability of MDA-MB-231
cells was examined by Transwell assay. Representative images
of invaded cells from each of the groups is presented (top). The
number of invaded cells was calculated as the sum of crystal
violet-positive cells from six random fields of each sample
(bottom). * P<0.05, as compared to all other groups.

miR-10b level (P>0.05; Figure 5A). Metastatic breast cancers,
however, contained significantly higher levels of miR-10b,
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Figure 3. miR-10b mimic-derived overexpression dramatically
increases its level in MDA-MB-231 cells. (A) FAM-labeled
miR-10b mimic was transiently transfected into MDA-
MB-231 cells. The transfection efficiency was estimated
48 h later by imaging the cells under bright light (top)
and fluorescence microscopy (bottom) (200). (B) The
level of miR-10b was examined by RT-qPCR at 48 h after
transfection and quantified as the ratio of miR-10b to
snRNA U6 (internal control), with the relative level in Mock
cells arbitrarily defined as 1.0. Mock, mock-transfected
cells; MI-Ctrl, control mimic-transfected cells; Blank, non-
transfected cells; MI-10b, miR-10b mimic-transfected cells.
* P<0.01, as compared to all other groups.

approximately 5- and 6-fold increases vs. benign tissue and
primary breast cancers, respectively (P<0.05).

Corresponding to the up-regulated level of miR-10b in
metastatic breast cancers, we also found that E-cad was
significantly down-regulated at both the mRNA and pro-
tein levels in metastatic breast cancers, as compared to
that in benign breast lesions and primary breast cancers
(P<0.05). The E-cad mRNA and protein levels were not
dramatically different among the benign breast lesions
and primary breast cancers (P>0.05; Figure 5B and 5C).
Spearman’s rank correlation test showed that there was
a high negative correlation between miR-10b level and
E-cad mRNA or protein level in breast cancer (r<-0.5,
P<0.001; Table 1).

MiR-10b is an indicator of advanced and metastatic breast
cancer

The ttest statistical analysis showed that miR-10b level var-
ied significantly in conjunction with the following clinico-
pathological parameters: tumor diameter (P=0.008), his-
tological grading (P=0.007), clinical staging (P=0.004),
status of lymph node metastasis (P=0.003), presence of
Her2 (P=0.012), ER and PR expression (P=0.039 and 0.041,
respectively), and the level of mitosis (P=0.022; Table 2).
Multivariate linear regression analysis revealed that miR-
10b level in breast cancer independently and positively
correlated with tumor diameter (P=0.0076), histological
grading (P=0.0120), clinical staging (P=0.0006), pres-
ence of lymph node metastasis (P<0.0001), positivity for
Her2 (P=0.0098), and higher mitotic level (P=0.0230),
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Figure 4. Up-regulation of miR-10b level reduces the expression of
E-cad. (A) MDA-MB-231 cells were transfected as indicated.
The steady-state mRNA level of E-cad was determined 48 h
later by RT-qPCR and presented as the ratio to GAPDH (internal
control), with the relative level in Mock cells arbitrarily
defined as 1.0. (B) MDA-MB-231 cells were treated as in (A),
and the protein level of E-cad was examined by Western
immunoblot. A representative gel image is shown (top), along
with quantification of the ratio of E-cad to B -actin from three
independent experiments (bottom). The level of relative E-cad
expression in Mock cells was arbitrarily defined as 1.0. (C) At
48 h after transfection, the invasion capability of MDA-MB-231
cells was examined by Transwell assay. Representative images
of invaded cells from each of the groups is presented (top). The
number of invaded cells was calculated as the sum of crystal
violet-positive cells from six random fields of each sample
(bottom). * P<0.05, as compared to all other groups.

while negatively correlating with positivity for ER and PR
(P=0.0184 and 0.0319, respectively; Table 3).

bal ——— e
Braclin e - = e e e .
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Figure 5. miR-10b level negatively correlates with E-cad expression
in human breast cancer. (A) The miR-10b level in benign
breast tissues (Benign), primary breast cancers (Pri.) and
metastatic breast cancers (Met.) was examined by RT-
qPCR and quantified as the ratio of miR-10b to snRNA U6
(internal control), with the relative level in normal tissues
arbitrarily defined as 1.0. (B) The steady-state E-cad
mRNA level in indicated human tissues was determined
by RT-gPCR and presented as the ratio to GAPDH (internal
control), with the relative level in Mock cells arbitrarily
defined as 1.0. (C) The protein level of E-cad was examined
by a Western immunoblot. A representative gel image
of three samples from each group is shown (top), along
with quantification of the ratio of E-cad to f-actin from all
tissues in each group (bottom). The level of relative E-cad
expression in benign tissues was arbitrarily defined as 1.0.
* P<0.05, as compared to the other two groups.

DiscussIioN

E-cad, the prototype member of the classical cadherin fam-
ily, is of paramount importance in maintaining cell polarity
and epithelial integrity. Extensive studies have revealed that
areduction/loss of E-cad expression occurs concomitantly
with the progression of breast cancer, from early-stage car-
cinoma to late-stage invasive carcinoma, and the reduced
expression is significantly correlated with higher metastat-
ic risk and worse prognosis [12,13]. Induced re-expression
of E-cad, on the other hand, led to reduced motility and re-
versed the invasive phenotype of breast cancer cells [14,15],
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Table 1. Correlation between miR-10b level and E-cad expression in human breast cancer tissues.

Spearman’s coefficient (r) miR-10b E-cad mRNA E-cad protein
miR-10b 1.00
E-cad mRNA -0.68 1.00
E-cad protein -0.52 0.87 1.00

Low negative correlation, 0<r<—0.3; moderate negative correlation, —0.3<r<—0.5; high negative correlation, —0.5<r<-1.0. All P<0.001.

Table 2. Variation of miR-10b level by distinct clinicopathological features analyzed by the #test with Bonferroni correction.

Clincopathological features Cases, N miR-10b level t-statistic P-value

Age, years 0.375 0.341
<50 25 231
>50 19 218

Tumor diameter, cm 7.192 0.008
<5 27 1.56
>5 17 3.44

Histological grading 7.537 0.007
[+l 26 139
Il 18 3.62

(linical staging 8.941 0.004
[+l 22 1.05
Il 22 3.70

Lymph node metastasis 9.089 0.003
No 21 0.63
Yes 23 3.76

Her2 status 6.210 0.012
Negative 28 133
Positive 16 294

ER status 3.830 0.039
Negative 24 2.86
Positive 20 1.15

PR status 3.590 0.041
Negative 25 3.27
Positive 19 2.14

Pathological subtypes 0.045 0.780
Invasive ductal carcinoma 29 2.75
Others 15 2.59

Ki-67 mitotic index, (%) 5.391 0.022
Low (<14) 26 1.46
High (>14) 18 2.91
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Table 3. Correlation between miR-10b level and various clinicopathological features in breast cancer examined by multivariate linear regression

analysis.
Clincopathological features Expected value X F-value P-value
Tumor diameter, cm
>5 0.8771 13.0358 5.47 0.0076
<5 0
Histological grading
Il 0.7952 11.1294 4.63 0.0120
[+l 0
(linical staging
Il 13214 18.1880 7.61 0.0006
[+l 0
Lymph node metastasis
Yes 2.3346 21.6665 9.12 <0.0001
No 0
Her2 status
Positive 0.5889 12.2036 5.01 0.0098
Negative 0
ER status
Positive -0.6763 10.5124 4.25 0.0184
Negative 0
PR status
Positive —0.4987 8.4728 3.56 0.0319
Negative 0
Ki-67 mitotic index, (%)
High (>14) 0.5328 9.4751 3.98 0.0230
Low (<14) 0

illustrating the tumor-suppressor potential of this gene.
Several mechanisms at different levels of gene expression
have been demonstrated for the loss of E-cad in neoplas-
tic cells [16,17]. On the genetic level, loss of heterozygosi-
ty in the chromosome 16q region, where the human E-cad
gene is located, was detected in 45—-63% of sporadic breast
carcinomas [18,19]. In addition, polymorphic mutations
in the E-cad gene were associated with development of the
lobular subtype of sporadic breast cancer [20,21]. On the
epigenetic level, DNA hypermethylation [22,23] and up-
regulation of the Snail/Slug zinc-finger transcriptional re-
pressors of the E-cad gene [24] have both been shown to
contribute to loss of E-cad expression in breast cancer cells.
Other transcriptional repressors for E-cad have been iden-
tified, and include the basic helix-loop-helix transcription
factors Twist and E12/E47 [25,26] and the zinc-finger E-box
binding homeobox 1 and 2 (ZEB1 and ZEB2), the latter of
which is controlled by microRNA (miR)-200 family mem-
bers and miR-205, which have both been characterized as
down-regulated in clinical breast cancer specimens lacking

E-cad [27,28]. Post-translationally, cell-surface E-cad level
is controlled by matrix metalloproteinase (MMP)-mediated
proteolytic degradation, as well as by tyrosine phosphoryla-
tion-induced E3 ligase-targeted proteosomal degradation.
Upon cleavage by MMPs, the extracellular domain of E-cad
is released as an 80-kDa soluble fragment. This event not
only reduces cell adhesion by depleting intact E-cad avail-
able to participate in adhesion complex formation, but
also promotes cell proliferation, invasion and migration in
a paracrine manner by activating ErbB receptor or up-reg-
ulating MMPs [29,30]. Receptor tyrosine kinases (RTKs),
such as epidermal growth factor receptor (EGFR), hepato-
cyte growth factor receptor (HGFR) and fibroblast growth
factor receptor (FGFR), are frequently found to be activat-
ed in breast cancer cells. These RTKs phosphorylate E-cad,
as well as catenins, targeting these molecules for E3 ligase-
mediated proteosomal degradation [31,32]. Collectively,
tumor cells appear to exploit every possible way to silence
E-cad, supporting the theory that loss of E-cad expression is
a prerequisite for tumor cell invasion and further metastasis.
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In this study, we identified a novel regulator for E-cad ex-
pression in tumor cells. The miR-10b controls the level of
E-cad at the post-transcriptional level. By using the metastat-
ic breast cancer cell line MDA-MB-231 as a model system, we
were able to demonstrate that liposomal-mediated intracel-
lular delivery of the miR-10b inhibitor reduces its endoge-
nous level by approximately 50%. Moreover, this reduction
is accompanied by a significant up-regulation of E-cad, at
both the mRNA and protein levels. Meanwhile, ectopically
expressing miR-10b produced dramatic reductions in E-cad
mRNA (by >90%) and protein (by ~80%). In addition, the
changes of E-cad expression in response to miR-10b inhib-
itor or mimics inducing overexpression were accompanied
by functional alterations in cell invasion. These data suggest
that miR-10b is capable of actively regulating E-cad expres-
sion in metastatic breast cancer cells, and that targeted si-
lencing of miR-10b may serve to recover E-cad expression
in breast tumors and suppress or eliminate the potential for
tumor invasion/metastasis. In addition to the above-men-
tioned in vitro findings, we found that in clinical samples of
breast cancer tissues there is a significant negative correla-
tion between the levels of these 2 molecules. Thus, miR-10b
appears to be a biologically important molecule for control-
ling E-cad expression in human breast cancer and may be
amenable to pharmacologic or genetic intervention.

MiR-10b, together with miR-10a, constitutes the entire miR-
10 family. MiR-10a and miR-10b genes are localized within
the homeobox (Hox) clusters of genes on human chromo-
somes 17 (17p21) and 2 (2p31.1), respectively. As such, they
are coregulated with the Hox genes, and functionally tar-
get many Hox mRNAs [5]. Both genes have been detected
as aberrantly expressed in a number of human tumors, in-
cluding those of the brain, liver, colon and breast [5]. Ma et
al. showed that miR-10b is specifically and highly expressed
in metastatic breast cancer cells, as compared to its levels in
normal mammary epithelial cells or non-metastatic breast
cancer cells. Ectopic expression of miR-10b in non-metastat-
ic breast tumors was demonstrated as sufficient to drive po-
tent invasion in vitro and metastasis in vivo [10]. In our study,
we compared the expression of miR-10b in 16 samples of be-
nign breast lesions, 21 of primary breast cancers and 23 of
metastatic breast cancers. Consistent with the findings from
Ma et al., we found that miR-10b was approximately 4-fold
higher in metastatic breast cancers than in benign lesions or
primary breast cancers (P<0.01), while the levels in the latter
2 types of sample were not dramatically different from each
other (P>0.05). More importantly, the higher level of miR-
10b independently and significantly correlated with multi-
ple clinicopathological features of advanced progression
and metastatic diseases, including larger tumors, grade III
tumors, stage III tumors, tumors with lymph node metasta-
sis, tumors with positive Her-2 expression, and tumors show-
ing higher mitotic activity. In contrast, the miR-10b level in
breast cancer negatively correlated with ER and PR positiv-
ity, 2 key indicators of better prognosis, supporting the no-
tion that miR-10b overexpression can be an effective indi-
cator for breast cancers of advanced and metastatic status.

It has been demonstrated that the basic helix-loop-helix
transcription factor Twist controls the expression of miR-
10b in breast cancer cells [10]. Twist is also known to direct-
ly suppress the expression of E-cad in breast cancer [26].
Therefore, Twist may control E-cad expression, either directly

by binding to the promoter region for transcriptional regu-
lation, or indirectly by up-regulating miR-10b for post-tran-
scriptional regulation. It is also possible that breast cancer
increases miR-10 expression through genomic amplifica-
tion, which in turn targets E-cad mRNA for degradation.
These potential mechanisms further demonstrate the im-
portance of down-regulated E-cad in maintaining the trans-
formed and metastatic phenotypes of breast cancer.

CONCLUSIONS

In summary, we present here the first evidence that E-cad
is a potential target for miR-10b and that miR-10b may
modulate cancer metastasis through targeting E-cad. MiR-
10b is not only necessary but also sufficient for regulating
E-cad expression in breast cancer cells, and is biologically
significant for suppressing E-cad in metastatic breast can-
cer. As an independent indicator for advanced and meta-
static breast cancer, miR-10b may become a valuable target
for cancer therapy.
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