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Original Article
Up-regulation of microRNA-10b is associated with the
development of breast cancer brain metastasis
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Abstract: Brain metastases from primary breast cancer are difficult to treat and associated with poor prognosis.
Our understanding of the molecular basis for the development of such cancers is sparse. We hypothesized that
the pro-metastatic microRNA-10b (miR-10b) plays a role in breast cancer brain metastasis. The study cohort com-
prised of twenty patients with breast cancer and brain metastasis as well as ten control patients (age, stage, and
follow-up matched) with breast cancer without brain metastasis. All cases were microscopically reviewed to select
tumor blocks with >50% tumor cells. RNA was extracted from formalin fixed paraffin embedded (FFPE) tumor tissue
blocks. Expression of miR-10b was analyzed using qRT-PCR. The relevance of miR-10b expression was also tested
using human breast cancer cell lines. An increased expression of miR-10b was noted in the primary breast cancer
specimens of patients who subsequently developed brain metastasis, compared to those who did not. miR-10b
also increased the invasive potential of breast cancer cells in vitro. Wilcoxon signed rank test revealed a statistically
significant difference between the paired tumors from breast cancers and brain metastasis (p <0.001). Increased
expression of miR-10b appears to be associated with breast cancer brain metastasis. These findings are clinically
relevant since miR-10b could serve as a prognostic and/or therapeutic target for anti-metastatic therapy. Identifying
molecular signatures of primary breast cancers which have a propensity for brain metastasis is critical for designing
novel therapies to counter the development of brain metastasis in patients diagnosed with breast cancer.
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Introduction

Breast cancer remains the leading cause of
cancer-related deaths worldwide among
women and it is expected that 1 in 8 women in
the United States will develop breast cancer in
her lifetime [1]. Breast cancer mortality is pri-
marily connected to metastases to distant
organs; up to 30% of patients with breast can-
cer will develop a metastatic brain tumor.
Breast cancer is the second leading cause of
brain metastases and significantly impacts
patient’s quality of life [2]. Patients often pres-
ent with significant cognitive impairment or
focal neurological deficits and the median sur-
vival is around 7 months [3]. The incidence of
breast cancer brain metastasis is increasing
due to several factors including improved neu-
roimaging techniques, an aging population, and
more effective systemic treatment for the pri-
mary disease [3-5].

The molecular mechanisms of brain metastasis
of breast cancer remain largely unknown.
Finding molecular signatures which can identify
patients with greater propensity for brain
metastasis of breast cancer would represent a
significant step toward developing optimal tar-
geted therapies as well as designing novel
approaches to prevent, delay and eliminate
brain metastasis [6]. In recent years, microR-
NAs (miRNAs) have emerged as promising prog-
nostic and therapeutic targets for metastatic
breast cancers [7-11]. In particular, miR-7 [12]
and miR-1258 [13] have been reported to play
a role in brain metastasis from primary breast
cancer.

The present study was undertaken to deter-
mine the role, if any, of miR-10b in breast can-
cer brain metastasis. miR-10b was previously
proposed to determine metastatic potential of
breast cancer cells where it was shown to be
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Table 1. Clinico-pathological details of patients in the study cohort

Serial # ;
nosis (years)

Age at initial diag- Tumor size (maximum
dimension in cm)

Pathological diagnosis

Time to development of
brain metastasis (months)

Breast cancers with brain metastasis

Ductal Carcinoma in-situ 65
Invasive Ductal Carcinoma 20
Invasive Ductal Carcinoma 19
Invasive Ductal Carcinoma 5
Invasive Ductal Carcinoma 4
Invasive Ductal Carcinoma 21
Invasive Ductal Carcinoma 19
Invasive Ductal Carcinoma 37
Invasive Ductal Carcinoma 67
Invasive Ductal Carcinoma 11
Invasive Ductal Carcinoma 11
Invasive Lobular Carcinoma 12

Ductal Adenocarcinoma in-situ 29
Invasive Ductal Carcinoma 29
Invasive Ductal Carcinoma 55
Invasive Ductal Carcinoma 21
Invasive Ductal Carcinoma 50
Invasive Ductal Carcinoma 43

Ductal Carcinoma In-Situ 36
Invasive Ductal Carcinoma 5

1 65 2.0
2 43 0.1
3 a7 4.0
4 39 1
5 31 1
6 52 1
7 55 0.6
8 52 1
9 38 8
10 44 4.0
11 44 8.7
12 36 1.4
13 53 3.3
14 62 4.5
15 60 2.1
16 80 1.7
17 49 0.5
18 44 2.3
19 46 0.1
20 58 5.1
Breast cancers without brain metastasis

1 51 2.0
2 71 3.0
3 70 1.7
4 44 3.2
5 51 3.5
6 63 1.6
7 49 0.5
8 83 1.7
9 74 6.5
10 46 1.8

Ductal Carcinoma In-Situ
Invasive Ductal Carcinoma
Invasive Ductal Carcinoma
Invasive Ductal Carcinoma
Invasive Ductal Carcinoma
Invasive Ductal Carcinoma
Invasive Ductal Carcinoma
Invasive Ductal Carcinoma
Invasive Ductal Carcinoma
Invasive Ductal Carcinoma

positively correlated with invasion and metas-

in breast cancer

patients-derived primary

tasis [14] but no clinical results are available.
Another study by the same group reported
silencing of miR-10b to reduce pulmonary
metastases in an experimental metastasis
model [15]. More recently, increased miR-10b
levels have been associated with bone metas-
tases [16] as well as spread to the lymph nodes
[17] in patients with breast cancer. While these
studies point to an involvement of miR-10b, in
general, in metastasis of breast cancer to dis-
tant organs, there is no evidence for the role of
this miRNA specifically in brain metastases of
breast cancers. To fill this void, we investigated
the endogenous expression levels of miR-10b
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tumor specimens as a pilot study. We com-
pared the levels of miR-10b in breast cancer
patients with and without brain met-
astasis.

Materials and methods
Breast cancer patients

A retrospective search was done through the
computerized database at the Department of
Pathology, Karmanos Cancer Institute, Wayne
State University, for breast cancer cases with
brain metastasis. The period of analysis was
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Figure 1. Patient with solitary breast cancer brain metastasis involving the posterior aspect of the right superior
frontal gyrus. Post-contrast T1-weighted axial (A), coronal (B), and sagittal (D) images and fluid-attenuated inversion
recovery (FLAIR) axial image (C) showing a 2.6 x 3.0 x 3.2 cm mass with surrounding vasogenic edema. (E) Intraop-
erative photograph following en-bloc microsurgical resection of the tumor.

cases diagnosed from January 1994 to
December 2011. Only cases with a primary
breast cancer diagnosis with available follow-
up and specimens (from both breast and brain
sites) were included in the study. Additionally,
age, stage and follow-up matched breast can-
cer cases without brain metastasis were also
retrieved from the database. The study was
approved by the Institutional Review Board.

Tumor selection

In each case, the histopathological glass slides
were microscopically reviewed to select the
tumor block with preserved, viable tumor tissue
comprising over 50% of tumors in the paraffin
block, and tumor area was marked. Slides with
large areas of necrosis were excluded from the
study. Ten sections of 10 uM thickness were
cut from each selected block marked for tumor
areas and avoiding normal tissues.

Cell lines

Human breast cancer cell lines MDA-MB-231
and MDA-MB-468 were cultured in DMEM and
RPMI media with 10% fetal bovine serum and
penicillin/streptomycin, respectively. All cells
were cultured in 5% CO,-humidified atmosphere
at 37°C. The cell lines have been tested and
authenticatedin core facility (Applied Genomics
Technology Center at Wayne State University)
by short tandem repeat profiling using the
PowerPlex 16 System (Promega, Madison, WI).

RNA extraction and Real-Time RT-PCR

RNA was extracted from the FFPE tumor sam-
ples using the RNeasy Mini Kit and RNase-free
DNase Set (Qiagen, Valencia, CA) as per the
vendor’s protocol. Expression of miR-10b was
assessed using quantitative RT-PCR, as
described previously [9]. For the cultured cells,
total RNA was isolated using mirVana miRNA

386

Isolation Kit (Ambion, Austin, TX). The miRNA
levels were determined using miRNA-specific
Tagman MGB probes from the Tagman
MicroRNA Assay (Applied Biosystems, Foster
City, CA). The relative amounts of miRNA were
normalized to the endogenous control miRNA
RNU48.

Cell invasion assay

Cell invasion assays were performed using
24-well Transwell Permeable Supports with 8
UM pores (Corning, Lowell, MA). Cells (control
and pre-miR-10b-transfected) were suspended
in serum-free medium and seeded into the
Transwell inserts coated with growth factor
reduced Matrigel (BD Biosciences, Bedford,
MA). Bottom wells were filled with media con-
taining complete media. After 24 h, cells were
stained with 4 pg/ml calcein AM (Invitrogen,
Carlsbad, CA) in PBS at 37°C for 1 h and
detached from inserts by trypsinization and
fluorescence of the invaded cells was read in
ULTRA Multifunctional Microplate Reader
(TECAN, San Jose, CA).

miR-10b transfections

Cells were seeded at 2.5 x 10° cells per well in
six-well plates and transfected with pre-miR-
10b or miRNA-negative controls (Ambion) at a
final concentration of 200 nM using Dharma
FECT1 transfection reagent (Dharmacon,
Lafayette, CO). After 2 days of transfection,
cells were passaged and transfected twice
again before using these cells for invasion
assays.

Data analysis

The data are presented as the mean values +
SE. Values of p <0.05 and lower were consid-
ered to be statistically significant.
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Figure 2. A. MDA-MB-231 and MDA-MB-468 breast cancer cells were transfect-
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sis and 10 age, stage and
follow-up matched breast
cancer cases without brain
metastasis (Table 1). The
median age was 53 years
(range: 31 to 83 years). The
time of developing brain
metastasis from the initial
diagnosis of breast cancer
ranged from 4 to 67
months. Figure 1 shows the
typical radiographic fea-
tures and gross appear-
ance of a patient who
underwent resection of a
solitary breast cancer brain
metastasis.

e
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Figure 3. Relative expression of miR-10b in pooled
patient samples. The miRNAs extracted from FFPE
samples of breast cancer patients with or without
breast cancer brain metastasis were pooled as sepa-
rate groups, and analyzed for expression of miR-10b.
RNU48 was used as miRNA control against which the
data was normalized.

Results
Patients

Over the 15 year study period, 30 breast can-
cer cases met the study criteria. These includ-
ed 20 breast cancer cases with brain metasta-
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miR-10b and invasion of
breast cancer cells

To study the role of miR-10b in invasion, an in
vitro analysis of the effect of miR-10b levels on
invasiveness of breast cancer cells was per-
formed. We chose two cell lines, MDA-MB-231
and MDA-MB-468, representing moderate to
low endogenous levels of miR-10b. First, we
transfected these cells with pre-miR-10b oligo-
nucleotides, and found increased expression of
miR-10b, suggesting efficient transfections
(Figure 2A). Next, we tested the invasion poten-
tial of miR-10b transfected cells, relative to
control cells, and found ~18% increase in inva-
siveness of MDA-MB-231 cells and ~29%
increase in invasiveness of MDA-MB-468 that
were transfected with pre-miR-10b (Figure 2B).
These results clearly suggest that higher levels
of miR-10b lead to increased invasive potential
of breast cancer cells.

miR-10b in patients with brain metastases

Next, we measured the levels of miR-10b in
patient samples. As shown in Figure 3, miR-10b
levels were significantly higher in pooled sam-
ples representing patients with brain metasta-
ses, when compared to the pooled samples
representing patients without brain metasta-
ses. Data was statistically analyzed to deter-
mine the clinical relevance of miRNAs in breast
cancer brain metastasis using the Wilcoxon
signed rank test. It was observed that there
was a statistically significant difference in the
expression of miR-10b between the paired
tumors from breast cancers and brain metasta-
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Figure 4. Relative expression of miR-10b in individual patient samples. The miRNAs extracted from FFPE samples
of individual breast cancer patients with or without breast cancer brain metastasis were analyzed for expression of
miR-10b. RNU48 was used as miRNA control against which the data was normalized.

sis (p <0.001). We also analyzed the expres-
sion levels of miR-10b in all individual patients’
samples and the results are shown as Figure 4.
It is evident that the breast cancer patients
with brain metastasis exhibit elevated levels of
miR-10b although there are patient-specific dif-
ferences in the expression of miR-10b.

Discussion

miRNAs, the small non-coding RNAs, have been
implicated as key regulators of several physio-
logical and pathological processes, including
cancer [10, 18]. These tiny molecules (20-25
nucleotides in length) are critical regulators of
cancer progression, invasion and metastasis.
This is mainly because a single miRNA can
affect several downstream genes and signaling
pathways. Due to this multimodal downstream
signaling effect, miRNAs hold great promise in
prognosis as well as treatment of human can-
cers. The expression of miRNAs in the primary
tumor could be silenced using antagomirs
(chemically modified anti-miRNA oligonucle-
otides) which can potentially prevent the devel-
opment of metastasis. Therefore, development
of miRNA-based therapies could serve as per-
sonalized medicine that might ultimately
improve patients’ quality of life, reduce health-
care costs and improve overall survival.

Breast cancer continues to affect the lives of
millions of women worldwide. Over 90% of can-
cer-related mortality is caused by metastatic
disease. Advanced breast cancer patients suf-
fer from metastases to several organs, espe-
cially bones. While brain is not the primary site
for metastasis, it occurs in 10-16% breast can-
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cer patients with metastatic disease and is
linked to one of the worst prognosis. Brain
metastasis of breast cancers and the underly-
ing molecular processes are largely unknown.
In recent years, the role of miRNAs in the regu-
lation of cancer metastases has been advocat-
ed, which prompted us to evaluate the function-
al role of miR-10b in breast cancer brain
metastasis. We shortlisted miR-10b for initial
investigation because of the reported associa-
tion of miR-10b with breast cancer cells’ inva-
sive and metastatic capabilities [19]. It is one
of the most significantly up-regulated miRNA in
the human breast cancer cells [14]. The expres-
sion levels of this miRNA are especially elevat-
ed in metastatic cell lines and tumors, as com-
pared to non-metastatic or poorly-metastatic
cell lines and tumors. The ability of miR-10b to
influence invasion and metastasis has also
been demonstrated in several other solid
tumors [20-25]. Translational studies per-
formed on clinical human breast cancer sam-
ples have revealed elevated miR-10b levels in
extracranial metastatic tumors, compared to
metastasis-free tumors [14, 26].

In the present study, we observed high expres-
sion of miR-10b in breast cancer patients with
brain metastasis, relative to those without
brain metastasis. These findings are in clear
agreement with several other reports refer-
enced above. We also studied the in vitro
effects of miR-10b expression on the invasive
potential of breast cancer cells. Over-expression
of miR-10b significantly increased the invasive-
ness of breast cancer cells. Combined togeth-
er, our results established a positive correla-
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tion of miR-10b expression with in vitro invasive
capacity and the development of brain metas-
tases in patients with breast cancer. It is impor-
tant to point out that the levels of miR-10b
reported by us are those detected in the breast
tumors of patients with brain metastases. We
trust that the increased expression of miR-10b
appears to be associated with metastatic
potential of the primary breast cancer; howev-
er, once the cancer metastasized to the brain
(homing), miR-10b levels could be altered,
which needs further in-depth investigation.

miRNAs exert their mechanistic function
through regulation of several target genes by
either activating them or suppressing them.
The reported downstream targets for miR-10b
include HOXD10 [14], T-lymphoma invasion and
metastasis-1 factor [27], stress-induced cell
surface molecule MICB [28], tat-interacting
protein 30 [24], etc. The mechanisms of tumor
metastasis and invasive functions of miR-10b
appear to be tissue specific and depend upon
the expression pattern of its target mMRNAs and
gene targets in a given cell type. It is possible
that the targets of miR-10b in breast cancer
brain metastasis might be distinct from those
in other cancer types or even other breast can-
cer subtypes. Over-expression of miR-10b lead-
ing to cancer metastasis has been correlated
with the metastasis-promoting transcription
factor Twist which induces epithelial-to-mesen-
chymal transition (EMT) [14]. miR-10b requires
Twist to induce EMT and the resulting cell motil-
ity and invasiveness in the breast epithelial
cells. E-cadherin, another important determi-
nant of EMT has also been proposed to be a
target of miR-10b [29]. Thus, it appears that
miR-10b influences metastasis through a com-
plex regulation of multiple factors that deter-
mine EMT. We have demonstrated the mecha-
nistic importance of EMT phenomenon in the
metastasis of human cancers including breast
and prostate carcinomas [9, 30, 31]. However,
a correlation of EMT phenomenon with miR-
10b in our study cohort would be an area of
future investigation.

Our findings are clinically very relevant since
miR-10b could serve as a potential target for
anti-metastatic therapy. The expression of miR-
10b could be silenced using miR-10b
antagomirs for the prevention of brain metasta-
sis in early stage patients. Clinically, it is impor-
tant to investigate the role of miR-10b in metas-
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tasis of breast cancers since the expression
could underlie the basis and selection criteria
for future clinical trials for miRNA-based, anti-
metastasis agents. Identification of molecular
alterations in patients with metastasis may
help determine prognosis, assist in risk stratifi-
cation and would help design novel molecular
targeted therapies to prevent, delay and/or
eliminate metastasis.
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