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Abstract Breast cancer continues to represent a significant
public health burden despite outstanding research advances
regarding the molecular mechanisms of cancer biology, biomarkers for diagnostics and prognostic and therapeutic management of this disease. The studies of micro RNAs in breast
cancer have underlined their potential as biomarkers and therapeutic targets; however most of these studies are still done on
largely heterogeneous whole breast tissue samples. In this
pilot study we have investigated the expression of four micro
RNAs (miR-21, 145, 155, 92) known to be involved in breast
cancer, in homogenous cell populations collected by laser
capture microdissection from breast tissue section slides.
Micro RNA expression was assessed by real time PCR, and
associations with clinical and pathological characteristics
were also explored. Our results have confirmed previous associations of miR-21 expression with poor prognosis characteristics of breast cancers such as high stage, large and highly
proliferative tumors. No statistically significant associations
were found with the other micro RNAs investigated, possibly
due to the small sample size of our study. Our results also
suggest that miR-484 could be a suitable endogenous control
for data normalization in breast tissues, these results needing
further confirmation by future studies. In summary, our pilot
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study showed the feasibility of detecting micro RNAs expression in homogenous laser captured microdissected invasive
breast cancer samples, and confirmed some of the previously
reported associations with poor prognostic characteristics of
breast tumors.
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Introduction
Estimated to affect 1 in 8 women in the USA, breast cancer
also remains the oncological pathology with the highest
incidence and mortality in women in Europe [8, 42].
Despite the tremendous research efforts into deciphering
the molecular mechanisms underlying cancer biology,
much is still left to be understood in order to develop sensitive biomarkers for diagnosis and prognostic, as well as
more effective therapies and disease management of this
heterogeneous disease [43].
Given the high incidence of breast cancer worldwide, basically all medical institutions possess rich archives of breast
tumor tissue samples, which are usually not sufficiently and
efficiently used for research, mainly due to technical burdens.
The recent developments of new DNA, RNA, proteins and
metabolites techniques overcame the difficulty of analyzing
these molecules in difficult tissue samples such as archived
tissues [20]. Of these molecules, micro RNAs (non-coding
RNA molecules of 18–24 nucleotides in length) are of particular interest not only because of their potential as biomarkers
and their involvement in carcinogenesis (including of breast
cancer), but also due to their remarkable stability [4, 44]. The
genes encoding miRNAs have been identified throughout the
entire human genome, including the genomic regions
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frequently altered in human cancers and thus can act both as
tumor suppressor genes and oncogenes [51].
miRNAs expression is tissue specific and differ between normal and tumor tissues to such extent that similar
tumor types cluster more consistently according to
miRNA profiles than to protein-coding gene expression
profiles [25]. Moreover, miRNA profiles in cancer tissues
(breast cancer included) correlate with tumor characteristics and have been used to predict prognosis [18]. The
first breast cancer specific miRNA signature was reported
in 2005 and consisted of 29 differentially expressed
miRNAs able to differentiate normal from cancer tissue
with 100% accuracy [17]. Furthermore, breast cancer
miRNA profiling revealed subsets of miRNAs capable
of accurately reproducing the molecular classification of
breast carcinomas; other miRNA subsets were associated
with aggressiveness in lymph node negative, ER-positive
breast cancers [3, 10]. Remarkably, several individual
miRNAs have been associated with breast cancer characteristics; some are up-regulated while others are downregulated in cancer tissue as compared to normal controls
[15, 17, 26, 38].
It is well known that full-length messenger RNA has a
short half-life, reflected in a high degree of pre-analytical
variability in biological samples. By contrast, miRNAs
are more stable in archival samples and can be reliably
detected even in years old tissue samples [49]. However,
breast cancer is heterogeneous, the same tissue slide containing several cell populations (epithelial, stromal, inflammatory infiltrate, etc.), and often even different tumor
type (in situ or invasive), thus making the analysis of a
certain biomolecule somewhat difficult. Laser capture microdissection (LCM) can overcome this limitation due to
the potential of isolating specific cell populations from a
tissue section, which can be further used for several
downstream molecular applications, including miRNA
analysis [23].
LCM has been extensively used for the analysis of proteins
and DNA or RNA molecules in breast cancer tumors, and has
been even proposed to replace the tests based on immunohistochemistry and/or fluorescent in situ hybridization [9, 30].
Similar to mRNA expression analysis, various analytical
platforms can be used for miRNA analysis, the most widely
used being solid-based hybridization arrays, liquid hybridization bead-based technology, and QRT-PCR profiling [22].
However, when analyzing biological specimens with low
abundance of miRNA such as LCM captured samples, the
preferred method is QRT-PCR due to its increased specificity
and sensitivity [16, 40]. Moreover QRT-PCR is also generally
used to validate the miRNA expression results obtained with
other platforms [13].
In this pilot study we have investigated the expression in
LC-micro-dissected breast cancer cells of four miRNA

E. Seclaman et al.

molecules known to be involved in breast cancer: miR-21,
miR-92, miR-145, miR-155.

Materials and Methods
Patients and Tumor Samples
A detailed description of the study has been previously
published [31]. Briefly, tumor slides from 31 patients with
pathologically confirmed invasive ductal breast carcinoma
undergoing surgical resection at the Department of
Surgical Oncology of the Timisoara Municipal Hospital
during 2009–2010 were evaluated in this study. All patients provided informed consent for the use of their tissue
slides not needed for the clinical and pathological diagnostic and disease management procedures. The study was
performed in accordance with the Declaration of Helsinki
for Human Research and was approved by the Ethical
Committee of our institution.
After surgical resection and pathological assessment, tissue
samples were preserved in RNAlater solution (Ambion,
Applied Biosystems, Germany) and stored at −80°C.
Following the manufacturer’s protocol, frozen tissues were
embedded in TissueTek medium and cut at −30°C (Leica
CM1850 cryostat, Leica Microsystems GmbH, Wetzlar,
Germany).
Tissue Sample Processing
The cryosections were mounted on RNase free membrane
slides (MMI MembranSlides, MMI, Glattburg, Switzerland),
which were either immediately processed or stored at −80°C.
The sections were stained with Hematoxylin–Eosin or cresyl
violet before proceeding for LCM; a typical slide image is
presented in Fig. 1. Consecutive cryosections from each specimen were mounted also on silanized glass slides and, after
standard Hematoxylin–Eosin staining, the sections were evaluated by an experienced pathologist.
The mounted sections were covered with a clean RNase
free glass slide to prevent contamination and loss of dissected
tissues. The tissue regions of interest were cut using adequate
power and focus for UV laser shots; the cut areas were then
captured, pooled and placed in RNase free microcentrifuge
tubes as described in the manufacturer’s instructions.
RNA Extraction
Total RNA from laser-microdissected tumoral tissues were
extracted using RNAqueous-Micro kit (Ambion, Applied
Biosystems, Germany) according to the manufacturer’s instructions. The RNA was eluted in 20 μL elution solution.
RNA concentration and quality were spectrophotometrically
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Fig. 1 Example of laser micro-dissected tissue of breast cancer samples (10 μm sections). a: before laser dissection; b: after laser dissection; c: after
collection of dissected tissue (black arrows indicate the captured areas)

assessed (NanoDrop ND1000). Extracted RNA was stored at
−80°C for downstream application.
qRT-PCR
cDNA synthesis for sensitive and specific miRNA detection
were carried out using miScript II RT kit (Qiagen, Germany)
starting from 20 ng of total RNA/20 μl reaction mix. PCR reactions were performed in triplicate, each starting from 2.5 μL RTproduct diluted ten times in 25 μL reaction mix using QuantiTect
SYBR Green PCR kit (Qiagen, Germany), with an initial 15 min
polymerase activation step followed by 40 cycles (95 °C/15 s,
55 °C/30 s, 70 °C/30 s).
Statistical Analysis
The miRNA expression was calculated using the comparative
ΔΔCt method relative to the selected controls, as previously
described [37]. In order to establish the most suitable endogenous
control for normalization, we used the following algorithms
geNorm [46], NormFinder [2], BestKeeper [35], and the ΔCt
method [41], and reference candidates were compared and
ranked using the online analysis tool RefFinder (http://www.
leonxie.com/referencegene.php).
Mann-Whitney U nonparametric tests were used to compare
relative miRNA quantities among groups stratified according to
pathological characteristics, with a cutoff value of p < 0.05 for
statistical significance.

provided by RefFinder. The best performing reference genes
were proved to be miR-484 and RNU-6, as revealed by the
tested algorithms and ranked according to the weighted geometric mean of all candidates. Therefore, we have used these
two genes as normalizing controls when analyzing miRNA
expression in our samples.
We were able to successfully extract sufficient quantity of
good quality RNA from all samples, with a range of 44.99–
354.00 ng/ul concentration and 1.75–1.98 purity as evaluated
by the 260/280 absorbance ratio. Figure 1 presents an example
of a typical tissue slide analyzed, before and after LCM.
The association of the relative expression of the investigated
miRNAs with tumor characteristics is presented in Table 2. The
only miRNA for which statistically significant fold change
values were observed was miR-21, a well-established oncogene
Table 1
tumors

Patient’s demographics and pathological characteristics of the

Characteristics
Age
BMI
Stage
Tumor Size
Lymph Node Involvement

Results
Patients’ characteristics are presented in Table 1. The majority of
patients were post-menopausal (70.96%) and of normal BMI
(77.41%). Among tumor characteristics, the vast majority was
lymph node positive (90.32%), and hormone receptor positive
(83.87% ER positive, 77.41% PR positive). Therefore, no statistical analysis was performed for these tumor characteristics due
to low number of samples in each stratum.
Figure 2 presents the stability of each tested miRNA and
the RNU-6 candidate control, and their ranking values

HER2
Ki67
ER
PR

N

%*

<50
>50
normal
obese
I&II
III
<5 cm
>5 cm
No
Yes
neg
pos
neg
pos

9
22
24
7
13
18
19
10
2
28
11
12
7
18

29.03
70.96
77.41
22.58
41.93
58.06
61.29
32.25
6.45
90.32
35.48
38.70
22.58
58.06

neg
pos
neg
pos

0
26
2
24

0.00
83.87
6.45
77.41

*Percentages calculated based on the total of 31 samples; does not add up
to 100% due to missing values

236

E. Seclaman et al.

Fig. 2 Ranking of genes for the
identification of normalization
controls

miRNA in cancer. Figure 3 presents the significantly different
relative expression of miR-21 in tumors stratified according to
stage and ki-67 status. This miRNA was over four times more
expressed in highly proliferative tumors with high ki-67 levels
(FC = 4.443, p = 0.019) and over 6 times more expressed in
higher stage tumors (FC = 6.284, p = 0.037). miR-21 also presented a 2.787 times higher expression in larger tumors, however
without reaching statistical significance for this parameter
(p = 0.265).
No statistically significant fold change differences were
observed for miR-145, miR-155 and miR-92 between
samples stratified according to stage, tumor size, ki-67
and HER2 status. However, miR-145 was 1.335 times
more expressed in high proliferative tumors, although it
did not reach statistical significance (p = 0.943).
Similarly, for miR-155 the fold change was 2.107 for
tumors expressing high levels of ki-67, 1.261 for tumors
larger than 5 cm, and 1.196 for higher stage tumors, however they did not reach statistical significance (p = 0.151,
p = 0.665, and p = 0.754, respectively).
Table 2 Relative expression of investigated miRNAs; association with
tumor characteristics
Stage
Tumor size
Ki67
HER2
III vs. I&II large vs. small high vs. low pos vs. neg
miR-145 FC
p
miR-155 FC
p
miR-21 FC
p
miR-92 FC
p

0.786
0.617
1.196
0.754
6.284
0.037
0.820
0.562

0.469
0.391
1.261
0.665
2.787
0.265
0.766
0.785

1.335
0.943
2.107
0.151
4.443
0.019
1.020
0.879

FC - fold change, p - p value for the Mann-Whitney U test

0.924
0.479
0.610
0.312
0.788
0.866
0.786
0.284

Discussion
The involvement of miRNAs in breast cancer is well
established; however most studies report miRNA levels in
whole breast tumor tissues, the data on miRNAs expression
in LCM collected samples being rather scarce [6, 12, 19].
LCM is a powerful tool since it allows the collection of homogenous cell populations from the widely heterogeneous
breast cancer tissue sample. In this pilot study, we have investigated miRNA expression in LCM-collected invasive breast
carcinoma cells, and explored their association with clinical
and pathological characteristics of the breast tumors.
We chose to investigate four miRNAs previously described
as being involved in breast cancer biology. One well known
issue in measuring miRNA expression in biological samples is
the difficulty of choosing a suitable endogenous control for
data normalization. Although there is some data suggesting
that certain miRNAs or small nuclear RNA molecules are
suitable normalization controls due to limited expression variability in breast cancer samples, there is large heterogeneity
among studies and there is no clear-cut evidence for choosing
one over the other [7]. Most studies investigating miRNAs in
tissue samples are using small nuclear RNA molecules such as
U6 as normalizing controls, although there are some reports
suggesting that this molecule also presents high expression
variability that limits its suitability including in breast cancer
[24]. Human miR-484 has been described as a possible endogenous control in breast cancer samples, especially in circulation [14, 36]. We wanted to investigate herein whether this
miRNA is expressed at stable levels in LCM tissues as well.
Therefore, we assessed the use of both U6 and miR-484 as
endogenous controls in our samples, and as shown in Fig. 2,
miR-484 appeared to have a higher stability even when compared to the established U6 endogenous normalization control. Given these results, we chose to use both U6 and miR484 as endogenous controls for our data normalization.
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Fig. 3 Relative expression of
miR-21 in samples stratified
according to stage and ki-67
status

The human miR-21 has been extensively studied in the
context of cancer and has been shown to be highly expressed
in several cancer types, including breast cancer [5, 34]. In our
study miR-21 was significantly associated with higher stage
and highly proliferative breast tumors. High expression of this
miRNA is associated with increased cell growth, migration,
invasion, and decreased apoptosis, all of these being a hallmark of cancer aggression [34]. In a recent meta-analysis,
increased miR-21 in breast cancer has been associated with
ER/PR negative, HER2 positive, lymph node metastasis positive, and high-grade breast tumors [34]. Moreover, it was
suggested that miR-21 could be a marker of poor prognostic
for breast cancer, being linked to poor survival. However, all
the studies included in this meta-analysis have investigated the
expression of miR-21 by real time PCR in the breast tumor
tissue as a whole, and, although carefully trimmed to contain
mostly tumor cells, one cannot exclude the possible bias due
to collecting normal tissue adjacent to the tumor.
The other miRNAs investigated in the present study, miR145, miR-155 and miR-92 did not present any statistically
significant associations, a fact that could be attributed to the
rather limited number of samples analyzed. However, the discrepancy between our data and the previously published ones
has an alternative explanation, stemming from the possibility
that the latter include cellular sources other than tumor cells.
Human miR-145 has been shown to have a tumor suppressor effect in breast cancer models by negatively regulating the
ERBB3 gene and thus reducing proliferation and invasion of
breast tumors [50]. It has been also reported that miR-145 has
an inhibitory role of angiogenesis and tumor growth through
VEGF and N-RAS in breast cancer [52]. Indeed, this miR was
found down-regulated in human invasive breast carcinoma
compared to normal tissue, measured in whole tumors and
adjacent normal tissue samples [29, 45]. Interestingly enough,
there are conflicting reports regarding the circulating expression of miR-145 in serum or plasma of breast cancer patients
and its use as a possible biomarker; some studies found it
down-regulated [21, 32], thus in accordance with tissue data,
while others reported it overexpressed [27]. These discrepancies could stem from the differences in methodologies or
study designs, or could simply be due to the large heterogeneity of breast tumors and selective release of miRs in the

circulation. In our study, miR-145 was slightly downregulated according to tumor size and stage, and slightly upregulated in ki-67 expressing tumors, although these findings
did not reach statistical significance (Table 2).
Human miR-155 has been identified as an oncogenic miR
in several cancers including breast cancer, being involved in
the regulation of multiple important signaling pathways in
cancer biology such as TGF-β, JAK-STAT, and FOXO3a
pathways among others [28, 47]. This miR was found upregulated in breast cancer tissues [17] and in sera and plasma
of breast cancer patients compared to controls [48]. One recent
study reported that miR-155 was up-regulated in breast cancer
patients and its expression was associated with lymph node
and distant metastasis [11]. In our study, miR-155 was more
than twice more expressed in highly proliferative tumors as
indicated by ki-67 status and slightly overexpressed according
to stage and tumor size, although the findings did not reach
statistical significance (Table 2).
Human miR-92 was previously reported as being upregulated in breast cancer tissues compared to normal tissue
samples, and its expression was negatively correlated with
estrogen receptor beta expression [1]. However, other studies
provide a more complex involvement of this miR in breast
carcinogenesis, the expression varying among different breast
cancer samples, a lower expression being associated with
higher stage breast cancers and poor survival in one study
[33], and with lymph node metastasis and tumor size in another [39]. We did not observe any significant association of
miR-92 with pathological tumor characteristics in our study,
although it was slightly down-regulated in larger tumors.
In our pilot study we have confirmed previous findings on
whole tumor tissue samples, that overexpressed miR-21 is
associated with higher stage, larger and highly proliferative
breast tumors as revealed by the Ki-67 status, although the
association did not reach statistical significance for tumor size.
Correlated with the results on miR-155 and miR-92, this underlines the usefulness of LCM as a method for fine tuning the
expression analysis of specific cells from a tumor sample. It is
therefore plausible that, in the case of miR-155 and miR-92,
the previously published studies have included other significant sources than tumor cells to a such extent that the excess of
tumor cells in the trimmed whole breast tissue samples was
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not sufficient to compensate. Our data also suggest that out of
the four microRNAs analyzed, miR-21 is specifically upregulated in the tumor cells. Taking into consideration several
other studies reporting the presence of miR-21 in the serum
and plasma of breast cancer patients, one could propose miR21 as a bona fide diagnostic an prognostic biomarker, with
promising clinical applications in the management of breast
cancer pathology [5].

Conclusions
In summary, our pilot study showed the miR-484 could be a
suitable endogenous control for data normalization in breast
tissues. Furthermore, the analysis of miR-21, miR-155 and
miR-92 compared to previously published data underlines
the importance of detecting miRs in homogenous laser captured microdissected invasive breast cancer samples. In addition, we have confirmed previous associations of miR-21 expression with poor prognosis characteristics of breast cancers.
These results need further confirmation by future studies, especially on dissecting the contribution of various tumor and
non-tumor cells to miR expression during the different stages
of breast cancer.
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