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Abstract

To identify micro RNA (miRNA) biomarker candidates for early detection. of breast cancer and detection of minimal
residual breast cancer, we performed miRNA expression profiling in pooled RNA samples from breast tumors, and
from bone marrow mononuclear cells, peripheral blood mononuclear cells and plasma from healthy controls. We
found substantially higher levels of five miRNAs in the breast tumors compared to the normal samples. However,
validation of these miRNA levels, and seven other candidates selected. from the literature, in individual samples
from healthy controls and patients with non-metastatic breast cancer did not.suggest further examination of their

biomarker potential.
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Introduction

Hematogenous spread of cancer cellsinto distant organs
and their subsequent growth into.overt metastases is the
main cause of death amongbreast cancer patients (Eccles
& Welch 2007). This has led to a significant interest in
identifying markers for early detection of disseminated
and circulating tumor cells. Although our understanding
is still limited with regard to'the molecular and cellular
mechanisms driving the metastatic process; the discov-
eries of small regulatory RNA molecules named micro
RNAs (miRNAs) opened a new era for research on cancer
metastasis.

Micro RNAs are small non-coding RNA molecules,
typically 18-25 nucleotides long, known to control
development, differentiation, cellular proliferation,
programmed cell death, carcinogenesis and metastasis
(Shietal.2010). They regulate gene expression at the post-
transcriptional level by two strategies: (i) suppression of
protein translation or (ii) cleavage of target messenger
RNAs (mRNAs) to induce their degradation (Jackson &

Standart 2007). The miRNA expression is tissue-specific,
and altered miRNA expression patterns have been shown
to correlate with molecular subtypes of breast cancer
(Blenkiron et al. 2007). Furthermore, several miRNAs are
shown to be differentially expressed between primary
tumors and related metastatic lymph nodes (Baffa
et al. 2009). Altered expression of several circulating
miRNAs has also been identified in breast cancer
patients as compared to healthy individuals (Heneghan
et al. 2010; Roth et al. 2010; Zhao et al. 2010). Heneghan
et al. (2010) showed that the level of both miR-195 and
let-7a were significantly higher in whole blood from
breast cancer patients, and that the miRNA blood levels
decreased in patients postoperatively (Heneghan et al.
2010). Roth et al. (2010) demonstrated that miR-155 in
serum significantly discriminated non-metastatic (MO0)
breast cancer patients from healthy individuals and
that this miRNA, among others, also correlated with the
presence of overt metastasis (Roth et al. 2010). All these
results suggest that miRNAs could be useful as potential
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surrogate markers of both early disease and prognosis in
breast cancer.

Hence, the aim of the present study was to perform
miRNA expression profiling to identify miRNAs that
are highly expressed in primary tumors and to contrast
them with miRNAs that are commonly not expressed or
expressed at a low level in bone marrow mononuclear
cells (BM-MCs), peripheral blood mononuclear cells
(PBMCs) and plasma of healthy individuals. Differentially
expressed miRNAs, and several miRNAs suggested in
previous studies, were further explored as surrogate
markers of early disease and prognosis in hematopoietic
tissue samples from breast cancer patients with a median
follow-up time of 98 months (>8 years).

Patients and methods

Patients

The patients included in this study were consecutively
recruited during the years 1998-2000 as previously
described (Tjensvoll et al. 2009). The patients were admit-
ted to our hospital with primary operable, localized,
invasive breast cancer (M0). Written informed consent
was obtained from all participants for this project that
was approved by the Regional Committees for Medical
and Health Research Ethics.

BM, venous PB and plasma samples from 14 MO0 breast
cancer patients were analysed; randomly selecting (by
computer) seven patients among those with known dis-
ease recurrence and seven among those patients without
disease recurrence after 98 months (>8 years) of follow-
up, from our larger patient cohort described previously
(Tjensvoll et al. 2009). The seven patients with known dis-
ease recurrence corresponded to 23% of the patients with
systemic relapse in the total cohort, n = 191. The patient
characteristics are summarized in Table 1. BM aspirates
and venous PB samples obtained from 10 healthy women,
without any known cancer, constituted the control group.

Samples
In the present study, we have analysed (i) BM samples
(20 mL collected in heparin anticoagulant) obtained
prior to surgery by unilateral aspiration from the poste-
rior iliac crest under local anesthesia, (ii) venous PB (20
mL collected in heparin) samples and (iii) plasma sam-
ples. BM-MCs and PBMCs were isolated, as described
previously (Shammas et al. 1999). The plasma samples
were obtained by centrifugation of the PB samples at
15000 rpm for 10 min.

The miRNA expression profiling was performed on
a pooled RNA sample consisting of RNA from 10 breast
tumors, a pooled RNA sample consisting of RNA from 10
BM-MC samples from healthy individuals, a pooled RNA
sample consisting of RNA from 10 PBMC samples from
healthy individuals and a pooled RNA sample consist-
ing of RNA from 10 plasma samples from healthy indi-
viduals. Following the miRNA profiling the expression

Table 1. Comparison of the clinicopathological parameters
according to patients with disease recurrence (Rec+), and patients
without disease recurrence (Rec-).

No. of Patients
patients Rec+ Rec-— p
Variable (n=14) (n=17) (n=7)  value
Age 0.59
<55 8 5 3
>55 6 2 4
Lymph node status 0.19
pNO 11 4 7
pN1-2 3 3 0
Tumor size 1.00
pTl1 10 5 5
pT2-4 4 2 2
Tumor grade 0.42
1 5 1 4
2 4 3
3 5 3 2
ER-status 1.00
Positive 11 5 6
Negative 3 2 1
PgR-status 1.00
Positive 5 3 2
Negative 9 4 5
Histological type 1.00
Ductal 9 5 4
Lobular 1 0 1
Mixedductal/lobular 3 2 1
Others 1 0 1
None of the breast cancer patients had evidence of distant metas-
tases (stage M,).

ER, estrogen receptor; PgR, progesterone receptor.

levels of 12 potential miRNA candidates were examined
in (i) five breast cancer cell lines, MCF-7, MDA-MB-361,
MDA-MB-453, ZR-75-1 and T47D; (ii) 10 individual
tumor samples (the same that were pooled) from MO
breast cancer patients; (iii) BM-MC, PBMC and plasma
samples obtained from 10 healthy women; and (iv)
BM-MC, PBMC and plasma samples from 14 randomly
selected MO breast cancer patients. An overview of the
samples included in this study, and the experimental
procedure is shown in Figure 1. The samples were ana-
lysed by two individuals (K.T. and K.N.S.); both being
blinded to the clinical outcome of the patients.

RNA isolation

Total RNA, including miRNA, was isolated from cell line
lysates and clinical samples using Qiagens “miRNeasy
Mini Kit” RNA concentrations were determined by
measurements on the NanoDrop 2000c instrument
(Thermo Fisher Scientific Inc., Wilmington, MA, USA).
The RNA quality was assessed on Bioanalyzer 2100
(Agilent Technologies Inc., Wilmington, DE, USA)
using the “RNA 6000 Nano kit” and the “Small RNA kit”
(Agilent Technologies).
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Figure 1. An overview of the samples analysed, and the experimental
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= 7 miRNA candidates

procedures included in the present study. BM-MC denotes bone

marrow mononuclear cells while PBMC denotes peripheral blood mononuclear cells.

miRNA expression profiling

Each pool of RNA (from tumor, BM-MCs, PBMCs and
plasma) in the miRNA profiling experiment contained
50 ng total RNA, which was reverse transcribed using
the “TagMan™ MicroRNA Reverse Transcription Kit”
with the “Megaplex RT Primers, Human Pool Set v3.0”
as described by the manufacturer (Applied BioSystems,
Foster City, CA, USA). To mitigate the inhibition of the
PCR by heparin, the pooled plasma RNA sample was
treated with Heparinase I (Sigma-Aldrich, St. Louis, MO,
USA) during the reverse transcription (RT) as described
by Johnson and colleagues (Johnson et al. 2003). In
brief, 50 ng (3 pL) total RNA were added 0.10 pL. RNAse
inhibitor (20 U/pL), 0.40 puL 10X RT buffer, 0.45 uL 25 mM
MgCl,, 0.20 pL RNAse-free water and 0.3 pL Heparinase
(1U/pL) before the tube was incubated at room tempera-
ture for 1 h. Following the heparinase treatment, 0.20 pL
100 mM dNTPs, 0.40 pL 10x RT buffer, 0.45 pL 25 mM
MgCl, and 0.80 uL 10x Megaplex RT primers were added,
and the tube was incubated on ice for 5 min before the
reverse transcription was performed, as recommended
by the manufacturer (Applied BioSystems). After the
cDNA synthesis the pooled tumor, the pooled BM-MC,
the pooled PBMC and the pooled plasma samples were
pre-amplified using the “Megaplex PreAmp Primers,
Human Pool Set v3.0” from Applied Biosystems. After
pre-amplification, the PCR products were diluted in 75
pL of 0.1x TE pH =8, and stored at —20°C.

The miRNA expression profiling was performed by
mixing 450 pl 2x TagMan Universal PCR Master Mix (No
AmpErase UNG), 9 pL diluted PreAmp product and 441
pL dH,0. Of this PCR mixture, 100 pL was loaded into
each port on the TagMan Array Human MicroRNA Cards
Aand B (Applied BioSystems). Card A consisted of unique
real-time PCR assays for the more highly characterized
miRNAs, while Card B contained assays for several novel
miRNAs. The cards were run in a 7900HT Real-Time PCR
instrument using the 384-well TagMan Low Density

© 2012 Informa UK, Ltd.

Array default thermal-cycling conditions (Applied
BioSystems). The RT-PCR data were analysed in the RQ
Manager 1.2 program using the pooled tumor sample as
a calibrator. The relative expression level of individual
miRNA was represented by AC, =C_,uny —Cyys» s U
RNA was included as a reference gene on the TagMan
Array Human MicroRNA Cards.

The TagMan Array Human MicroRNA Cards A and B
were searched for candidate miRNA biomarkers using
two criteria: (i) the miRNAs should be highly expressed
in the tumor pool, and not expressed in the BM-MC pool,
the PBMC pool or the plasma pool consisting of RNA
from 10 healthy individuals or (ii) the miRNAs should be
highly expressed in the tumor pool, and have low expres-
sion in the BM-MC, PBMC or plasma pool consisting of
RNA from 10 healthy individuals.

Reference transcript for relative quantification

Four transcripts (miR-92, miR-26b, RNU24 and RNUG6)
were evaluated for use as endogenous controls in this
study (Wong et al. 2007), and their expression levels were
determined in 15 healthy control BM-MC samples and
10 tumor samples. RNU24 and miR-92 were the most
constantly expressed transcripts across the samples
analysed. Due to miR-92 being a miRNA, and thus is
structurally similar to the transcripts under investigation,
this transcript was chosen as a reference for the further
analyses.

Validation of the selected miRNA biomarker
candidates by RT-qPCR in individual samples
RNA (10 ng) isolated from individual tumor samples,
cell lines, BM-MCs, PBMCs and plasma was reverse
transcribed to cDNA using the “TagMan® MicroRNA
Reverse Transcription Kit” with miRNA specific primers
as described by the manufacturer (Applied BioSystems).
To each of the cDNA samples, the following RT-qPCR
reagents (20 pL) were added: 1.0 pL 20x TagMan
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MicroRNA Assay (Table 2), 1.33 pL cDNA, 10.0 pL TagMan
2x Universal PCR Master Mixno AmpErase UNG and 7.67
pL dH,O. Amplification of this mixture was performed in
duplicate in a LightCycler 480 (Roche Applied Science,
Indianapolis, IN, USA) instrument using the following
cycling conditions 95°C for 10 min; 40 cycles of 95°C for
15 s and 60°C for 60 s.

Mean Cq-values (denotes the number of cycles to
reach the threshold value, previously denoted C, and C,
(Bustin et al. 2009)) based on the two replicates analysed,
were used in the calculations. The miRNA levels were
normalized against miR-92 levels. Due to absent expres-
sion of some miRNAs in the cell lines and tumor samples,
no calibrator was used in this experiment. Relative
gene expression was calculated for each miRNA using
R = 2%, where DCq :Cq(miR-92)-Cq(miR-X). Relative
miRNA concentrations were also calculated in those
cases where the miRNA was only amplified in one of the
two replicates analysed. Moreover, in cases where the
miRNA was expressed in healthy individuals, a threshold
value was established representing the highest relative
gene expression level in the control group.

Cell culture

The miRNA expression levels were evaluated in the cell
lines MCF-7, MDA-MB-361, MDA-MB-453, ZR-75-1 and
T47D. The MCF-7 cells were cultured in Eagle’s Minimum
Essential Medium (Sigma-Aldrich) supplemented with
10% fetal bovine serum (FBS) (Sigma-Aldrich) and
1% non-essential amino acids (Sigma-Aldrich). Both
MDA-MB-361 and MDA-MB-453 cells were cultured in
L15 medium (Sigma-Aldrich) supplemented with 15%
(MDA-MB-261) and 10% (MDA-MB-453) FBS, respec-
tively. The ZR-75-1 cells were cultured in RPMI-1640
(Sigma-Aldrich) supplemented with 10% FBS. T47D cells
were cultured in Dulbecco’s Modified Eagle’s Medium
(DMEM) (Sigma-Aldrich), also added 10% FBS. All the
culture media were supplemented with 2 mM gluta-
mine (Sigma-Aldrich) and 5 mL penicillin-streptomycin
(Sigma-Aldrich).

Table 2. Specification for the TagMan MicroRNA Assays (ABI)
used in this study.

miRNAs Assay ID miRBase no.
miR-517c 001153 MI0003174
miR-512-3p 001823 MIMAT0002823
miR-214* 002293 MI0000290
miR-887 002374 MI0005562
miR-522 002413 MI0003177
miR-141 000463 MI0000457
miR-200c 002300 MI0000650
miR-205 000509 MI0000285
miR-214 002306 MI0000290
miR-10b 002218 MI0000267
miR-189 000488 MI0000485
miR-195 000494 MI0000489
miR-92 000430 MI0000093/94

Statistical analyses
The statistical analyses were performed using SPSS
version 18.0 (www.spss.com) with a two-sided p value
<0.05 considered as statistically significant. To assess
whether patients with miRNA expression in PBMCs also
had presence of circulating miRNAs in their plasma, a
¥? test was performed. We also performed the Mann-
Whitney U-test to compare the miRNA levels (when
detectable) in (i) Tumor versus healthy controls (ii)
Healthy controls versus patients and (iii) Patients with
disease recurrence versus patients without recurrence.
The plots were made using the R statistical software
package version 2.9.2 (www.r-project.org). Samples
without miRNA expression were plotted below the limit
of detection (LOD) line.

Results

Biomarker screening by miRNA expression profiling

In search for potential markers of early and minimal
residual breast cancer, we performed expression pro-
filing of 754 miRNAs in a pooled breast tumor sample,
a pooled normal BM-MC sample, a pooled normal
PBMC sample and a pooled normal plasma sample
by TagMan Array Human miRNA Cards. The selection
of potential miRNA biomarkers was based on high
expression in the pooled tumor sample, and undetect-
able or low expression levels in the pooled normal
BM-MC, PBMC and plasma control samples. Based
on these criteria, the five miRNAs miR-517c, miR-512,
miR-214*, miR-887 and miR-522 were selected for fur-
ther validation. These miRNAs showed high expression
in the pooled tumor sample (C -values ranging from
21.45-23.69), and had undetectable expression in the
pooled BM-MC, PBMC and plasma control samples on
the TagMan Array Human miRNA cards.

Selection of miRNA biomarker candidates from

other studies

We also selected several miRNAs for validation, based
on their reported relevance to breast cancer. Among
these miRNAs were miR-10b, miR-195 and miR-214
(Blenkiron et al. 2007; Ma et al., 2007; Heneghan et al.
2010), and three miRNAs miR-141, miR-200c and miR-
205 included in a metastatic cancer miRNA signature
(Baffa et al. 2009). Furthermore, analyses of previously
published micro-array data sets (Lowery et al. 2009;
Velu et al. 2009) revealed miR-189 as a candidate
marker. This was due to high expression in primary
breast tumors (GEO:GSE15885) and low background
expression in normal BM (GEO:GSE15077). When
we compared the expression data from the TagMan
Array Human miRNA Cards, all the selected miRNAs,
except for miR-189 (not included) and miR-195, were
highly expressed in the pooled tumor sample and had
low background expression in all the pooled normal
control samples analysed.
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Validation of the miRNA biomarker candidates in
individual breast tumors and individual normal BM,
PB and plasma samples

For validation of the 12 selected miRNA biomarker candi-
dates (miR-517c, miR-512, miR-214* miR-887, miR-522,
miR-10b, miR-195, miR-189, miR-214, miR-141, mir-200c
and miR-205), their expression levels were determined
in individual breast tumors, cell lines and individual nor-
mal BM-MC, normal PBMC and normal plasma samples
by singleplex RT-qPCR (Figures 2, 3, and S1). Six of the
12 miRNAs were expressed at relatively high levels (aver-
age C -values from 21.7 to 25.4) in the tumor samples,
while the other candidates expressed moderate levels.
In the breast cancer cell lines MCF-7, MDA-MB-361,
MDA-MB-453, T47D and ZR-75-1, the levels varied from
tumor-like to undetectable. The marker levels in the nor-
mal control samples were low, but not sufficiently low to
suggest a biomarker potential. The highest difference in
expression level was seen with miR-141, which had 2900-
fold higher median tumor level compared to the highest
normal plasma level. However, some miRNA candidates
had undetectable levels in all or some of the hematog-
enous sample types, which suggested a potential role as
biomarkers. MiR-887 was undetectable in both healthy
BM-MC, PBMC and plasma control samples while miR-
205 was undetectable in normal BM-MCs and PBMCs,
miR-512 in normal BM-MCs and plasma, miR-214* in
normal PBMCs, miR-214 in normal BM-MCs and miR-
522 in normal plasma samples (Figures 2, 3, and S1).
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Figure 2. Relative levels of miR-522in cell lines and primary tumors
in addition to bone marrow mononuclear cells, peripheral blood
mononuclear cells and plasma obtained from healthy control
individuals and non-metastatic breast cancer patients. Seven of
the patients analysed had experienced recurrence (Patients Rec+),
while seven patients were without recurrence (Patients Rec-) after
a median 98-month follow-up. Samples with undetectable levels
are shown below the dashed line (LOD = limit of the detection).
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Validation of the selected miRNA biomarker
candidates in BM, PB and plasma samples from
non-metastatic breast cancer patients

The 12 selected miRNA candidates were also validated in
BM-MCs, PBMCs and plasma obtained from 14 MO breast
cancer patients (Table 1) randomly selected from a larger
cohort of non-metastatic breast cancer patients (Tjensvoll
et al. 2009). Seven of the MO0 patients had subsequent dis-
ease recurrence, while seven had not. Potential miRNA
biomarker candidates for early disease detection were
expected to have higher levels in patient samples than
in healthy control samples, while higher miRNA levels
in the patients with recurrence would indicate possibili-
ties as prognostic markers. Therefore, we first compared
the specific miRNA levels in the patient samples with the
corresponding samples from healthy controls, and found
that miR-522 most frequently had elevated levels in the
patient samples. Compared to the highest normal levels, 10
BM-MC samples, 7 PBMC samples and 11 plasma samples
from the 14 examined breast cancer patients had elevated
miR-522 levels. This corresponded to a maximum sensitiv-
ity of 79% (11/14) in plasma, which suggested plasma miR-
522 as a candidate biomarker for early detection of breast
cancer (Figure 2). However, the patient plasma level of
miR-522 was barely detectable (Cq-values between 37 and
38), suggesting low reproducibility.

With regard to the miRNAs potential as prognostic
markers, none of the miRNA biomarkers could differ-
entiate between patients experiencing recurrence and
patients without recurrence.

Discussion

We hypothesized that miRNAs could be promising new
biomarkers for detection of early and minimal residual
breast cancer based on the following premises: (i) miRNA
expression is frequently dysregulated in cancer (Lu
et al. 2005; Calin & Croce 2006; Esquela-Kerscher & Slack
2006; Blenkiron et al. 2007; Janssen et al. 2010; Andorfer
et al. 2011);(ii) miRNAs appear to be tissue-specific (Lu
et al. 2005); and (iii) miRNAs are exceptionally stable in
plasma and serum (Mitchell et al. 2008). Our strategy
was to perform miRNA expression profiling of pooled
RNA samples to reveal miRNAs that were differentially
expressed between breast tumors in comparison to
BM-MCs, PBMCs and plasma obtained from healthy
individuals. By running the TagMan Array Human
miRNA Cards, five candidate miRNA biomarkers were
identified. In addition, we selected an additional seven
candidate miRNA biomarkers from other studies, based
on their expression in metastatic breast cancer cells or
for their prognostic value in primary tumors (Blenkiron
et al. 2007; Ma et al. 2007; Baffa et al. 2009; Heneghan et
al. 2010). None of the 12 miRNA candidates analysed did,
however, exhibit any particularly promising potential as a
biomarker for early breast cancer detection or prognostic
stratification after validation in a small patient cohort.
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The undetectable miRNA expression level seen in
some healthy control samples on the TagMan arrays were
not totally confirmed in the validation experiment of
single samples. This was also the case for the high tumor
levels seen for some miRNAs on the TagMan arrays. The
pre-amplification step, performed to enhance the miRNA
detection on the TagMan arrays, may explain the differ-
ence in tumor levels between the two experiments, but
not the absent background expression. The pre-amplifi-
cation will reduce the C -values of the samples by add-
ing additional thermal cycles before the real-time PCR
analysis. Although undetectable on the TagMan arrays,
some miRNAs were detected at moderate levels in the
normal control samples by singleplex TagMan RT-PCR.
This might be due to a lower cDNA concentration of each
sample in the profiling experiment, which reduces the
chances for amplification of the less concentrated miR-
NAs. However, a more likely explanation is that the cDNA
synthesis is more effective when only one miRNA target
is being transcribed by gene-specific primers, compared
to the multiplex RT reaction that was performed in the
miRNA profiling experiment. In the multiplex RT reac-
tion, there may be a competition between the transcripts,
resulting in a limitation of reagents for transcription of
the rarer miRNAs.

For evaluation of the miRNA candidates as markers for
prognostic stratification and detection of early disease,
we quantitated the miRNA levels in BM-MCs, PBMCs
and plasma from 14 randomly selected MO breast cancer
patients. In these analyses, we found that none of the 12
miRNAs could distinguish patients with disease recur-
rence from those without. However, the low number of
patients investigated suggests careful interpretation.
Interestingly, Gregory and colleagues showed that miR-
200c, miR-141 and miR-205, which were also evaluated
in our study, were markedly down-regulated in cells that
had undergone epithelial-to-mesenchymal transition
(EMT) (Gregory et al. 2008). Recent evidence suggests
that EMT processes are active in the CTCs (Bonnomet et
al. 2011). Accordingly, miRNAs that are down-regulated
during the EMT process may be poor markers for detec-
tion of CTCs with a metastatic potential.

MiR-522 was detected exclusively in patient plasma
samples, and not in any of the normal samples. However,
the patient plasma levels were barely detectable, indicat-
ing low reproducibility. Further validation of miR-522 in
plasma samples from additional healthy control samples
and breast cancer patients confirmed our concern
regarding reproducibility (results not shown).

MiR-10b is strongly expressed in metastatic breast
cancer cells undergoing EMT and to positively regulate
cell migration, and invasion (Ma et al. 2007). Ma and col-
leagues also showed that 50% of metastatic (M1) breast
cancer patients had elevated levels of miR-10b in their
primary tumors, compared to normal breast tissue.
MO patients, on the other hand, were shown to contain
decreased miR-10b tumor levels (Ma et al. 2007). MiR-
10b has also been demonstrated to be differentially

expressed between normal breast tissues and breast
tumors, in other studies (Iorio et al. 2005). In our study
of MO breast cancer patients, miR-10b could not differ-
entiate between patients with and without disease recur-
rence (Supplemental Figure S1). Our results in PBMCs
are in concordance with those of Heneghan and col-
leagues (Heneghan et al. 2010) who showed that miR-10b
levels in whole blood were within the normal range, and
71% of their patient cohort were with early-stage disease
(Heneghan et al. 2010).

In the same study, Heneghan and colleagues also
reported that the miR-195 level in whole blood from
patients with non-metastatic breast cancer was signifi-
cantly higher than in whole blood from healthy controls
(Heneghan et al. 2010). These results are however - in
contrast to our data - show no significant difference in the
PBMC miR-195 levels between MO0 breast cancer patients
and healthy controls (Figure 3). On the other hand, there
seems to be an inconsistency in the number of normal
control samples and their miR-195 level in the figures
of Heneghans report (Heneghan et al. 2010), creating
uncertainty regarding the magnitude of the difference
in blood miR-195 levels between patients and healthy
controls. Moreover, in contrast to Heneghan et al. (2010),
we present survival data with a median follow-up time of
98 months (longer than 8 years), suggesting that the miR-
195 blood levels could not discriminate between breast
cancer patients with and without disease recurrence.

There have been concerns that cell-free miRNAs
present in the circulation might not represent metastatic

[=]
[=] (=]
fls
- = L]
= [=]
[ ° @ o
2 2 o © %) o) §
- Q
0 o} % ® 8 @ o
= o o ° § [+] @ =
| o [e]
1 =
E - ° ] o
S o
5 ¢ | °
&’ @
4
9
@
T T T T T T T T T T T
8 2 8 5 & 8 5 5 2 5 ¢
£ S £ © @ £ @ @ £ © @
= g S @ [+ S @ o g o o
T B a9 2N o @
8 o [ =y c o c c o | = | -
2 a ] @ o @
© o w© © T «
o o o o o o
Bone marrow Blood Plasma

Figure 3. Relative levels of miR-195 in cell lines and primary
tumors in addition to bone marrow mononuclear cells, peripheral
blood mononuclear cells and plasma obtained from healthy
control individuals and non-metastatic breast cancer patients.
Seven of the patients analysed had experienced disease recurrence
(Patients Rec+), while seven patients were without recurrence
(Patients Rec-) after a median 98-month follow-up. Samples with
undetectable levels are shown below the dashed line (LOD = limit
of the detection).
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or primary tumor tissue, and that measurements of
circulating tumor cell (CTC)-associated miRNA would be
preferable (reviewed in Mostert et al. 2011). On the other
hand, evidence that the large majority of miRNAs in
blood are present in a cell-free form has been reported,
but tumor cells have also been shown to release miRNAs
into the circulation (Mitchell et al. 2008). CTC-associated
miRNA expression patterns can therefore differ from
circulating free miRNA patterns seen in plasma. Thus,
we wanted to investigate whether non-metastatic breast
cancer patients with elevated levels of specific miRNAs
in PBMCs also had elevated levels of the same miRNAs
in their plasma samples. Assessment of the x* test
demonstrated that there was not a statistically significant
association between PBMC miRNA status and the plasma
miRNA status in the 14 patient samples analysed in our
study.

Post-operative detection of disseminated and circu-
lating tumor cells is expected to be more informative in
regard to prognosis than pre-operative detection, since
the passive shedding of tumor cells observed from pri-
mary tumors should be expected to end after removal
of the tumor by surgery. However, we have demon-
strated by specific mRNA measurements in BM-MCs,
that pre- and post-operative BM sampling (3 weeks
and/or 6 months after surgery) have similar prognos-
tic value (Tjensvoll, in press). In contrast, Heneghan
and colleagues have shown that the miRNA levels in
blood decrease to levels comparable with healthy con-
trol subjects two weeks after resection. With regard to
this, they suggest that the half-life of tumor-associated
miRNAs in blood is less than 14 days, and that systemic
miRNA profiling could only be utilized as non-invasive
biomarkers for breast cancer (Heneghan et al. 2010;
Heneghan et al. 2011). However, although the level is
low, the tumor-derived miRNAs present in blood after
surgery may originate from micrometastases and thus
have prognostic value.

Conclusion

In the present study, we searched for potential miRNA
biomarkers for early disease detection and prognos-
tic stratification in BM-MCs, PBMCs and plasma from
patients with non-metastatic breast cancer. Although
the low number of patients investigated suggests careful
interpretation of the results, none of the 12 miRNA can-
didates analysed seemed to have any potential as breast
cancer biomarkers in our study. The lack of any promis-
ing trends in this first validation did not encourage us to
validate these miRNAs in a larger cohort.
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