
Abstract. Background: MicroRNAs are small RNA
molecules that negatively regulate the expression of the
majority of proteins, mainly at the post-transcriptional level.
Being stable in the circulation and resistant to storage
handling, they are potentially promising biomarkers.
Materials and Methods: We measured RNA levels of three
microRNAs with tumorigenic or angiogenic potential (miR-
155, miR-195, and miR-21) in blood samples taken from
patients with early breast cancer, both preoperatively and
postoperatively. Results: We found that persistently elevated
postoperative levels of miR-195 were detected only in
patients who developed early tumor relapse and that miR-
155 levels tended to increase three days postoperatively
(p=0.05) and fell below baseline one month post-surgery
(p<0.05). We had no major findings for miR-21. Conclusion:
The results of this pilot study indicate a possible involvement
of miR-155 in surgery-induced angiogenesis and potential
prognostic significance of high postoperative levels of
circulating miR-195 in patients with breast cancer.

Breast cancer ranks second among the leading cancers
causing death in women (1). The estrogen receptor (ER),
progesterone receptor (PR) and human epidermal growth
factor receptor 2 (HER2) are validated immunohistochemical
markers that currently guide breast cancer therapy (2, 3).
However, the search for new molecular biomarkers that can
help early detection and guide post-surgical management of
breast cancer is of great importance (2, 4). 

MicroRNAs are a class of small non-coding RNAs (20-24
nucleotides) that control the expression of multiple genes at
the post-transcriptional level by affecting the stability of and

suppressing the translation of mRNAs. It is noteworthy that
a single miRNA may have more than 100 mRNA targets (5). 

We studied blood levels of three key microRNAs, miR-
195, miR-21 and miR-155, in patients with breast cancer
before surgery and also their changes post-mastectomy, in the
frame of an ongoing project that is investigating the effect of
mastectomy on kinetics of circulating novel biomarkers of
breast cancer, especially those related to angiogenesis (6).
The role of these microRNAs in cancer is well-established.
miR-195 has been found to be overexpressed in both blood
and tissue samples in patients with breast cancer and its level
was higher in preoperative compared to postoperative samples
(7). miR-155 has been shown to play a crucial role in fine
tuning the regulation of lymphocyte immune function (8), to
have a pivotal role in tumor angiogenesis in breast cancer (9),
and be a key tumor-associated microRNA (oncomiR)
overexpressed in multiple types of cancers, especially in
breast cancer, with a prognostic significance (10-13). miR-21
is one of the most studied microRNAs in cancer (14). In
breast cancer, high expression of miR-21 was correlated with
poor survival (15) and, recently, it was found to be
differentially expressed in early and late stages of this tumor
type (16). To our knowledge, this is the first study to
investigate these three key microRNAs in blood samples from
patients with breast cancer, at diagnosis before surgery, and
their postoperative kinetics.

Materials and Methods

Patients. Fifteen patients with breast cancer and five patients with
breast fibroadenoma were enrolled in this study. The Institutional
Review Board of the University Hospital of Ioannina approved the
study protocol (2778/15.02.2008). Inclusion criterion was scheduled
surgery for operable early breast cancer or benign tumor by the same
team of breast surgeons. Exclusion criteria were: diabetes mellitus,
active inflammation during the perioperative period, recent
myocardial infarction, perioperative blood transfusion, erythropoietin
administration and synchronous malignancy. Signed informed
consent was obtained from all participating patients.
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Patient characteristics are shown in Table I. The patients with benign
breast disease initially underwent an excisional biopsy in
macroscopically healthy borders. If frozen section microscopy excluded
cancer, a suction drain was placed and the operation terminated. All
patients with breast cancer underwent core biopsy performed prior to
surgery. The type of surgical procedure (modified radical mastectomy
or wide local excision) was decided prior to surgery, following surgeon
consultation and considering the patient’s desire. The same experienced
surgeon who led the Breast Unit performed all surgical procedures. A
standard protocol of general anesthesia was applied to all cases, using
propofol-fentanyl-muscle relaxant induction and O2–Sevoflurane
maintenance. A single pathologist who specializes in breast biopsies and
immunohistochemistry carried out the histopathological examination of
specimens. Patients with positive axillary lymph nodes received adjuvant
therapy according to tumor biology, while those that underwent wide
local excision also received adjuvant thoracic radiotherapy. Two patients
developed tumor metastases within two years of surgery.

Acquisition of blood samples and storage. The same person drew
blood via venipuncture for each sampling using a 21G BD
Vacutainer Safety-Lok™ Blood Collection Set (BD Diagnostics,
Franklin Lakes, NJ, USA). For each patient with breast cancer, four
blood collections were obtained at the following time intervals: on
the day before surgery and on postoperative days 3, 7 and 30.
Samples from patients with fibroadenoma were collected
preoperatively and on day 3 after surgery. All samples were
collected in the morning (between 8 and 10 am) at room
temperature. Each blood collection consisted of two PAXgene
Blood RNA tubes (Preanalytix, GmbH, Hombrechtikon,
Switzerland) containing 2.5 ml whole blood each. 

PAXgene Blood RNA tubes were carefully incubated with the
reagent and then placed in the upright position at room temperature
for at least 2 hours (according to the manufacturer’s recommenda-
tions), before being finally stored at −80˚C. All samples were stored
frozen at the University of Ioannina Cancer Biobank Center. 

RNA isolation. Total RNA was isolated using PAXgene blood RNA
extraction kit (April 2011 version; PreAnalytix, GmbH) according
to the manufacturer’s instructions. The RNA quantity was measured
with a Nanodrop ND-1000 spectrophotometer (Thermo Fisher
Scientific, Wilmington, DE, USA). The RNA quality was estimated
both by RNA gel electrophoresis 1.2% and Agilent Bioanalizer 2100
(Agilent Technologies, Waldbronn, Germany) (17). Only RNAs with
an RNA integrity number greater than 7 were stored (−80˚C) and
processed further. 

Reverse transcription. For reverse transcription, miSCRIPT RT kit
(Qiagen, Frederick, MA, USA) was used according to the
manufacturer’s protocol. Briefly, the same RNA quantity (0.5 μg)
of all samples was initially polyadenylated and then reverse-
transcribed. Concentrations of cDNAs were measured in a
Nanodrop ND-1000 spectrophotometer. Then the samples were
diluted with RNAse-free water to a final concentration of 0.5 μg/μl. 

Quantification of miRNAs and statistical analysis. Quantification of
the three microRNAs was performed following the miSCRIPT PCR
Kit (Qiagen) protocol. Real-time polymerase chain reaction, qPCR,
was carried out on a LightCycler 480 instrument (Roche
Diagnostics GmbH, Roche Applied Science, Mannheim, Germany).
A final 20 μl reaction mix was initially incubated at 95˚C for 15

minutes followed by a 3-step cycling, at 94˚C for 15 s, 55˚C for 30
s and 70˚C for 30 s (40 cycles). To normalize our results,
Caenorhabditis elegans miR-39 was used as an external control
since a specific number of miR-39 copies were added to the samples
at the end of RNA extraction and before reverse transcription (18,
19). We quantified the results with the ΔΔCt method (18, 20). For
statistical analysis, we used GraphPad Prism 6 software (GraphPad
Software, Inc., La Jolla, CA, USA). Comparison of mean values of
microRNA levels recorded over time in patients and between
patients and controls was performed using the paired and unpaired
t-test as appropriate. All tests were two-sided and considered
significant when p≤0.05.

Results
miR-195. Mean values of controls were not different on day
3 after surgery. In patients with breast cancer, the mean
preoperative level of miR-195 was decreased on days 3 and
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Table I. Patients’ demographics. 

Benign breast disease Breast cancer

Number of patients 5 15
Median (range) age, years 58 (35-76) 44 (41-47)
Disease Fibroadenoma Invasive ductal 

carcinoma
Disease site

Right breast 3/5 11/15
Left breast 2/5 4/15

Surgical procedure
WLE 5/5
WLE + ALND - 4/15
MRM + ALND - 11/15

T Stage
T1 - 6/15
T2 - 9/15

N Stage
N0 - 7/15
N1 - 6/15
N2 - 2/15

Grade
2 - 12/15
3 - 3/15

Hormonal receptor status
ER+ - 14/15
ER− - 1/15
PR+ - 14/15
PR− - 1/15

HER2 status
0 - 5/15
1 - 2/15
2 - 7/15
3 - 1/15

Blood samples Pre, day 3 Pre, day 3,7,30

WLE: Wide local excision, ALND: axillary lymph node dissection,
MRM: modified radical mastectomy, T: tumor, N: node, ER: estrogen
receptor, PR: progesterone receptor; Pre: pre surgery.



7 post-surgery but remained higher than that of controls even
30 days later, although changes did not reach statistical
significance (Figure 1A). Concerning variation in miR-195
levels, the 2–ΔCt values in patients with breast cancer ranged
between 0.078 and 98.36 and in controls they were narrowly
dispersed between 1.394 and 4.24. Interestingly two patients,
who eventually experienced disease relapse, had the highest
levels of miR-195 transcripts at all postoperative sampling
times compared to other patients (Figure 1B).

miR-155. The mean miR-155 level of patients with breast
cancer tended to be increased on day 3 after surgery
(p=0.053). However, on day 7 the mean value had returned to
the preoperative level and had fallen below baseline at day 30
(p=0.046) (Figure 2). The mean value for the controls also
tended to increase on the third postoperative day (p=0.1348)

miR-21. Postoperative levels of miR-21 dropped significantly
at three days post-surgery in the control arm (p=0.0001). In
patients, the mean level of circulating miR-21 remained

higher than that in controls throughout the sampling period
but did not change significantly from baseline, and they did
not follow any specific pattern of kinetics post-surgery
(Figure 3). 

Discussion

In the present study, we investigated baseline blood levels
and postoperative kinetics of three key microRNAs, miR-
155, miR-195 and miR-21, in patients with breast cancer
who underwent mastectomy. The most striking findings in
our study were i) the observation that two patients whose
disease relapsed within two years had excessively high levels
of miR-195 that remained steadily elevated for 30 days post-
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Figure 1. Blood miR-195 levels in patients with breast cancer (n=15)
before surgery and at three time points post-mastectomy. 1A. Data
graphed as mean values with standard error of the mean. 1B. Data
graphed as individual lines of kinetics of miR-195 levels of each patient.
The two upper lines represent blood concentration of two patients, who
eventually relapsed.

Figure 2. Mean blood levels of miR-155 in patients with breast cancer
(n=15) before surgery and at three time points post mastectomy. Data
are graphed as mean values with standard error of the mean. p-Values
are for comparison of data with baseline, before surgery, values. 

Figure 3. Mean blood levels of miR-21 in patients with breast cancer
(n=15) before surgery and at three time points post-mastectomy. Data
are graphed as mean values with standard error of the mean.



surgery, and ii) the biphasic post-surgical kinetics of miR-
155, which increased three days post-mastectomy and
subsided below baseline values on day 30.  

Of course these findings must be considered with regard to
the small cohort of study patients, but to our knowledge, this
is the first study to investigate the kinetics of three key
microRNAs at multiple postoperative sampling times over a
month’s period post mastectomy. 

It has been already reported that miR-195 might be used
as a non-invasive diagnostic biomarker in early breast
cancer. Heneghan et al. used a panel of seven microRNAs
and found miR-195 and let-7a blood levels to be higher in
patients with breast cancer compared to healthy individuals
(21). In another study, the same investigators found that
systemic miR-195 can be used to differentiate breast cancer
from other malignancies and suggested that circulating miR-
195 might potentially be used as a non-invasive biomarker
for detecting early-stage breast cancer (7). We now provide
for the first time an indication that persistently elevated
levels of mIR-195 for at least one month post mastectomy
may offer prognostic information regarding early tumor
relapse. This finding deserves further evaluation in a large
cohort of patients. 

miR-155 has been found to be overexpressed in several
cancer types (22). Regarding its implication in
angiogenesis, Kong et al. suggested in a recent study that
miR-155 has a pivotal role in tumor angiogenesis by
inducing down-regulation of von Hippel-Lindau (9). In
addition, Suarez et al. have shown that Vascular Endothelial
Growth Factor induces the expression of miR-155 (23).
Furthermore, by studying the impact of surgery on kinetics
of miR-155, we provide for the first time indirect evidence
that surgery may promote this angiogenesis-related
microRNA, as reflected by its biphasic kinetics: an
immediate increase of circulating miR-155 level that fall
below baseline levels 30 days later. 

miR-21 is one of the most extensively studied microRNAs
in cancer. This microRNA is purported to act as an oncomiR
and is up-regulated in human breast cancer (14, 24). In our
work, the mean miR-21 level was marginally higher in
patients with breast cancer compared to controls but this
difference did not reach statistical significance. This
microRNA probably has limited value in early breast cancer,
considering that a high miR-21 level has been correlated
with advanced clinical stage, lymph node metastasis and
poor prognosis (25). 

In conclusion, the findings of this pilot study indicate that
miR-155 is possibly related to mastectomy-induced
angiogenesis and that high postoperative levels of circulating
miR-195 have potentially prognostic significance in patients
with early breast cancer. Circulating miR-21 is of limited
clinical importance in early breast cancer. Further
investigation is warranted in a larger cohort of patients.
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