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Abstract. MicroRNAs (miRNAs) are a class of small, non-coding RNA molecules that can regulate gene expression, thereby
affecting crucial processes in cancer development. miRNAs offer great potential as biomarkers for cancer detection because of
their remarkable stability in blood and their characteristic expression in different diseases. We investigated whether quantitative
RT-PCR miRNA profiling on serum could discriminate between breast cancer patients and healthy controls. We performed
miRNA profiling on serum from breast cancer patients, followed by construction of ROC (Receiver Operating Characteristic)
curves to determine the sensitivity and specificity of the assay. We found that seven miRNAs (miR-10b, miR-21, miR-125b,
miR-145, miR-155 miR-191 and miR-382) had different expression patterns in serum of breast cancer patients compared to
healthy controls. ROC curve analyses revealed that three serum miRNAs could be valuable biomarkers for distinguishing BC
from normal controls. Additionally, a combination of ROC curve analyses of miR-145, miR-155 and miR-382 showed better
sensitivity and specificity of our assay. miRNA profiling in serum has potential as a novel method for breast cancer detection in
the Mexican population.
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1. Introduction

Breast cancer (BC) is one of the leading causes of
cancer death amongwomenworldwide [1]. Many stud-
ies on BC detection and treatment have been published
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CP. 66451, México. Tel.: +52 81 8329 4000 ext. 2926; Fax: +52 81
8352 4212; E-mail: diana.resendezpr@uanl.edu.mx.

in recent years. Whereas most studies focus on improv-
ing prognosis with better therapies, a more promising
approach is to detect cancer at an early stage. The
current standard diagnostic tools, mammography and
ultrasound, have been successful in the detection of
early-stage BC. However, there is a need for new, min-
imally invasive diagnostic approaches are to supple-
ment breast imaging and improve detection rates and
BC screening compliance. Recently, the discovery of
microRNAs (miRNAs), a class of small, nonprotein-
coding RNAs, has opened new opportunities in cancer
biology. miRNAs are regulatory, nonprotein-coding,9-
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to 25-nucleotide-longRNA molecules that regulate the
expression of a variety of genes by sequence-specific
base pairing on the 3’ untranslated regions (3’UTR) of
the target mRNA, resulting in mRNA degradation or
inhibition of translation. Patterns of miRNA expression
are meticulously regulated and play important roles in
oncogenesis [2,3]. Some miRNAs exert negative con-
trol over the expression of numerous oncoproteins in
normal cells and consequently their deregulation is be-
lieved to be an important mechanism behind cancer
development and progression. Because of their dis-
tinct patterns of expression associated with cancer type,
remarkable stability in blood and other body fluids,
miRNAs are considered to be highly promising cancer
biomarkers [4,5].

The extreme stability of circulating miRNAs in the
RNase-rich environment of the bloodstream is the ba-
sis of their value as biomarkers [6]. The mechanism
that makes miRNAs so stable is only being understood.
microRNAs are released from cells wrapped in pro-
teins or microvesicles. Selectively exported miRNAs
are packaged in structures that are different from those
that carry neutral released miRNAs (n-miRNAs). Ma-
lignant cells release greater quantities of selectively ex-
ported miRNAs, whereas the release of n-miRNAs is
not affected by malignancy. These results suggest that
malignant transformation alters the pathways through
which specific miRNAs are exported from cells. These
changes in the microvesicles and their miRNA cargo
could be used to detect the presence of malignant cells
in the body [7]. Six miRNAs (miR-10b, miR-21, miR-
125b, miR-145, miR-155 and miR-191) are known to
be aberrantly expressed in breast cancer tissues [8]. The
identification of circulating miRNAs as potential non-
invasive biomarkers for BC and other diseases was fol-
lowed by initial studies trying to associate these mark-
ers with relapse-free survival, overall survival, and re-
sponse to therapy [9–11]. The aim of our study was to
analyze the miRNA expression patterns in serum of pa-
tients with BC in comparison to healthy controls using
quantitative RT-PCR.

2. Methods

2.1. Biological material

Samples frompatientswith pathologically confirmed
breast cancer were collected at the Center of Biomedic
Investigation in Torreón Coahuila, México. The con-
trol samples were provided by healthy women. All par-

Table 1
Stage of breast cancer in patients

No. patients Stage Range of age (years)

13 I 42–73 mean = 54.61
14 II 40–68 mean = 50.85
34 III 45–77 mean = 53.09

ticipants were Mexican-born women who had given
their written, informed consent to participate in this
study. The Institutional Review Board of the College of
Biological Sciences of the Autonomous University of
Nuevo León approved the collection of serum samples
in accordance with institutional protocol. A total of 61
breast cancer and 10 normal blood samples were ana-
lyzed in this study. The breast cancer tissue analyzed
(Table 1) correspond to ductal carcinoma (stages I, II,
and III).

2.2. RNA extraction

The blood samples were collected from patients be-
fore surgery. Each sample was centrifuged at 3000
RPM for 5 minutes to separate serum and then stored at
−70◦C until RNA extraction. We isolated total RNA
containing small RNA from 400 µL of serum previous-
ly thawed on ice using miRNAeasy kit (Qiagen, Valen-
cia, CA, USA) according to the manufacturer’s proto-
col. The RNA was eluted with 50 mL of RNAse-free
water and was stored at −70◦C until RT-PCR reaction.
We quantified the concentrationof all RNA samples us-
ing NanoDrop 1000 (Thermo Scientific, Wilmington,
DE, USA).

2.3. miRNA qRT-PCR

We used Taqman miRNA assays to perform expres-
sion profiling of breast-tissue miRNA. All reagents,
primers, and probes were obtained from Applied
Biosystems, (Foster City, CA, USA). We used 20 ng
of total RNA from each sample for the individual as-
says in 15 µL reactions containing reverse transcrip-
tion (RT) mixture and primers. The mix was incubated
at 16◦C for 30 min, 42◦C for 60 min and 85◦C for
5 min. miRNA expression levels were quantified using
the Mx3005P qPCR System (Agilent, Santa Clara, CA,
USA). For this purpose, 1 µL of RT reaction was mixed
with 10 µL of 2X Taqman PCR mixture, 1 µL of Taq-
man primer mix and probe and 8 µL water to get a final
volume of 20 µL. An RT-PCR was done in triplicate,
including non-template controls. The relative expres-
sion of the mature miRNA was calculated using the
comparative cycle threshold (2−ΔΔCT ) method. We
used 18S RNA as an endogenous control to normalize
the data [12].
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Fig. 1. Relative fold change expression levels of (a) miR-10b, (b) miR-21, (c) miR-125b, (d) miR-145, (e) miR-155, (f) miR-191, (g) miR-382
and (h) miR-145/miR-155/miR-382 in breast cancer (BC) and normal breast tissue (NC). The p-values for all miRNAs was significative. The dot
at the center of violin plot represents the mean fold change for each miRNA.

Table 2
AUCs (area under the ROC curves)

miRNA AUC Standard error 95% CI

miR-10b 0.9500 0.03622 0.9137 to 0.9862
miR-21 0.9500 0.03732 0.9126 to 0.9873

miR-125b 0.9500 0.03626 0.9137 to 0.9862
miR-145 0.9777 0.02400 0.9537 to 1.0017
miR-155 0.9944 0.00786 0.9866 to 1.0022
miR-191 0.7944 0.08680 0.7076 to 0.8812
miR-382 0.9666 0.02865 0.9379 to 0.9952

2.4. Statistical analysis

We determined the normal distribution of the level
of expression (2−ΔΔCT ) for all the miRNAs with a
two-tailed D’Agostino-Pearson K2 test. We evaluated
the differential expression of miRNA between breast
cancer and normal samples with a two-tailed Mann-
Whitney U test. Validation of miRNA Diagnostic Test
from each miRNA and from the three selected com-
bined miRNAs was carried-out by Receiver operating
characteristic (ROC) curves analysis: area under curve

(with 100 points), efficiency, diagnostic sensibility and
specificity, positive/negative threshold (cutoff), posi-
tive and negative predictive values. Optimal cutoff by
highest sensibility plus specificity and efficiency values
were determined. ROC analysis formiRNA-combined,
geometric mean of level expression was calculated by
three miRNA selected with highest efficiency values.
P-values equal or lesser than 0.05 were considered sta-
tistically significant. The data analysis was done using
NCSS 2007 version 07.1.20 (NCSS, LLC).

3. Results

To investigate whether the levels of the seven miR-
NAs (miR-10b, miR-21, miR-125b, miR-145, miR-
155, miR-191 and miR-382) presented desregulation
in serum of patients with BC, we measured the serum
levels of the seven miRNAs in 61 BC patients and 10
healthy controls.
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Fig. 2. Area under curve of receiver operating characteristic (ROC) for miR-10b, miR-21, miR-125b, miR-145, miR-155, miR-191, miR-382
and miR-145/miR-155/miR-382. ROC curves for each miRNA. All miRNAs shows lower sensitivity and specificity values than the combination
of miR-145/miR-155/miR-382.

As shown in Fig. 1, the concentrations of the seven
miRNAs were significantly higher in BC serum than
in healthy controls (p < 0.001). ROC curve analyses,
performed to evaluate the diagnostic value for the seven
serum miRNAs, revealed that 3 of them were valuable
biomarkers for distinguishing BC from normal con-
trols. The AUCs (area under the ROC curves), standard
error and confidence interval (CI) for each miRNA are
showed at Table 2.

At the optimal cutoff value of 59.22 with the value of
sensitivity + specificity considered to be maximal for
miR-10b, the sensitivity and specificity were 83.30%
and 100.00%; at the cutoff value of 6.48 formiR-21, the
sensitivity and specificity were 94.40% and 80.00%;
at the cutoff of 8.46 for miR-125b, the sensitivity and
specificity were 88.90% and 80.00%; at the cutoff of
15.93 for miR-145, the sensitivity and specificity were
94.40% and 100.00%; at the cutoff of 7.92 for miR-
155, the sensitivity and specificity were 94.40% and
100.00%; at the cutoff of 11.59 for miR-191, the sen-

sitivity and specificity were 72.2% and 90.00%; and
at the cutoff of 4.85 for miR-382, the sensitivity and
specificity were 94.40% and 90.00%, Fig. 2.

To elevate the diagnosis valueweperformed the com-
binationROC curve analyses ofmiR-145, miR-155 and
miR-382. The ratio of combination for these miRNAs
yielded the highest AUC value of 0.9878 (95% CI:
0.9065 to 0.9985) and at the optimal cutoff value of
10.07, the sensitivity and specificity were 97.60% and
100%, Fig. 2. Finally efficiency of a diagnostic test,
defined as percentage of subjects correctly classified
as diseased of healthy was 85.7% for miR-10b, 89.3%
for miR-21, 89.3% for miR-125b, 96.4% for miR-145,
96.4% for miR-155, 78.6% for miR-191, 92.6% miR-
382 and 98% for combination of miR-145, miR-155
and miR-382. These results indicate that the combina-
tion signature has a strong potential diagnosis value for
BC detection.

The serum levels of miR-10b, miR-21, miR-125b,
miR-145, miR-155, miR-191 and miR-382 in the BC
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patients at different TNM stages (13 with stage I, 14
with stage II, and 34 with stage III) were analyzed
to determine whether the seven serum miRNAs could
detect early-stage BC. The serum levels of the seven
miRNAs were not significantly different across three
stages.

4. Discussion

In this study, we analyzed the levels of seven miR-
NAs (miR-10b, miR-21, miR-125b, miR-145, miR-
155, miR-191 and miR-382) in serum from 61 BC pa-
tients and 10 healthy controls. Our assay showed sig-
nificantly higher serum levels of miR-10b in BC pa-
tients in contrast with those reported by Heneghan et
al. showing a level of expression of miR-10b similar
to the healthy control [13]. We found that the levels
of miR-21 were significantly higher in BC serum than
in the controls, which are consistent with the report by
Asaga et al. They found that high-circulating miR-21
concentrations correlated significantly with the pres-
ence and extent of breast cancer [14]. miR-125b was
significantly over expressed in this assay, just as was
reported by Wang et al., who said that miR-125b was
significantly associated with therapeutic response, ex-
hibiting higher expression level in non-responsive pa-
tients [15]. miR-145 was significantly higher in BC
serum than in the controls. This miRNA has been found
to be significantly elevated in malignant myoepithe-
lioma but not in basal cell-like breast cancer [16]. miR-
145 is known as a tumor suppressor in numerous hu-
man cancers, exhibits an inhibitory role in tumoral an-
giogenesis, cell growth and invasion and tumor growth
through the post-transcriptional regulation of the novel
targets N-RAS and VEGF-A, and may plays important
inhibitory role in breast cancer malignancy by targeting
these genes [17], early manifestation of altered miR-
145 expression in atypical hyperplasia and carcinoma
in situ lesions in BC suggests that this miRNA may
have a potential clinical application as a novel biomark-
er for early detection [18]. We found that the levels of
miR-155 were significantly higher in BC serum than in
controls. Up-regulation of miR-155 has been observed
in human primary breast cancer [19], and significantly
over-expressed in the tumor specimens of BC. miR-155
was postulated as a potential blood-based biomarker
for breast cancer diagnosis [20]. We found an over-
expression of miR-191, a miRNA that has been detect-
ed up-regulated in formalin-fixed, paraffin-embedded
breast cancer tissues [21], and breast cancer tissue [8,

22]. Additionally, there is evidence that demonstrates
thatmiR-191 is deregulated atmany diseases such as re-
nal cell carcinoma [23], hepatocellular carcinoma [24],
diabetes type 2 [25], inflammatory bowel disease [26],
and breast cancer tissue [8,21,22]. Although our results
show that miR-191 had the lowest p-value of the seven
miRNAs in the analyzed BC serum, the use of miR-
191 recently proposed by Hu et al., as an endogenous
control should be analyzed carefully [27]. Surpris-
ingly miR-382 was found up-regulated with the high-
est p-value in our assay. Previous experiments done
at our laboratory with Taqman low density arrays for
breast cancer serum (unpublished data), demonstrated
up-regulation of miR-382. We believe this is the first
report of desregulation for miR-382 in breast cancer
serum. Additionally, miR-382 had been found dereg-
ulated in massive macronodular adrenocortical disease
and implicated in adrenocortical tumourigenesis [28],
schizophrenia [29], osteosarcoma [30], and renal inner
medullary interstitial fibrosis [31]. Finally, miR-382
appears to regulate the infectivity of HIV-1 in the target
cells, and thus has an impact on HIV-1 latency [32].

We have determined the expression profile of sev-
en miRNAs in a group of Mexican patients and pro-
vided strong evidence that the levels of breast cancer-
associated miRNAs are significantly different from
those in normal breast tissue. Moreover, we were able
to distinguish between breast cancer and healthy in-
dividuals. The sensitivity and specificity for the sev-
en miRNAs analyzed at optimal cutoff are 88.9% and
80% for miR-10b; 94% and 80% for miR-21; 88.9%
and 80% for miR-125b; 94.4% and 100% for miR-
145; 94.4% and 100% for miR-155; 72.2% and 90%
for miR-191; and 94.4% and 90% for miR-382. Many
studies have found a microRNA panel that accurately
discriminates cancer from healthy subjects [22,33–35].
We analyzed a panel of three miRNAs (miR-145, miR-
145 and miR-382), and our results demonstrate that a
combination of three miRNAs have better sensibility
(97.6%), specificity (100%) and efficiency (98%) that
any other miRNA analyzed separately.

The number of papers reporting that circulatingmiR-
NAs could serve as noninvasive biomarkers for BC de-
tection is increasing. Recently has been reported that
miR-181a may represent a novel biomarker for prima-
ry BC as well as for early stage BC diagnosis [36],
miR-125b expression is associated with breast cancer
chemotherapeutic resistance [15]. We found that miR-
382 is associated with breast cancer and there is need
for more research about the possible gene targets of
this miRNA. Although we analyzed the serum levels of
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seven miRNAs in BC patients at different TNM stages,
the number of early-stage BC samples was modest. In
future investigations, we may be able to collect more
early-stage BC samples to evaluate the role of serum
miRNAs or other serum miRNAs associated with BC.

Many researchers are looking for effective blood-
based biomarkers for early BC detection. There is a
need for prognostic and predictive markers for breast
cancer to guide the selection of the most appropriate
therapy for individual patients. Retrospective stud-
ies on many markers have been performed, but almost
none were validated in prospective therapeutic trials or
prospectively powered marker validation studies in the
accurately selected patient population [37]. In recent
years, the focus has been on circulatingmiRNAs,which
have recently been reported to serve as an effective and
non-invasive biomarker for detecting various cancers
or other diseases [38–40]. Although the sensitivity and
specificity of circulating miRNA biomarkers for BC is
good in comparison with the serum biomarkers cur-
rently used, there is a long way to go before circulating
miRNAs are used as a clinical diagnosis tool to detect
BC, because the levels of a circulating miRNA might
be significantly higher or lower in various diseases. Fu-
ture studies of circulating miRNA biomarkers may fo-
cus on combining the expression profiles of circulating
miRNAs from all common diseases to obtain specif-
ic biomarkers for unique disease detection. Finally, it
would be interesting to analyze the expression profile
of these serum miRNA in a large number of breast can-
cer patients and healthy subjects looking for an early
and non-invasive diagnostic tool.

In conclusion, we identified that seven serum miR-
NAs (miR-10b, miR-21, miR-125b, miR-145, miR-
155, miR-191 and miR-382) can potentially serve as
novel noninvasive biomarkers for BC detection.
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