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Abstract
Background: One major impediment to improving the management of breast cancer is the current lack of tumor marker
with sufficient sensitivity and specificity. A growing body of evidence implicates the diagnostic potential of circulating
miRNAs in cancer detection. MiR-155 plays an important role in the pathogenesis of breast cancer. However, the level of
circulating miR-155 and its clinical relevance are not well established. The objective of the current study was to learn more
about serum miR-155 in patients with breast cancer.
Methodology/Principal Findings: Using quantitative reverse transcription polymerase chain reaction (RT-qPCR), we
demonstrated that serum miR-155 had significant increased levels in breast cancer patients (n = 103) compared with healthy
subjects (n = 55) (p,0.001), which had a mean fold change of 2.94. Receiver operating characteristic (ROC) analysis revealed
that miR-155 had considerable diagnostic accuracy, yielding an ROC-AUC (the areas under the ROC curve) of 0.801
(sensitivity 65.0%, specificity 81.8%). In addition, sera from a subset of breast cancer patients (n = 29) were collected after
surgery and after four cycles of chemotherapy to evaluate the effects of clinical treatment on serum levels of candidate
miRNAs. Surprisingly, a decreased level of serum miR-155 was found; whereas the concentrations of carbohydrate antigen
15-3 (CA15-3), carcinoembryonic antigen (CEA) and tissue polypeptide specific antigen (TPS) did not show this trend. Our
results revealed that 79% patients showed response or stable disease after therapy had declined levels of serum miR-155.
Conclusions/Significance: Our results suggest that serum miR-155 is a potential biomarker to discriminate breast cancer
patients from healthy subjects. For the first time, we demonstrated a declined trend of miR-155 after surgery and
chemotherapy, which raises the possibility to use it as an indicator for treatment response.
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cancer screening [7–10]. Using a xoengraft mouse model, it was
demonstrated that there were cellular miRNAs released into the
circulation [11]. Comparable expression of miRNAs in the
circulation and tumor tissues was also implicated in the literature
[12–15], suggesting the development of tumor directly contributes
to the deregulation of circulating miRNA. Distinct biological
properties, including remarkable stability, accessibility for rapid
and accurate quantification, and a direct link with disease states
[11,16–17], make them ideally suited to serve as minimally
invasive biomarkers to track disease. Recently some miRNA
signatures have been described in breast cancer, including miR155. Mir-155 is a robust oncogenic miRNA. It was reported that
miR-155 downregulates SOCS1 in breast cancer, in turn leading to
persistent activation of STAT3 signaling [18]. The activation of
inflammatory cascades thus indicates the communicative role of
miR-155 between inflammation and cancer [18]. In breast cancer
tissue, the overexpression of miR-155 was observed [19]. The
oncogenic role and aberrant expression in tumor tissues raise the

Introduction
Breast cancer remains one of the top threats to the health of
women. To date, carbohydrate antigen 15-3 (CA 15-3) is the
most widely applied serum marker. However, the lack of
sensitivity precluded its clinical use in early stage disease. For
example, the levels of CA 15-3 are increased in ,10% of
patients with stage I disease and 20% with stage II disease [1].
Other serum markers such as carcinoembryonic antigen (CEA)
and tissue polypeptide specific antigen (TPS) are even less
sensitive than CA 15-3 [2,3]. At present, CA 15-3 and CEA are
mainly utilized to monitor therapy in metastatic breast cancer in
combination with imaging, history and physical examination [3–
5]. However, it should be taken into account that spurious rises
of these markers may occur after the start of treatment without
any clinical correlation [3–6].
Therefore, truly innovative approaches are highly desirable to
move beyond the modest benefits achieved to date. Cell-free
microRNAs (miRNAs) represent one of the novel strategies for
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significant difference of age between breast cancer and normal
controls (p = 0.6999, Mann-Whitney U test). Blood sample from
each participant was collected in tube with polymer gel and clot
activator (BD VacurainerH SSTTM Tubes, Reference
No. 367985). After clotting at room temperature for 30 min
to 2 h, specimens were centrifuged at 1,300 g for 15 min. The
supernatant was then centrifuged at 10,000 g for 10 min at 4uC
to completely remove cellular contaminants. Sera were aliquoted into microcentrifuge tubes and stored at 280uC until
use. Samples were aliquot and stored at 280uC before use.

possibility that these miRNA may be deregulated in the
circulation.
We notice that available data on the level of circulating miR155 in breast cancer are inconsistently described. Zhu W et al. [20]
firstly reported that the expression of serum miR-155 was
comparable between cancer patients and healthy women; and
tumors with positive progesterone receptor (PR) status had higher
serum miR-155 expression than those were negative. A later study
reported that increased level of serum miR-155 in subjects with
invasive ductal carcinoma compared with health control; intriguingly, the author observed that higher level of miR-155 had
a negative correlation with PR status [15]. Roth et al. [21] also
found elevated expression of serum miR-155; however, serum
samples were postoperatively collected, where the concentrations
of miRNAs may decrease corresponding to the removal of tumor
mass [22]. By contrast, Heneghan HM et al. [23] did not find
significant difference between cancer patients and controls with
regard to the level of miR-155 in whole blood. Furthermore,
previous studies provided limited information about its diagnostic
accuracy. Therefore, a full understanding of their expression and
clinical significance is important before this knowledge is
ultimately harnessed for therapeutic benefit.
In the first section of the current study, we screened the level of
serum miR-155 in breast cancer patients, and examined its
diagnostic accuracy. In the second section, we explored the
influence of tumor resection and adjuvant chemotherapy on the
expression of candidate miRNA, and presented discussions with
an emphasis on its role in monitoring treatment response.

RNA Extraction
RNA was isolated from 0.3 mL of serum by using the mirVana
PARIS Kit (Ambion) following the manufacturer’s instructions.
Twenty pmol synthetic C. elegans miRNA (cel-miR-39) (Qiagen)
was introduced after the addition of denaturing solution to teach
sample to surveillance technical variations in RNA extraction, as
has been described before [11]. Finally, RNA was recovered in
Table 1. Patients information.

Characteristics
Age
Mean

51

Median (range)

53 (21–79)

TNM stage
I

Materials and Methods
Ethics Statement
The study has been approved by the Ethics Committee of the
National Center for Clinical Laboratories, and adhered to the
tenets of the Declaration of Helsinki. In addition, written informed
consent was obtained from each participant prior to sample
collection.

29

II

36

III

30

IV

8

T classification

Study Design and Sample Collection
In the present study, we first screened the level of serum
miR-155 in cases and controls; then we evaluated changes in
levels of these miRNAs after curative resection and chemotherapy. Pre-operative sera from patients with histologically diagnosed breast cancer (n = 103) were drawn at Cancer Hospital,
Chinese Academy of Medical Sciences from Oct 2010 to Sep
2011. Patient characteristics including age, TNM stage, T
classification, nodal status, hormone receptors, HER2 overexpression, and subtype were retrospectively collected (Table 1).
Patients with severe infection, active clinical comorbidities, or
a history of any other malignancy were excluded. For 29
patients who underwent treatment, a second sample was
obtained at the time of 1 month after tumor resection, and
a third sample was collected at the periodical evaluation 3
months after the commencement of chemotherapy (Table S1).
Applied adjuvant chemotherapies were epirubicin/cyclophosphamide, epirubicin/taxane, cyclophosphamide/pirarubicin, or
fluorouracil/epirubicin/cyclophosphamide with and without
taxane. In these patients, response to therapy was assessed by
radiologists according to the World Organization (WHO)
guidelines [24]. Additionally, sera from a set of 55 healthy
females were collected from outpatients at Beijing Hospital. All
participants were ethnic Chinese. None of healthy controls had
previously diagnosed with any malignancies. The median age of
these healthy subjects was 51 (range from 36 to 78). There is no
PLOS ONE | www.plosone.org

Breast cancer (n = 103)

Tis

3

T1

51

T2

42

T3

7

Nodal status
Negative

43

Positive

60

ER
Negative

34

Positive

63

Undetermined

6

PR
Negative

27

Positive

64

Undetermined

12

HER2
Negative

82

Positive

21

Subtype
Luminal

63

HER2

8

Triple negative

20

Undetermined

12

Abbreviations: Tis = carcinoma in situ.
doi:10.1371/journal.pone.0047003.t001
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50 mL of RNase-free water. The RNA concentration was
quantified by NanoDrop ND-1000 (Nanodrop, USA).

Statistical Analysis
All statistical analyses were performed using SPSS 16.0 software
(SPSS) and GraphPad Prism 5.0, GraphPad). Comparisons of
serum miRNA levels were performed by applying Mann-Whitney
U tests, Kruskal-Wallis tests, or Wilcoxon signed rank test when
appropriate. Multiple hypothesis testing was adjusted by using
Bonferroni correction. The Spearman rank order correlation test
was used to examine associations between the levels of candidate
miRNAs and clinical variables. Multivariate logistic regression
model was developed, and odds ratio was used to evaluate risk
factors. To assess the diagnostic accuracy, we performed receiver
operating characteristic (ROC) curve analysis. The Area under the
ROC curve (AUC) was then estimated. P values less than 0.05
were considered to be statistically significant.

Reverse Transcription (RT) and Quantitative Real-time
PCR (qPCR)
RT and qPCR kits made specifically for accurate miRNA
analysis (Applied Biosystems) were used to evaluate the
expression of the miR-155 from serum samples. RT reactions
were performed using the TaqMan microRNA Reverse
Transcription Kit (Applied Biosystems, USA) in a final volume
of 15 mL (incubated for 30 min at 16uC, 30 min at 42uC, 5 min
at 85uC, and then maintained at 4uC). For real-time PCR, 3 mL
diluted RT products were mixed with 10 mL of Taqman PCR
master mixture (No UNG), 1 mL TaqMan MicroRNA Assay
and 6 mL Nucleasefree water in a final volume of 20 mL. All
reactions were preformed in triplicate on a 7500 Real-time
system (Applied Biosystems) with the following conditions: 95uC
for 10 min, followed by 40 cycles at 95uC for 15 s, and 60uC
for 1 min.
Relative expression of miRNA was normalized to cel-mir-39,
and was calculated using the 22ggCT method. DCT was
calculated by subtracting the CT values of cel-miR-39 from the
CT values of the target miRNAs. DDCT was then determined by
subtracting average DCT of the control from DCT of cases. The
fold changes of candidate miRNA expression were calculated by
the equation 22ggCT [25].
The term PCR efficiency is widely used in the context of
standard curve made of a dilution series. In our study, standard
curves were generated to determine whether PCR efficiency. The
equation E = 10 (21/slope) 21 was used to calculate PCR efficiency.
As determined, the detection of miR-155 had a standard curve
with a correlation coefficient of 0.999, a slope of - 3.356 and a PCR
efficiency of and 98.6%; while the standard curve of cel-miR-39
had a correlation coefficient of 0.999 and a slope of 23.341 and
the PCR efficiency of cel-miR-39 was 99.2%. The PCR efficiency
is comparable between miR-155 and cel-miR-39.
To estimate the lower limit of detection, a series of 15 serial
dilutions were produced by adding serially-2-fold-diluted synthetic
cel-miR-39 into fifteen 400 mL serum samples (began with
2 pmol/L). The lower limit of detection of our study was
0.24 amol.
An estimate of inter-assay variation was obtained by analyzing
eight replicates from three samples within a single assay. Interassay variation was obtained from the measurement of three
samples performed on eight independent PCR runs. Because it is
not appropriate to calculate variation based on Ct values
generated from different runs [1], Ct values were converted into
relative concentrations by the equation 22ggCT. The inter-assay
and intra-assay variation for the present study was less than 10.6%
and 8.7%, respectively.

Results
Analysis of Serum miR-155 in Subjects
We first determined the expression of miR-155 in 158 serum
samples (103 from patients with breast cancer and 55 from normal
donors). Due to the lack of established internal control for miRNA
RT-qPCR analysis in breast cancer, we used spiked-in cel-mir-39
for normalization. Consequently, the relative abundances of miR155 were significantly upregulated in sera of cases compared with
those of healthy controls (p,0.001, Mann Whitney test)
(Figure 1A). Based on TNM staging, we stratified patients to
examine the associations between serum levels of candidate
miRNA and stages of disease. Of the 103 cases with breast
cancer, miR-155 did not show significant difference across the
staging (p = 0.0745 for miR-155, Kruskal-Wallis test). However,
the levels of each individual tumor stage were markedly different
from that of healthy controls (Figure 1B). In previous study, the
levels of miR-155 have been highly correlated to hormone
receptors positivity in sera from breast cancer patients [15],
however, no significant difference was found in our study
(p = 0.4519 for ER, and p = 0.1925 for ER, Mann Whitney test).
Moreover, we failed to correlate the expression levels of miR-155
with other clinical parameters including tumor size (p = 0.0665,
Kruskal-Wallis test), nodal status (p = 0.1421, Mann Whitney test),
HER2 overexpression (p = 0.1238, Mann Whitney test) and
molecular subtype (p = 0.3335, Kruskal-Wallis test).

Diagnostic Value of Circulating miRNAs
ROC curve analysis showed that miR-155 was useful marker
for discriminating cases from healthy controls, with an AUC (the
areas under the ROC curve) of 0.801 (95% confidence interval
(CI): 0.734 to 0.868, p,0.0001) (Figure 1C). At the cut-off value of
1.911, the optimal sensitivity and specificity were 65.0% and
81.8%, respectively. The odds ratio according to cut-off value was
8.956 (95% CI: 4.002–20.043).

Monitoring of miR-155 during the Course of Treatment
Serum Assays for TPS, CEA, and CA15-3

Twenty-nine patients with nonmetastatic disease were screened
for changes in concentrations of serum miR-155, TPS, CEA and
CA 15-3 after surgery and adjuvant chemotherapy. The results
showed that the levels of miR-155 underwent sharp decreases after
treatment (p = 0.0016, Wilcoxon signed rank test), reaching levels
comparable with healthy subjects (p = 0.5042, Mann Whitney test).
The decreases have become evident after surgery (p = 0.0002,
Wilcoxon signed rank test) (Figure 2A). We observed that 90%
(n = 26) of all patients showed decreased levels of miR-155 after
surgery, with a 73.1% median decrease (range between 10th and
90th percentiles, 10.7–95.5%); whereas three patients actually
showed an increase (106%, 158% and 250%, respectively). The

We further compared the sensitivity and specificity of serum
TPS, CEA, CA15-3, and miR-155. The levels of TPS, CEA, and
CA15-3 were measured using commercially available kits (the
Elecsys CEA and CA15-3 Immunoassay from Roche Diagnostics,
Germany; TPS ELISA kit from IDL Biotech AB, Sweden);
According to ROC curve analyses, the cut-off values are 66 U/L
for TPS, 4.38 ng/mL for CEA, and 22 U/mL for CA15-3 (Figure
S1). In our study, an increase or a decrease $25% in the serum
marker levels was regarded as a significant alteration.
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Figure 1. Serum miR-155 levels in normal controls (n = 55) and
breast cancer patients (n = 103). The relative expression level of
miR-155 was normalized to spiked-in cel-mir-39. The line represents the
median value. Statistically significant difference was determined using
Mann-Whitney tests. The result revealed a higher level of miR-155 in
breast cancer patients (p,0.001) (A). Box plot of serum miR-155
expression levels across stages. The boxes indicate the 25th and 75th
percentiles and the bold lines represent the median values. The relative
expression levels of target miRNA were normalized to spiked-in cel-mir39. Statistically significant differences were determined using MannWhitney tests or Kruskal-Wallis tests (B). Receiver operating characteristics (ROC) curve analysis for the diagnostic value of miR-155. The AUC
(the areas under the ROC curve) was 0.801 (95% CI: 0.734 to 0.868) (C).
doi:10.1371/journal.pone.0047003.g001

reason why the discharges of tumor lead to increased levels of
miRNAs in these subjects has not been elucidated. However,
a representative patient who developed lung metastasis after
surgery may give us some clues. The level of miR-155 in this
patient underwent a sharp increase (250%) after the end of therapy
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438%; range between 10th and 90th percentiles, 6–899%). In the
patient who developed lung metastasis after surgery, chemotherapy resulted in the downregulation of serum miR-155 (Figure 3A).

Figure 2. Changes in serum miR-155 and CA 15-3, CEA, TPS
levels before (Pre-oP) and after surgery (Post-oP), and after
chemotherapy (Chemo). Sera (n = 29) were collected from patients
who underwent curative resection and adjuvant chemotherapy. The
levels of miR-155 were significantly reduced after surgery (p = 0.0002),
reaching levels comparable with healthy subjects (p = 0.5042) (A). The
levels of TPS remained unchanged (p.0.05) (B). The levels of CA 15-3
and CEA underwent a significant elevation after chemotherapy
(p = 0.0027 for CEA, p,0.0001 for CA 15-3) (C–D).
doi:10.1371/journal.pone.0047003.g002

Comparison with TPS, CEA and CA 15-3
CA 15-3, CEA and TPS assays are routinely used for tracking
diseases or monitoring treatment response. We explored the
correlation between serum miR-155 levels and TPS, CEA, and
CA15-3. A weak correlation between miR-155 and CA15-3 was
found (r = 0.2291, p = 0.0206, Spearman correlation). According
to their respective cut-off values, the optimal sensitivity and
specificity were for 4.9% and 99.1% for CA 15-3, 7.8% and 98.2%
for CEA, and 48.5% and 56.4% for TPS; whereas the optimal
sensitivity and specificity of serum miR-155 was 65.0% and
81.8%. The difference in sensitivity between miR-155 and assays
(CA15-3 or CEA or TPS) were statistically significant (p,0.001 for
miR-155 versus CA 15-3, CEA or TPS, McNemar test).
For the first postoperative follow-up visit, the levels of CA 15-3,
CEA and TPS did not change after tumor resection (p = 0.9655 for
CA 15-3, p = 0.0727 for CEA, p = 0.3868 for TPS, Wilcoxon
signed rank test); whereas after four cycles of chemotherapy, serum

(Figure 3A); suggest increased expression of serum miR-155 may
originate from surgically induced tissue injury or microscopic
residues of the tumor. In addition, we did not find changes in the
levels of miR-155 restricted to particular therapy schedules.
All subjects received four cycles of chemotherapy during the
course of the study; thereafter blinded assessment of tumor
response was performed by radiologists. All subjects experienced
stable disease or remission of the tumor. In 79% (n = 23) of these
subjects, the levels of miR-155 declined compared with preoperative miR-155 levels, with an 84.7% median decrease (range
between 10th and 90th percentiles, 32.5–97.1%). While six patients
showed different degrees of rises after the end of therapy (median

Figure 3. Changes in serum levels of miR-155, CA 15-3, CEA, and TPS in the patient who experienced relapse before (Pre-oP) and
after surgery (Post-oP), and after chemotherapy (Chemo). The level of miR-155 underwent a 250% increase after surgery, and decreased to
the preoperative level after chemotherapy (A). In light of a change in the serum marker levels $25% was regarded as a significant alteration, the level
of CA 15-3 did not change after surgery but significantly elevated after chemotherapy (B); the level of CEA decreased after surgery (C); the level of TPS
did not change (D).
doi:10.1371/journal.pone.0047003.g003
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levels of CA 15-3 and CEA instead underwent an elevation
(p,0.0001 for CA 15-3, p = 0.0727 for CEA, Wilcoxon signed
rank test) (Figure 2B–D), compared with the declined trend of
serum miR-155. There are 72.4% (21/29), 37.9% (11/29), and
55.2% (16/29) subjects showed increased expression of CA 15-3,
CEA and TPS, respectively; only 20.7% (6/29) of all subjects
showed increased expression of miR-155. These results suggest
that these commonly applied assays are not sensitive to changes in
tumor mass in this cohort of breast cancer. In the subject
experienced increased expression of miR-155 after surgery,
treatment resulted in different trends in the concentrations of
CA 15-3, CEA and TPS (Figure 3B–D).

anticancer agents lead to continuous reduction of tumor burden,
the level of miR-155 in turn decreased.
In the general management of cancer, it is always important to
monitor treatment efficacy. Under the circumstances that there is
an absence of readily detectable lesions, increased levels of CA 153 or CEA may indicate treatment failure [3,4]. However their
clinical applications are confined, for spurious increase in levels of
serum markers may occur within 6–12 weeks after the initiation of
chemotherapy, as a result from drug-induced cell death [3]. Due
to the undetermined half life of CA 15-3, these surges may
interfere with the outcome estimation [33]. In concordance of
previous findings, we found the majority of patients (72.4%)
experienced elevated levels of CA 15-3 after chemotherapy. By
contrast, 79% of all subjects that experienced stable disease or
remission after chemotherapy showed decreased levels of serum
miR-155. The same elevated trends were observed in CEA and
TPS. It is not surprising that these commonly applied assays
provided less precise results, for most participants in our study
were stage II/III breast cancer patients. According to the last
update of the American Society of Clinical Oncology (ASCO), CA
15-3 and CEA are recommended to monitor for patients with
metastatic breast cancer [4]. It seems that miR-155 assay is more
sensitive and indicative to the changes of tumor burden in this
cohort of subjects, which raises the possibility to use miR-155 to
monitor treatment, irrespective of the stage of disease. On the
other hand, the results indicate a shorter half life of serum miR155 compared with CA 15-3, CEA and TPS.
Moreover, it is of interest to note the subject that developed
early relapsed lung metastasis after surgery. Actually, the removal
of primary tumor has been demonstrated to promote metastases in
some cases [34]. The macrometastatic cell proliferation may be
primed either by ‘‘a growth-stimulating factor’’ or by woundderived factors [34–37]. In this patient, corresponding to lung
metastasis, we observed a sharp increase in the level of miR-155,
suggesting that miR-155 may be actively participate in metastatic
growth. As reported, microRNAs can be selectively secreted into
the circulation via small membrane vesicles such as exosomes [38].
These exosomes that enrich circulating miRNAs conduct intercellular communications [39,40]. Taylor et al. observed similar
miRNA profiling between circulating exosomes and tumor
biopasy [41]. Alternatively, Ohshima et al. demonstrated that
let-7 miRNA family was released from metastatic gastric cancer
cell line into culture media [42]. Based on these findings, it is very
likely that miR-155 was packaged into exosomes, which subsequently acts as one of the growth-stimulating factors of tumor
cells. On the other hand, the metastatic growth may in turn
promote secretion of miR-155 from metastatic site. Corresponding
to the successful control of metastatic site, we observed that serum
miR-155 returned to the preoperative level.
Obviously, the ongoing studies on circulating miRNA profiles
offer an exciting envision. For a reliable miRNA biomarker in
circulation will dramatically facilitate the management of breast
cancer. However, the development of miRNAs biomarker is
cumbersome because of the current lack of assurance for accurate
measurement. A major concern is the different normalization
strategies. MiR-16 may not be an ideal internal control for it is not
always consistent across cases and controls [13,43], and particularly susceptible to hemolysis [17]. In our study, we took advantage
of spiked-in cel-miR-39 for normalization. It is not without
limitation; for these synthetic miRNAs are less stable than
endogenous miRNAs [44]. Recently, Hu Z et al. [45] applied
Solexa sequencing and TaqMan Low Density Array and found
that the combination of miR-484 and miR-191 was optimal to
work as endogenous control for most diagnosed tumors. However,

Discussion
Currently, the identification of cancer-specific miRNA profiles
in the circulation is an emerging field of particular interest. For the
present study, we screened the level of circulating miR-155 in
breast cancer by using RT-qPCR. The results showed that miR155 was markedly increased in sera from breast cancer patients
compared with normal controls; it had a mean fold change of 2.94.
It is not surprising that the levels of circulating miR-155 were
deregulated in breast cancer. A number of studies have built
a critical role of miR-155 in breast carcinogenesis (Reviewed in 26,
27). Correspondingly, miR-155 has been observed to be overexpressed in breast cancer tissue [19,28]. It is likely that the
overexpressed miR-155 was released by tumor mass, as demonstrated in a xenograft mouse model [11]. It is of note that miR-155
is highly expressed in blood cells [29]. Since certain amount of
miRNAs were derived from circulating blood cells, a question
raises that if breast carcinogenesis has an indirect effect on blood
cells, which leads to aberrantly released miR-155 in the
circulation. Due to the poor-characterized mechanisms involving
the origin of circulating miRNAs, it is hard to answer this question
to date. It is possible that both proposals make sense. Despite
performing a different normalization strategy, our results were
comparable with those of Wang F et al. [15] and Roth C et al [21],
who reported elevated levels of serum miR-155. The reason why
Heneghan HM et al. [23] did not find significant difference in
whole blood, as we proposed, is attributable to the choice of
sample type; for their results may predominantly present miRNA
profiles of blood cells. Due to a lack of diagnostic value of
circulating miR-155 in former studies, we further performed ROC
curve analysis. The result showed that miR-155 had considerable
diagnostic power to discriminate breast cancer patients and
healthy subjects, yielding an AUC of 0.801 with 65.0% sensitivity
and 81.8% specificity.
In this study, we further explore the potential impacts of general
breast cancer treatment, involving both tumor resection and
chemotherapy, on serum miR-155. Similar to our findings of
declined serum miR-155 levels in post-operative samples, previous
studies have described these declined trends, such as miR-184 in
squamous cell carcinoma [30], miR-17-3p and miR-92 in
colorectal cancer [31], miR-18a in pancreatic cancer [12], miR122 in hepatocellular carcinoma [32]. The decreased levels of
miRNAs provide solid evidence that certain miRNA signatures
have considerable correlations with tumor dynamics. Following
curative resection, most patients with invasive breast cancer
currently receive adjuvant therapy. Surprisingly, for the first time
we observed declined expression of target miRNA in serum after
chemotherapy, which reached the levels comparable with that of
healthy subjects. The serial serum samples revealed oscillations in
the level of miR-155 that correlated with the course of treatment.
We propose that the curative resection and administration of
PLOS ONE | www.plosone.org
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whether these endogenous miRNAs are still suitable for normalization after general management warrants further evaluation. In
addition, although the concentrations of circulating miRNA are
independent of age and gender, different racial expression profiles
have been recently reported [46,47], which raises the question of
whether differential genetic background and environmental
variations such as nutrition and exercise would affect the
abundance of miRNAs in the circulation.
Taken together, this study extends the findings of previous
studies about the serum levels of miR-155 in breast cancer
patients. Our data provide complementary information on its
diagnostic value. From another respect, new insights into the
oscillations in the level of miR-155 following the course of therapy
are setting the stage for further diagnostic innovations, with the
goal of monitoring treatment or assessing tumor dynamics.
However, whether this correlation is exactly proportional requires
carefully scrutiny.

(P = 0.4046) in cases versus controls. The median values in the
control group were 9.78 U/L (range; 1.80–24.24), 1.73 ng/mL
(range; 0.50–4.33), and 61.09 U/mL (range; 20.60–662.96),
respectively; the median values in the case group were 9.86 U/L
(range; 1.76–48.00), 1.46 ng/mL (range; 0.20–20.46), and
60.25 U/mL (range; 8.97–546.00).
(TIF)
Table S1 Characteristics of 29 patients for serial
measurements after curative resection and chemotherapy.
(DOC)

Acknowledgments
We thank the staff of Cancer Hospital, Chinese Academy of Medical
Sciences for their technical assistance. We are also grateful to all study
participants for their kind donations of specimens. The authors thank for
Dr. Wenli Li, Dr. Gaowei Fan and Dr. Yang Pan for critical reading of this
article.

Supporting Information
Figure S1 Serum levels of CA15-3, CEA, and TPS in
healthy controls (HC) compared with that of in breast
cancer (BC). Box plots represent the levels of CA15-3, CEA, and
TPS using the log data to accommodate the wide range.
Statistically significant differences were determined using MannWhitney tests. There was no significant difference in serum
concentrations of CA 15-3 (p = 0.9607), CEA (p = 0.0528) and TPS

Author Contributions
Conceived and designed the experiments: YS SPS JML. Performed the
experiments: YS MJW. Analyzed the data: YS MJW. Contributed
reagents/materials/analysis tools: XXL JQ. Wrote the paper: YS JML.
Performed the additional experiments and data analysis in the reviewed
manuscript: GGL.

References
1. Anonymous (1996) Clinical practice guidelines for the use of tumor markers in
breast and colorectal cancer. Adopted on May 17, 1996 by the American Society
of Clinical Oncology. J Clin Oncol 14: 2843–2877.
2. Guadagni F, Ferroni P, Carlini S, Mariotti S, Spila A, et al. (2001) A reevaluation of carcinoembryonic antigen (CEA) as a serum marker for breast
cancer: a prospective longitudinal study. Clin Cancer Res 7: 2357–2362.
3. Duffy MJ, Evoy D, McDermott EW (2010) CA 15–3: uses and limitation as
a biomarker for breast cancer. Clin Chim Acta 411: 1869–1874.
4. Harris L, Fritsche H, Menel R, Norton L, Ravdin P, et al. (2007) American
Society of Clinical Oncology 2007 Update of recommendations for the use of
tumor markers in breast cancer. J Clin Oncol 25: 5287–5312.
5. Sturgeon CM, Duffy MJ, Stenman UK, Lilja H, Brünner N, et al. (2008)
National Academy of Clinical Biochemistry Laboratory Medicine practice
guidelines for use of tumor markers in testicular, prostate, colorectal, breast and
ovarian cancers. Clin Chem 54: e11–79.
6. D’Alessandro R, Roselli M, Ferroni P, Mariotti S, Spila A, et al. (2001) Serum
tissue polypeptide specific antigen (TPS): a complementary tumor marker to CA
15–3 in the management of breast cancer. Breast Cancer Res Treat 68: 9–19.
7. Cortez MA, Bueso-Ramos C, Ferdin J, Lopez-Berestein G, Sood AK, et al.
(2011) MicroRNAs in body fluids–the mix of hormones and biomarkers. Nat
Rev Clin Oncol 8: 467–477.
8. Schwarzenbach H, Hoon DS, Pantel K (2011) Cell-free nucleic acids as
biomarkers in cancer patients. Nat Rev Cancer 11: 426–437.
9. Kosaka N, Iguchi H, Ochiya T (2010) Circulating microRNA in body fluid:
a new potential biomarker for cancer diagnosis and prognosis. Cancer Sci 101:
2087–2092.
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