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MicroRNAs (miRs) have been shown to be differentially expressed in the serum of cancer patients and controls, and can thus be
used as biomarkers for cancer screening. We detected the expression level of miR-155 in the serum of female breast cancer pa-
tients and healthy controls to investigate whether serum miR-155 could discriminate patients with early-stage breast cancer. Se-
rum samples were collected from 20 female patients with newly diagnosed breast cancer and 10 healthy controls. Real-time quan-
titative PCR was used to detect the expression level of miR-155. The expression level of miR-155 was significantly increased in
the serum of breast cancer patients compared with in the serum of normal controls. MiR-155 may be useful as a blood-based bi-

omarker for breast cancer screening.
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Breast cancer is the second most common cancer in women
worldwide, and accounts for approximately 7%—10% of all
malignant tumors. Its incidence is second only to uterine
cancer [1]. Most women with breast cancer are diagnosed at
an advanced disease stage because its early symptoms are
insidious; screening for breast cancer allows early diagnosis
and potentially reduces mortality. However, because of the
absence of symptoms, palpation is currently the most relia-
ble screening tool for breast cancer. MicroRNAs (miRNAs)
are small non-protein-coding RNA sequences of approxi-
mately 19 to 26 nucleotides [2]. The first known microRNA,
lin-4, was discovered in 1993 through a study of the heter-
ochronic gene lin-14 in worms [3]. Since then, miRNAs
have been shown to play important regulatory roles in many
biological and pathological processes. Their detailed mech-
anism of action is still under debate, but is probably related
to inhibition of translation and mRNA degradation [4]. Mi-
croRNAs regulate gene expression at the level of translation
through imperfect pairing with target mRNAs of protein-
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coding genes [5]. There is increasing evidence suggesting
that some miRNAs are linked to human oncogenesis; this has
revealed new opportunities for non-invasive tests for early
cancer diagnosis [6]. Iorio et al. [7] compared the expression
levels of miRNAs in 76 primary breast cancer tissues and 10
normal tissues and found significant downregulation of
miR-125b, miR-145, miR-21, and miR-155 in cancer tissues
[7]. Mitchell et al. [8] demonstrated that miRNAs are present
in human plasma and serum in a remarkably stable form. This
makes it possible to use serum miRNAs as non-invasive bi-
omarkers for the detection of cancer. Here, we quantified the
expression level of miR-155 in the serum of female breast
cancer patients and healthy controls, and evaluated the feasi-
bility of using miR-155 as a non-invasive biomarker for ear-
ly-stage breast cancer screening.

1 Materials and methods
1.1 Sample collection and serum processing

Informed consent was obtained from the participants in this
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study. Blood samples were collected from 30 women in-
cluding 20 breast cancer patients and 10 healthy subjects as
normal controls, aged between 35 and 65 years old. The
participant characteristics and the distribution of cancer
stages in accordance with pathology microscopy are sum-
marized in Table 1. Blood was collected from the antecu-
bital fossa and placed in a serum separator tube. The col-
lected blood was allowed to stand for no more than 1 h at
room temperature before being centrifuged at 2465 x g for 5
min to obtain serum [1]. The resultant serum was aliquoted
into Eppendorf tubes and stored at —80°C.

1.2 RNA extraction

Total RNA, which included miRNAs, was isolated from
serum using an miRNeasy Mini kit (Qiagen, USA) follow-
ing the manufacturer’s instructions. Next, 400 pL of Trizol
LS reagent (Qiagen) was added to 200 pL of serum sample.
After phase separation by chloroform addition, the samples
were centrifuged for 15 min at 12000 x g at 4°C. A 1.5x
volume of 100% ethanol was added to the upper aqueous
phase, and 700 pL of the sample was pipetted into an RNe-
asy Mini column (Qiagen). The RNA was eluted by
RNase-free water in a final volume of 30 pL. and was stored
at —80°C until use.

1.3 Reverse transcription (RT) and real-time quantita-
tive PCR (qPCR)

Total RNA extracted from serum was reverse transcribed to
cDNA using a MiScript Reverse Transcription kit (Qiagen)
according to the manufacturer’s protocol with the following
modifications: each reaction was performed in a final vol-
ume of 20 pL containing 4 pL of total RNA, 4 uL of RT
buffer and 1 pL of RTase mix. The reverse transcription
profile was 37°C for 60 min and 95°C for 5 min, after
which the sample was maintained at 4°C. Real-time qPCR
was performed using a MiScript SYBR Green PCR kit (Qi-
agen) and Assay miR-155 (Qiagen). Two microliters of
cDNA were used as a template in a 20-uL reaction with the
following conditions: denaturation at 95°C for 15 min fol-
lowed by 40 cycles of 94°C for 15 s, 55°C for 30 s, and
70°C for 34 s, in which fluorescence was acquired and
detected by an ABI PRISM 7500 Real-time PCR system

Table 1 Participant characteristics

Breast cancer patients (n = 20) Healthy controls (n = 10)

Age (years)
Mean 54 51
Range 45-64 35-65

Disease stage
I 1 -
I 19 -
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(Applied Biosystems, USA). After the PCR cycles, melting
curve analyses were performed to validate the specific gen-
eration of the expected PCR product. As there is no known
control miRNA in serum, we used RNU6B as an endoge-
nous control, because a study has shown that RNUG6B is
readily detectable in the serum and displayed little variabil-
ity in expression levels between individuals [9]. We nor-
malized the expression levels of miR-155 to those of
RNUG6B. The MiScript primer sequence for miR-155 was
5'-CUCCUACAUAUUAGCAUUAACA-3". The expres-
sion level of miR-155 was evaluated using the ACt method.
The cycle threshold (Ct) value is the number of gPCR cy-
cles required for the fluorescent signal to cross a specified
threshold. ACt was calculated by subtracting the Ct values
of RNUG6B from those of miR-155. AACt was calculated by
subtracting the ACt of the control samples from the ACt of
the cancer samples.

1.4 Statistical analysis

The fold change in miR-155 expression was calculated by
the equation 272, The significance of the change was de-
termined using the Mann-Whitney test. All P values less
than 0.05 were considered statistically significant. Data
were analyzed using the statistical software SPSS v.17.0
(SPSS, Inc, Chicago, IL, USA).

2 Results

Parts of the amplification curves are shown in Figure 1. The
expression level of miR-155 was significantly up-regulated
in serum from breast cancer patients compared with in se-
rum from healthy controls (P < 0.05; Figure 2).

3 Discussion

Until recently, miRNAs were thought to be unstable in the
peripheral circulation and were termed “tissue-based tumor
markers”. However, in 2008, Mitchell et al. [8] demon-
strated that miRNAs are present in human plasma and se-
rum in a remarkably stable form that is protected from en-
dogenous RNase activity. The efficient extraction and ac-
curate identification of miRNAs from serum represents a
key first step towards the development of a non-invasive,
blood-based detection test for breast cancer. This report
describes a quantitative assessment of serum miR-155 lev-
els in female breast cancer patients. We used miR-155 be-
cause it had been previously shown to be down-regulated in
breast cancer [7]; however our data contradict those of the
previous study because we identified significantly elevated
levels of miR-155 in the serum of breast cancer patients.
Instead, our results are concordant with those of another
study [10]. It is possible that the conflicting results are
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Figure 1 Amplification curves of miR-155 and an RNU6B control in the serum of breast cancer patients and healthy controls.
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Figure 2 Scatter plot of the expression level of miR-155 in the serum of
breast cancer patients and healthy controls. There was a statistically signif-
icant difference between the median expression levels (horizontal lines).

because of different miRNA expression levels in different
organs and sample types, although we must also consider
that our sample size was small, which may have influenced
our conclusions.

We have shown that microRNAs are stable in the pe-
ripheral circulation and could be used as biological markers
for breast cancer detection. The breast cancer patients cho-
sen for this study were all in early metaphase; this implies
that miR-155 can be used in the early diagnosis of breast
cancer. Tumorigenesis is a complicated process that varies
in different individuals over time; as our sample size was
very small, further validation of the usefulness of this
marker in large cohorts and in independent studies is neces-
sary. It is likely however, that using a single serum miRNA
as a biomarker for breast cancer screening will be insuffi-
cient. Detecting multiple miRNAs together with other tumor
markers, for example protein antigens, will be necessary for
accurate diagnosis. It will also be important to investigate
the mechanisms of miRNA function in the different stages of
carcinogenesis and among different individuals [11]. None-
theless, the availability of powerful yet simple approaches for
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serum miRNA detection and quantification suggests that
miRNAs have great potential as biomarkers. In addition, the
inherent regulatory function of miRNAs implies that those
expressed in tumors may influence the biological behavior
and clinical phenotype of that tumor [12]. In other words,
serum miRNAs may serve as biomarkers not only for diag-
nosis but also to predict clinical behavior and/or therapeutic
response.
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