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Abstract Cancer-associated microRNAs have been stably
detected in blood. The objective of this study was to identify
a panel of circulating microRNAs with the potential to serve
as biomarkers for estrogen receptor-positive (ER+)/human
epidermal growth factor receptor 2 (HER2)− breast cancer.
We used microarray-based expression profiling to compare
the levels of circulating microRNAs in blood samples from 11
ER+/HER2− advanced breast cancer patients plus 5 age-
matched controls. MicroRNA levels were validated by reverse
transcription quantitative polymerase chain reaction in 40
control subjects, 187 early breast cancer patients, and 45
metastatic breast cancer patients. Then, we assessed the asso-
ciation between the levels of microRNA and clinical out-
comes of ER+/HER2− metastatic breast cancer. Initially, we
found that miR-1280, miR-1260, and miR-720 were up-

regulated in blood from breast cancer patients (P<0.05). In
validation, miR-1280 levels significantly increased in breast
cancer patients and reflected tumor status (control<<early
cancer<metastatic cancer). Among 37metastatic breast cancer
patients, miR-1280 levels significantly decreased after treat-
ment in patients who responded to systemic treatment
(P<0.001). We confirmed that miR-1280 was not a classic
microRNA, but a tRNALeu-derived fragment. These findings
suggest that a circulating tRNA-derived microRNA, miR-
1280, is differently expressed in breast cancer patients and
may serve as a biomarker for ER-positive breast cancer.
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Abbreviations
ER Estrogen receptor
HER2 Human epidermal growth factor receptor 2
EBC Early breast cancer
MBC Metastatic breast cancer
PCR Polymerase chain reaction
qRT-PCR Quantitative reverse transcription PCR
DIG Digoxigenin
SD Standard deviation
RECIST Response Evaluation Criteria In Solid Tumors
OS Overall survival
RPA1 Replication protein A1

Introduction

MicroRNAs are small molecules 22 nucleotides in length that
regulate gene expression in a variety of biological processes,
including cell cycle, differentiation, development, and
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metabolism, as well as human disease, such as diabetes and
cancer. MicroRNA expression is frequently dysregulated in
cancer and its microRNA expression patterns appear to be
tissue-specific [1–4].

A microRNA can act as a tumor suppressor when its
functional loss initiates or contributes to the malignant trans-
formation of a normal cell [5, 6]. There are strong evidences
that microRNAs function as oncogenes as well. The overex-
pression of miR-155, miR-21, or the miR-17-92 cluster has
been frequently observed in various types of tumor cells; these
microRNAs activate multiple genes, resulting in cellular pro-
liferation, antiapoptotic effects, and metastasis [7–9]. In breast
cancer, overall microRNA expression may clearly distinguish
breast cancer tissue from normal breast tissue, and specific
microRNA signatures may reflect the status of the estrogen
receptor (ER), the progesterone receptor, and HER2/neu in
cancer cells [3, 10, 11]. Other experiments have demonstrated
that microRNAs are also involved in multiple steps in tumor-
igenesis and tumor growth, including angiogenesis and the
renewal of cancer stem cells, which drew tremendous atten-
tion from cancer researchers [12–14].

Recently, cancer-associated microRNAs were detected in
the blood of cancer patients, although the mechanism of
export to the bloodstream from cancer cells remains unclear
[15–18]. Interestingly, microRNAs in human plasma are pres-
ent in a remarkably stable form that is protected from endog-
enous RNase activity [15]. Therefore, the unique patterns of
circulating microRNAs may serve as noninvasive biomarkers
of cancer development and prognosis [17, 19, 20].

Heneghan et al. evaluated seven known breast cancer-
specific microRNAs using the blood of early breast cancer
(EBC) patients; circulating miR-195 levels were elevated in
operable breast cancer patients compared to age-matched
healthy controls, and the levels decreased to control levels
following curative tumor resection [16]. Zhao et al. performed
expression profiling of circulating microRNAs in plasma
samples from 20 patients with EBC and matched healthy
controls [21]. They observed that 31 microRNAs were differ-
entially expressed in Caucasian-American and 18microRNAs
in African-American patients, and in silico pathway analysis
predicted contributions to critical cell functions, cancer devel-
opment, and progression. However, Zhao et al. did not dem-
onstrate the specificity of these circulating microRNAs for
breast cancer, and many of the differentially expressed
microRNAs were novel and had not been described in
miRBase (www.mirbase.org). Additionally, their
investigation failed to address the associations between
specific microRNAs and breast cancer subtypes according to
ER, progesterone receptor, and HER2 status.

Here, we report the identification of circulating
microRNAs specific to ER- or progesterone receptor-
positive and HER2-normal breast cancers. These microRNAs
were differentially expressed in blood samples from breast

cancer patients and matched healthy controls. We also inves-
tigated the clinical implications of these specific microRNAs
in breast cancer patients.

Materials and methods

Patients and samples

This study consisted of two parts: discovery (microarray anal-
ysis) and validation (quantitative reverse transcription PCR
(qRT-PCR) of selected microRNAs). Patients with ER- and /
or progesterone receptor-positive and HER2-normal breast
cancer were included in this study. Blood samples were col-
lected prospectively from 272 women, including 187 consec-
utive EBC patients, 45 metastatic breast cancer (MBC) pa-
tients, and 40 healthy age-matched volunteers who served as
controls for this study. We included patients who had normal
ranged numbers of white blood cells (WBC) and red blood
cells (RBC) in their peripheral blood.

Whole blood was collected in EDTA blood tubes
(Monovette EDTA K; Sarstedt AG, Germany) and
PAXgeneTM blood RNA tubes (Qiagen®, Valencia, CA,
USA), which were frozen at −20 °C within 2 h and transferred
to −80 °C within 1 day for long-term storage. None of the
patients received anticancer treatment prior to blood collec-
tion. In addition, repeat blood samples were acquired from a
subset of MBC patients after 2 or 3 months of systemic
treatment (N=37). Specific microRNAs identified in patient
blood samples were evaluated in patient tumor tissues, tumor-
associated normal tissues, a human mammary epithelial cell
line, and breast cancer cell lines MCF-7 and T47D.

This study was approved by the Institutional Review Board
of the National Cancer Center (NCCNCS-10-320), and writ-
ten informed consent was obtained from every patient and
control before blood was sampled.

Isolation of RNA

Total RNAwas isolated from blood using the miRNeasy Mini
Kit (Qiagen, Hilden, Germany) according to the manufac-
turer’s instructions. Total RNA was extracted from homoge-
nized tissue using the RNeasy® Tissue Mini Kit (Qiagen)
according to the manufacturer’s instructions. RNA concentra-
tion and quality were assessed via absorbance spectrometry on
a NanoDropTM 2000 (Thermo®, Miami, FL, USA) and an
Agilent 2100 Bioanalyzer (Agilent Technologies Inc., Santa
Clara, CA, USA).

MicroRNA microarray and data analysis

For control and test RNAs, the synthesis of target microRNA
probes and hybridization were performed using the miRNA
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Labeling Reagent and Hybridization Kit (Agilent Technolo-
gies) according to the manufacturer’s instructions. All data
normalization and selection of twofold changed genes were
performed using GeneSpringGX 7.3 (Agilent Technologies).
The averages of normalized ratios were calculated by dividing
the average of the normalized signal channel intensity by the
average of the normalized control channel intensity. The data
have been deposited in NCBI’s Gene Expression Omnibus
and are accessible through GEO Series accession number
GSE53179 [22].

Plasmids and transfection

Leu (AAG) chr14 TRNAL1 (chr14:21078291–21078372)
was chemically synthesized (Bioneer Inc., Taejeon, South
Korea). Expression vectors for transient transfection of the
synthesized tRNA were generated by PCR amplification
followed by insertion into the multiple cloning site of the
pcDNA3.1 expression vector (Invitrogen Life Science). Host
293T cells were maintained in Dulbecco’s Modified Eagle
Medium supplemented with 10 % FBS and 1 % penicillin/
streptomycin. Transfection of 293T cells was achieved with
Lipofectamine 2000 (Invitrogen Life Science) following the
manufacturer’s instructions.

MicroRNA quantification by qRT-PCR

The identified microRNAs were validated using TaqMan
Human MicroRNA assays for mature human microRNAs
(Applied Biosystems, Cheshire, UK). The 7.5-μl reverse tran-
scription (RT) reactions was performed using the Taqman
microRNA reverse transcription kit (Applied Biosystems,
Cheshire, UK) and incubated for 30 min at 16 °C, 30 min at
42 °C, 5 min at 85 °C, and then maintained at 4 °C. The qPCR
was performed using the Taqman Universal Master Mix (Ap-
plied Biosystems, Cheshire, UK). RT products (2.5 μl) were
used as templates in 10μl reactions containing specific probes
for eachmicroRNA. The reactions were incubated in 384-well
plates at 95 °C for 10 min, followed by 45 cycles at 95 °C for
15 s, and 60 °C for 1 min. The qPCR was done in Roche
LightCycler 480 (Roche Applied Sciences, Penzberg, Germa-
ny) in duplicates. The cycle thresholds (Ct) were calculated
and normalized to miR-16 (miR-16; ABI), which was found
the most-widely used endogenous control microRNA for RT-
qPCR [15]. The relative expression levels of each miRNA
were calculated using the comparative cycle thresholds (CT)
method (2−ΔCT).

Northern blotting

Total RNA from 293T cells transfected with synthetic chr14
TRNAL1 was loaded onto a 15 % urea-polyacrylamide gel
(Bio-Rad, USA), electrophoresed, and transferred to nylon

membranes (Roche Diagnostics, Mannheim, Germany).
RNA and membranes were cross-linked via exposure to UV
light (120 mJ/cm2). For detecting miR-1280 and tRNALeu, 5′-
AGGGTGGCGACGGT-3′ probes were labeled with non-
radioactive digoxigenin (DIG) (Roche Diagnostics) according
to the manufacturer’s protocol. Prehybridization was carried
out using DIG Easy Hyb (Roche Diagnostics) at 37 °C, and
hybridization was performed by adding digoxigenin-labeled
probe to the prehybridization solution. After hybridization, the
membranes were washed twice using the DIG Wash and
Block Buffer Set (Roche Diagnostics). RNAwas detected by
exposure to anti-digoxigenin-alkaline phosphatase conjugate
(Roche Diagnostics), and X-ray films were exposed to the
membrane for chemiluminescence detection.

Statistical analysis

All values were expressed as means±SDs. In analysis for
microRNAs expression data, a nonparametric Wilcoxon rank
sum test for comparison of differential expression between
two groups was performed. To address the issue of multiple
testing, adjusted P value was obtained by Benjamini and
Hochberg’s adjustment. ANOVA was used to compare
microRNA levels in EBC patients, MBC patients, and healthy
controls with Bonferroni correction. The paired t test was used
to detect changes in microRNA levels between baseline and
post-treatment in patients with MBC. All statistical analyses
were performed using SPSS software (version 21.0, IBM).
Tumor response to systemic treatment was evaluated accord-
ing to Response Evaluation Criteria In Solid Tumors
(RECIST) version 1.0. Overall survival (OS) was defined as
the length of time from the date of enrollment of this study to
death from any cause or last follow-up date. OS was estimated
using the Kaplan-Meier method and compared with logrank
test. All tests were two-sided and considered statistically
significant at P values <0.05.

Results

Differentially expressed microRNAs in blood samples
from breast cancer patients

The blood samples were collected from 11 MBC patients and
5 controls for the discovery part and 187 EBC, 45 MBC
patients, and 40 controls for the validation part. In the discov-
ery arm of our investigation, global microRNA expression
profiling was carried out using Agilent’s microRNA microar-
ray platform. We identified 27 deregulated microRNAs in the
whole blood of breast cancer patients compared to healthy
controls (Fig. 1). Statistical analysis via t test with Benjamini-
Hochberg adjustment revealed 16 significantly up-regulated
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microRNAs and 11 significantly down-regulated microRNAs
(Table 1).We selected three microRNAs (miR-1260,miR-720,
miR1280) that showed more than twofold up-regulated ex-
pression between the two groups for additional qRT-PCR
validation. miR-21, miR-195, and let-7a were also included
because the expression of these molecules in breast cancer
tissue and in the blood of patients with breast cancer was
reported in a previous study [16]. We then performed individ-
ual qRT-PCRs to quantify the expression of the microRNAs
listed in Table 2. miR-1260, miR-720, as well as miR-1280
expression significantly differed between patients and controls
(Fig. 2). Of those, miR-1280 was selected for further evalua-
tion because others failed to discriminate tumors from normal
samples and showed an irrelevance to tumor status.

Identification of miR-1280 in breast tumor tissue and breast
cancer cell lines

Consistent with a previous report [23], we found that miR-
1280 consists of tRNALeu-derived fragments (TdF) with an
identical sequence at the 5′-terminal domain (Fig. 3a). miR-
1280 expression was detected both in breast cancer tissue and

in cancer cell lines, but not in tumor-associated normal tissue
and a human mammary epithelial cell line (Fig. 3b). To clarify
the relationship between miR-1280 and tRNALeu, we chemi-
cally synthesized a population of miR-1280 molecules
matching tRNALeu, inserted these molecules into pcDNA3.1
expression vectors, and transiently transfected these vectors
into 293T cells. Northern blotting revealed a clear increase in
both the mature tRNA and a 22-nt band comigrating with the
endogenous fragment observed in breast cancer cells com-
pared to those with empty vectors, suggesting that miR-1280
was derived from tRNALeu (Fig. 3c).

Association between miR-1280 (TdF-tRNALeu) levels
in blood and breast cancer status

miR-1280 expression levels were confirmed with Taqman-
based qRT-PCR in an independent cohort of breast cancer
patients and controls using individual microRNA-specific
primers (F: 5′ AT AAG CTT GGT AGC GTG GCC GAG;
R: AT GAA TTC TGG TGG CAG CGG TGG 3′). This
validation 1 cohort consisted of 50 EBC patients, 22 MBC
patients, and 20 age-matched healthy controls. Levels ofmiR-

Fig. 1 Unsupervised hierarchical
clustering of 910 microRNAs.
Heatmap colors reflect relative
microRNA expression as
indicated. The first five columns
contain measurements from blood
samples from control subjects,
and the other 11 columns contain
data from ER+/HER2− breast
cancer patients
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1280were significantly increased in the blood of breast cancer
patients, especially MBC patients (Fig. 4a, P<0.001). In a
validation 2 cohort set comprised of 137 EBC patients, 23
MBC patients, and 20 age-matched healthy controls, miR-
1280 expression levels in blood were higher in breast cancer
patients than in controls; within this validation cohort, these
levels were significantly higher in MBC patients (Fig. 4b).

Correlation betweenmiR-1280 (TdF-tRNALeu) levels in blood
and treatment response

A subset of our MBC patients had undergone post-systemic
treatment (such as cytotoxic chemotherapy or endocrine ther-
apy) before blood samples were collected (N=37), allowing
us to assess the effect of treatment on circulating miR-1280
levels. miR-1280 expression in blood decreased significantly
after 2–3 months of systemic treatment (Fig. 5a). These
changes differed according to treatment response. In patients
who responded to treatment (complete response, partial re-
sponse, or stable disease), miR-1280 levels significantly de-
creased after treatment (P<0.001, Fig. 5b). However, the
expression of miR-1280 increased after treatment in the blood
of patients with non-responding tumors (P=0.035, Fig. 5c). In
addition, there was a tendency of better survival in patients
with decreasingmiR-1280 levels than those with increasing or
stable ones (P<0.058) (Fig. 5d).

Discussion

The list of microRNA candidates encoded by the human
genome continues to grow due to the application of high-
throughput sequencing technology. However, many
microRNAs have been removed from miRBase and
reclassified as other small RNAs generated via non-
canonical pathways dependent or independent of the RNAse
III enzymes Drosha and Dicer [24–26]. Next to microRNAs,
the most abundant group of small RNAs consists of fragments
derived from tRNA (tRNA-derived RNA fragments, TdF)
[26]. Previous reports demonstrated that TdF are not random
by-products of tRNA biogenesis but are short RNAs with
specific sequences and structures that have specific biological
roles in living cells [26, 27]. However, the functional role of
these small RNAs, which may act as microRNAs, has not yet
been fully defined. Recently, Maute et al. showed that the
tRNA-derived microRNA CU1276 was generated in a
DICER1-dependent manner from tRNAGly in mature B cells

Table 1 Differentially expressed microRNAs (P<0.05) obtained from
case versus control comparisons

Systematic name Fold change Regulation Corrected P value

hsa-miR-30a 49.414012 Up 1.96E−04
hsa-miR-144 8.4857334 Up 0.0166155

hsa-miR-571 7.3092032 Up 0.0094525

hsa-miR-93* 6.976317 Up 1.37E−06
hsa-miR-1280 4.831493 Up 9.26E−08
hsa-miR-487b 4.1296324 Up 5.58E−06
hsa-miR-1260 3.2646586 Up 8.66E−10
hsa-miR-720 3.2136147 Up 1.04E−09
hsa-miR-1274b 2.7988418 Up 2.85E−10
hsa-miR-1274a 2.6340552 Up 4.98E−08
hsa-miR-212 2.4884445 Up 5.68E−07
hsa-miR-886-3p 2.1302678 Up 7.95E−07
hsa-miR-145 1.7038556 Up 7.17E−09
hsa-miR-1290 1.5937854 Up 1.04E−05
hsa-miR-1308 1.5518543 Up 3.63E−12
hsa-miR-138-2* 1.5334019 Up 8.26E−07
hsa-miR-454* 0.6538736 Down 7.93E−08
hsa-miR-222 0.6358309 Down 8.17E−10
hsa-miR-125b-2* 0.6245983 Down 2.64E−10
hsa-miR-1268 0.6163758 Down 1.15E−09
hsa-miR-200c 0.6071458 Down 1.89E−05
hsa-miR-15b* 0.5658805 Down 1.37E−08
hsa-miR-181a-2* 0.554941 Down 0.0037761

hsa-miR-10a 0.5297773 Down 3.00E−06
hsa-miR-654-3p 0.4772123 Down 0.1176611

hsa-miR-139-3p 0.3392011 Down 7.69E−08
hsa-miR-708 0.1307472 Down 0.0840821

Table 2 Mean relative expres-
sion levels of candidate
microRNAs in blood based on the
expression profiles presented in
Fig. 1

Target microRNA Breast cancer (n=11) Control (n=5) Mean fold change in miRNA
expression in breast cancer blood
compared to controls

P value

hsa-miR-1280 48.6 15.3 3.17 0.0026

hsa-miR-1260 224.8 93.6 2.40 0.0062

hsa-miR-720 479.4 211.5 2.27 0.019

hsa-miR-21 401.0 772.1 0.52 0.135

hsa-let-7a 0.98 3.49 0.28 0.105

hsa-miR-195 Not detected
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[27]. CU1276 was down-regulated in lymphoma cells, sup-
pressing the proliferation of the cells and modulating the
molecular response to DNA damage via the repression of
replication protein A1 (RPA1).

Previously, microRNAs were aberrantly expressed in the
breast cancer tissue and in the serum of patients categorized
into four subtypes (ER+/HER2−, ER+/HER2+, ER−/HER2+,
and ER−/HER2−) [10, 28]. Given these data, this study fo-
cused on the ER-positive/HER2-normal subtype. Of the 27
microRNAs that were differentially expressed in this study
(Table 1), we found that miR-1280 expression levels signifi-
cantly differed between the blood of breast cancer patients and
healthy controls. miR-1280 expression was detected exclu-
sively in breast cancer cells represented by primary tissues
and breast cancer cell lines. These levels were higher in MBC
patients than in EBC patients, suggesting that miR-1280 may
reflect the tumor burden, similar to traditional tumor markers.

In addition, we observed that the changes in miR-1280
expression levels reflected the effects of systemic treat-
ment. Previous investigations demonstrated a relationship
between circulating microRNAs and treatment response,
especially in EBC [16, 29]. From our data, the levels of
miR-1280 decreased in patients who responded to system-
ic therapies; the direction was opposite in patients who
did not respond to treatment. It is still too early to reach
conclusions about the clinical utility of this marker, since
the current investigation included a small number of
patients.

Currently, there was no data about the role of miR-1280
especially associated with cancer. Schopman et al. suggested
that miR-1280 should be one of tRNA-derived microRNAs
based on the fact that its nucleic acid sequence was consistent
with that of tRNAleu, which we demonstrated in this study
[23].

Fig. 2 Quantification of the
expression of each microRNAs
by qRT-PCR in the blood of
control (N=5) and metastatic
breast cancer patients (N=11).
Each bar represents the mean of
microRNA levels and vertical
lines indicate plus or minus 1
standard deviation of the mean.
*P<0.05

Fig. 3 miR-1280 is expressed in breast tumor cells. a Identical sequence
of annotated human tRNAs with matched miR-1280 sequences. b miR-
1280 levels in breast cancer cell lines and primary breast cancer tissue
compared with normal breast tissue and a human mammary epithelial cell
(HMEC) line. Each bar represents the mean of microRNA levels and

vertical lines indicate plus or minus 1 standard deviation of the mean. c
Northern blot of total RNA from 293T cells transiently transfected with
empty vector or with vector encoding the Leu (AAG) chr14 TRNAL1.
Bands correspond to the 22-nt tRNA fragment ofmiR-1280 and the 74-nt
mature tRNA. EtBr, ethidium bromide
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Some tRNA-derived microRNAs regulate the expression
of various genes, as do the microRNAs [26, 27]. According to
our data, tRNA-derived microRNAs may be useful markers
for breast cancer. However, the biogenesis and function of
miR-1280 should be subject to further investigation. Addition-
al studies will be valuable for defining the clinical utility of
miR-1280 levels in terms of treatment response.

Conclusion

Blood-based microRNA signatures associated with breast
cancer may be identifiable. Expression of miR-1280, a
tRNA-derived microRNA, was detected in blood samples
from ER-positive breast cancer patients; this expression may
serve as a biomarker that reflects treatment response.

Fig. 4 Relative expression levels
of miR-1280 in preoperative EBC
patients, pretreatment MBC
patients, and healthy controls.
The Bonferroni correction was
carried out to correct for multiple
hypothesis testing. a Validation 1
set. b Validation 2 set. *P<0.05

Fig. 5 Changes of the levels of miR-1280 following systemic treatment
in metastatic breast cancer. a Decreased blood levels of miR-1280 in
MBC patients after at least 2–3 months after systemic treatment. Direc-
tion of blood level changes ofmiR-1280 reflected treatment response both

in patients with response (N=30) (b) and those without response (N=7)
(c). d Overall survival according to the direction of change of miR-1280
levels (decreasing (N=21) vs. no change/increasing (N=16))
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