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Objectives: Piwi-interacting RNAs (piRNAs), are a family of small,
non-coding RNA transcipts, previously thought to silence gene ex-
pression in germ cells through the piRNA-PIWI complex. In recent
studies, piRNAs were found to be prominently involved in the de-
velopment and prognosis of malignant tumors. The study aims to
identify di ferentially expressed circulating piRNAs in breast cancer
patients. Methods: 8 piRNAs were tested using Real-time PCR as-
say in the plasma samples of 33 healthy subjects and 37 breast can-
cer patients. Results: In this study, we found that piR-651, piR-17458,
andpiR-20485weresignificantlydown-regulated inbreast cancerpa-
tients when comparedwith healthy controls. Further, piR-20485was
found to be decreased in patients withmetastatic disease relative to
thosewith carcinoma in situ. Conclusion: These findings demonstrate
that piRNAs are potential biomarkers in peripheral blood for breast
cancer diagnosis.
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1. Introduction
piRNAs are a novel class of small noncoding RNAs that

are 24–31 nucleotides in length first found in germ cells of
mammalians. Generally, they form a complex with PIWI
proteins and function to repress gene transcription andmain-
tain germline genome integrity [1]. Recent findings reveal
that piRNAs are differentially expressed in various types of
tumors [2–5], a finding that prompted us to hypothesize that
piRNAs may participate in the process of tumorigenesis.

Breast cancer is a major health threat to women in many
countries [6, 7]. The role of noncoding RNAs in the epi-
genetic regulation of breast cancer has been emphasized in
several published articles [8–12]. Weng et al. [13] proved
that piR-1245 was overexpressed in colorectal cancer tis-
sues and its expression level was significantly correlated
with advanced and metastatic disease. Tan and coworkers
[5] found that piRNA-36712 was significantly decreased in
breast cancer tissues and likely functions in restraining can-

cer progression through interaction with SEPW1 pseudo-
gene (SEPW1P) RNA. However, the expression pattern of
circulating piRNAs in breast cancer patients has never been
investigated before.

Herein, we aimed to measure the plasma concentration
of 8 piRNAs, which were previously reported to be differ-
entially expressed in breast cancer and normal breast tissues
using qRT-PCR. Besides, we tried to investigate a possible
relationship between piRNA and tumor metastasis.

2. Materials andmethods
2.1 Clinical samples

Plasma samples were obtained from breast cancer patients
at The Third Affiliated Hospital of Guangzhou Medical Uni-
versity. Age-matched healthy females served as controls. All
plasma samples were collected and stored frozen at -20 ◦C
immediately after clinical examination to assure sample in-
tegrity. Relevant clinical information was also collected after
informed consent (Table 1). The study was approved by The
Institutional Ethics Committee of The Third Affiliated Hos-
pital of Guangzhou Medical University.

Table 1. Clinical characteristics of all participants in this
study.

Variables Healthy controls
(N = 33)

Breast Cancer
(N = 37)

Age, mean (SEM) 48.9 (5.3) 52.1 (4.2)
TNM stage, N (%)
Stage I / 5 (13.5)
Stage II / 25 (67.6)
Stage III / 7 (18.9)
Adjuvant chemotherapy, N (%)
Yes / 30 (81.1)
No / 7 (18.9)

All participants in our study are female.
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Fig. 1. The relative expression of piRNAs in Controls and Breast Cancer patients. (A-H) The relative expression of piRNA-651, 823, 4987, 17458,
19825, 20365, 20485, 20582, small RNA U6 was used as reference. **, P < 0.01, ***, P < 0.001.
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2.2 RNA extraction and reverse transcription
A miRNeasy Serum/Plasma Kit (Qiagen, Hilden, Ger-

many) was used for purification of total RNA, including
miRNA, from patient and control plasma according to the
manufacturer’s instructions. A Nanodrop 2000 spectropho-
tometer (Thermo, TX, USA) was used to measure the con-
centration and purity of RNA samples. cDNA was synthe-
sized using the miScript Reverse Transcription Kit (Qiagen,
Hilden, Germany).
2.3 Real-time PCR assay for detection of piRNAs

Real-time polymerase chain reaction (PCR) was per-
formed using the miScript SYBRGreen PCRKit (Qiagen) on
a Roche Lightcycler 480 (Roche, Basel, Switzerland). 20 µL
PCR mixture included QuantiTect® SYBRGreen PCR Mas-
ter Mix (10 µL), miScript Universal Primer (2 µL), RNAase-
free water (4 µL), template cDNA (2 µL), and transcript-
specific piRNA primer (2 µL). The primers are listed in Ta-
ble 2. The thermocycling program used was 95 ◦C for 15
min, followed by 40 amplification cycles of 94 ◦C for 15 s, 55
◦C for 30 s, and 70 ◦C for 30 s. Small RNA U6 was used as
reference in the analysis of piRNA expression.

Table 2. Primers of piRNAs.
piRNA Primer sequences

piR-651 Forward AGCGTTGGTGGTATAGTGGT
piR-823 Forward AGCGTTGGTGGTATAGTGGT
piR-4987 Forward TCGCCGTGATCGTATAGTGGTTAGTACTCTG
piR-17458 Forward TTCACTGATGAGAGCATTGTTCTGAGC
piR-19825 Forward GCATTGGTGGTTCAGTGGTAGAATTCTCAC
piR-20365 Forward GGCCGTGATCGTATAGTGGTTAGTACTCTG
piR-20485 Forward GGGGATGTAGCTCAGTGGTAGAGCGCATGCT
piR-20582 Forward GGTTCCATGGTGTAATGGTTAGCACTCTG
U6 Forward TGCGGGTGCTCGCTTCGGCAGC
Common Reverse CTTATGGAGCCTGGGACTCTGACC

2.4 Statistical analysis
Statistical analysis was performed using SPSS software

18.0 (SPSS Inc., Chicago, USA). Statistical differences be-
tween two variables were analyzed using student t test. P <

0.05 was considered significant.

3. Results
3.1 Expression level of piRNAs in breast cancer patients compared
to healthy controls

33 healthy subjects and 37 breast cancer patients were in-
cluded in this study. Relative levels of plasma piRNAs ex-
pressionweremeasured using theU6 transcript as an internal
reference.

Results showed that the relative expression of piR-651
(P = 0.0089), piR-17458 (P = 0.0058), and piR-20485 (P =
0.0005) were each significantly down regulated in breast can-
cer patients vs healthy controls. piRNA-20485 expression
was even lower in patients with metastatic disease, but the
difference failed to reach statistical significance as the num-

ber of cases is insufficient to establish significance (Fig 1).

4. Discussion
piRNAshave received attention in the last decades because

of their potential role in pathogenesis, such as tumorigenesis
and spine morphogenesis [13–16]. Recently, studies focused
on differential expression patterns of piRNAs in malignant
tumor tissue and healthy controls have emerged [17, 18].
Evidence suggest that piRNA may work through epigenetic
mechanisms to maintain genome integrity [2]. Despite these
advancements, circulating piRNA expression is less known.
In this study, we evaluate the expression of eight piRNAs that
have been previously reported to be dysregulated in breast tu-
mor. Results showed significant differences in the expression
of piRNAs-651, 17458, 20485 in plasma between breast tu-
mor and healthy subjects confirming that piRNA are secreted
into the bloodstream and rapid detection of these small tran-
scripts is feasible.

Results showed that piR-651, piR-17458, and piR-20485
were decreased in the plasma of breast cancer patients when
compared with normal control subjects (Fig 1). Although
piR-651 expression was reported to be stimulated by estro-
gen in breast cancer cell linesMCF-7 andMDA-MB-231 [19]
and piR-823 was found to be upregulated in gastric cancer
tissues [20], we measured that that the plasma levels of piR-
651 in breast cancer patients is decreased and piR-823 levels
showed no difference between breast cancer and healthy pa-
tients. Huang et al. found that piR-20485 was increased in
breast tumor tissue compared with non-tumor tissue [21],
yet in this study circulating piR-20485 was decreased in tu-
mor patients. In addition, the relative concentration of piR-
4987, 20365, and 20582, which were also upregulated in tu-
mor tissue [21], we found no significant difference in pa-
tient plasma. Of note, we found expression of piR-20485 is
possibly associated with metastasis. Overall, the expression
pattern of piRNAs in plasma commonly did not match pre-
viously measured levels in tumor tissue, and the underlying
regulatorymechanism responsible for this should be explored
in the future.

The detection of circulating tumormarkers has been facil-
itated due to ease in specimen acquisition [22, 23]. Further-
more, results were found to be readily reproducible. Circu-
lating piRNAs in breast tumor patients has never been pre-
viously reported, and may provide new potential biomarkers
for breast cancer. However, it is worth noting that the ex-
pression of piR-651, piR-17458, and piR-20485 in the con-
trol group were quite divergent, which may limit their clini-
cal application for distinguishing breast cancer from healthy
patients.

In summary, our research confirms that there exists de-
tectable levels of piRNAs in peripheral blood plasma, and
that some of which piRNAs are differentially expressed in
breast cancer patients versus normal controls. The results
may suggest that circulating piRNAs are a potential breast
cancer biomarker.
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