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ABSTRACT

piRNAs are novel members of small non-coding RNAs and have an impact on genetic and epigenetic mechanisms
of cells. It was aimed to investigate the role of piR-651 on MCF-7 benign breast cancer cells by focusing on mole-
cular characteristics. Anti-piR-651 was transfected and effects of piR-651 on proliferation, adhesion, and motility
of MCF-7 cells were detected after the 24th, 48th, and 72nd hour. Gene expressions of piR-651, Ki-67, MMP-2,
ERα, HIF-1α, and hTERT were determined by using RT-PCR. piR-651 inhibition caused the decrease of prolif-
eration, adhesion (p < 0.001), and motility of MCF-7 cells. The efficiency of anti-piR-651 transfection supported
the determination of the decrease of piR-651 expression after transfection after the 48th hour (p < 0.001). Anti-
piR-651 transfection caused the downregulation of Ki-67, MMP-2, ERα, HIF-1α, and hTERT gene expressions
after the 48th hour (p < 0.001). In MCF-7 cells, piR-651 inhibition can change both cellular characteristics
and gene expressions which were related to these characteristics. piR-651 inhibition causes the decrease of both
proliferation and adhesion of cells, which are especially important cellular marks of MCF-7 cells. These results
have shed light on whether we can mitigate the effects of cancer cells via piRNA inhibition. The absence of piRNA
expression caused the change of fate of benign breast cancer cells by decreasing malign features of MCF-7 cells.
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1 Introduction

Breast cancer is the most common cancer type in women and can be classified according to estrogen
dependence. MCF-7 breast cancer cells are estrogen positive (especially ERα), benign, and adhesive
breast cancer cells. It is known that high ERα expression is especially observed in hormone-dependent
breast cancer cells [1,2]. According to the general characterization of cancer cells, cancer cells can have
high proliferation rates and telomerase activity can modulate adhesion, migration, and invasion
mechanisms, and can differentiate during carcinogenesis [3,4]. Recent studies show that ER is very
important for controlling the development of ER-positive breast cancer cases [5]. ERα and ERβ are the
types of ER in cells and studies have indicated that ERα modulates cellular mechanisms [5]. ERα acts as
a ligand-activated oncogene and the upregulation of ERα in breast cancer causes more aggressive
mannerisms [6,7].
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PIWI-interacting RNAs (piRNAs) are the novel and the longest members of small non-coding RNAs.
The main aim of piRNAs is to protect the genome against transposons [8]. They can regulate the cellular
characteristics via epigenetic and genetic mechanisms by using transposable elements [9]. Transposable
elements as mobile factors in the genome are widely distributed among all regions, causing deletions,
gene breakdowns, and chromosomal regulations [10], and also lead to cancer initiation and development
[11,12]. Furthermore, piRNAs can inhibit transcription and post-transcriptional mechanisms epigenetically
[13,14]. Although initial research into piRNAs focused on germline and stem cells, the similarities of
these cells and cancer cells canalized research to studying the relationship between cancer cells and
piRNAs [14,15]. Key features of piRNAs are preserving DNA integrity, epigenetic regulation,
differentiation during embryogenesis, and the occurrence and development of diseases [16]. piRNAs
might have oncogenic or tumor suppressor functions in various cancers [16]. Some piRNAs, including
piR-651, piR-20365, piR-4987, piR-20485, and piR-20582, are upregulated in breast cancer tissues and
cell lines [17–19]. piR-651 expression especially studied in gastric cancer and expression pattern was
shown as an oncogene previously [20]. piR‑651 can be upregulated and can be an oncogene in
carcinogens of several cancer tissues and cell lines [21]. The upregulation of piR‑651 was detected in
gastric, colon, lung, and breast cancer tissues and cell lines, compared with non‑cancerous tissues [21].
Furthermore, piR-651 upregulation has been demonstrated in cell lines of mesothelium, cervix, and liver
cancer cell lines [17,18,22].

Ki-67 is the nucleus core protein that can direct the proliferation of cells, especially tumor cells [23].
From grade I breast cancer cells, such as MCF-7, to grade IV breast cancer cells, Ki-67 expression is the
basic marker to understand proliferation potential [24]. In cell lines, Ki-67 expression is high in the
G2 phase and mitosis of the cell cycle, and the accumulation of a transcription factor, which is called as
E2F, is a result of high Ki-67 expression.

Matrix metalloproteinases (MMPs) are important for degrading extracellular matrix and basal membrane
molecules. By affecting these structures, MMPs can control the invasion and metastasis in cancer cells [25].
Low enzyme levels of MMPs are identified in a benign type of breast cancer cells, such as MCF-7,
compared to the malign types such as MDA-MB-231. MMP-2 is well studied and related to cancer cell
migration and invasion [26]. MMP-2 gene expression is observed in early-stage breast cancer and gives the
first signatures that are leading to tumor formation [27,28]. MMP-2 expression becomes higher with
increasing tumor grade and MMP-2 activity has been found to be a key feature of decreased survival of
breast cancer patients [27,29].

Hypoxia-inducible factor 1α (HIF-1α) is a transcription factor and has an important role in expressions
of special gene regions, which are related to survival, proliferation, angiogenesis, and metastasis of cancer
cells under hypoxic conditions [30]. The hypoxic tumor microenvironment is associated with the
development and metastasis of solid tumors. HIF-1α expressions especially indicate the rate of transition
from epithelial characteristics to mesenchymal characteristics in cancer cells [31]. Various studies with
breast cancer patients have indicated a distinct survival advantage associated with decreased HIF-1α
expression which is the regulatory subunit of HIF-1 [32]. During breast carcinogenesis, HIF-1α
expression is a signature of cancer development and its expression pattern differentiates according to the
grade of breast tumors [33]. HIF‑1α and its target genes expressions upregulate in breast cancer;
upregulation of HIF‑1α expression can be used to predict early recurrence, metastasis, and poor clinical
outcomes in breast cancer patients [31].

Telomeres are important for cells to protect themselves from DNA damages and recombination against
chromosomal instability. In healthy cells, telomere length becomes shorter after each division, although this
mechanism cannot be observed in cancerous cells. Human telomerase reverse transcriptase (hTERT) is a
component of telomerase and during telomere elongation, hTERT makes it complex with telomerase
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RNA component (TERC) and other associated proteins. hTERT is the catalytic subunit of telomerase
holoenzyme and its expression is crucial for the telomerase activity during carcinogenesis [34,35]. In
cancer and stem cells, hTERT expression is upregulated [36]. The mechanisms which have an impact on
hTERT expression in breast cancer cells are DNA methylation and hormonal regulation [37–40]. If tumor
suppressor genes such as TP53, PTEN, and RB are suppressed and lose their functions in cells,
overexpression of hTERT has been found to drive tumorigenesis and promote oncogenic functions [41].

In this study, we aimed to determine the possible molecular and cellular mechanisms of piR-651 in
MCF-7 breast cancer cells. This study indicates that piR-651 has an important role in the proliferation,
adhesion, and motility of MCF-7 cells. Moreover, as a genetic perspective, Ki-67, MMP-2, ERα, HIF-1α,
and hTERT might be targets of piR-651 in non-invasive breast cancer cells. Our obtained data supports
and verifies that anti-piR-651transfection cause to transform characteristics of non-invasive breast cancer
cells. According to our knowledge, these results are the first results of the molecular mechanisms of piR-
651 in breast cancer.

2 Materials and Methods

2.1 Cell Culture and Transfection
MCF-7 breast cancer cells were grown in a growth medium which contains Dulbecco’s Modified Eagle

Medium (DMEM; Gibco, USA) supplemented with 10% fetal bovine serum (FBS; Biowest, France) and 1%
penicillin/streptomycin (Capricorn, Germany) until 5 days before transfection. The growth medium was
removed and the experimental medium was used to inhibit the level of estrogen which was secreted from
MCF-7 cells. The experimental medium was phenol red-free RPMI 1640 medium (Biowest, France)
which was supplemented by 10% dextran-charcoal stripped fetal bovine serum (DC-FBS; Sigma, USA)
and 1% penicillin/streptomycin (Capricorn, Germany). 5 days later, cells were ready to transfect with
anti-piR-651 and non-target sequences (GenScript, USA) by using lipofectamine (TaKaRa, Japan). A
non-target sequence (GenScript, USA) was used as a scrambled sequence and was used to determine the
effect of the transfection agent. Anti-piR-651 and non-target sequences are shown in Tab. 1.

Before transfection, transfected sequences (anti-piR-651 and non-target) were mixed and incubated for
15 minutes at room temperature according to the manufacturer protocol of transfection reagent (TaKaRa,
Japan). After incubation, anti-piR-651 and non-target sequences were transfected to MCF-7 cells with
Opti-MEM (serum-free medium; Gibco, USA). After transfection, cell behavior assays and gene
expressions were determined, respectively.

2.2 Proliferation Assay
MCF-7 cells were seeded to a 96 well cell culture plate (Greiner, Germany) and transfected with non-

target and anti-piR-651 as described previously. We obtained control, non-target, and anti-piR-
651 transfected groups after transfections. The proliferation of MCF-7 cells was observed by using the
XTT method (Biological Industries, Israel) at the 24th, 48th, and 72nd hour. The absorbance of cells at
450 nm was determined by using a microplate reader (Biotek, Japan).

Table 1: The transfected non-target and anti-piR-651 sequences

Non-target 5’‑CAGUACUUUUGUGUAGUACAA‑’3 (2’-O-metylated)

Anti-piR-651 5’-GACGCUUUCCAAGGCACGGGCCCCUCUCU-’3 (2’-O-metylated)
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2.3 Adhesion Assay
MCF-7 cells were seeded to a 96 well cell culture plate and then these cells were transfected with non-

target and anti-piR-651. As a result of transfections, control, non-target, and anti-piR-651 groups were
obtained. Each group had two lines (2 � 7 wells) because one line of each group was washed with dPBS
(Sigma, USA) three times before XTT treatment to understand the adhesion characteristics of groups. The
adhesion of cells was detected by using the XTT method at the 24th, 48th, and 72nd hour. The
absorbance of cells at 450 nm was determined by using a microplate reader (Biotek, Japan).

2.4 Wound Healing (Motility) Assay
The wound healing rate of MCF-7 cells was analyzed in Petri dishes (Greiner, Germany).

2 � 105 transfected cells were suspended in Petri dishes with a medium. After 24 h, the wound areas
were generated at the base of the petri dish by the tip of a 1000 μl pipette. The width of wounded areas
was measured following incubation for 0, 24, 48, and 72 h. The motility in this area was assessed using
measurements performed at 7 different locations for each group and for each hour.

2.5 Total RNA Isolation and Real-Time Polymerase Chain Reaction (RT-PCR)
After transfection with non-target and anti-piR-651 sequences, total RNAwas isolated according to the

manufacturer’s procedure (Nucleospin RNA, Macherey-Nagel, GERMANY). The primers used in RT-PCR
were obtained and synthesized from Oligcus, TURKEY, and are shown in Tab. 2. After total RNA isolation,
RNAs were converted to cDNA by the reverse transcription mechanism. In the obtained cDNA, piR-651,
Ki-67, MMP-2, ERα, HIF-1α, and hTERT expressions, RT-PCR was determined (Lighcycler96, Roche,
USA). Gliseraldehide-3-Phosphate Dehydrogenase (GAPDH) was used as an internal control. Gene
expressions of experimental groups were calculated by using the ΔΔCT formula.

2.6 Statistical Analysis
The normal distribution of the continuous variables was enabled using the Kolmogorov-Smirnov

suitability test. Comparisons between groups of normally distributed variables were evaluated using One-
Way variance analysis (ANOVA). The Tukey HSD test was used for multiple comparisons of
proliferation and adhesion assays. The comparisons between groups of variables that were not normally
distributed were evaluated using the Kruskal-Wallis test. Multiple comparisons of gene expressions were
compared using the Student t-test. All analyses were carried out using the IBM SPSS Statistics
21.0 software package. The obtained data were indicated as the mean ± standard deviation (sd). In the
figures, only mean values have been shown.

Table 2: The primer sequences used in RT-PCR

Gene name Forward sequence Reverse sequence

piR-651 5′-AGAGAGGGGCCCGTGCCTTG-‘3 5’-CTTATGGAGCCTGGGACTCTGACC-3’

Ki-67 5’-TCCTTTGGTGGGCACCTAAGACCTG-3’ 5’-TGATGGTTGAGGTCGTTCCTTGATG-3’

MMP-2 5′-TCTCCTGACATTGACCTTGGC-3′ 5′-CAAGGTGCTGGCTGAGTAGATC-3′

ERα 5’-GCACCCTGAAGTCTCTGGAA-3’ 5’-TGGCTAAAGTGGTGCATGAT-3’

HIF-1α 5’-GGCGCGAACGACAAGAAAAAG-3’ 5’-CCTTATCAAGATGCGAACTCACA-3’

hTERT 5’-TGACACCTCACCTCACCCAC-3’ 5’-CACTGTCTTCCGCAAGTTCAC-3’

GAPDH 5’-CGAGGGGGGAGCCAAAAGGG-‘3 5’-TGCCAGCCCCAGCGTCAAAG-3’
Note: piR-651: PIWI Interacting RNA-651; MMP-2: Matrix Metalloproteinase 2; ERα: Estrogen Receptor Alpha; HIF-1α: Hypoxia Inducible Factor-
1 Alpha; hTERT: Human telomerase reverse transcriptase; GAPDH: Gliseraldehide-3-Phosphate Dehydrogenase.
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3 Results

3.1 Transfection Efficiency
To detect the efficiency of transfection, the piR-651 expression of anti-piR-651 transfected cells were

compared to the control group. According to the obtained data, piR-651 expression was downregulating
as statistically significant in anti-piR-651 transfected MCF-7 cells (–2.05 ± 0.0024) compared to the
control group (0.397 ± 0.0017) after 48 h of anti-piR-651 transfection (Fig. 4A; P < 0.001).

3.2 Effect of Anti-piR-651 on the Proliferation of MCF-7 Cells
At the 24th, 48th, and 72nd hour of transfection, the proliferation of MCF-7 cells was determined.

According to our obtained data, we could not observe any statistically significant changes at 24th and
72nd hour of anti-piR-651 transfected MCF-7 cells (P > 0.05, Figs. 1A and 1C). On the other hand, the
impact of transfection on MCF-7 cells was determined statistically significant at the 48th hour
(P < 0.001). The proliferation of anti-piR-651 transfected group (17,830 ± 1,214.68) decreased
statistically significantly compared to control (21,665 ± 3,753.29) at the 48th hour (P < 0.001; Fig. 1B).

Figure 1: The proliferation of control, non-target and anti-piR-651 transfected MCF-7 cells at 24th, 48th
and 72nd hours. A. The proliferation of control, non-target and anti-piR-651 transfected MCF-7 cells at
24th hour (p > 0.05). B. The proliferation control, non-target and anti-piR-651 transfected MCF-7 cells at
48th hour (p < 0.001). C. The proliferation control, non-target and anti-piR-651 transfected MCF-7 cells
at 72nd hour (p > 0.05)
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3.3 Effect of Anti-piR-651 on the Adhesion of MCF-7 Cells
According to our obtained data, the adhesion of the anti-piR-651 transfected group (0.729 ± 0.06)

decreased statistically significantly compared to control (0,996 ± 0.06) after 24 h (P < 0.001; Fig. 2A).
The largest decrease in adhesion was observed after 48 h in the anti-piR-651 transfected group (0,662 ±
0.091) compared to control (0,945 ± 0.091; P < 0.001; Fig. 2B). After 72 h, we could not observe any
statistically significant difference between groups (P = 0.145; Fig. 2C).

3.4 Anti-piR-651 Transfection Inhibits Motility of MCF-7 Cells
The wound healing of the control group was faster than non-target and anti-piR-651 transfected groups

after 24 h (Fig. 3B). After 48 h, the motility of anti-piR-651 transfected cells was slower than the other groups
(Fig. 3C). After 48 h, we could not observe any wound on the areas of non-target and control groups,
although there was a wide wound area on the anti-piR-651 transfected MCF-7 cells (Fig. 3C).

3.5 piR-651 Inhibition Impact on the Gene Expressions of Which are Related to the Molecular

Characteristics of MCF-7 Cells by Using RT-PCR
Inhibition of piR-651 caused the decrease in Ki-67 expression in the transfected group (0,999 ± 0.0025)

compared to control (1,21 ± 0.0036; P < 0.001, Fig. 4B). MMP-2 gene expression was decreased in the anti-
piR-651 transfected group (–8,67 ± 0.0034) compared to control (–6,09 ± 0.0022; P < 0.001; Fig. 4C). ERα

Figure 2: The adhesion of control, non-target and anti-piR-651 transfected MCF-7 cells at 24th, 48th and
72nd hours. A. The adhesion of control, non-target and anti-piR-651 transfected MCF-7 cells at 24th hour (p <
0.001). B. The adhesion of control, non-target and anti-piR-651 transfected MCF-7 cells at 48th hour (p < 0.001).
C. The adhesion of control, non-target and anti-piR-651 transfected MCF-7 cells at 72nd hour (p > 0.05)
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gene expression of the inhibited group (–5.14 ± 0.117) was downregulated compared to the control group
(0.14 ± 0.032; P < 0.001; Fig. 4D). The differentiation of cells as a result of anti-piR-651 transfection
was evaluated to observe the HIF-1α gene expression. We observed that the HIF-1α gene expression was
downregulated in piR-651 inhibited MCF-7 cells (–1.34 ± 0.051) compared to the control (2.65 ± 0.079;
P < 0.001; Fig. 4E). hTERT gene expression decreased statistically significantly in inhibited cells (-1.594
± 0.058) compared to the control (1.517 ± 0.247; P < 0.001; Fig. 4F).

Figure 3: (continued)
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4 Discussion

Epigenetic mechanisms, especially hypermethylation, change the expression patterns of some genes
which are related to adhesion (cadherins as CDH1, CDH13), DNA repair (BRCA1), proapoptotic
functions (HOXA5, TMSF1) or the cell cycle (p16, p53, RASSF1A) in breast cancer [5,42]. piRNAs is a
member of the epigenetic mechanisms, which are called non-coding RNAs, and are especially useful in
controlling the methylations (DNMTs) and acetylation (HDAC, H3K27me3 methyltransferase, EZH2)

Figure 3: Wound healing images of control, non-target and anti-piR-651 transfected MCF-7 cells at 0, 24th
and 48th hours. The wound healing of 48th hour is completely over in control and non-target groups while
wound was still detected in anti-piR-651 transfected MCF-7 cells (Magnification Ratio: 20 µm). A indicates
0 hour; B indicates 24th hour; C indicates 48th hour

Figure 4: The effect of anti-piR-651 transfection on gene expressions of (A) piR-651; (B) Ki-67;
(C) MMP-2; (D) ERα; (E) HIF-1α and (F) hTERT (p < 0.001)
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mechanisms [43–45]. The preliminary studies of piRNAs indicate that the main targets of piRNAs are
methyltransferases (DNMT1, 3a, and 3b) or histone methyltransferases like Enhancer of zeste homolog 2
(EZH2) or H3K27me3 methyltransferases [15,46–51]. By targeting the same molecules with other known
mechanisms, we aimed to use the piRNA sequence (anti-piR-651) to determine its effects on molecular
mechanisms such as proliferation, adhesion, and motility in benign breast cancer cells.

The first report about piR-651 and cancer suggested that the upregulation of piR-651 was associated
with the tumor‑node-metastasis (TNM) in gastric cancer tissues [21]. Yao et al. [16] identified that
inhibition of endogenous piR‑651 may prevent tumor development by inhibiting cell proliferation,
migration, and invasion, and induces cell apoptosis in the NSCLC cell line. In another study involving
piR-651 and lung cancer, it was determined that the upregulation of piR-651 caused a higher risk of
death in NSCLC patients [11]. Previously, detecting piR-651 expression in MCF-7 cells after transfection
was deemed essential for understanding the efficiency of transfection. As a result of transfection, piR-
651 expression was decreased in anti-piR-651 transfected MCF-7 cells. After identifying the efficiency of
transfection, the other gene expressions were detected in MCF-7 cells.

ERα is an important parameter for this study because MCF-7 cells are ERα positive and dependent cells.
Therefore, we aimed to decrease the ERα gene expression of these cells in order to affect their proliferation.
Furthermore, recent studies showed that the upregulation of ERα caused MCF-7 cells to be more aggressive.
In a study regarding disruption of ER signaling in MCF-7 cells, polycomb repressors (like EZH2) and histone
deacetylases (HDACs) were enhanced and this enhancement repressed ER target genes in a stable manner
[52]. In our study, inhibition of piR-651 decreased ERα gene expression in ER-dependent breast cancer
cells. We suggested that the ER-dependent breast cancer cells (MCF-7) cannot use this receptor to survive
and proliferate; they should go apoptosis at that point. Targeting ERα by using anti-piR-651 transfection
might be a useful treatment against benign breast cancer to control their proliferation.

Another perspective of the piR-651 effect on proliferation is that hTERT expression is an important key
feature. Various studies have indicated that hTERT overexpression in mammary epithelial cells reduces their
dependence on mitogens by regulating genes that are related to proliferation [53], while telomerase inhibition
promoted apoptosis in ovarian cancer cells [54]. Li et al. [55] detected inhibition of hTERT, causing a
reduction in cancer cell proliferation and growth without affecting telomere length. Hormone dependency
and hormone receptor-mediated signaling pathways, such as estrogen receptor (ER)-signaling, can regulate
TERT expression in hormone-dependent breast cancer. In ER-dependent breast cancer, high expression of
hTERT is observed [38]. The other mechanism of hTERT depends on abnormal DNA methylation. DNA
methyltransferase I (DNMT1) is the key feature of hTERT activity and in cancer cases, the expression of
DNMT1 is overexpressed [37,56,57]. In a study, they indicated that the high DNMT1 expression is
especially determined in MCF-7 cells and they suggested that DNA methylation, and also DNMT1, might be
linked to the immortalization of cancer cells [37]. piRNA researchers have also known that one of the
proteins, which is correlated with piRNA expression, is DNMT1. Leu et al. [52] determined the strong
relationship between DNA methyltransferases and ERα in breast cancer cells. We suggested that ERα
induction using anti-piR-651 caused hTERT gene expression to decrease in MCF-7 cells (Fig. 4F). For
future studies, DNMTs might be one of the target molecules of ERα and an hTERT related proliferation
pathway in benign breast cancer cells. Furthermore, as we observed, the downregulation of the hTERT gene
might decrease the proliferation rate of MCF-7 cells (Fig. 1B). Given this point, we consider that cells
cannot proliferate and some mortality mechanisms like apoptosis might occur in cells.

The third parameter which helps us to understand the piR-651 effect on MCF-7 cells is Ki-67. Previous
studies have also indicated that Ki-67 expression generally indicates and gives information about the
proliferation of cells, especially breast cancer cells. Sobecki et al. determined the extremely low
Ki-67 gene expression on quiescent cells [23]. Low Ki-67 expression was observed in breast cancer cells,
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which have low proliferation rates [58]. A study that focused on the relationship between untreated early-
stage breast cancer patients and the Ki-67 gene expression profile showed that there is a distinct
correlation between early-stage breast cancer and reduced Ki-67 expression [59]. Moreover, it was
determined that inhibition of the Ki-67 gene by using shRNA transfection caused decreased tumor growth
in immunodeficient mice [60]. Not only Ki-67 gene expression but also proliferation assay was applied to
determine the effect of piR-651 inhibition on the proliferation of MCF-7 cells. According to our results
from proliferation assay and Ki-67 gene expression, inhibition of piR-651 caused MCF-7 cells to
decrease proliferation after the 48th hour (Fig. 1B and Fig. 4B).

EZH2 is an important molecule to understand the relationship between MMPs and piR-651. MMPs and
piR-651 both have an impact on carcinogenesis by affecting the EZH2 molecule. A study aimed to
understand the potential effect of EZH2 on triple-negative breast cancer cells and according to their high-
level data obtained, EZH2 caused an increase in the expression of MMP-2 in breast cancer cells [26]. In
benign breast cancer cells like MCF-7, generally, low expressions of MMPs are observed. Moreover,
Li et al. observed that MMP‑2 and MMP‑9 expression profiles in breast cancer tissues were correlated
with lymph node metastasis and tumor grade [61]. High MMP‑2 and MMP‑9 expression cause
degradation of type IV collagens and promotes the invasion and metastasis of tumor cells [62]. Previous
studies have indicated that MMP‑2 and MMP‑9 expressions in breast cancer tissues were significantly
higher than in fibrous adenomas and in patients with infiltrative breast cancer and lymph node metastasis
compared to patients with non‑infiltrative and non‑lymph node metastasis [61,63]. Furthermore, Jones et
al determined that MMP‑2 was mainly expressed in the cytosol of breast cancer cells, and a small amount
of these cells were present in the normal breast duct and basal membrane [64]. Furthermore, Zhang et al.
[17] have identified that piR-651 promotes invasion and metastasis of non-small cell lung cancer
(NSCLC) cells. According to our data obtained, a downregulation of MMP-2 was determined after
piR-651 inhibition. Moreover, we detected loss of adhesion of MCF-7 cells after piR-651 inhibition
(Figs. 2A–2C). We observed that the motility of anti-piR-651 transfected MCF-7 cells decreased after the
48th hour. MMP-2 gene expression data also supports motility results and indicates that the
downregulation of piR-651 prevents MCF-7 cells from spreading over a wide area (Fig. 3).

Hypoxic microenvironment mainly occurs in breast cancer and approximately 25%–40% of invasive
breast cancer has hypoxic microenvironments [65]. Hypoxia can promote the development of breast
cancer cells and epithelial-mesenchymal transition-mediated breast cancer cell migration, which has a
negative impact on the survival rate of breast cancer patients with intratumoral hypoxia [66]. Li et al. [67]
showed that HIF-1α downregulation caused the reversal of chemoresistance and inhibits proliferation,
migration, and invasion of breast cancer cells in vitro. Furthermore, Wong et al. [68] indicated that
observing metastatic formation during breast cancer development is a HIF-1α dependent situation. A
study on the relationship between HIF-1α expression and MCF-7 cells supports our hypothesis and
indicates that inhibition of HIF-1α decreases the tumorigenicity of MCF-7 cells [69]. Determining the
expression patterns of HIF-1α is important due to the detection of the differentiation rate of cells after the
transfection of anti-piR-651. According to our data obtained, inhibition of piR-651 caused an decrease of
HIF-1α expression. This result indicates that piR-651 is functional in controlling the differentiation of
MCF-7 benign breast cancer cells. Furthermore, the absence of piR-651 caused a decrease in HIF-1α
expression, and low HIF-1α expression in MCF-7 cells showed that these breast cancer cells are early
and benign types of breast cancer and the mechanisms of angiogenesis, migration, and invasion cannot be
detected in that grade of breast cancer cells. Our hypothesis is piR-651 inhibition causes to reduce
proliferation, adhesion, differentiation and motility of MCF-7 breast cancer cells. By this way, we can
understand the impact of piR-651 in breast cancer. As a result of all our obtained data, inhibition of piR-
651 affects various mechanism of cancer cells which were damaged during carcinogenesis and might
transform these damaged mechanisms as previous conditions (Fig. 5).
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The current study is subject to limitations. First of all, we could only observe the cellular characteristic
changes of MCF-7 breast cancer cell line. The impact of piR-651 and other piRNAs should be detected in
other breast cancer cell lines, tissue and blood samples. However, piRNA studies gain interest day by day,
there are less knowledge about them. Furthermore, more studies are needed to identify the cellular
mechanisms of various piRNAs.

This study indicates that piR-651 affects the main characteristics of benign breast cancer cells and it
might be useful to transform benign cells into the healthy cells in the future. The relationship between
piRNAs and ERα was determined and we suggest that hormonal regulation of breast cancer cells can be
regulated by piRNAs as a result of the study results. To find a successful treatment for a disease, you
should know the potential molecular mechanism of disease. By these results we cannot say that piR-
651 is a good biomarker or target for gene treatment for now, but these results indicate that piR-
651 might be a good candidate for treatment or early diagnosis of breast cancer. To the best of our
knowledge, this study is the preliminary study of focusing on the relationship between piR-651 and
breast cancer.
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