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High expression of piwi-like RNA-mediated gene silencing 1
is associated with poor prognosis via regulating
transforming growth factor-§ receptors and
cyclin-dependent Kinases in breast cancer
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Abstract. Previous studies have demonstrated that abnormal
expression levels of PIWI may serve a crucial role in tumori-
genesis. However, the pathological role and its association
with prognosis remains to be fully elucidated. In the present
study, the expression levels of piwi-like RNA-mediated
gene silencing 1 (HIWI) and piwi-like RNA-mediated gene
silencing 2 (HILI) in breast cancer tissues were reported to
be high. The high expression levels of HIWI are correlated
with poor prognosis in detected patients. In addition, by over-
expression and interference, it was demonstrated that HIWI
promotes the activity of breast cancer cells while depression
of HIWI may induce apoptosis of breast cancer cells. It was
additionally identified that suppression of HIWI may arrest the
cells at the G,/M stage. The expression levels of transforming
growth factor-f§ receptor (TBR)I, TRRII, cyclin-dependent
kinase (CDK)4, CDK6 and CDK8 were observed to be regu-
lated by HIWI, which indicated a novel mechanism of HIWI
in the regulation of breast cancer progression. The present
study provides novel insight into the HIWI expression in
breast cancer, providing a potential biomarker for assessment
of prognosis and therapy of breast cancer.

Introduction

Breastcancerisone of mostcommon causes of cancer-associated
mortality worldwide (1). In general, the development stage of
breast cancer includes the benign proliferation, precancer and
cancer like other types of cancer (1). During the early stages of
breast cancer, intervention of the progression of the precancer
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can eradicate the cancer. Once organisms have entered into
the cancer stages, breast cancer has a poor survival rate (3).
Thus, accurate and effective specific biomarkers for breast
cancer are required for monitoring the progression of breast
cancer. At present, the commonly used therapeutic strate-
gies for breast cancer are surgical resection, chemotherapy
and radiotherapy (3). However, these treatments have a low
long-term survival rate (1). The pathogenesis of cancer is
complex, involving genetic, epigenetic and environmental
factors (4,5). Thus, improvement in the understanding of the
developmental mechanisms would aid in the diagnosis of
patients and the development of effective treatment strategies.
Studies investigating the epigenetics of cancer may provide a
strategy for the identification of diagnostic biomarkers and for
novel therapeutic strategies.

In cancer cells, the genomes are often unstable, exhibiting
a duplication and/or deletion of genes and deviant epigenetic
alterations (5). Previously, epigenetic alterations including
mRNA silencing, genome methylation and histone modifica-
tion during the progression of cancer have been thoroughly
investigated (5,6). Genome hypomethylation influences cancer
progression by affecting transcription and transposable
elements (TEs) (7). Several previous studies have indicated
that the methylation levels of oncogenes and tumor suppressor
genes are associated with abnormal expression of these genes,
and result in increased cancer progression (5-9). In addition,
the unstable TEs in genome transfer in the chromosomes have
been reported to lead to deleterious mutations and aberrant
expression of oncogenes and tumor suppressor genes (4,10).
These active TEs contribute to the progression of cancer.
Thus, epigenetics may potentially be used for diagnosis and
monitoring of prognosis. However, the association between
epigenetics and cancer progression remains unclear.

In previous studies, a broad pathway, the PIWI-piRNA
pathway, was identified in germline cells from mouse
testes (11,12). Subsequent studies demonstrated that this
pathway was highly conserved in different organisms, from
invertebrates to mammals (13-15). PIWI homologs were
initially suggested to be specifically expressed in germline
cells. Low and high expression levels of PIWI have been
reported to result in reproductive disorders in different
animals, including those in flies (14), fish (15), frogs (16) and
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mammals (17). Previously, studies have identified aberrant
expression levels of PIWT in multiple types of human cancer,
including ovarian, lung and pancreatic cancer (18,19). In
breast, endometrial and gastrointestinal tract cancer, PIWI
expression has been detected, while in normal tissues, the
expression of PFTWI was not observed (20). Thus, it is suggested
that PIWT participates in the progression of cancer. In humans,
four different homologs, including piwi-like RNA-mediated
gene silencing 1 (PIWIL1/HIWI), piwi-like RNA-mediated
gene silencing 2 (PIWIL2/HILI), piwi-like RNA-mediated
gene silencing 3 (PIWIL3) and piwi-like RNA-mediated
gene silencing 4 (PIWIL4/HIWI2) have been identified (13).
The function of these different homologs remains to be fully
elucidated. HIWI has been regarded as an inducer for tumor
growth and mortality (21). The expression of HILI has been
identified in different types of cancer cells, including those
of breast and cervical cancer (19). PIWIL3 and HIWI2 have
been identified in colon cancer alone (22). Thus, the expression
profiles and its association with cancer progression require
further investigation.

The present study focused upon the expression profile
of PIWI homologs during the progression of breast cancer,
and in association with the patient prognosis. In addition, by
transfection of cells, the effects of overexpression, interfer-
ence, overexpression reversal and interference reversal of the
key PIWI homologs were assayed in the breast cancer cell
line MCF-7. Furthermore, the role of HIWI in regulating the
expression levels of TPR and cyclin-dependent kinases (CDKs)
was investigated in the breast cancer cell line MCF-7.

Materials and methods

Materials. The human tissue samples including normal (n=25),
benign (n=19) and malignant (n=8) tissues were obtained from
27 female patients (age, 30-45 years) during tumor resection at
the First Hospital Affiliated to Soochow University (Suzhou,
China). The tissue type was confirmed pathologically. All
patients provided written informed consent and approval
was provided by the Ethics Committee of the First Hospital
Affiliated to Soochow University. Informed consent was
obtained from all patients.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). The gene expression in tissues was assayed by
RT-gPCR. The total RNAs of the tissue samples were extracted
by TRIzol reagent (Invitrogen Life Technologies, Carlsbad,
CA, USA) according to the manufacturer's instructions.
Subsequently, 1 ug RNA was transcribed to the first-strand
cDNA using SuperScript II reverse transcriptase (Invitrogen
Life Technologies). The primers used are presented in Table I.
B-actin was used as an internal control. RT-qPCR was
performed with the Applied Biosystems 7500 Real-Time PCR
System (Applied Biosystems Life Technologies, Foster City,
CA, USA). The PCR conditions were as follows: 94°C for
2 min followed by 40 cycles of 94°C for 15 sec and 60°C
for 45 sec. A final extension step was conducted at 72°C for
30 sec. Subsequent to the amplification, melting curve analysis
was conducted to confirm the specificity of the amplification
products using AB 7500 software, version 2.0.6 (Applied
Biosystems; Thermo Fisher Scientific, Inc., Waltham, MA,
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Table I. Primer sequences for reverse transcription-quantitative
polymerase chain reaction.

Gene Primer sequence 5'—3'

MAEL F: CTGATGATAGAACCAGAGTC
MAEL R: GAATCCAAGTCTTAGAGGGC

HIWI  F: GAAGCAGCCTGTCTTGGTCAGCCAGCCTG
HIWI  R: GAATCAAAGCTCAAACCCCAGTCTC
HILI F: ATCTATATCTGGCTGCTCCTC

HILI R: GATGCAAGATGTGTCCTGAC
PIWIL3 F: GGTGATTTGTATCCTGCCCA

PIWIL3 R: TGACCATCTCCCACTCCATC

HIWI2 F: AATGCTCGCTTTGAACTAGAGAC
HIWI2 R: ATTTTGGGGTAGTCCACATTAAATC
TPRRI F: TGGCGGGGAGAAGAAGTTG

TPRRI R: CTGCTGCTATAAATCCCAGGATG
TPRII  F: AGAAGTCGGATGTGGAAATGGA
TPRII  R: CTGCACCGTTGTTGTCAGTG

CDK4 F: CAGGACCTAAGGACATATCTGGA
CDK4 R:CTCGGTACCAGAGTGTAACAACC
CDK6 F: TGATCAACTAGGAAAAATCTTGGAC
CDK6 R: GGCAACATCTCTAGGCCAGT

CDK8 F: ATCAGTCGGGCTGGTGCTG

CDKS8 R: CTTTATCATCCTTCCCATCTTTCC
B-actin  F: CACCATGAAGATCAAGATCATTGC
B-actin  R: GGCCGGACTCATCGTACTCCTGC

MAEL, maelstrom spermatogenic transposon silencer; HIWI,
piwi-like RNA-mediated gene silencing 1; HILI, piwi-like
RNA-mediated gene silencing 2; PIWIL3, piwi-like RNA-mediated
gene silencing 3; HIWI2, piwi-like RNA-mediated gene silenc-
ing 4; TPRI, transforming growth factor-f type I receptor; CDK,
cyclin-dependent kinase; F, forward; R, reverse.

USA). For each sample, RT-qPCR reactions were performed
in triplicate. The results were analyzed with the 242
method (23).

Western blot analysis. The tissues were lysed in radioimmuno-
precipitation assay buffer (Beyotime Institute of Biotechnology,
Haimen, China) on ice and centrifuged at 12,000 x g for 30 min
at 4°C to obtain the protein. The extracted proteins were then
separated by 15% polyacrylamide gels and transferred onto
polyvinylidene difluoride membranes (GE Healthcare Life
Sciences, New Orleans, LA, USA). Subsequent to blocking in
milk for 1 h, the membranes were incubated with the dilution
of primary antibodies overnight at 4°C. The primary antibodies
were: Rabbit polyclonal anti-human MAEL (1:500; Abcam,
Cambridge, MA, USA; cat. no. abl06713), rabbit polyclonal
anti-human HIWI (1:500; Abcam; cat. no. ab12337), rabbit
polyclonal anti-human HILI (1:500; Abcam; cat. no. ab181340),
rabbit polyclonal anti-human PIWIL3 (1:500; Abcam; cat.
no. ab93709), rabbit polyclonal anti-human HIWI2 (1:500;
Abcam; cat. no. 180867) and rabbit polyclonal anti-human
GAPDH (1:2,000; Abcam; cat. no. ab9485). The samples
were washed with phosphate-buffered saline (PBS; Beyotime
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Institute of Biotechnology) three times and then probed with
the goat anti-rabbit horseradish peroxidase (HRP)-conjugated
IgG (H+L) secondary antibody (1:2,000; Thermo Fisher
Scientific, Inc.; cat. no. 31460) for 1 h at room temperature.
The signals were detected using the Bio-Rad ChemiDoc
Touch System (Bio-Rad Laboratories, Inc., Hercules, CA,
USA). Three independent experiments were repeated, with
each sample protein normalized to GAPDH.

Cell culture. The MCF-7 cell line was provided by the
American Type Culture Collection (Manassas, VA, USA).
These cells were incubated in Dulbecco's modified Eagle's
medium (DMEM; Gibco Life Technologies, Grand Island,
NY, USA), which was supplemented with 10% fetal bovine
serum (Invitrogen Life Technologies), at 37°C in an incubator
with 5% CO,. The viability of the cells was analyzed using
trypan blue exclusion (Sangon Biotech Co., Ltd., Shanghai,
China) subsequent to cell culture for 24 h. For the detection of
cellular morphology, the cells were grown in glass cover slips
for 24 h at 37°C and observed using an inverted microscope
(PM-10AD; Olympus Corporation, Tokyo, Japan).

Cell transfection. The interference and overexpression
vectors were constructed in order to examine the biophysical
properties of the cell line subsequent to knockdown and over-
expression of HIWI. The transfection vector was constructed
using a plasmid of pcDNA3.1(t) (pc3.1) (Invitrogen Life
Technologies) and HIWI. The open reading frame fragment of
HIWI was obtained and cloned into pc3.1 between the BamHI
and EcoRlI sites in order to construct the recombinant plas-
mids. Subsequent to construction of the plasmids, transfection
was conducted using Lipofectamine™ 2000 (Invitrogen Life
Technologies) according to the manufacturer's instructions.
The cells were cultured in DMEM at 37°C in an incubator and
collected at 24 h for the following analysis.

The cells were divided into five groups (5 parallel treat-
ments for each group), including the control (non-treated
group), HIWTI interference group (I pg HIWI shRNA
plasmid transfection), HIWI overexpression group (1 ug
pcDNA3.1(t)-HIWI plasmid transfection), HIWT interference
reversal group (1 ug HIWI shRNA plasmid transfection for
12 h followed by 1 pg pcDNA3.1(t)-HIWI plasmid transfec-
tion for 12 h) and HIWT overexpression reversal group (1 ug
pcDNA3.1(t)-HIWI plasmid transfection for 12 h followed by
1 ug HIWI shRNA plasmid transfection for 12 h).

Flow cytometry. Flow cytometric analysis was used to
investigate the apoptosis of the cells. All fluorescence signals
of labeled cells were detected using the FACScan flow
cytometer (BD Biosciences, San Jose, CA, USA). Using the
Annexin V-Fluorescein Isothiocyanate (FITC) Apoptosis
Detection kit (BD Biosciences), the phosphatidylserine redis-
tribution in the plasma membranes was measured according to
the manufacturer's instructions.

Statistical analysis. All data are presented as the mean + stan-
dard error. The statistical analyses were conducted using SPSS
software, version 17.0 (SPSS, Inc., Chicago, IL, USA). The
significant differences among the groups were determined by
one-way analysis of variance. The Cox's regression analysis
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Table II. Characteristics for the 187 patients at the beginning
of the experiment.

Expression
Characteristic Low n=98) High (n=89) P-value
Age 47.98+5.62 49.52+7.84 0.58
Stage I 32 41 045
Stage 11 48 37 0.78
Stage I + IV 18 11 0.74
Tumor size (mm?) 5.42+2 .61 23.54+1.62 0.012

based on gene expression and prognostic outcome was
performed. The follow-up information for 187 patients for a
period of 100 months was collected. The patients were divided
into two groups: higher HIWI expression group (mRNA rela-
tive expression, >5) and the lower HIWI expression group
(mRNA relative expression, >2 but <4). The result was calcu-
lated by fitting the predictive prognosis model using SPSS. In
addition, expression of HIWI and HILI were analyzed using a
Kruskal-Wallis test, followed by Dunn's multiple comparison
tests with SPSS. P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

Expressionlevels of HIWI and HILI are increased in malignant
breast cancer tissues. In order to investigate the important role
of PIWI in breast cancer, RT-qPCR and western blotting were
conducted in order to analyze the expression of HIWI, HILI,
PIWIL3, HIWI2 and maelstrom spermatogenic transposon
silencer (MAEL) in normal breast tissue (n=25), benign breast
tumors (n=19) and malignant breast cancer tumors (n=8). The
results demonstrated that the relative expression levels of
MAEL, HIWI and HILI were significantly higher in malignant
breast cancer tissues compared with normal and benign breast
tissues (Fig. 1A-C). However, the relative expression levels
of PIWIL3 and HIWI2 in malignant breast tissues were not
significantly different to the normal and benign breast tissues
(Fig. 1D and E). Furthermore, the results of western blotting
of these genes were consistent with the results of RT-qPCR
(Fig. 1F). The protein expression levels of MAEL, HIWI and
HILI in malignant breast cancer were significantly higher than
those of normal and benign breast tissues, while no significant
differences in PIWIL3 and HIWI2 expression levels were
observed between the three tissue groups.

HIWI is associated with a reduced prognosis in breast cancer.
The follow-up information for 187 patients for a period of
100 months was collected (Table II). The patients were first
divided into two groups: The higher HIWI expression group
(mRNA relative expression >5) and the lower HIWI expres-
sion group (MRNA relative expression >2). The tumor specific
survival rates with HIWTI and HILI are presented in Fig. 2A.
For HIWI, a significant correlation between HIWI and survival
rate was identified (P<0.05). The higher HIWI expression
group exhibited significantly higher survival curves than the
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Figure 1. Box plots representing the expression of HIWI pathway genes in normal breast, benign breast cancer and malignant breast cancer tissues. Reverse
transcription-quantitative polymerase chain reaction analysis of mRNA expression of (A) MAEL, (B) HIWI, (C) HILI, (D) PIWIL3 and (E) HIWI2. (F) The
protein expression levels of HIWI pathway genes in normal breast, benign breast cancer and malignant breast cancer tissues. The Kruskal-Wallis test was
performed to compare the gene expression levels between the two groups. Filled dots indicate the mean of each group, "P<0.05. HIWI, piwi-like RNA-mediated
gene silencing 1; MAEL, maelstrom spermatogenic transposon silencer; HILI, piwi-like RNA-mediated gene silencing 2; PIWIL3, piwi-like RNA-mediated

gene silencing 3; HIWI2, piwi-like RNA-mediated gene silencing 4.
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Figure 2. Multivariate Cox's regression analyses. (A) Expression of HIWI and its correlation with tumor-specific survival. (B) Expression of HILI and its
correlation with tumor-specific survival. HIWI, piwi-like RNA-mediated gene silencing 1; HILI, piwi-like RNA-mediated gene silencing 2.

lower HIWI expression group. However, no significant differ-
ences were observed for HILI (Fig. 2B).

Regulation of breast cancer cell progression by HIWI. In order
to detect the effect of HIWI on breast cancer cell lines, the inter-
ference and overexpression HIWI vectors were constructed
and transfected into cells by Lipofectamine™ 2000. The
mRNA expression and protein expression was analyzed by
RT-gPCR and western blotting, respectively.

The results indicated that the highest expression of HIWI
was present in the overexpression group and the lowest mRNA
expression was observed in the interference group. While the

control group, overexpression reversal group and interference
reversal group exhibited intermediate expression (Fig. 3A).
Accordingly, the protein expression results were similar to
that of the mRNA expression. The overexpression group had
the strongest signals compared with the other groups. The
interference group had the lowest expression of HIWI protein
among all of the groups (Fig. 3B).

To elucidate the effects of HIWI on cellular regulation,
the cell cycle progression and cellular apoptosis were detected
by flow cytometry. The results demonstrated that the lowest
apoptotic rate in was in the overexpression group, whereas the
highest apoptotic rate was in the interference group (Fig. 3C
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and D). In addition, the interference group exhibited a signifi-
cantly greater rate of G,/M arrest compared with other groups
(Fig. 3E).

HIWI regulates TR and CDK expression levels in breast
cancer cells. In order to demonstrate the mechanism of HIWI
regulation in the TBR and CDK pathway, the mRNA and protein
expression levels of TBR and CDK were assayed. The mRNA
and protein expression of TBRI and TPRII were observed
to be downregulated by overexpression of HIWI, while the
other groups had no significant differences (Fig. 4A, B and F).
However, the mRNA and protein expression levels of CDK4
were upregulated by overexpression of HIWI (Fig. 4C). The
mRNA expression levels of CDK4 were the lowest in the
control, interference and overexpression reversal groups,
with no significant differences observed (Fig. 4C). While the
expression in the interference reversal group exhibited no
significant differences from the other groups. By contrast, the
levels of CDK6 and CDKS in the overexpression group exhib-
ited the highest expression, while no significant differences
were observed in the remaining four groups (Fig. 4D and E).
In addition, CDK4, CDK6 and CDKS exhibited a significant
increase in the overexpression group, while other groups
exhibited no significant differences (Fig. 4F).

Discussion

In the present study, it was demonstrated for the first time, to the
best of our knowledge, that overexpression of PIWI promotes
progression of breast cancer in vivo and in vitro. By comparing
the expression levels of PIWI genes among normal, benign and
malignant tissues, it was demonstrated that HIWI and HILI
exhibited high levels of expression in malignant breast cancer.
The results indicated that these two overexpressed genes may
mediate the progression of breast cancer. Furthermore, it was
identified that high expression levels of HIWTI are associated
with an impaired prognosis, while HILI did not exhibit such
effects in breast cancer. Previous studies have demonstrated
similar results, observing high expression levels of PIWI
genes in colorectal and endometrial cancer (13,24,25). In these
types of cancer, the overexpression of PIWI was observed to
be associated with the initiation and progression of cancer.
In addition, PIWI homologs have been observed to exhibit
varied alterations in different types of cancer studied. For
example, HILI is highly expressed in precancerous stem
cells during tumorigenesis (19) while in colon cancer, only
PIWIL3 and HIWI2 have been observed (22,26). In breast
cancer, Liu er al (20) demonstrated that HILI was expressed in
various stages of cancer, and they proposed that HILI may be
a potential biomarker for diagnosis. The results of the current
study additionally suggested that high expression of HILI is
present in malignant breast cancer, however the association
of patient prognosis with HILI was poor. By contrast, high
expression of HIWI was additionally observed in malignant
breast cancer, and a significant correlation between HIWI
expression and prognosis was identified. Thus, based on the
observations of the current study, HIWI is suggested as a more
suitable biomarker for breast cancer than HILI.

Subsequent to identification of the abnormally high expres-
sion of HIWI during the development of breast cancer, the

CAO et al: HIWIIS ASSOCIATED WITH BREAST CANCER

question of how this factor influences the progression of cancer
was addressed. Thus, transfection was used to detect the effect
of HIWI on progression of breast cancer cells. Subsequent to
interference and overexpression of HIWI in cells, the expres-
sion levels were altered accordingly. The flow cytometry
results suggested that overexpression of HIWI promoted
cell activity and inhibited the apoptosis of cells compared
with the control group. Subsequent to interference of HIWI,
the apoptotic rate increased significantly. Activities of tumor
cells, including metastasis and invasion, are regulated by the
cell cycle (27). Previous studies have demonstrated that HIWI
participates in the stability of the genome and regulates genes
expression via binding with piRNAs (7,28). The PIWI-piRNA
pathway was only identified in 2006, thus the understanding of
this pathway in cancer remains limited (29). Although HIWI is
aberrantly expressed in human cancer and its correlation with
prognosis has been reported in previous studies (21,30,31), the
effects of HIWI on the activities of cells remain unclear. In
addition, interference of HIWI may inhibit the progression of
breast cancer cells, which provides a novel potential therapy
for use in cancer treatment.

HILI may inhibit transforming growth factor § (TGF-f)
signaling by regulating Hsp90 and promoting TR degrada-
tion (32). In the present study, the results suggested that HIWI
promoted cell activities. Thus, the current study additionally
investigated gene regulation by HIWI. The results suggested
that inhibition of HIWT arrested cells in the G,/M stage. Due
to the fact that HIWI may regulate cell progression of breast
cancer via controlling the cell cycle, the cell cycles were
affected by HIWI. The results suggest that TGF-f signaling
and/or CDK genes may be responsible for cell cycle regula-
tion via HIWTI. The results of the current study demonstrated
that overexpression of HIWI reduced the levels of TBRI and
TPRII, which is similar to the result of HILI overexpression.
However, it remains unclear whether this effect is medi-
ated by HILI. In addition, the expression of HIWI, which is
suggested to regulate TBR degradation, may serve a crucial
role in the progression of cancer. In order to understand the
molecular mechanism of HIWI on the cell cycle, the expres-
sion levels of factors associated with the cell cycle, including
CDK4, CDK6 and CDKS8 were detected (33). The results
demonstrated that overexpression of HIWI promotes mRNA
in addition to protein expression levels of these genes. The
members of the CDK family serve an important role in the
cell cycle (34). In the CDK family, CDK4, CDK6 and CDKS
are key genes which control DNA synthesis and the transi-
tion from G;-S stage (33). Under or overexpression of these
genes leads to dysfunction of cell progression (34). Thus, it
is proposed that the overexpression of HIWI in breast cancer
contributed to the promotion of CDK gene expression and
the induction of cancer progression.

In conclusion, the present study demonstrated that high
expression levels of HIWI are associated with a reduction in
the patient prognosis in breast cancer. Suppression of HIWI
may arrest the cells at the G,/M stage. Furthermore, the
expression levels of TRRI, TPRII, CDK4, CDK6 and CDK8
were regulated by HIWI in breast cancer cells. These obser-
vations indicate that HIWI participates in the progression of
breast cancer via regulating the gene expression of TBRs and
CDKs.
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