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Abstract: Objective: This study aimed to evaluate the
expression of progestin and adipoQ receptor family member
VI (PAQR6, mPRS) in prostate cancer and to explore its role
in prostate cancer progression. Methods: PAQR6 mRNA
expression was evaluated based on the data obtained from
the TCGA database and the GEO database. The prognostic
value of PAQR6 was explored by Kaplan-Meier analysis.
To investigate the role of PAQRS, it was depleted by siRNA
in DU145 cells. The effects of depleting PAQR6 on DU145
cell viability and migration were determined by CCK8
assay, colony formation assay, and wound healing assay,
respectively. The activation of MEK and ERK were analyzed
by western blot. Results: PAQR6 mRNA expression was
significantly up-regulated in prostate cancer tissues
and correlated with lower survival rates (p=0.014).
Furthermore, qPCR revealed that PAQR6 expression was
elevated in DU145 and LNCaP cells compared with RWPE-2
cells. Depleting PAQR6 obviously suppressed DU145 cell
proliferation and migration (p<0.01). In addition, the ratio
of p-MEK/MEK and p-ERK/ERK was significantly reduced
after silencing PAQR6 (p<0.01). Conclusion: PAQR6 might
play a facilitating role in prostate cancer development by
regulating the MAPK signaling pathway. Moreover, it might
serve as a potential predictor and therapeutic target in
prostate cancer.
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1 Introduction

Prostate cancer is one of the most common malignancies
in the male genitourinary system as well as a leading
cause of cancer-related death in developed countries [1, 2].
The high incidence of prostate cancer is related to many
factors such as age, ethnicity, family history, and genetic
susceptibility [3]. Although some progress has been made
in the pathogenesis, detection, and therapy of prostate
cancer during the past years, metastasis of the lesion and
the risk of recurrence after surgery remain major problems
[4]. Hence, finding effective prognostic and diagnostic
biomarkers and therapeutic targets is of great significance
for the treatment of prostate cancer.

Progesterone, one of the sex steroid hormones,
possibly acts through multiple receptors and has been
reported to be involved in many cell biology process
(proliferation, differentiation, etc.) as well as in the
progression of various cancers [5, 6] . It has been found
that high progesterone receptor (PGR) density is an
independent poor prognostic factor in prostate cancer
[5]. Membrane progesterone receptors (mPRs) that belong
to the progestin and adipoQ receptor (PAQR) family are
putative non-classical progesterone signaling molecules
[7-9]. To date, five of these molecules have been identified
inhumans: PAQR5 (mPRy), PAQR6 (mPRS), PAQR7 (mPRa),
PAQR8 (mPRpB), and PAQR9 (mPRe) [10]. Differential
expression of PAQR5 and PAQR8 was found in ovarian
cystadenomas, borderline tumors, and carcinomas,
suggesting that they have important roles in epithelial
ovarian tumors [11]. PAQR5 and PAQRS8 were also supposed
to be potential prognostic biomarkers of endometrial
cancer [10]. In human glioblastoma cells, the activation
of PAQR7 has been found to exhibit a promoting effect on
cell proliferation and motility, implying its involvement
in glioblastoma development [12]. In addition, LI ZHOU
et al. found that progesterone inhibits triple-negative
breast cancer growth and metastasis via PAQR7 [13]. This
evidence suggests that mPRs play an important role in
cancer development and have the potential to be therapy
targets and biomarkers in cancer.
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Here, we first analyzed the expression of PAQR6 in
prostate cancer tissues based on data obtained from the
public database. Then the role of PAQR6 in prostate cancer
cell growth and migration was investigated by depleting
PAQR6 using siRNA. Our observation demonstrated for
the first time that PAQR6 expression is elevated in prostate
cancer and plays a facilitating role in prostate cancer
progression.

2 Methods

2.1 Data collection

The expressiondata of 13 malignant prostate tissue samples
and 8 benign prostate tissue samples were obtained
from Gene Expression Omnibus (GEO, http://www.ncbi.
nlm.nih.gov/geo/) database with the access number of
GSE55945. The RNA-Seq expression data of 499 prostate
cancer samples and 52 normal samples were downloaded
from the TCGA database (https://cancergenome.nih.gov/).
Moreover, the clinic-data of these 499 prostate cancer
patients were downloaded together.

2.2 Cell culture

The human normal prostate epithelial cell line RWPE-2
was obtained from American Type Culture Collection
(ATCC, USA) and cultured in Keratinocyte Serum Free
Medium (K-SFM) supplemented with 0.05 mg/ml bovine
pituitary extract (BPE) and 5 ng/ml epidermal growth
factor (EGF). The prostate cancer cell lines DU145 and
LNCaP were purchased from the Chinese Academy of
Sciences Shanghai Academy of Sciences Cell Resource
Center (Shanghai, China). DU145 cells were cultured
in MEM medium supplemented with 10% fetal bovine
serum (FBS; HyClone: Logan, UT). LNCaP cells were
grown in RPMI-1640 medium (Corning: Manassas, VA)
supplemented with 10% FBS. All the cells were cultivated
at 37°C with 5% CO,

2.3 Transfection

Transfections with PAQR6 and scrambled small interfering
RNA (siRNA) were executed using Lipofectamine 2000
(Invitrogen, Carlsbad, CA) in line with the description
of the specification. The PAQR6 siRNAs (PAQR6
siRNA1l: 5-GCUGCCCCAACUUCUUCAA-3* and siRNA2:
5-CAUCUGGACUCACUU CCUG-3) and scrambled siRNA
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(5-CUUCUUCAACCGUCGCCAA-3’) were all purchased
from GENEWIZ, Inc. (Beijing, China). After 6 h of culture,
the transfection medium was replaced with complete
medium and incubated for 48 h. Following that, the cells
were subjected to the following experiments.

2.4 RNA extraction and real-time quantita-
tive PCR

Total RNA of prostate cancer cell lines was isolated using
RNAiso Plus (TaKaRa Biotechnology, Dalian, China)
following the manufacturer’s protocol. Synthesis of cDNA
using RNA as a template was conducted with the HiFiScript
cDNA Synthesis Kit (CwBio, Beijing, China). The mRNA
expression level of PAQR6 was determined by reverse
transcription polymerase chain reaction (RT-PCR) using
the Applied Biosystems 7300 Sequence Detection System
(Applied Biosystems). The following primers for PAQR6

were used: forward: 5-GGTGTTCTGGGAAGATGGCA-3
and reverse: 5-TCTGGAAGGAGCTGAGGACA-3’. GAPDH
(forward: 5-GGAGCGAGATCCCTCCAAAAT3’; reverse:

5-GGCTGTTGTCATACTTCTCATGG-3’) was used as the
endogenous reference gene. The PAQR6 mRNA expression
was calculated using a 2-22t method.

2.5 Cell proliferation assay

Cell Counting Kit-8 (CCK8, Dojindo, Kumamoto, Japan)
was used to examine the effect of silencing of PAQR6 by
siRNA on prostate cancer cell proliferation. Cells after 48
h of transfection were seeded into 96-well plates (1000
cells/well) and cultured at 37°C with 5% CO,. Cell viability
was measured with CCK8 according to the manufacturer’s
protocol at the time points of 24 h, 48 h, 72 h, and 96 h
of incubation. The absorbance at 450 nm was determined
using a microplate reader. All experiments were performed
in triplicate and done at least 3 independent times.

2.6 Colony formation assay

Single cell suspensions were prepared and plated onto
fresh 60 mm dishes (700 cells/dish). The cells were cultured
in media with 10% FBS for 2 weeks. During these 2 weeks,
the medium was replaced with fresh media every 4 days.
The colonies were fixed by methanol and stained with 0.1%
crystal violet. The visible colonies were counted, and the
relative ratio of colonies was calculated by considering the
colony number of the si-con group as 100%.
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2.7 Wound healing assay

For the purpose of investigating the effect of PAQR6 knockdown
on DU145 cell migration, we implemented a wound healing
assay. A micropipette tip was used to make a horizontal
wound in the cell monolayer. The width of the wounds was
photographed and measured 0 h and 24 h post scratching. The
relative migration distance of DU145 cells with silenced PAQR6
was calculated by considering the migration distance of the
control DU145 cells (si-con) as 100%.

2.8 Western blot analysis

Total protein of prostate cancer cells was extracted
using RIPA lysis buffer (Beyotime, Jiangsu, China) and
measured using the BCA method. Then the proteins were
fractionated by 10% SDS-PAGE and electrotransferred to
a PVDF membrane (Millipore, Bedford, MA) followed by
blocking with 5% skim milk for 1 h at room temperature.
Subsequently, the membranes were incubated with rabbit
anti-human primary antibodies at 4°C for 16 h. Then the
membranes were incubated with secondary antibodies
(1/1000, Cell Signaling Technology) at room temperature
for 1h. Lastly, the signals were detected using an Enhanced
chemi-luminescence (ECL) plus detection kit (Thermo
Fisher Scientifc, Inc.). The expression of GAPDH was used
as an internal control.

2.9 Statistical analysis

Kaplan-Meier analysis and log-rank tests were
performed to draw the survival curve and assess the
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difference between groups. The samples were divided
into high and low expression groups according to the
median of PAQR6 expression. Statistical analysis was
performed using SPSS 15.0 software. One-way ANOVA
analysis was used to compare the mean of multiple
samples. It was considered as statistically significant
when p<0.05.

Ethical approval: The conducted research is not related
to either human or animals use.

3 Results

3.1 PAQR6 mRNA expression was enhanced
in prostate cancer tissues and associated
with poor prognosis

We investigated the relative PAQR6 mRNA expression
level in prostate cancer tissues (n=499) compared
with normal prostate tissues (n=52) based on the data
downloaded from the TCGA database. Our results
showed that PAQR6 mRNA expression was obviously
up-regulated in prostate cancer tissues compared
with normal prostate tissues (p=1.29E-22, Figure 1A).
Based on the data obtained from the GEO database, the
up-regulation of PAQR6 was also observed in malignant
prostate tissue (n=13) compared with benign prostate
tissue (n=8, p=0.001687, Figure 1B).

The Kaplan-Meier analysis demonstrated that PAQR6
expression was a potential predictor of survival. Patients
with higher PAQR6 mRNA expression presented a shorter
survival time compared to those with lower expression
(p=0.014, Figure 1C).
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Figure 1. The mRNA expression level of PAQR6 was up-regulated in prostate cancer and positively related to poor prognosis in prostate
cancer patients. (A) Analysis of PAQR6 mRNA expression in prostate cancer samples (N=499) and normal prostate samples (N=52) based on
the expression profile downloaded from the TCGA database. (B) Analysis of PAQR6 mRNA expression in malignant prostate tissues (N=13)
and benign prostate tissues (N=8) based on the expression profile obtained from the GEO database with access number GSE55945. (C) The
correlation between PAQR6 expression and overall survival time was analyzed using Kaplan-Meier method based on the TCGA database.
The samples were divided into high PAQR6 expression (N=250) and low PAQR6 expression (N=249) according the median of PAQR6 mRNA

expression.
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3.2 Silencing PAQR6 inhibits DU145 cell
proliferation

To further explore the role of PAQR6 in prostate cancer
progression, we explored the mRNA expression of PAQR6
in prostate cancer cell lines by qPCR. Our results showed
that PAQR6 mRNA expression levels in DU145 and LNCaP
cells were remarkably higher than in RWPE-2 cells (p<0.01,
Figure 2A). Since the DU145 cell line showed the highest
PAQRG6 levels, it was used for subsequent experiments.
Si- PAQR6 (1) and si- PAQR6 (2) were synthesized and
transfected into DU145 cells to deplete PAQR6 expression.
As shown in Figure 2B, PAQR6 mRNA expression was
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down-regulated to 36.7% and 15.2% by using si- PAQR6
(1) and si- PAQR6 (2), respectively. Western blot analysis
showed similar down regulation of PAQR6 protein levels
(p<0.01, Figure 2C-D). Subsequent CCK8 assays showed
that the OD value of the si- PAQR6 group was significantly
lower at 48 h, 72 h, and 96 h compared to that of the
si-con group (p<0.01, Figure 3A). The results of the colony
formation assay were consistent with the outcomes
observed in the CCK8 assay. We found that the number of
colonies formed in the si- PAQR6 group was significantly
smaller than that of the si-con group (p<0.01, Figure 3
B-C). These data suggest that down-regulating PAQR6
significantly inhibits cell proliferation.
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Figure 2. Knockdown of PAQR6 by PAQR6 siRNA in prostate cancer cells. (A) The mRNA expression levels of PAQR6 in prostate cancer cell
lines DU145 and LNCaP as well as normal RWPE-2 cells line were determined by gPCR. (B) The mRNA expression levels of PAQR6 in DU145
cells were analyzed by qPCR 48 h after transfection. (C) PAQR6 protein expression in DU145 cells was determined by western blot 48 h after
transfection. (D) Quantification of PAQR6 protein expression. Columns, mean (n= 6); bars, SD. **P<0.01, vs. PAQR6 expression in DU145

cells transfected with scramble siRNA (si-con).
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Figure 3. Depletion of PAQR6 inhibits DU145 cell proliferation. DU145 cell proliferation ability was determined by CCK8 assay 48 h after
transfection. (B) DU145 cell proliferation ability was determined by colony formation assay. (C) The relative ratio of colonies in Figure (B).
N=6. **P<0.01, vs. DU145 cells transfected with scramble siRNA (si-con).

3.3 Silencing PAQRS6 inhibits DU145 cell
migration

Wound healing assays were performed to determine
the migration ability of DU145 cells. We found that
knockdown of PAQRS6 significantly reduced the migration
distance to 47% of that observed in the cells transfected
with scrambled siRNA (Figure 4 A-B, p<0.01). These results
demonstrated that DU145 cell migration ability was
markedly suppressed after depleting PAQR6.
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3.4 Silencing PAQRS6 inhibits the MAPK
signaling pathway

To study the potential mechanistic role of PAQR6 in cell
proliferation and migration, we examined the expression
changes of MAPK-related proteins in DU145 cells 8 h after
transfection by western blot. Our results showed that the
ratio of p-MEK/MEK and p-ERK/ERK was significantly
reduced in PAQR6-depleted DU145 cells compared with
cells transfected with scrambled siRNA (Figure 5 A-B,
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Figure 4. Knockdown of PAQR6 suppressed DU145 cell migration. (A) The effects of silencing PAQR6 on DU145 cell migration were deter-
mined by wound healing assays 0 h and 24 h after scratching. The bar represents 200 pm. (B) The relative migration distance of DU145.
**p<0.01, vs. DU145 cells transfected with scramble control siRNA (si-con).
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Figure 5. Knockdown of PAQR6 significantly suppressed the activation of the MAPK signaling pathway. (A) The protein expression of p-MEK, MEK,
p-ERK, and ERK in DU145 cells was determined by western blot. (B) Quantification of the ratio of p-MEK/MEK, p-ERK/ERK obtained by western blot.
Columns, mean (n= 6); bars, SD. **P<0.01, vs. expression of these proteins in DU145 cells transfected with scramble siRNA (si-con).
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p<0.01). These results suggested that silencing PAQR6
remarkably suppresses activation of the MAPK signaling
pathway.

4 Discussion

In the present study, we observed that PAQR6 is
up-regulated in prostate cancer tissues and that high
expression of PAQR6 is correlated with lower overall
survival rate. Through a series of in vitro experiments,
we demonstrated that PAQR6 might play a facilitating
role in prostate cancer cell proliferation and migration by
regulating the MAPK signaling pathway.

PAQR6, a member of the PAQR family, has
been characterized to be capable of responding to
progesterone and suggested to possess progestin-binding
characteristics [14, 15]. It is considered to be a unique type
of G protein-coupled receptor that acts via cAMP in the
nervous system [16]. Previous studies showed that PAQR6
is highly expressed in the human brain [17] and also in
the small intestine and back fat of swine [15]. However, the
expression and the function of this gene, particularly in
prostate cancer, remains unclear.

In this study, we analyzed the PAQR6 mRNA
expression in prostate cancer tissues based on the TCGA
database and the GEO database. Our results indicated that
PAQR6 mRNA expression was enhanced in prostate cancer
tissues compared with normal tissues (Figure 1 A-B). The
up-regulation of PAQR6 was also observed in prostate
cancer cell lines DU145 and LNCaP compared with normal
RWPE-2 cells (Figure 2A). Further prognostic analysis
revealed that higher PAQR6 expression was closely
associated with poor prognosis in prostate cancer patients
(p=0.014, Figure 1C). These data suggest that PAQR6 might
promote prostate cancer development and can be used as
a potential independent prognostic marker.

In order to further investigate the role of PAQR6 in
prostate cancer, we performed a knockdown of this gene
in DU145 cells using si-PAQR6 (Figure 2B-D). Our results
showed that DU145 expression was significantly down-
regulated after transfection with si- PAQR6. It is well
known that excessive proliferation is one of the main
features of cancer cells. Therefore, we then examined
the proliferation ability of DU145 cells following the
depletion of PAQR6 using CCK8 assays and colony
formation assays. Our results demonstrated that the
viability of DU145 cells decreased significantly after
silencing PAQR6 (p<0.01 Figure 3), suggesting that PAQR6
might promote the proliferation of prostate cancer cells.
Another characteristic of cancer cells is that invasion and
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migration are often activated [18]. Hence, we performed
a wound healing assay and found that the migration
distance of DU145 cells with silenced PAQR6 was shorter
compared with the si-con group (p<0.01, Figure 4). This
phenomenon indicated that PAQR6 might promote cell
migration in vitro. In summary, our results revealed that
PAQR6 possibly acts as a pro-tumor factor in prostate
cancer occurrence and progression.

MAPK signaling pathway is known as an important
downstream signaling cascade in several biological
events as well as various types of cancers [19, 20]. It is
essential for the transcription of genes participating in
cell growth and survival [20, 21]. Hence, we next studied
the effect of silencing PAQR6 on the expression of MAPK
signaling pathway related proteins by western blot. Our
results demonstrated that the ratio of p-MEK/MEK and
p-ERK/ERK decreased remarkably after silencing PAQR6
(p<0.01, Figure 5). We conjectured that PAQR6 may inhibit
cell proliferation and migration by modulating the MAPK
signaling pathway.

Taken together, our results demonstrate for the first
time that PAQR6 expression is enhanced in prostate cancer
tissues and positively associated with poor prognosis in
prostate cancer patients. In addition, PAQR6 might act
as a tumor promoter by regulating the MAPK signaling
pathway and might be a new therapeutic target for
prostate cancer. However, the promoting role of this gene
in the cancer development process needs to be further
validated in animal models as soon as possible.
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