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Androgen downregulation of miR-760 promotes
prostate cancer cell growth by regulating IL6

Shuo Wang, Yong Yang, Yu-Dong Cao, Xing-Xing Tang, Peng Du

Prostate cancer (PCa) is one of the most common malignancies in Western countries. Studies have shown that androgen contributes
to the progression of PCa, but how androgen promotes PCa remains largely unknown. Here, we demonstrated that androgen
suppressed the expression of miR-760 depending on the interaction between androgen and androgen receptor (AR). miR-760
was downregulated in prostate cancer tissues compared with normal tissues. Functional experiments showed that miR-760
downregulation promoted the proliferation and growth of LNCaP and 22rv1 cells. In contrast, miR-760 ectopic expression inhibited
the proliferation of LNCaP and 22rv1 cells. DNA synthesis was suppressed by miR-760. Mechanistically, miR-760 bound to the
3’UTR of interleukin 6 (IL6). A mutation in the binding site disrupted their interaction. In addition, silencing of IL6 suppressed
the proliferation of LNCaP and 22rv1 cells. IL6 was upregulated in PCa tissues. Our study reveals that androgen downregulates

miR-760 to promote the growth of PCa cells by regulating IL6.
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INTRODUCTION
Prostate cancer (PCa) is one of the most common malignancies and the
second leading cause of cancer-related death among men in developed
countries."” Decades of efforts have demonstrated that androgen plays
an essential role in PCa development. PCa patients respond favorably
to androgen deprivation therapy (ADT), but most fail to be cured and
develop castration-resistant prostate cancer (CRPC).** Recently, a gene
expression profiling study determined that androgen receptor (AR)
contributed to the development of CRPC.> Nevertheless, knowledge of
the mechanism is very limited. Understanding the critical molecular
events may help develop effective treatment strategies for CRPC.
MicroRNAs are a group of approximately 24 nucleotide long
noncoding RNA molecules that posttranscriptionally regulate the
expression of different genes by binding to mRNAs.%” The connection
between androgen-AR and microRNAs has been reported in
PCa. Jia et al® found that AR stimulated miR-193a-3p to promote
the migration of PCa cells. They also identified various upregulated
or downregulated microRNAs in CRPC cells. miR-182-5p is another
positive downstream effector of AR. Upregulation of miR-182-5p
promotes cell proliferation, invasion, and migration by negatively
regulating arrestin domain-containing protein 3 (ARRDC3).” Recent
studies have demonstrated that downregulation of miR-760 plays a
pivotal role in the development and progression of different cancers,
including glioma, lung, and colon cancer.’"** However, the relationship
between miR-760 and androgen-associated PCa remains unknown.
In this study, we aimed to investigate the significance of miR-760
in PCa. AR was knocked down or overexpressed in PCa cells, and the
expression of miR-760 was evaluated after androgen stimulation. The

results showed that androgen downregulated miR-760 depending on
the expression of AR. miR-760 was downregulated in PCa tissues.
In vitro, miR-760 suppressed the proliferation and growth of PCa
cells. Furthermore, miR-760 was found to directly target IL6. Our
study demonstrates that miR-760 functions as a tumor suppressive
microRNA in PCa.

MATERIALS AND METHODS

Prostate cancer tissues

All prostate cancer and normal tissues were collected between March
2017 and September 2019 at Peking University Cancer Hospital
(Beijing, China). The research was carried out according to the World
Medical Association Declaration of Helsinki and was approved by the
Clinical Research Ethics Committee of the hospital. Written informed
consent was obtained from each patient. Adjacent normal tissues
2 c¢m in proximity to the cancer lesion were collected. All tissues were
obtained before therapeutic intervention. The expression of miR-760
was detected using quantitative real-time polymerase chain reaction
(qRT-PCR) assay.

TCGA database analysis of miR-760

The transcript of miR-760 in PCa patients was analyzed from The
Cancer Genome Atlas (TCGA) website (http://cancergenome.nih.gov).
The correlation between miR-760 and PCa survival was also analyzed.

Cell culture

The PCa cells LNCaP, 22rvl, DU145, and PC3 were obtained from the
American Type Culture Collection (Manassas, VA, USA). All the cells
were cultured in RPMI 1640 (Invitrogen, Carlsbad, CA, USA), which
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contained 10% fetal bovine serum (Gibco, Grand Island, NY, USA)
and 1% penicillin and streptomycin solution (Corning Inc., Corning,
NY, USA). The cell culture was maintained in a 37°C incubator with
5% CO,.

Oligonucleotide transfection

miR-760 inhibitor and control inhibitor, miR-760 mimics and control
mimics, antagomir miR-760 and control antagomir, and agomir miR-
760 and control agomir were synthesized by RiboBio (Guangzhou,
China). Oligonucleotides were transfected using Lipofectamine
3000 reagent (Invitrogen) following the manufacturer’s instructions.

AR overexpression assay

The coding sequence (CDS) of AR was synthesized and cloned into
pcDNA3.1. pcDNA3.1 empty or pcDNA3.1-AR vector was transfected
into DU145 or PC3 cells using Lipofectamine 3000. Forty-eight hours
later, DU145 and PC3 cells overexpressing AR were treated with or
without R1881.

RNA interference

siRNAs against AR and IL6 were purchased from GenePharma
company (Shanghai, China). siCtrl, siAR, or siIL6 oligonucleotides
were used to transfect the indicated cells with RNAIMAX reagent
(Invitrogen), following the manufacturer’s instructions. The target
sequences of AR and IL6 were CCGAGGAGCTTTCCAGAAT and
GCAGGACATGACAACTCAT, respectively.

RNA extraction and qRT-PCR

Total RNA was extracted from the indicated cells using TRIzol reagent
(Invitrogen). For microRNA gRT-PCR, a High-Capacity RNA-to-
c¢DNA kit was used for reverse transcription. A TagMan probe (Roche,
Basel, Switzerland) was used to detect the product of the quantitative
polymerase chain reaction (QPCR). The level of miR-760 was measured
with a master mix (Thermo Fisher Scientific, Waltham, MA, USA). U6
served as the internal control.

For mRNA qRT-PCR, equal amounts of total RNA were subjected
to reverse transcription using Moloney Murine Leukemia Virus reverse
transcriptase (M-MLV) reverse transcriptase (Promega, Madison, WI, USA).
qRT-PCR was performed using SYBR master mix (Takara, Otsu, Japan) on
aBio-RadIQ 5 machine (Hercules, CA, USA). The sequences of the primers
were as follows: IL6 forward, 5-ACTCACCTCTTCAGAACGAATTG-3
and reverse, 5-CCATCTTTGGAAGGTTCAGGTTG-3’;
glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
forward, 5-TGACTTCAACAGCGACACCCA-3’ and reverse,
5-CACCCTGTTGCTGTAGCCAAA-3. GAPDH served as the internal
control.

Western blot assays

Proteins were extracted from LNCaP and 22rv1 cells using
radioimmunoprecipitation assay (RIPA) buffer (Beyotime,
Shanghai, China). The protein concentration was determined by a
BCA kit (Pierce, Rockford, IL, USA). Fifty micrograms of the total
protein was separated on sodium dodecyl sulfate-polyacrylamide
gel electrophoresis gels and transferred to polyvinylidene fluoride
membranes. The membranes were blocked with 5% nonfat milk
at room temperature for 1 h, followed by incubation with primary
antibodies at 4°C overnight. After washing with phosphate buffered
saline with Tween (PBST), the membranes were incubated with
secondary antibodies. Then, the protein abundance was detected by an
ECL-Plus kit (Amersham Biosciences, Boston, MA, USA). Antibodies
against IL6 were purchased from Abcam (Ab9324, Cambridge, United
Kingdom). Anti-p-actin primary antibody was obtained from Santa
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Cruz Biotechnology (sc-47778, Santa Cruz, CA, USA). All secondary
antibodies were from ABclonal (AS003 and AS014, Wuhan, China).

Cell proliferation analysis

The proliferation of PC cells was measured by Cell Counting Kit assay
(YEASEN, Shanghai, China). In brief, LNCaP and 22rvl cells were
transfected with inhibitors (control or miR-760) or mimics (control
or miR-760). A total of 2000 LNCaP or 22rvl cells were seeded in
96-well plates. One day, 2, 3, and 4 days later, 20 pl of CCK buffer was
added to each well, respectively, and the plates were maintained at
37°C for 2 h. The optical density (OD) value at 450 nm was measured
on a microplate reader.

Colony formation assay

Equal numbers of LNCaP or 22rv1 cells, which were transfected with
antagomir control or miR-760 (durable inhibitors) or transfected with
agomir control or miR-760 (durable mimics), were seeded and cultured
at 37°C. Seven to 10 days later, the plates were washed with PBS twice
and fixed with methanol for half an hour. Subsequently, the colonies
were stained with crystal violet solution. The images were acquired
with a camera.

EdU staining

A BeyoClick™ EdU Cell Proliferation Kit with Alexa Fluor 555 (Beyotime)
was used for EdU staining. LNCaP or 22rv1 cells (3 x 10°) were seeded
on coverslips in 6-well plates. Twenty-four hours later, the cells were
stained with EAU following the manufacturer’s protocols. Nuclei were
stained with 4)6-diamdino-2-phenylindole (DAPI). Images were
obtained under a fluorescence microscope (Olympus, Tokyo, Japan).

Luciferase reporter assay

The wild type (WT) or mutated (MU) 3’ UTR sequence of IL6
was synthesized and cloned into a psi-CHECK vector (Promega).
Lipofectamine 2000 (Invitrogen) was used to transfect the vectors
into LNCaP cells according to the manufacturer’s instructions. The
luciferase activity was determined by the Dual-Luciferase Reporter
Assay System (Promega). Renilla luciferase activity served as the
internal control.

Statistical analyses

GraphPad Prism (GraphPad Software, San Diego, CA, USA) was used
to analyze the data. Paired or unpaired Student’s t-test was used to
analyze the difference between two groups. Differences were considered
statistically significant when P < 0.05.

RESULTS

Androgen inhibits the expression of miR-760 in LNCaP and 22rvlI cells
Androgen plays an important role in PCa growth and survival.”® To
explore the role of miR-760 in AR-related PCa, the AR-positive PCa
cells LNCaP and 22rv1 and AR-negative PCa cells DU145 and PC3 were
stimulated with the androgen analogue R1881 and subjected to qRT-
PCR analysis of miR-760. The results showed that R1881 suppressed the
expression of miR-760 in LNCaP (P < 0.05), and 22rv1 (P < 0.01) cells
but had no effect on miR-760 expression in DU145 and PC3 cells (Figure
laand 1b). To confirm that R1881 regulates miR-760 depending on AR
expression, we silenced AR in LNCaP and 22rv1 cells and overexpressed
AR in DU145 and PC3 cells. The miR-760 transcript was analyzed after
R1881 stimulation. In AR-overexpressing DU145 and PC3 cells, the
expression of miR-760 was suppressed by R1881 (P < 0.05). In contrast,
it remained unchanged after R1881 treatment of AR-silenced LNCaP (P
>0.05) and 22rv1 cells (P> 0.05; Figure 1c and 1d). These results suggest
that androgen negatively regulates miR-760 expression depending on AR.



The expression of miR-760 is reduced in PCa tissues

To investigate the clinical relevance of miR-760 in PCa, we collected
10 pairs of PCa tissues and their adjacent normal tissues. qRT-PCR was
used to detect the levels of miR-760. The results showed that miR-760
expression was decreased in PCa tissues compared with adjacent tissues
(P < 0.01; Figure 2a). Then, the miR-760 level was also measured in
nonpaired PCa tissues. We found that miR-760 was lower in PCa tissues
than in nonpaired normal tissues (P < 0.001; Figure 2b). To confirm
our results, we analyzed the TCGA database and found that miR-760
transcript was significantly decreased in PCa tissues compared with
normal tissues (P < 0.001; Figure 2¢). The database analysis also showed
that low miR-760 expression predicted relatively shorter survival in PCa
patients (Figure 2d). Overall, miR-760 is downregulated in PCa tissues.

miR-760 inhibits the proliferation and growth of PCa cells

We next investigated the role of miR-760 in PCa cells by silencing
and overexpressing miR-760 with miR-760 inhibitors and mimics.
CCK results indicated that miR-760 inhibitors promoted the
proliferation of LNCaP (P < 0.05) and 22rv1 (P < 0.01) cells, while
the opposite results were observed in miR-760-overexpressing cells
(P < 0.05; Figure 3a and 3b). Based on stable miR-760 knockdown
and overexpression, we found that miR-760 had a similar effect on
PCa cell colony formation (Figure 3c). DNA synthesis is a hallmark
of cell proliferation. We then subjected PCa cells to EdU staining after
miR-760 silencing or overexpression. The results showed that miR-760
knockdown enhanced EdU incorporation in LNCaP and 22rv1 cells.
In contrast, the opposite results were found in miR-760-overexpressing
PCa cells (Figure 3d). Overall, miR-760 is a tumor suppressor in PCa.

miR-760 inhibits the expression of IL6 by binding to its 3’°UTR
To study the molecular mechanisms of the tumor suppressive role of
miR-760 in PCa, the online program TargetScan was used to predict the
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Figure 1: Androgen inhibits miR-760 expression depending on the androgen
receptor. (a) gPCR analysis of miR-760 in LNCaP and 22rv1 cells that were
treated with vehicle or R1881. (b) gPCR analysis of miR-760 in DU145 and PC3
cells that were treated with vehicle or R1881. (¢) gPCR analysis of miR-760 in
AR knockdown LNCaP and 22rv1 cells that were treated with vehicle or R1881.
(d) gPCR analysis of miR-760 in AR-overexpressing DU145 and PC3 cells that
were treated with vehicle or R1881. "P< 0.05, "P< 0.01. NS: no significance;
gPCR: quantitative polymerase chain reaction; AR: androgen receptor.
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potential targets of miR-760. The diagram showed that miR-760 directly
bound to the 3’UTR of IL6, which is a potential modulator of PCa
(Figure 4a). We therefore used a luciferase reporter assay to verify
the connection between miR-760 and IL6 by constructing reporters
containing the WT or MU 3’UTR of IL6. The results showed that
miR-760 reduced the luciferase activity of the WT but not the MU IL6
3’UTR reporter, suggesting that miR-760 directly binds to the 3’'UTR
of IL6 (P < 0.05; Figure 4b). qRT-PCR results indicated that miR-760
inhibited the mRNA expression of IL6 (P < 0.01; Figure 4c). Then, the
role of IL6 was investigated in 22rv1 and LNCaP cells using siRNA.
IL6 knockdown significantly suppressed the proliferation of 22rv1
(P < 0.05) and LNCaP cells (P < 0.01; Figure 4d and 4e). Moreover,
the mRNA level of IL6 was higher in PCa tissues than in paired
and nonpaired normal tissues (P < 0.01 and P < 0.001, respectively;
Figure 4f and 4g). Taken together, the results demonstrate that miR-
760 suppresses IL6 to inhibit the viability of PCa cells.

DISCUSSION
Androgen is a major risk factor for PCa through the regulation of AR
signaling. The downstream effectors of AR remain to be clarified. In
this study, we determined that miR-760 is a downstream target of AR
and plays an important role in PCa. Androgen repressed the expression
of miR-760 in AR-positive but not AR-negative PCa cells. TCGA
database analysis and our experimental results showed that miR-760
was downregulated in PCa tissues. Functional studies demonstrated
the tumor suppressive role of miR-760 in PCa. Mechanistically, miR-
760 directly bound to the 3’UTR of IL6 to suppress its expression.
We conclude that the androgen-AR complex contributes to PCa
development by suppressing miR-760.

Dysregulation of miRNAs has been proven to contribute to the
proliferation, growth, metastasis, and invasion of cancers by negatively
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Figure 2: miR-760 levels are reduced in prostate cancer tissues. (a) gPCR
analysis of miR-760 levels in prostate cancer and adjacent normal tissues
(n = 10). (b) gPCR analysis of miR-760 levels in prostate cancer (n = 18)
and nonpaired normal (n = 10) tissues. (¢) miR-760 expression was analyzed
from The Cancer Genome Atlas (TCGA) database data in prostate cancer (n
= 499) and nonpaired normal (n = 52) tissues. (d) The overall survival of
prostate cancer patients was analyzed from TCGA database in the miR-760
low (n=247) and high (n = 247) expression groups (P> 0.05). "P< 0.01,
P < 0.001. gPCR: quantitative polymerase chain reaction.
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Figure 3: miR-760 suppresses the growth of prostate cancer cells. (a) LNCaP and (h) 22rv1cells transfected with control inhibitor or miR-760 inhibitor
(left) or transfected with control mimics or miR-760 mimics (right) were subjected to Cell Counting Kit analysis of cell proliferation. LNCaP and 22rv1 cells
transfected with control antagomir or miR-760 antagomir (left) or transfected with control agomir or miR-760 agomir (right) were subjected (c) to colony
formation assays and (d) to EdU staining. Scale bars = 50 ym. *P < 0.05, “P < 0.01, **P< 0.001.

regulating important downstream mRNAs. Increasing evidence
demonstrates that miR-760 is dysregulated in a set of cancers. For
example, miR-760 is upregulated by estrogen stimulation in breast
cancer." Hu et al.”® found that miR-760 levels were reduced in
doxorubicin (DOX)-resistant MCF-7 cells. Han et al.'* showed that
miR-760 reduced breast cancer stemness by silencing Nanog homeobox
(NANOG). Overexpression of miR-760 alleviates the resistance of
breast cancer cells to anticancer drugs.”” Moreover, miR-760 was
downregulated in colon cancer tissues, and it suppressed the growth
of colon cancer by targeting basic leucine zipper transcription factor
ATF-like 3 (BATF3)/ activator protein 1 (AP-1)/cyclinD1 signaling.'”"
However, another study demonstrated that miR-760 was an oncogenic
microRNA in ovarian cancer through the downregulation of PH domain
and leucine-rich repeat protein phosphatase 2 (PHLPP2).* miR-760 also
acts as an oncogene in hepatocellular carcinoma. The downregulation
of miR-760 predicted a better survival of the patients.”’ These studies
indicate that miR-760 has different roles in cancer development
depending on the cancer type. Nevertheless, the significance of miR-
760 in PCa is unclear. In this study, we initially observed that miR-760
was downregulated in LNCaP and 22rv1 cells but not in PC3 and
DU145 cells after R1881 stimulation. Because LNCaP and 22rv1 cells
are AR-positive cells, while PC3 and DU145 cells are AR-negative
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cells, we knocked down AR in LNCaP and 22rv1 and overexpressed
AR in PC3 and DU145 cells. The results were opposite to the present
results, indicating that androgen suppressed the expression of miR-
760 depending on AR signaling. Furthermore, we found that miR-760
was downregulated in PCa tissues compared with paired or nonpaired
normal tissues according to our results and the TCGA database. The
TCGA database analysis also showed that patients with low miR-760
expression exhibited poorer survival than those with high miR-760
expression. Importantly, functional experiments demonstrated that
miR-760 suppressed the DNA synthesis, proliferation, and growth of
PCa cells. These results reveal that androgen-AR-mediated repression
of miR-760 enhances the viability of PCa cells.

IL6 is an important inflammatory factor. Enhanced IL6
production has been proven to promote the development of CRPC in
a mouse model.? Furthermore, IL6 signaling activation contributes
to prostate cancer growth triggered by high-fat diet-stimulated
inflammation.” The melanoma differentiation associated gene-9
(mda-9)/insulin-like growth factor-1 receptor (IGF-1R)/signal
transducer and activator of transcription 3 (STAT3) cascade induces
prostate cancer invasion.* In addition, the expression of IL6 is
suppressed by let-7 microRNA in prostate cancer progression.” IL6
also participates in AR-mediated gene expression in PCa,* but the
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Figure 4: miR-760 directly targets /L6 by binding to its 3'UTR. (a) The putative binding site of miR-760 in the 3’UTR of /L6. The mutated site is also shown
in the diagram. (b) Control or miR-760 mimics were cotransfected with psiCHECK reporters containing the wild-type or mutated 3’UTR of /L6. Luciferase
activity was measured as indicated. (c) gPCR analysis of /L6 in LNCaP cells that were transfected with control inhibitor or miR-760 inhibitor or transfected
with conrol mimics or miR-760 mimics. siNC or si/L6 LNCaP and 22rv1 cells were subjected to (d) western blot analysis of IL6 and (e) CCK analysis of
cell proliferation. (f) gPCR analysis of /L6 levels in prostate cancer and adjacent normal tissues (n = 10). (g) gPCR analysis of /L6 levels in prostate cancer
(n=18) and nonpaired normal (n = 10) tissues. *P < 0.05, “P < 0.01, ™" P < 0.001. NS: no significance. IL6: interleukin 6; CCK: Cell Counting Kit; NC:
negative control; gPCR: quantitative polymerase chain reaction; WT: wide type; MU: mutant.

direct effect of IL6 on PCa cell growth is poorly understood. Here, we
showed that the mRNA and protein expression of IL6 was repressed
by miR-760. Luciferase reporter activity results showed that miR-
760 potentially bound to the CAGAGCC sequence in the 3’UTR
of IL6. Importantly, the miR-760-mediated suppression of IL6 was
confirmed to have an anticancer role in PCa because knockdown of
IL6 significantly suppressed the viability of PCa cells. Furthermore,
IL6 was downregulated in PCa tissues compared with normal tissues.
Therefore, miR-760 suppresses the proliferation and growth of PCa
cells at least partly by targeting IL6.

CONCLUSION

We demonstrated for the first time that miR-760 functions as a
tumor suppressive microRNA in PCa and is suppressed by androgen.
Androgen represses the expression of miR-760 depending on AR.
miR-760 inhibits the viability of PCa cells. The expression of IL6 was
silenced by miR-760. Therefore, androgen-AR promotes PCa growth
through upregulation of IL6 by negatively regulating miR-760.
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