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ESTAT3 Inhibitor AG-490 Inhibits the
Growth of Prostate Cancer by miR-503-5p
Both In Vivo and In Vitro

Guangxing Tan, MM1 , Lin Jiang, MM1, Gangqin Li, MM1, and Kuan Bai, MM1

Abstract
Objective: To explore the effect and the related mechanism of STAT3 inhibitor AG-490 on inhibiting the proliferation of
prostate cancer cells. Methods: PC3 cells and DU145 cells were cultured stably and treated with AG-490 to detect the changes
in the activity of PC3 cells and DU145 cells. Thirty 6-8 weeks male BALB/c nude mouse were randomly divided into a control
group, a DMSO group, and an AG-490 group to detect differences in various indexes . Results: The overexpression of miR-503-
5p depends on the activation of STAT3. After treatment with AG-490, The proliferation and invasion of PC3 cells and DU145 cells
and the expression of miR-503-5p were all reduced. Luciferase reporter assay demonstrated that the target proteins of miR-503-
5p include PDCD4, TIMP-3, and PTEN. After treatment with AG-490, the expression of PDCD4, TIMP-3, and PTEN in cells was
significantly up-regulated. IL-6-induced overexpression of miR-503-5p and restored the expression of STAT3, demonstrating the
correlation between STAT3 and miR-503-5p. AG-490 can inhibit tumor growth and induce tumor cell apoptosis in the PC3 BALB/
c nude mouse xenograft model. Western blotting and immunohistochemical staining showed that the expression levels of STAT3,
Ki67, Bcl-2 and MMP-2 in the AG-490 group were significantly reduced, and the expression of PDCD4, TIMP-3 and PTEN
increased. Conclusion: AG-490 can inhibit the growth of prostate cancer cells in a miR-503-5p-dependent manner by targeting
STAT3. AG-490 is expected to become a new candidate drug for the treatment of prostate cancer.

Keywords
STAT3, prostate cancer, miR-503-5p, AG490, new candidate drug

Abbreviations
MiRNAs, microRNAs; 3’UTR, 3’-untranslated region; PDCD4, programmed cell death 4; PTEN, phosphatase tensin homology
deleted on chromosome ten; TIMP-3, tissue inhibitor of metalloproteinase-3; STAT, signal transducers and activators of tran-
scription; LNA, locked nucleic acid; OD value, optical density value; DMSO, dimethyl sulfoxide; EMT, epithelial-mesenchymal
transition.

Received: April 9, 2020; Revised: June 8, 2020; Accepted: July 9, 2020.

Introduction

Prostate cancer is the malignant tumor with the fifth highest

incidence worldwide, with approximately 1 million new cases

each year.1 However, the 5-year survival rate after diagnosis of

prostate cancer is still low, which is significantly lower than

other cancers, including thyroid cancer and colorectal cancer.

Therefore, finding a more targeted and more effective prostate

cancer drug target, and in-depth understanding of the molecular

mechanism of tumorigenesis are essential for early intervention

and treatment of prostate cancer.2 microRNAs (MiRNAs) are

small, highly conserved non-coding RNAs that control gene

expression by binding to the seed sequence of the target

3’-untranslated region (3’UTR), resulting in translational inhi-

bition or mRNA degradation. miRNAs are regulatory factors of

human carcinogenesis, embryonic development, and cell

aging.3 Previous studies4 have shown that the abundance of
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miRNAs is abnormally expressed in human tumor tissues,

especially malignant tumors of epithelial origin. Several genes

have been shown to be direct targets of miR-503-5p in human

cancer,5 including programmed cell death 4 (PDCD4),

phosphatase tensin homology deleted on chromosome ten

(PTEN), etc. Studies6 have shown that down-regulation of

miR-503-5p can inhibit the proliferation of cancer cells by

enhancing the expression of PTEN in hepatocellular carci-

noma. In addition, miR-503-5p down-regulates tissue inhibitor

of metalloproteinase-3 (TIMP-3) to affect the migration and

invasion ability of cancer cells. Signal transducers and activa-

tors of transcription (STAT) proteins are the major signaling

proteins of mammalian cytokines and growth factors. STAT3

responds to signals such as IL-6, IL-10, and VEGF. STAT3 is

essential in tumorigenesis and cancer-induced immunosuppres-

sion. There is evidence7 showing that STAT3 can promote

cancer cell growth by activating miR-503-5p. However, the

exact biological function and molecular mechanism of the

STAT3/miR-503-5p network in prostate cancer are unclear.

In this study, we analyzed the correlation between miR-503-

5p and STAT3 expression in prostate cancer tissues in order to

provide more potential targets for the prevention and treatment

of prostate cancer.

Materials and Methods

Cell Culture and Tissue Samples

The human prostate cancer cell lines PC3 and DU145 were

purchased from China Center for Type Culture Collection

(Wuhan) and stored in complete culture containing 10% fetal

bovine serum, 2 mM glutamine, 100U/ml penicillin, and 100

mg/ml streptomycin. Incubate in an incubator at 37�C and

5%CO2. STAT3 small molecule inhibitor AG-490 was pur-

chased from Calbio Chemem Company, Germany, and IL-6

was purchased from Sigma Company, USA. AG-490 was

added to the cells at a final concentration of 5 mM and treated

for 48 hours. This study was approved by the institutional

review board of Tianjin Medical University. Prostate cancer

tissue specimens were collected in the urology department of

our hospital.According to the classification of prostate cancer

TNM stage (2010), a total of 45 highly differentiated, 39 mod-

erately differentiated, and 72 poorly differentiated prostate can-

cer specimens were collected. All tumors and tumor marginal

tissues were embedded in paraffin for immunohistochemical

staining and in situ hybridization.

Detection of Mir-503-5p by In Situ Hybridization

Oligonucleotide probes modified by locked nucleic acid

(LNA) were used for in situ hybridization with in situ hybri-

dization kit (Boster, China). In situ hybridization was used

to detect the expression of miR-503-5p in prostate cancer

specimens.The LNA/DNA oligonucleotide contains locked

nucleic acids at 8 consecutive centrally located bases and

has the following sequence: LNA-miR-503-5p, 5’-TCAA

CATCAGTCTGATAAGCTA-3’. DAPI karyotype kit

(GenMed, USA) was used for reverse staining, and Fluo-

View confocal laser scanning microscope FV1000 was used

for observation.

RT-PCR Detection

Refer to the operating instructions to extract total RNA from

cells, patient serum, and tumor tissue specimens, reverse tran-

scribe cellular RNA into cDNA, and then amplify into DNA,

all steps are strictly in accordance with the instructions of

reverse transcription kit and amplification kit.PDCD4 primer

(forward primer, 5’-AAATGAATGGATGTAGAGCAG-3’

and. TIMP3(forward primer 5’-GCTGTGGCCTTAAGA

GAGTCTCTGG-3’ and reverse primer 5’-TTAGTGTCCAA

GCTGGGAAGAGGG-3’);PTEN (forward primer 5’-ATTT

CAGGATCCTCCAACCCAC-3’ and reverse primer 5’-CGA

AGACGTACTGGTATTTTACCC-3’). All primer sequences

were synthesized by Shanghai Bioengineering Technology

Co., Ltd. The RT-PCR reaction conditions are as follows: ini-

tial denaturation at 95�C for 10 min, 40 cycles of denaturation

at 95�C for 30 s, annealing at 50�C for 30 s, and a final exten-

sion at 70�C for 10 min.

CCK-8 Detection and Flow Cytometry

Transfected PC3 cells and DU145 cells were seeded in 96-well

plates with 5000 cells per well. After transfection at 0 h, 24 h,

48 h and 72 h, add 10 mL of cholecystokinin solution to each

well. After incubation for 2 h, the optical density value (OD

value) was measured at 490 nm with a microplate instrument

and recorded on the cell growth curve. Each group of reactions

was repeated 6 times. The transfected PC3 cells and DU145

cells were collected and suspended in 500 mL of binding buffer.

Apoptotic cells were double-labeled with 5 mL FITC-Annexin

V reagent and 5 mL propidium iodide for 30 min. The cells

were then analyzed on a BD FACSCalibur flow cytometer (BD

Biosciences) within 1 hour. The percentage of apoptotic cells in

the quadrants of Annexin Vþ/PI� and Annexin Vþ/PIþ rep-

resents the rate of apoptosis. Each sample was repeated 3 times.

Transwell Detection

The cell invasion ability was measured with a Matrigel-coated

Transwell cell. Transfected PC3 cells and DU145 cells (400

cells) were inoculated in 200 mL medium without bovine

serum, 500 mL medium containing 10% bovine serum was

implanted into the upper cavity, and 500 mmol/L medium con-

taining 10% bovine serum was inoculated into the lower cavity.

For cell migration analysis, the cell is not coated with matrix,

and the other steps are the same as the invasion analysis. All

Transwell experiments were incubated at 37�C for 24 hours.

The cells migrating and invading on the lower surface were

stained with crystal violet, and 5 predetermined visual fields (�
200) were photographed under a microscope. Repeat 3 times.
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HE Staining and Immunohistochemical Staining

HE staining: The mice were sacrificed after the experiment, the

tumor tissue was completely removed, embedded in conven-

tional paraffin, and sectioned, and then sections were baked, and

finally they were cryopreserved after cooling. Tissue sections

were deparaffinized in xylene and hydrated through graded etha-

nol. Hematoxylin staining for 30-60 s, rinse for 5 min, eosin

staining for 30 s, and rinse for 5 min; dehydrate using graded

ethanol, dry and vitrification by dimethylbenzene. Mount with

neutral balsam, dry in the air and finally observe under optical

microscope. Immunohistochemical staining: take tumor slices,

dewax them routinely, dehydration, vitrification and mount after

you follow the steps of immunohistochemistry kit step by step,

observe under light microscope, take 400 times field of view,

and take brown particles as positive indicators. 15 non-

overlapping fields outside the medulla were randomly selected,

and the average number of positive cells was calculated.

Western Blotting Detection

The cells and lung tissue of each group were collected to

extract the total protein, and the protein concentration was

determined by BCA method. Mix the loading buffer, denature

by boiling, electrophoresis, membrane transfer, sealing, pri-

mary antibody and secondary antibody incubation, all antibo-

dies are diluted in a ratio 1:1000 and ECL method was used to

develop. The band intensity was analyzed by Quantity One

software, and GAPDH was used as an internal reference to

detect the expression of PDCD4 protein, PTEN protein and

TIMP-3 protein.

PC3 Xenograft Tumor Experiment

Thirty SPF male BALB/c nude mouse of 6-8 weeks with body

weight (22 + 3) g, were purchased from the Institute Field

Surgery, Third Affiliated Hospital, Third Military Medical

University. The number of Animal Qualification Certificate

is No.0001517, and the number of Laboratory Animal Use

License is: SYXK (Chongqing) 2017-0005. Thirty mouse were

randomly divided into a control group, a DMSO group, and an

AG-490 group, with different treatment methods. 1 � 106 PC3

cells were injected into the axilla of the mice to construct PC3

subcutaneous transplantation model. The treatment in each

group is as follows: control group: normal feeding, no treat-

ment. DMSO group: injection of DMSO once every 3 days for

16 days. AG-490 group: local injection of AG-490, 40 mg/kg,

once every 3 days for 16 days. The tumor volume is measured

with a caliper every 3 days, the formula is: volume ¼ length x

width 2/2.Tumor-bearing mice were sacrificed at the end of the

observation period, and tumor tissue was removed for

detection.

Statistical Analysis

At least 3 independent replications were performed. Data are

reported as the mean + standard deviation (SD). Images were

processed by use of Graphpad Prism 5 (GraphPad Software, La

Jolla, CA, United States) and Adobe Photoshop (Adobe, San

Jose, CA, United States). Student’s t-test was used for analysis

between 2 groups with only one factor involved. A one-way

ANOVA was used for analysis when more than 2 treatments

were compared. Significant differences were established at

p < 0.05.

Results

The Expression of STAT3 in Prostate Cancer Tissue Is
Related to miR-503-5p

The positive expression rates of miR-503-5p in poorly differ-

entiated, moderately differentiated, and highly differentiated

prostate cancers were (21.4 + 9.8), (45.0 + 15.2), and (91.8

+ 9.20), respectively (Figure 1). Immunohistochemical stain-

ing showed that the STAT3 protein mainly existed in the

nucleus and cytoplasm, and the positive expression rates of

STAT3 in prostate cancer tissue were (89.2 + 14.5),

(46.3 + 12.5) and (25.3 + 9.9) respectively. Spearman rank

correlation analysis showed that the expressions of STAT3 and

miR-503-5p in prostate cancer tissues with different degrees

of differentiation were highly positively correlated (r ¼ 0.902,

P < 0.05).

AG-490 Reduces the Expression of STAT3 and Inhibit the
Growth of Prostate Cancer In Vitro

Cell cloning experiments showed that after treatment with AG-

490, STAT3 small molecule inhibitor, the proliferative capac-

ity of PC3 cells and DU145 cells was significantly inhibited,

and no significant effect on cell proliferation in the control

group (Figure 2A). The survival rate of PC3 cells treated with

AG-490 was 56.67%; the survival rate of DU145 cells treated

with AG-490 was 62.33% (Figure 2B). Transwell test showed

that the number of invasive cells in the AG-490 treated group

was reduced compared with the control cells, PC3 cells

decreased from (65.00 + 11.14) to (17.00 + 4.58), and

DU145 cells decreased from (66.00 + 11.53) to (16.33 +
3.79) (Figure 2C). Compared with the cells in the control group

and DMSO group, the apoptotic cells in AG-490-treated cells

increased significantly (10.56% in the PC3 group and 9.77% in

the DU145 group) (Figure 2D). Western blotting analysis

showed that AG-490 can effectively inhibit the expression of

MMP-2 and Ki-67 and Bcl-2 in PC3 and DU145 cells

(Figure 2E). Luciferase reporter assay demonstrated that

miR-503-5p could bind to PDCD-4, TIMP-3 and PTEN mRNA

and inhibit its expression (Figure 2F).

AG-490 Reduces the Expression of STAT3 and Inhibits
the Growth of Prostate Cancer In Vivo

AG-490 inhibits PC3 growth in a xenograft model. In vitro

experiments indicate that STAT3 is a potential target for the

treatment of prostate cancer. We conducted a proof-of-
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principle experiment using a PC3 cell xenograft model and

AG-490 treatment with DMSO. Ten mice were injected with

DMSO in situ as a negative control group, and the other 10

were treated with PBS as a control group. The mean tumor

volume of the mice in the control group, DMSO group and

AG-490 group had no statistically significant difference at the

beginning of treatment (P > 0.05). The treatment was moni-

tored every 3 days for 3 consecutive weeks, and the tumor

volume of each group of mice was measured. The tumor vol-

ume of the AG-490 treatment group was significantly reduced.

HE staining showed that the number of atypical tumor cells and

necrotic cells in the tumor specimens of the AG-490 group

decreased, the volume was reduced (Figure 3A), and the micro-

vessel density and chromatin staining of the tumor tissue

decreased. TUNEL staining showed that the number of apop-

totic cells in the AG-490 group increased significantly, indi-

cating that inhibition of STAT3 caused tumor cell apoptosis

and helped to inhibit the growth of transplanted tumors

(Figure 3B). The expression of miR-503-5p in the transplanted

tumor of the AG-490 treatment group was significantly

reduced (P < 0.05) (Figure 3C).

Immunohistochemistry of Tumor Tissue

Immunohistochemical examination showed that the expression

of STAT3 protein and p-STAT3 protein in the tumor tissue of

the AG-490 group was significantly inhibited. At the same

time, the expression of Ki-67, MMP-2 and Bcl-2 in the tumor

tissue also decreased, which is the same as that in vitro

(Figure 4A-B). IHC staining showed that the expression of

PTEN, PDCD-4 and TIMP-3 in the tumor tissues of the AG-

490 group increased significantly (Figure 4C-D).

Western-Blot Detection of Protein in Tumor Tissue

AG-490 caused a 50-60% decrease in luciferase activity, indi-

cating that STAT3 promotes miR-503-5p gene transcription

(Figure 5A). We tested the expression of miR-503-5p biologi-

cal targets (PDCD4, PTEN and TIMP-3) at protein levels.

Western-blot results showed that compared with the control

group and DMSO group, the expression levels of PDCD4 pro-

tein, PTEN protein and TIMP-3 protein in the AG-490 group of

PC3 cells were significantly reduced. To further illustrate the

hypothetical STAT3-miR-503-5p regulatory axis, we recruited

IL-6 to up-regulate the activity of STAT3 and tested the expres-

sion of miR-503-5p and biological targets. The expression of

miR-503-5p was increased in IL-6 treated PC3 cells. PDCD4,

PTEN and TIMP-3 protein expression levels increased

(Figure 5B).

Discussion

Prostate cancer is a malignant tumor with high incidence

worldwide, with high malignancy, poor prognosis, and high

mortality. Epidemiological survey shows that the incidence

of prostate cancer is increasing year by year. Although sur-

gical resection is an effective method for the treatment of

prostate cancer, due to the lack of effective early diagnosis,

its 5-year survival rate is very low, from a rapid decline of

Figure 1. Expression of STAT3, p-STAT3 and miR-503-5p in prostate cance. Immunohistochemical staining of STAT3, p-STAT3 and miR-

503-5p in prostate cancer tissue.
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about 50% in early patients to 20% in advanced patients.8

Most patients do not have the opportunity to undergo radical

surgery and can only rely on adjuvant therapy such as radio-

therapy and chemotherapy. This may prolong the life of the

patient to a certain extent, but the effect is relatively low.

Whether it is imaging technology or serological markers,

the sensitivity and specificity of prostate cancer diagnosis

are relatively poor.9 Therefore, in order to improve the

prognosis of prostate cancer patients, there is an urgent need

to develop diagnostic markers with higher specificity and

less aggressiveness. miRNAs are a class of small non-

coding RNAs that have important biological functions, by

binding to the complementary sequences in the 30 untrans-

lated regions of their target mRNAs, they cause mRNA

degradation or inhibit translation.10 The regulation of

miRNA on gene expression plays an important role in tissue

Figure 2. AG-490 reduces STAT3 expression and inhibits prostate cancer growth in vitro. A: Representative images of cell colony formation. B:

CCK-8 assay was used to detect cell viability. C: Transwell assay was conducted to evaluate cell migration and invasion (magnification 200�).

D: Apoptotic rates were analyzed by using flow cytometry. E: The protein expression was examined by Western blot. F: Luciferase activity in

cells cotransfected with miR-503-5p mimics and luciferase reporters containing PDCD-4, TIMP-3, PTEN or mutant transcripts.
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differentiation, cell proliferation and apoptosis. miRNAs

have different expressions in different types of tissues and

play a key role in tumorigenesis. Cancer is a complex

genetic disease caused by uncontrolled gene expression.

Prostate cancer is one of the most deadly cancers in

humans, traditional diagnosis and treatment methods focus

on understanding the mechanism of prostate cancer devel-

opment and searching for new diagnosis and effective treat-

ment methods.miR-503-5p has a significant effect on the

tumor epithelial-mesenchymal transition (EMT) process,

and has different effects on the occurrence and development

of malignant tumors. Studies11 have reported that the most

basic pathogenesis of prostate cancer includes activation of

the STAT family and regulation of abnormal expression of

miRNAs. In this study, we found that miR-503-5p and

STAT3 had higher co-expression in human prostate cancer

tissues compared to adjacent tissues. In some medium and

large-scale map experiments aimed at detecting

dysregulated miRNAs in human cancer, miR-503-5p is one

of the most overexpressed miRNAs. In breast cancer,

glioma, hepatocellular carcinoma, oral squamous cell carci-

noma, myeloma, and colon cancer, overexpression of miR-

503-5p can increase cell proliferation, migration, and

invasion.12

A systematic review and meta-analysis showed that the

miR-503-5p test can effectively assess the prognosis of can-

cer patients, especially in gastrointestinal tumors.13 The

high expression of miR-503-5p is related to the overall sur-

vival of gastric cancer. Some researchers believe that miR-

503-5p is a potential biomarker for tumor therapy. There-

fore, the mechanism of upregulation of miR-503-5p in

human tumors needs further study. Several studies have

confirmed that miR-503-5p is induced by different mechan-

isms, such as gene mutations, single nucleotide polymorph-

isms, methyltransferases, and histone deacetylases. LPS

activation of Toll ligand receptor can up-regulate miR-

Figure 3. AG-490 reduces the expression of STAT3 and inhibits the growth of prostate cancer in vivo. A: cells were subcutaneously injected in

nude mice. Tumor volume was evaluated. B: TUNEL analysis of cell apoptosis. C: Immunofluorescence staining analysis of miR-503-5p

expression.
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Figure 4. Immunohistochemistry of rat tumor tissue. A: Representative photographs of IHC analysis of STAT3, p-STAT3, MMP-2, Bcl-2 and

Ki-67 in indicated tumors of mice. B: IHC quantitative analysis of the expression of ROCK, PTEN, p-PI3 K, and p-cofilin-1; C: Representative

HE staining of the indicated tumors of mice. Representative photographs of IHC analysis of PTEN, TIMP-3 and PDCD4. D: IHC quantitative

analysis of the expression of PTEN, TIMP-3 and PDCD4.
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503-5p in various cell types, including macrophages, fibro-

blasts and peripheral blood mononuclear cells. IL-6 induces

miR-503-5p expression through STAT3 activation and pro-

motes the survival of multiple myeloma cells. The results of

in situ hybridization and immunohistochemistry showed that

STAT3 and miR-503-5p gene may have a linearly related

expression mechanism in the promoter region. We used a

specific STAT3 inhibitor AG-490 to suppress STAT3 acti-

vation in PC3 and DU145 cells. In prostate cancer cell lines

and animal models, the expression of miR-503-5p was sig-

nificantly down-regulated after treatment with AG-490. The

tumor suppressor genes PTEN, TIMP-3 and PDCD4 are the

functional targets of miR-503-5p. Inhibition of STAT3 can

cause up-regulation of protein expression levels. IL-6-

induced STAT3 activation can suppress the expression of

these genes. Luciferase analysis showed that the miR-503-

5p promoter region contains a STAT3 regulatory sequence.

The results suggest that there is a signal transduction path-

way STAT3/miR-503 transcriptional regulation axis in pros-

tate cancer. Early studies have shown that HNSCC and its

derived cell lines have significantly increased p-STAT3 lev-

els in STAT protein family members,14 and the structural

activation of STAT3 has been confirmed in many types of

cancer, including breast cancer, prostate cancer and thyroid

cancer. The increase of STAT3 level changed the cell cycle

process and promoted the proliferation and survival of

tumor cells.AG-490 can significantly reduce the cloning

ability of cancer cells in vitro and in vivo on prostate cancer

cells, increase the apoptosis rate, and increase cancer cell

migration, invasion inhibition and cell cycle arrest in G1

phase. We speculate that the miR-503-5p reduction caused

by AG-490 treatment may partially explain the mechanism

of this result. In prostate cancer cells, due to the down-

regulation of miR-503-5p expression, PTEN expression is

increased and the AKT signaling pathway is inhibited. The

AKT pathway participates in tumor survival and metastasis

by regulating Bcl-2 and MMP2/9. TIMP3, a protease reg-

ulatory factor combined with ECM, is a key inhibitor of

several MMPs, and its expression has a predictive effect

on the prognosis of cancer. Therefore, the restoration of

TIMP-3 protein is related to the reduction of prostate cancer

cell migration and invasion. According to reports, PDCD4

inhibits AP-1 mediated transactivation and induces the

expression of cyclin-dependent kinase inhibitor p21.There-

fore, the upregulation of PDCD4 leads to the arrest of the

cycle of oral squamous cell carcinoma cells in G1 phase.

Our results provide evidence that AG-490 inhibits STAT3,

upregulates PTEN, PDCD4, and TIMP-3 by inhibiting miR-

503-5p, and the role of the STAT3/miR-503-5p pathway in

prostate cancer growth in vitro and in vivo.

In summary, this study found that AG-490 can inhibit the

growth of prostate cancer cells in a miR-503-5p-dependent

manner by targeting STAT3, and is expected to become a new

candidate drug for the treatment of prostate cancer.

Figure 5. Western blotting detection of protein in rat tumor tissue. A: Luciferase activity in cells treated with or without AG-490. Data are

presented as the relative ratio of firefly luciferase activity of Renilla luciferase activity. B: Western Blot analysis of STAT3, p-STAT3, miR-503-

5p, PTEN, TIMP-3 and PDCD4 expression in PC cells.

8 Technology in Cancer Research & Treatment



Authors’ Note

The present study was approved by the Institutional Review Board of

Wuxi Hosptial of Traditional Chinese Medicine (Wuxi, China;

approval no. 20170701). Guangxing Tan and Lin Jiang contributed

equally.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to

the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-

ship, and/or publication of this article.

ORCID iD

Guangxing Tan https://orcid.org/0000-0001-6528-5682

References

1. Vanella L, Giacomo C D, Acquaviva R, et al. The DDAH/NOS

pathway in human prostatic cancer cell lines: antiangiogenic

effect of L-NAME. Int J Oncol. 2011;39(5):1303-1310.

2. Khalil S, Riese W D. Association of benign prostatic hyperplasia

(BPH) volume and prostate cancer: consecutive data from an

academic institution in respect to the current scientific view.

World J Urol. 2017;35(10):1-2.

3. Rao X, Leva G D, Li M, et al. MicroRNA-221/222 confers breast

cancer fulvestrant resistance by regulating multiple signaling

pathways. Oncogene. 2011;30(9):1082-1097.

4. Kurozumi A, Goto Y, Matsushita R, et al. Tumor-suppressive

microRNA-223 inhibits cancer cell migration and invasion by

targeting ITGA3/ITGB1 signaling in prostate cancer. Cancer Sci.

2015;107(1):84-94.

5. Liu H, Song Z, Liao D, et al. miR-503 inhibits cell proliferation

and invasion in glioma by targeting L1CAM. Int J Clin Exp Med.

2015;8(10):18441.

6. Gong J, Luk F, Jaiswal R, et al. Microparticles derived from

drug-resistant cells regulate miR-503 and PYK2 to promote

migration and invasion in breast cancer. Front Oncol. 2015,

21(1):164-167.

7. Chang S W, Yue J, Wang B C, et al. MiR-503 inhibits cell pro-

liferation and induces apoptosis in colorectal cancer cells by tar-

geting E2F3. Int J Clin Exp Pathol, 2015;8(10):12853-12860.

8. Hannes C, Karsten G, Andreas M, et al. Men with a negative real-

time MRI/ultrasound-fusion guided targeted biopsy but prostate

cancer detection on TRUS-guided random biopsy—what are the

reasons for targeted biopsy failure? Bju Int. 2015;118(1):35-43.

9. Duncan M E, Goldacre M J. Mortality trends for benign prostatic

hyperplasia and prostate cancer in English populations 1979-

2006. Bju Int. 2011;107(1):40-45.

10. Pothof J, Verkaik N S, Ijcken W V, et al. MicroRNA-mediated

gene silencing modulates the UV-induced DNA-damage

response. Embo J. 2014;28(14):2090-2099.

11. Schober A, Nazari-Jahantigh M, Wei Y, et al. MicroRNA-126-5p

promotes endothelial proliferation and limits atherosclerosis by

suppressing Dlk1. Nat Med. 2014;20(4):368-376.

12. Li C J, Cheng P, Liang M K, et al. MicroRNA-188 regulates age-

related switch between osteoblast and adipocyte differentiation.

J Clin Invest. 2015;125(4):1509-1522.

13. Li S, Zhao W, Xu Q, et al. MicroRNA-765 regulates neural stem

cell proliferation and differentiation by modulating Hes1 expres-

sion. Am J Transl Res. 2016;8(7):3115-3123.

14. Bu L L, Zhao Z L, Liu J F, et al. STAT3 blockade enhances the

efficacy of conventional chemotherapeutic agents by eradicating

head neck stemloid cancer cell. Oncotarget. 2015;6(39):

41944-41958.

Tan et al 9

https://orcid.org/0000-0001-6528-5682
https://orcid.org/0000-0001-6528-5682
https://orcid.org/0000-0001-6528-5682


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


