
© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2020;9(5):3507-3517 | http://dx.doi.org/10.21037/tcr.2020.03.70

Introduction

Prostate cancer (PCa) is the most common solid tumor 
in men and the second leading cause of male mortality 
in North America (1). It is increasingly obvious that 
chemokines within the tumor microenvironment are 
involved in the acquired capability for invasive growth and 
metastasis (2-4). Multiple chemokines such as C-C motif 
chemokine 2, interleukin-12, interleukin-8 (IL-8) are 

principle factors implicated in the progression of PCa (3,5,6). 
IL-8 derived either from tumor cells themselves or other 
cellular components is crucial for PCa progression (6-8). 

IL-8, also known as C-X-C motif chemokine ligand 
8 (CXCL8), exerts many biological effects through its 
C-X-C motif chemokine receptors 1/2 (CXCR1 and 
CXCR2). IL-8 and its receptors were overexpressed 
in PCa biopsy specimens, however, they decreased in 
prostatic intraepithelial neoplastic (PIN) foci and even 
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absent in normal prostate tissues (9). Tumor-derived IL-8 
exhibits a profound effect on PCa cells. Autocrine IL-8 
by tumor themselves promotes disease progression and 
castration resistance, enhances metastatic potential and 
increases survival in response to chemotherapy (7,10,11). 
Furthermore, recent findings indicated that increasing 
tumor-derived IL-8 caused by partial or complete loss of 
phosphatase and tensin homolog (PTEN) was essential to 
cell viability in the early stages of PCa progression (12).

MicroRNAs (miRNAs) are critical regulators of post-
transcriptional target genes via repressing translation and/
or by promoting mRNA degradation (13-16), and these 
functions have been identified in a wide variety of cancers 
(17-20). Accumulating studies have demonstrated that 
miRNAs act as importance post-transcriptional regulators 
in the progression of oncogenesis and metastasis, suggesting 
their potential roles in anti-cancer therapeutics (21-24). 
Till now, a wide variety of miRNA expression profiles have 
been conducted in PCa (25-27). Liu et al. reported miR-
106a was lower expressed in both PCa stem cell lines and 
xenograft models (28). Moreover, an important miRNA 
profile recently identified miR-106a as a useful biomarker 
for predicting PCa aggressive progression (29). Our group 
previously performed microarrays to find out the different 
expression profiles of both miRNA and mRNA in PCa cell 
lines and finally found that miR-106a was downregulated, 
while IL-8 was upregulated in androgen-independent PCa 
cells lines. However, the function and mechanism of miR-
106a in PCa progression have not been investigated.

Using bioinformatics analysis, we detected that IL-8 
might be a target gene of miR-106a. Therefore, in the 
current study, we intended to investigate whether miR-
106a could affect the progression of PCa via targeting IL-8 
or not. Here, we identified that proliferation, apoptosis, 
invasion, and migration of PCa cells mediated by miR-106a 
through directly targeting IL-8. These data provide new 
insight into the mechanism of PCa progression, suggesting 
that targeting IL-8 by miR-106a might be useful for PCa 
therapy.

Methods

Cell lines

Human PCa cell lines PC-3, DU145, LNCaP, normal 
human prostate epithelial cell line RWPE-1 and human 
embryonic kidney cells 293 (HEK-293) were obtained from 
American Type Culture Collection (ATCC). Cells were 

passaged and maintained in RPMI-1640 medium (PC-
3, DU145, LNCaP, RWPE-1) or in DMEM (HEK-293), 
with 10% fetal calf serum, penicillin (100 mg/mL) and 
streptomycin (100 mg/mL) (Gibco/Life Technologies, NY, 
USA).

RNA extraction, conventional reverse transcription-PCR, 
and quantitative real-time PCR

Total RNA, including miRNA, was isolated from cells 
using the TRIzol® reagent (Invitrogen, Carlsbad, CA) 
in  accordance with the manufacturer’s protocols. PCR 
was carried out as described previously (30). The stem-
loop reverse transcription-PCR (RT-PCR) primer was 
designed to examine miR-106a (5'-GTCGTATCCAG
TGCAGGGTCCGAGGTATTCGCACTGGATAC
GACCTACCT-3'). The Mature level miR-106a were 
examined by stem-loop RT-PCR. The primer sequences 
were designed as follows: primers for miR-106a, forward 
5'-CGGCGGTCCAGTTTTCCCAGG-3', reverse 
5'-CATAGCCCGCAAAGTCT T-3'; primers for U6 gene, 
forward 5'-TGGAACGATACAGAGAAGATTAGCA-3', 
reverse 5'-AACGCTTCACGAATTTGCGT-3'. U6 was 
used as an endogenous control for data normalization. 
Quantitative real-time polymerase chain reaction (Q-PCR) 
was performed by using SYBR Premix ExTaq (Takara, Otsu, 
Japan) on the ABI 7500 real-time PCR System, with U6 
used as an internal control.

Western blotting analysis and Immunocytochemistry

Western blot was performed as described previously 
with primary antibodies: IL-8 (1:3,000, Santa Cruz, 
CA, USA) and GAPDH (1:10,000, Kangcheng, China). 
Signals were visualized by ECL reagents (Millipore, MA, 
USA) (30). On immunocytochemistry, cells were fixed in 
4% paraformaldehyde, permeabilized with 0.1% Triton 
X-100, and then incubated overnight at 4 ℃ with anti-IL-8 
antibody 1:100 (Abcam, MA, USA). 

Recombinant adenoviral vectors for overexpression of  
miR-106a

Pri-miR-106a sequence was cloned by PCR from 
HEK-293 cel l  genomic DNA f lanked with Kpn1 
and Sal1 restriction site sequences (primers: forward, 
5'-GGTACCTGTAAGCCAAAGGAAAGC-3'; reverse, 
5'-GTCG ACGCACCTTAACACAAGAGACAC-3'). 
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PCR product was inserted into pMD18/T (TaKaRa) and 
then cloned into pAd-Track-CMV (Invitrogen) after 
being sequenced. pAd-Track-miR-106a was generated by 
homologous recombination of adenovirus vector pAdeasy-1 
in E.coli BJ5183 cells (Stratagene, Wilmington, NC). The 
resulting pAdeasy-miR-106a was transfected into HEK-
293 cells to obtain viral particles. To amplified Ad-miR-
106a, several cycles of infection were repeated and the viral 
genome copy number was verified by PCR. The control 
(Ad-control) was an empty vector.

3'-UTR reporter construct cloning and luciferase reporter 
assay

The 3'-UTR of IL-8 with the predicted binding 
s i te  of  miR-106a was  constructed by the pGL3-
Promoter vector (Promega). Mutant IL-8 3'-UTR 
with mutation/deletion of seed sequences were created 
by overlapping PCR (primers:  IL8-Mut,  forward 
5'-GGAAAGATCTCAGTTTTTTCATC-3', L8-Mut, 
reverse 5'-GAAAAAACTGAGATCTTTCCAC-3'; IL8-Del, 
forward 5'-CATGTGGAAAGTTTTTTCATCA TAAC-3', 
IL8-Del, reverse 5'-GAAAAAACTTTCCACATGTCCTC-3'. 
Reporter construct and the pRL-CMV plasmid were co-
transfected by using Lipo 2000 (Invitrogen). The firefly and 
luciferase activities were measured 24 h post-transfection 
using Luminometer TD-20/20 (Turner Design, CA, USA).

Cell proliferation analysis and TUNEL assay

PC-3 and DU145 cell proliferation were measured 
b y  3 - ( 4 , 5 ) - d i m e t h y l t h i a h i a z o  ( - z - y 1 ) - 3 , 5 - d i - 
phenytetrazoliumromide (MTT) cell assay (Sigma). Cells 
were plated in 96-well plates with an initial density of 5×103 
per well, at 24, 48, 72, and 96 h, each well was added 20 μL 
of 5 mg/mL MTT, incubated 4-hour at 37 ℃, removed the 
MTT solution, added 150 μL dimethylsulfoxide (DMSO) 
to each well, absorbance measured at 590 nm using 96-well 
plate reader (SPECTRAmax PLUS, CA, USA). TUNEL 
assay (Roche, Mannheim, Germany) was performed 
to detect the Apoptotic index of cells according to the 
manufacturer’s recommendations. 

Migration and invasion assays

To assess cell migration and invasion abilities after 
t rans fec ted  AD-miR-106a ,  we  used  Trans-wel l -
polycarbonate filter membrane (8-μm pore size, Millipore, 

MA, USA) with Matrigel (BD Biosciences, CA, USA). Cells 
were incubated into the top chamber (5×104/cm2) with FBS-
free medium and the bottom chamber contained RPMI 
1640 with 10% fetal bovine serum (FBS) (migration assay: 
8, 16, and 24 h; invasion assay: 24 and 48 h). Cells passing 
through the film were fixed, stained and counted under a 
microscope.

Statistical analysis

Statistical analyses were performed with SPSS version 20.0 
(SPSS Inc., Chicago, IL, USA). All data were shown as 
means ± standard deviation (SD). A comparison between 
groups and controls was determined by One-Way ANOVA 
and independent sample t-test. P<0.05 was defined as 
statistical significance. 

Statement of ethics approval

This study was basic research and did not involve any 
patient sample and animal. It was not required ethics 
approval.

Results

The expression of miR-106a and IL-8 in PCa cell lines 
and normal epithelial cell line

Since autocrine IL-8 is strongly associated with PCa 
progression, we initially evaluated the expression of 
IL-8 in normal and cancer cell lines. Both IL-8 mRNA 
and its protein expression were observed higher in 
androgen-independent PCa cell lines (PC-3 and DU145) 
compared with androgen-dependent PCa (LNCaP) and 
normal epithelial cell line (RWPE-1) (Figure 1A,B,C,D). 
Subsequently, miR-106a was determined by conventional 
RT-PCR and Q-PCR. In contrast to IL-8, miR-106a 
was observed down-regulated in PCa cell lines, whereas 
upregulated in normal prostate epithelial cells (Figure 1E,F). 
These findings indicated the negative expression of miR-
106a and IL-8 in PC-3 and DU145.

The interaction between miR-106a and IL-8 in PC-3 and 
DU145 cells

To investigate the interaction between miR-106a and IL-8 
in PCa cell lines, miR-106a vectors were constructed. 
Androgen-independent PCa cells transfected with miR-
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106a obviously inhibited the production of IL-8 compared 
to Ad-control (Figure 2A,B,C,D,E,F), indicating that 
the expression levels of IL-8 may be inhibited by the 
overexpression of miR-106a.

The interaction of MiR-106a with the 3'-UTR of IL-8 
mRNA

To examine the binding sites of miR-106a in the 3'-UTR 
of IL-8 mRNA, we carried out dual reporter gene assays. 
First, we constructed luciferase reporter genes containing 
wild and mutant sequences of IL-8 3'-UTR and then 
cloned them into the luciferase reporter vector pGL3-IL8 
(Figure 3A). As shown in Figure 3B, the luciferase levels of 
the reporter with wild-type IL-8 3'-UTR was significantly 
inhibited in the cells transfected with miR-106a (about 
78%), but not these with mutant IL-8 3'-UTR. These data 

suggested that miR-106a could reduce IL-8 expression by 
directly binding to the 3'-UTR of IL-8.

Overexpression of miR-106a suppresses the growth and 
promotes the apoptosis of PCa cells

To further investigate the biological function of miR-106a on 
PCa cells, MTT and TUNEL assays were performed. MiR-
106a overexpression could inhibit the proliferation of PCa cells 
at 96h after Ad-106a infection compared with blank and Ad-
con (Figure 4A). Moreover, the cells apoptosis was significantly 
increased after transfecting Ad-miR-106a (Figure 4B).

Overexpression of miR-106a suppresses the invasion and 
migration of PCa cells

As metastasis  is  the major property of  hormone-

Figure 1 The expression levels of IL-8 and miR-106a in PC-3, DU145, LNCaP, and RWPE-1. RT-PCR (A) and Q-PCR (C) showed 
the differential expression of IL-8 mRNA in four cell lines. Western blot analysis (B,D) showed the differential expression of IL-8 protein 
expression levels in four cell lines. RT-PCR (E) and Q-PCR (F) demonstrated the differential expression of miR-106a in four cell lines. (C,D) 
Compared to RWPE-1; (F) compared to PC-3. Double asterisks indicate P<0.001. 
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independent PCa, we subsequently analyzed the effects of 
miR-106a on invasion and migration behavior (PC-3 and 
DU145). Notably, miR-106a overexpression abrogated cell 
migration at 8, 12 and 24 h post-transfection (Figure 5A,B). 
Simultaneously, the cell invasion ability was also obviously 
suppressed at 24 and 48 h following transfected with miR-
106a (Figure 5C,D).

Discussion

Tumor-derived IL-8 promotes growth, invasion, metastasis, 
angiogenesis and enhances resistance to chemotherapies 
through autocrine signaling pathways in PCa. Here, 

we explored the potential for miR-106a to serve as a 
principle post-transcriptional regulator in PCa progression 
demonstrating that miR-106a fosters apoptosis and inhibits 
proliferation, invasion, and migration via targeting IL-8 in 
PCa cell lines. Thus, the inhibition of the autocrine effects 
of IL-8 by upregulating miR-106a might provide a potential 
therapeutic approach to block the progression of PCa.

MiR-106a, a member of the miR-17 family, is broadly 
expressed in a huge variety of cell types. MiR-106a-363 
cluster, as well as a miR-106b-25 cluster, is the paralogs of 
miR-17-92 cluster given rise to gene duplications. Although 
predominate data show that miR-17-92 cluster could 
promote oncogenesis in a variety of tumors including PCa, 

Figure 2 The effects of artificial miR-106a over-expression on IL-8 in PC-3 and DU145 cells. Homogenous green fluorescence protein 
expression (A,B), RT-PCR (C) and Q-PCR (E) demonstrated the differential expression of miR-106a expression following infected with Ad-
miR-106a or Ad-control in PC-3 and DU145 cells. Western blot analysis (D) and immunocytochemistry (F) showed the changes in IL-8 
protein levels following transfected with Ad-miR-106a or Ad-control in PC-3 and DU145 cells. The bar within the picture, 50 μm. Double 
asterisks indicate P<0.001. 
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there is some evidence addressing the reduction of this 
miRNA cluster might facilitate tumor progression in certain 
tumors (31,32). Moreover, individual miRNA biogenesis 
is under different control in vivo. For this reason, their 
biological mechanism could be either similar or completely 
adverse. Studies underlying the individual function of 
miRNA, therefore, are critical to elucidate the exact 
biological roles of the miR-17 family in tumorigenesis.

The expression and functionality of miR-106a vary 
in different cancers. Data from several studies indicated 
that abnormality of miR-106a expression could be either 
oncogenic or tumor-suppressive (33,34). Aberrant presence 
of miR-106a was positively correlated with poor prognosis, 
enhanced capability of invasive growth and metastasis in 
gastric and ovarian cancer, conversely, dysregulated miR-
106a was an independent predictor for poor survival in 
breast cancer, osteosarcoma, glioblastoma and astrocytoma 
(4,35-41). Several genes correlated with the regulation 
of miR-106a were proposed on tumor development, 
progress ion and drug res istance (6,36,39,41,42) . 

Upregulated miR-106a exerted antagonistic effects 
by inhibiting proliferation and inducing apoptosis via 
targeting E2F transcription factor 1 (E2F1) in glioma and 
colorectal cancer and promoting stress-induced apoptosis 
by targeting fas activated serine/threonine kinase (FASTK) 
in astrocytoma (43,44). In contrast, overexpression of miR-
106a paradoxically inhibited the cellular extrinsic apoptotic 
pathway by targeting Fas cell surface death receptor (FAS) 
in gastric cancer and inhibited the cell migration and 
invasion of renal cell carcinoma through targeting p21 
activated kinase 5 (PAK5) (23,45). Moreover, by directly 
targeting tissue inhibitors of metalloproteinase 2 (TIMP2), 
miR-106a enhanced gastric cell migration and invasion (41).  
Furthermore, through triggering associated apoptosis 
genes, runt-related transcription factor 1/3 (RUNX 1/3), 
myeloid cell leukemia-1 (Mcl-1), B-cell lymphoma/leukemia 
10 (BCL10), caspase-7, miR-106a exerted a pivotal role 
in drug resistance in the gastric tumor, ovarian tumor and 
osteosarcoma (11,35,36,46).

Surprisingly, other than the miR-17-92 cluster, very few 

Figure 3 Identifying the seed sequences of miR-106a in the IL-8 3'-UTR by dual reporter gene assays. The potential seed sequences of 
miR-106a were predicted in the 593-600, not on the IL-8 3'-UTR (A). After artificial over-expression of miR-106a (pre-transfected with 
luciferase reporter vectors) in PC-3 cells, the reporter gene activity (represented by relative luciferase activity) was significantly decreased 
when PGL3-IL-8 was present in the construct, whereas it was obviously restored when PGL3-Mut or PGL3-Del present. Expression of Ad-
miR-106a alone (without seed sequences present) or PGL3-IL-8 (without infection of Ad-miR-106a) had no effect on reporter gene activity 
(B). A single asterisk indicates P<0.05. 
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studies have explored miR-106a in PCa. Nevertheless, the 
function and mechanism of miR-106a in PCa remains to 
be better understood. Liu and his colleagues conducted 
miRNA expression profiling and found that miR-106a was 
dysregulated in both PCa stem/progenitor cell subsets and 
human PCa tissues (28). Importantly, by performing Scano-
miR bioassay, Alhasan et al. identified that upregulated 
serum miR-106a was strongly associated with the aggressive 
progression of PCa (29). Therefore, the differential 
expression of miR-106a in different samples and PCa cell 
lines indicated the multiplicity of miR-106a in PCa. Our 
study is the first to explore the potential role of miR-106a 

in PCa progression.
Several genes have been reported to be direct targets of 

miR-106a. We chose to focus on IL-8 owing to its crucial 
role in PCa development and progression, especially 
in the castration resistance stage. IL-8 as a principle 
proinflammatory chemokine usually secreted by both 
normal and cancer cells, including PCa. Caruso et al. 
reported the expression of IL-8 in primary PCa tissues 
positively related to the biochemical recurrence (18). 
Furthermore, the expression of IL-8 and its receptors were 
detected in PCa biopsy samples, but absent or downregulated 
in normal tissues and PIN foci respectively (9). Tumor-

Figure 4 The effects of miR-106a over-expression on cell proliferation and apoptosis. MTT assay showed that proliferation was significantly 
inhibited in PC-3 (compared to Ad-con) and DU145 (compared to Ad-con) cells after miR-106a overexpression (A), blank: normal PC-3 or 
DU-145 cells. TUNEL assay demonstrated that increased apoptosis following up-regulated miR-106a in PC-3 and DU145 cells (B). Cells 
were stained by Streptavidin-HRP and Diaminobenzidine (DAB). The bar within the picture, 50 μm. Double asterisks indicate P<0.001.
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derived IL-8 has the capacity to exert profound effects on 
tumor progression. IL-8 serves as an autocrine growth 
factor that promotes activation of survival and metastasis 
pathways and induces castration resistance in PCa via 
activating its classical receptors. In addition, Singh et al. 
also demonstrated the ligand-independent pathway by the 
interaction between IL-8 and C-X-C motif chemokine 
receptor 7 (CXCR7) in PCa progression (47). Recently, an 
elegant study found that PTEN deficiency could sustain 
proliferation and survival through selective overexpression 
of IL-8, underlying its crucial role in the early stages of PCa 
development (12). 

IL-8 is frequently highly expressed in PCa, but the cause 
of its overexpression remains unclear. miRNAs can suppress 

target genes expression via target mRNA degradation, 
translational repression or de-adenylation. We observed that 
when miR-106a was strengthened, both IL-8 mRNA and 
protein were strongly inhibited, and IL-8 is the target gene of 
miR-106a. In line with our results, Hong et al. found serum 
miR-106a could repress IL-8 expression via targeting 3'-UTR 
of IL-8 in chronic hepatitis B patients (48). 

To further investigate the biological effects of miR-
106a on PCa cells, we examined the proliferation, invasion, 
migration, and apoptosis in androgen-independent PCa 
cells. Interestingly, PCa cell proliferation was inhibited 
along with increased apoptosis after transfected with miR-
106a. Moreover, the migration and invasion abilities were 
also suppressed by upregulated miR-106a. In line with our 

Figure 5 The effects of miR-106a overexpression on migration and invasion in the transwell culture system. The migration function of 
PC-3 (A) and DU145 (B) (compared to Ad-con) cells was significantly inhibited after miR-106a overexpression. The invasion capability of 
PC-3 (C) and DU145 (D) (compared to Ad-con) cells was significantly restrained following miR-106a overexpression. Cells were stained by 
methylrosanilnium chloride solution. The bar within the picture. A single asterisk indicates P<0.05. Double asterisks indicate P<0.001. 
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study, previous studies found that enforced expression of 
miR-106a could inhibit cell proliferation and induce cell 
apoptosis via targeting E2F1 or FASTK in nervous system 
neoplasms (42,44). Taken together, our findings indicated 
that overexpression of miR-106a exerted tumor suppression 
effects through inducing apoptosis and inhibiting 
proliferation, migration, and invasion by targeting IL-8 in 
PCa. Therefore, miR-106a could act as a tumor suppressor 
in PCa progression.

Overall, this study sheds light on the emerging role 
of miR-106a in PCa progression. Our study indicates 
that miR-106a could exert anti-tumor effects and the 
overexpression of miR-106a induce apoptosis and suppress 
proliferation, migration, and invasion of PCa cells by 
directly targeting IL-8. Therefore, the modulation of 
IL-8 by using miR-106a could be a promising therapeutic 
strategy for overcoming the progression of PCa. 
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