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Simple Summary: MicroRNAs (miRs) have critical regulatory roles in cell functions, and are involved
in prostate cancer tumorigenesis. miR-20a-5p is a member of the oncogenic miR-17-92 cluster.
Overexpressed miR-20a-5p has been shown to increase both cell proliferation and cell migration in
cancers. The aim of our cohort study was to evaluate the prognostic role of miR-20a-5p in prostate
cancer. We found miR-20a-5p associated with biochemical failure in tumor epithelium and tumor
stroma. In the multivariable analysis miR-20a-5p in tumor epithelium was found to be an independent
prognostic predictor for biochemical failure. In the functional studies, migration and invasion were
significantly increased in miR-20a-5p transfected prostate cancer cell lines. In conclusion, high miR-
20a-5p expression in tumor epithelium is a negative independent prognostic factor for biochemical
failure in prostate cancer.

Abstract: Objective: assessing the prognostic role of miR-20a-5p, in terms of clinical outcome, in a
large multi-institutional cohort study. Methods: Tissue microarrays from 535 patients’ prostatectomy
specimens were constructed. In situ hybridization was performed to assess the expression level of
miR-20a-5p in different tissue subregions: tumor stroma (TS) and tumor epithelium (TE). In vitro
analysis was performed on prostate cancer cell lines. Results: A high miR-20a-5p expression was
found negatively in association with biochemical failure in TE, TS and TE + TS (p = 0.001, p = 0.003
and p = 0.001, respectively). Multivariable analysis confirmed that high miR-20a-5p expression in
TE independently predicts dismal prognosis for biochemical failure (HR = 1.56, 95% CI: 1.10-2.21,
p = 0.014). Both DU145 and PC3 cells exhibited increased migration ability after transient overexpres-
sion of miR-20a-5p, as well as significant elevation of invasion in DU145 cells. Conclusion: A high
miR-20a-5p expression in tumor epithelium is an independent negative predictor for biochemical
prostate cancer recurrence.

Keywords: prostate cancer; microRNA; miR-20a-5p; radical prostatectomy; biomarker; prognostication

1. Introduction

Prostate cancer (PCa), with an estimated 1.3 million new cases in 2018, is the sec-
ond most common cancer diagnosis among men worldwide [1]. PCa was responsible for
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~360,000 deaths in 2018, and is thereby the fifth most common cause of cancer death in
men [1]. PCa varies from indolent to aggressive cancer, and with increased diagnostics
comes overtreatment, with its associated side effects. Current treatment stratification
is hampered by imprecise large risk groups [2]. Considering that the only established
biomarker, serum Prostate Specific Antigen (PSA) has low specificity [3], new PCa biomark-
ers that can more precisely distinguish cancer aggressiveness are highly warranted [4].

MicroRNAs (miRs) are small, non-coding, single stranded RNA molecules about
22 nucleotides in length [5]. They bind complementary to the 3'-untranslated region
(3’ UTR) of the target gene, which causes mRNA degradation or inhibition of translation [6].
miRs are dysregulated in various cancers [4], and can function as oncomirs or tumor
suppressor miRs determined by the target transcripts [7]. They are involved in mechanisms
driving cancer aggressiveness, such as cell proliferation, migration, invasion, apoptosis,
angiogenesis and radio- and chemoresistance [7]. Dysregulated miRs in circulation are
associated with tumor growth, drug resistance and metastasis, making them potential
diagnostic and prognostic biomarkers for different cancers [3], including PCa [4,8].

The miR-17-92 cluster, located in an intron of MIR17HG (C130rf25) on chromosome 13,
comprises six members: miR-17, miR-18a, miR-19a, miR-19b, miR-20a and miR-92a [9].
The cluster is important for normal development, and contributes to regulating cellular
processes such as proliferation, cell cycle progression and apoptosis [10]. The miR-17-92
cluster is often dysregulated in solid and hematopoietic malignancies, hence it is called
‘oncomiR-1’ [11].

High expression of miR-20a is shown to increase cell proliferation and induce migra-
tion in different cancers such as gastric, lung and hepatocellular carcinoma [12-14]. High
miR-20a expression is also correlated with high Gleason score (>7), which is the strongest
prognostic marker in early stage prostate cancer [15]. Basic studies show that miR-20a
targets the E2F family, p21 and p57, thus blocking cell cycle checkpoints and promoting
tumorigenesis [10,16]. High miR-20a-5p expression has been associated with biochemical
failure (BF) and tumor recurrence after radical prostatectomy, and consequently suggested
as a potential prognostic biomarker in PCa [17]. However, Ottman and colleagues found a
tumor suppressor effect of the whole miR-17-92 cluster [18].

Using microarray expression analysis (no. of assessed miRs: 1435) in a subset of
patients (n = 30) of current cohort, we have previously found miR-20a-5p to be significantly
upregulated in PCa patients with a rapid BF vs. non-BF [19]. Since the prognostic impact of
miR-20a-5p has not been thoroughly evaluated in the whole cohort, we sought to evaluate
in situ expression of miR-20a-5p in human PCa tissue. Our second aim was to perform
in vitro analyses to study the effects of miR-20a-5p on proliferation, migration and invasion,
and thereby validate the in situ results.

2. Materials and Methods
2.1. Patients

We retrospectively identified 671 consecutive patients who received radical prostatec-
tomies for adenocarcinoma of the prostate gland between 1995 and 2005, from the archives
of the departments of Pathology from three Norwegian hospitals: Trondheim University
Hospital (St. Olav, n = 341); Nordlandssykehuset Bode (NLSH, 1 = 63); and the University
Hospital of North Norway (UNN, n = 267). Of the 671 patients, 136 were excluded, thus
leaving 535 patients with available tissue and sufficient follow-up data. Patients were
excluded due to inadequate tissue blocks (n = 130), other types of cancer within 5 years
of PCa diagnosis (n = 4), missing follow-up data (n = 1) and pelvic radiotherapy prior
surgery (n = 1). None received pre-operative hormonal therapy. Relevant clinical data was
registered and outcome data was collected until the last follow-up (31 December 2015).
The median follow-up was 150 months (18-240 months).

BF was defined as a PSA > 0.4 ng/mL in two consecutive postoperative blood sam-
ples [20]. Clinical failure (CF) was defined as clinically palpable recurring tumor or metas-
tasis to lymph nodes, visceral organs or bones verified by radiology. Lastly, prostate cancer
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death (PCD) was defined as PCa as death-cause stated in the patient’s journal. BF-free
survival (BFFS), CF-free survival (CFFS) and PCD-free survival (PCDFS) was calculated
from time of surgery to either the last follow-up date or date at which BF, CF or PCD
occurs. An experienced uro-pathologist (ER) re-evaluated the tumor-samples in 2018, and
graded them according to the WHO 2016 guidelines [21,22]. Cancer of the Prostate Risk
Assessment Postsurgical Score (CAPRA-S Score) was used to predict outcomes after radical
prostatectomy. This variable was calculated based on ISUP Grade group, PSA value, mar-
gin, extracapsular extension, lymph node invasion and seminal vesicle invasion [23]. The
REMARK guidelines were followed in regards to the reporting of biomarker expression
and clinicopathological variables, and the analysis of survival data [24]. See our previously
published report for more detailed information regarding the cohort [25].

2.2. Tissues and Tissue Microarray Construction (TMAs)

The most representative areas of TE and adjacent stromal areas were demarked
for sampling by an experienced uro-pathologist (ER). The TMAs were made by using
a tissue-arraying instrument (Beecher Instruments, Silver Springs, MD, USA), which
harvested cores with 0.6 mm in diameter. The cores were inserted into paraffin blocks, and
4 um sections were cut by a Micron microtome (HM355S). The detailed methodology has
previously been reported [26].

2.3. In Situ Hybridization (ISH)

The Ventana Discovery Ultra instrument (Ventana Medical Inc., Marana, AZ, USA)
performed the chromogenic ISH, with buffers and detection reagents purchased from Roche
(Basel, Switzerland). All miRCURY LNA detection probes; hsa-miR-20a-5p, (No. 611011-360),
neg. control (scrambled-miRNA, No. 157057117), and pos. control (U6 hsa, No. 160010126),
were from Exiqon (Vedbaek, Denmark). To optimize the detection method, unmasking
pretreatments and probe concentrations were tested on a TMA multiorgan block. To con-
firm the staining, miR-20a-5p expression in malignant and healthy tissue was studied on
control TMA blocks. To stop RNA degradation, RNAse-free water, buffers and equipment
were utilized. Recommended temperatures were guidelines for optimizing hybridiza-
tion temperatures for the probes and controls. To achieve optimal concentrations of each
miR-probe, tests at different concentrations were conducted and clear staining without
unspecific positive background staining were chosen. The detection-probe supplier (Ex-
igon) recommend miR-probe concentrations in the range of 20-80 nM. To guarantee the
sensitivity level of the ISH method a U6 snRNA control probe (1.5 nM concentration) was
utilized. For U6, the best sensitivity was considered a bright nuclear signal at concen-
trations between 0.1-2.0 nM. A strong nuclear staining visualized by a light microscope
implies low amounts of RNA degradations in U6. For the scrambled-miRNA (negative
control), the concentration was 10 nM, and 50 nM for miR-20a-5p. Our protocol steps for
the ISH procedure are documented in our previous study [27]. The temperatures for the
different probes were 40 °C (miR-20a-5p), 55 °C (U6) and 57 °C (scramble miR) for the
hybridization, and the incubation time was 60 min. Figure 1 contains the staining controls.

2.4. Cell Culture

We used two different PCa cell lines to evaluate the functional properties of miR-20a-
5p. These were the human androgen-independent PCa cell lines PC3 (ATCC CRL-1435)
derived from bone metastasis and DU145 (ATCC HTB-81) derived from brain metastasis.
In every experiment passage below 46 and 69 was used for PC3 and DU145, respectively.
Opti-MEM I (1x) medium without phenol red (cat.# 11058-021, GIBCO, RE, UK) was used
for the cultured cells (2 x 10° cells/mL), and supplemented with Penicillin Streptomycin
1% (cat.# 15140-148, Gibco, NY, USA) and 5% of fetal bovine serum (cat.# S0415, Biochrom,
Berlin, Germany), in a humidified atmosphere with 5% CO,: 95% air, at 37 °C, for 72 h.
Then, we replaced the culture medium with one without serum 24 h before the experiments,
where the cells were 85-90% confluent.
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Figure 1. A panel of ISH stained cores; representative scorings of miR-20a-5p in tumor epithelium (TE) and tumor stroma
(TS). TE is given a value from 0 to 3, depending on the intensity of the staining in both core and cytoplasm of the TE. TS
is given a value from 0 to 3, depending on the density of positive TS cells in the examined core. (a—c) Score 1-3 in TE;
(d—f) Score 1-3 in TS; (g) U6 control staining; (h) Scramble miR; (i) Positive tissue control: normal human colon tissue, 20 x
magnification.

2.5. Viability Assay

3 x 103 cells/well (PC3) Additionally, 5 x 10 cells/well (DU145) were cultured in
96-well plates for the colorimetric proliferation assay. Cells were, at different time points,
incubated with 12 mM of [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide]
(MTT, 5 mg/mL) (cat.# M6494, Invitrogen, OR, USA). The formazan crystals produced
were solubilized by addition of 0,01 M HC1/SDS (cat.# 28312, Thermo Scientific, Chicago,
IL, USA) for 4 h at 37 °C, and mixed thoroughly with the pipette. In order to dissolve the
formazan, the cells were incubated at 37 °C overnight. The absorbance was measured at
570 nm, in the CLARIOstar plate reader (BMG Labtech, Ortenberg, Germany).
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2.6. Cell Transfection

We used 10 uM has-miR-20a-5p Pre-miR miRNA Precursor (catalog# AM17100,
Thermo Fisher Scientific, Scientific instrumentation, reagents and consumables, and soft-
ware services, Waltham, MA, USA), and Cy3 Dye-Labeled Pre-miR Negative Control #1
(catalog# AM17120, Thermo Fisher Scientific, USA) to transiently transfect the cells. For
this, the transfection reagent Lipofectamine RNAiMAX (catalog#13778075, Thermo Fisher
Scientific, USA) was utilized. If exposed to UV-light, the transfected Cy3 Dye-Labeled
Pre-miR Negative Control emits fluorescent light. The transfection efficiency was, by
fluorescence microscope, evaluated to be at 80-95%.

2.7. Wound Healing Analysis

The wound healing assays were performed with miR-20a-5p transfection in PC3 and
DU145 PCa cell lines. For the analysis, 2 x 10° cells/well were grown in a 24-well plate. PBS
was used to wash the PC3 and DU145 cell lines. The cells were then incubated in serum free
culture medium containing a blocking DNA replication mitomycin C (10 ug/L) to avoid
cell proliferation. We used 200 uL sterile pipette tips to wound the cells. Then, the cells were
washed to remove detached cells and debris [28], and after 4 h they were transfected with
has-miR-17-5p Pre-miR miRNA Precursor (catalog# PM12412, Thermo Fisher Scientific,
USA) or Cy3 Dye-Labeled Pre-miR Negative Control #1 (catalog# AM17120, Thermo Fisher
Scientific, USA) (control, basal level of cellular function) for 24 h at 37 °C. The same area of
the wound was photographed at 0 and 24 h in order to measure wound-closure in cells
transfected with miR-20a-5p and in controls [28]. Nikon Eclipse TS100 inverted optical
microscope was used to capture the images, and Micrometrics SE Premium 4 software
was used for analyzation. The background levels at 0 h were subtracted, and after 24 h
of incubation the areas occupied by migrating cells (transfected and control cells) was
calculated. The results were plotted (mean £ SEM) in relation to the control (C = 1).

2.8. Invasion Assays

2 x 10° cells (PC3 and DU145 cell line) in serum free culture medium were seeded in
ThincertR chambers (Greiner Bio-one, Kremsmiinster, Austria) with polyethylene tereph-
thalate membranes (pore size = 8 mm) pre-coated with 50 uL of phenol red-free Matrigel
(BD, Gibco). We used 24-well plates for placing the chambers, and they contained culture
medium with 5% FBS in the lower chamber [28,29]. DU145 and PC3 cells in upper chambers
were incubated with Cy3 Dye-Labeled Pre-miR Negative Control #1 (catalog# AM17120,
Thermo Fisher Scientific, USA) (control, basal level of cellular function) or has-miR-20a-5p
Pre-miR miRNA Precursor (catalog# AM17100, Thermo Fisher Scientific, USA) (10 uM) at
37 °C for 48 h. Protocols for cell invasion analyses have previously been published [28]. PBS
(10 mM) was used to wash the chambers, then fixed for 30 min in paraformaldehyde (4%),
and stained for 10 min with crystal violet (0.2%). Non-invading cells from the membrane
upper surface were removed by a cotton swab. Membranes containing invaded cells under
the membrane surface were photographed, and by using Nikon Eclipse TS100 (inverted
optical microscope) images were captured in duplicate of three random microscope fields.
Image ] software was utilized to determine the area of cell invasion, and the results were
plotted (mean + SEM) in relation to control (C = 1).

2.9. Statistical Methods

All statistical analyses were conducted with the SPSS software, version 26 (IBM, SPSS
Inc., Chicago, IL, USA). Correlations between miR-20a-5p expression and clinicopathologi-
cal variables were explored by Pearson’s Chi-square analysis and Fisher’s exact test. The
Kaplan—-Meier method was utilized to draw univariate survival curves. Presentations of
the curves were terminated when under 10% of patients were at risk (at 192 months). The
log-rank test assessed the statistical significance between survival curves. Cox regression
analysis (backward conditional) was used for the multivariate analysis, with a probability
for stepwise entry and removal at 0.05 and 0.10, respectively. Variables significant from the
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univariate analysis were included in the multivariate analysis. p-values < 0.05 was deemed
significant for all analyses. A two-way random effect model with absolute agreement was
used to test interobserver reliability between the two scorers.

3. Results
3.1. Patient Characteristics

The last follow-up data for this study were from 31 December 2015. By then, 37%
(n = 200), 11% (n = 56) and 3.4% (n = 18) of the patients experienced BF, CF or PCD,
respectively. Median age at surgery was 62 years (47-75 years), median serum PSA level
was 8.8 ng/mL (range 0.7-104 ng/mL), and median tumor size was 20 mm (2-50 mm).
pT-stage included T2, T3a and T3b (n = 374, 114 and 47, respectively), while ISUP Grade
Group ranged from 1-5 (n = 183, 220, 80, 19 and 33, respectively). Detailed information
regarding clinicopathological characteristics for the 535 patients included in the study have
been previously published [25].

3.2. Scoring of miR-20a-5p Expression and Cut-Off Values

Figure 1 demonstrates representative scores for miR-20a-5p expression in TE and TS.
An experienced uro-pathologist (ER) and a trained investigator (LMI/M]S) scored the TMA
cores semi-quantitatively, and blinded to each other’s scores and outcome. The scoring
model is based on an overall nuclei and cytoplasmic staining intensity. The average staining
intensity in TE is given a value from 0 to 3 (0 = negative, 1 = weak, 2 = moderate and
3 = strong). In TS, the density of positive cells was scored (0 = 0%, 1 = 1-20%, 2 = 21-50%
and 3 > 50%). Predefined median cut-off values were used for the dichotomization of
the variables. A high miR-20a-5p expression was defined as a score > 2 for TE and >1.5
for TS. By adding dichotomized values from the TE- and the TS-variables together, we
created the TE + TS variable. The TE + TS variable has three categories; low TE/TS (0/0),
mixed (0/1 or 1/0), and high TE/TS (1/1). Of the patients, 406 had valid scores, while
129 were categorized as missing, considering they had no malignant cells in their cores, or
the patient’s cores had fallen off the slide during staining. An excellent scoring agreement
was achieved between the uro-pathologist (ER) and the trained investigators (LMI/M]S).
The intraclass correlation coefficient was 0.93 (p < 0.001) for miR-20a-5p in TE and 0.79
(p <0.001) in TS.

3.3. Proliferation, Migration and Invasion Assays
3.3.1. Proliferation

DU145 and PC3 cell lines were transfected with miR-20a-5p (10 uM) after being
plated for 24 h. The cells were treated with MTT over 4 days. No significant difference in
proliferation was observed in the cells overexpressing miR-20a-5p compared to controls
(non-transfected DU145 and PC3, Figure 2).

3.3.2. Migration

In the wound healing assays, DU145 and PC3 cell lines were transfected with miR-
20a-5p to study the effect of miR-20a-5p on cell migration. There was a significant increase
in migration at 24 h for miR-20a-5p transfected cells for PC3 (p < 0.05) and DU145 (p < 0.05)
cell lines compared to controls, using Student’s ¢-test. Figure 3 shows representative results
of three different experiments for both PC3 and DU145 cell lines.
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Figure 2. PC3 (a) and DU145 (b) cell lines were used to assess cell proliferation. PC3 and DU145 transfected with miR-20a-5p
were compared to control cells. There were no significant differences in proliferation in PC3 or DU145 cell lines.
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Figure 3. Wound healing analysis of transfected miR-20a-5p cells compared to controls in PC3 and DU145 cell lines. PC3

and DU145 cell lines showed significant (p < 0.05) migration compared to controls. Results are plotted (mean + SEM) in

relation to controls (C = 1). Figure 3 shows representative results of three experiments, performed in duplicates, while

complete results from all experiments are presented in Supplementary Table S1. (a,b) Wound healing assay for DU145 cell

lines; (c,d) Wound healing assay for PC3 cell lines. * Significantly different from control (p < 0.05, Student ¢-test).
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DU145

PC3

3.3.3. Invasion

Invasion analysis was used to study the effects of transfected miR-20a-5p on invasion
of DU145 and PC3 PCa cell lines. Representative results from three experiments of invasion
assays for DU145 and PC3 are presented in Figure 4. After miR-20a-5p treatment, the
invasion had significantly increased in DU145 cell lines (p < 0.05), by Student’s f-test.

DU145
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Figure 4. Invasion analysis of transfected miR-20a-5p cells compared to controls in PC3 and DU145 cell lines (representative
of three experiments). DU145 cell lines showed significant (p < 0.05) migration compared to controls. Results are plotted
(mean & SEM) in relation to controls (C = 1). Complete results from all experiments are presented in Supplementary Table
52. (a,b) Invasion assay for DU145 cell lines; (c,d) Invasion assay for PC3 cell lines. * Significantly different from control

(p < 0.05, Student t-test).

3.4. miR-20a-5p Correlations

Perineural infiltration correlated with high miR-20a-5p expression in TE, TS and
TE + TS (p = 0.001, p = 0.001 and p = 0.001, respectively). Positive apical margin (PAM)
correlated with high miR-20a-5p expression in TE, TS and TE + TS (p = 0.007, p = 0.037 and
p = 0.018, respectively).

3.5. Univariate Analysis

The results from the univariate analysis for miR-20a-5p and BF, CF and PCD are
presented in Table 1, Figure 5, and Supplementary Figure S1. The results for univariate
analyses for clinicopathological variables are available in the supplementary file (Supple-
mentary Table S3). High miR-20a-5p expression was significantly associated with BF (TE:
p =0.001, TS: p = 0.003, TE + TS: p = 0.001). We did not find significant associations between



Cancers 2021, 13, 4096 9 of 15

miR-20a-5p and CF or PCD. However, there is not enough statistical power to properly
assess these associations.

miR-20a-5p in Tumor Epithelium miR-20a-5p in Tumor Stroma
1.0 1.0
0.8 0.8
Low expression (n=178) Low expression (n=127)

0.6 0.6
o i
i [
o (]

High i =279

04 High expression (n=228 04 igh expression (n )

02 0.2

00| p =0.001 00| p=0.003

0 2 o % 178 160 19 0 32 64 9 128 160 192
Time (months) Time (months)
(a) (b)
miR-20a-5p in Tumor Epithelium and Tumor Stroma

1.0

08 Low expression (n=106)
- 06 Mixed expression (n = 93)
r
™
o

04

High expression (n = 207)

02

oo| P= 0.001

0 32 64 96 128 160 192

Time (months)
(©)
Figure 5. Kaplan-Meier curves presenting the relations between the PCa outcome BF and miR-20a-5p expression in (a)

TE; (b) TS and (c) TE + TS. Abbreviations: BFFS = Biochemical failure-free survival; CFFS = clinical failure-free survival;
n = number; p = p-value.

Table 1. miR-20a-5p expression as predictor for biochemical failure (BF), clinical failure (CF) and prostate cancer death
(PCD) in prostate cancer (PCa) patients. Univariate analysis; log rank. Significant p-values marked in bold. Abbreviations:
n = number; p = p-value; TS = tumor stroma; TE = tumor epithelium.

Patients Biochemical Failure Clinical Failure Death of PCa
?;R;:g:ifg » o 5-Year 10-Year 5-Year 10-Year 5-Year 10-Year
p ¢ (%) (%) P (%) (%) P (%) (%)
Low 178 33.3 82 70 99 98 100 99
TE High 228 42.6 69 55 0.001 95 91 0.078 99 97 0.187
Missing 129 241
Low 127 23.7 85 71 100 98 100 99
TS High 279 52.1 70 57 0.003 96 92 0.083 99 97 0.083
Missing 129 241
Low 106 19.8 86 73 100 98 100 99
TE + Mixed 93 174 76 64 99 98 100 99
TS High 207 387 68 54 0001 g5 oo 001 g9 96 0216

Missing 129 241
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3.6. Multivariate Analysis

The results from the multivariate analyses for BF and miR-20a-5p are presented in
Table 2. In multivariate analyses, high miR-20a-5p expression in TE (HR = 1.56, 95% CI: 1.10-
2.21, p = 0.014) and TE + TS high/high expression (HR = 1.75, 95% CI: 1.10-2.78, p = 0.018)
were independently associated with BE The clinicopathological variables significant for BF
were tumor size, CAPRA-S and perineural infiltration.

Table 2. Exploring miR-20a-5p impact as independent prognostic variable for BF. Multivariate
analysis of miR-20a-5p expression and significant clinicopathological variables from the univariate
analyses (Cox regression analyses, n = 535, backward conditional). Univariate analyses are in Table 1
and Supplementary Table S3. p-values below 0.05 marked in bold. Abbreviations: BF = biochemical
failure; HR = hazard ratio; LVI = lympho-vascular infiltration; NE = not entered; NS = not signif-
icant; p = p-value; PCM = positive circumferent margin; PNI = perineural infiltration; TE = tumor
epithelium; TS = tumor stroma.

Biochemical Failure (200 Events)

Characteristic Model 1 Model 2
HR (95% CI) p HR (95% CI) p
Tumor Size 0.038 0.030
<20 mm 1 1
>20 mm 1.46 (1.02-2.08) 1.48 (1.04-2.12)
CAPRA-S <0.001 <0.001
0-2 1 1
3-5 1.60 (1.03-2.48) 0.036 1.60 (1.03-2.47) 0.039
6-12 4.26 (2.69-6.75) <0.001 4.16 (2.62-6.60) <0.001
PNI 0.018 0.024
No 1 1
Yes 1.53 (1.07-2.17) 1.50 (1.06-2.14)
LVI NS NS
PCM NS NS
miR-20a-5p in
TE 0.014 NE
Low expression 1
High expression 1.56 (1.10-2.21)
miR-20a-5p in
TS NS NE
miR-20a-5p in
TE + TS NE 0.042
Low/low 1
expression
Mixed 1.31 (0.76-2.25) 0.334
expression
High/high 1.75 (1.10-2.78) 0.018
expression

4. Discussion

In our study, we found high miR-20a-5p expressions in TE and TE + TS to be inde-
pendent negative prognostic factors for BE. To our knowledge, this is the first prognostic
study using ISH to examine miR-20a-5p expression in PCa tissue. The strengths of our
study include a long follow-up time (median 12.5 years), a large and unselected patient
population (n = 535) and the possibility of evaluating miR-20a-5p expression in both TE and
TS. High miR-20a-5p expression can also be analyzed by ISH on routine paraffin-embedded
tissue. The study’s limitations comprise the retrospective study design, the low incidences
of CF and PCD (56 and 18, respectively) and the lack of healthy tissue controls.
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Our results are supported by previous studies using real-time reverse transcription
PCR (RT-PCR) to evaluate the prognostic impact of miR-20a-5p in PCa [17,30,31]. Qiang
et al. found a shorter mean survival time in patients with a high expression of miR-20a
in their PCa tissue samples [30]. By studying serum collected from radical prostatectomy
patients, Hoey et al. discovered that a high expression of miR-20a-5p was associated with a
high Gleason score, and a predictor for high-risk disease [17]. Moreover, they found an
association between high miR-20a-5p expression and a shorter BFFES in the Cancer Genome
Atlas (TCGA) dataset [17]. Lin et al. studied blood samples from 97 castration-resistant
PCa patients, and found an association between shorter survival time and a high miR-20a
expression before docetaxel treatment [31]. In addition, having an unchanged or decreased
miR-20a expression post docetaxel treatment was an independent predictor for worse
overall survival (OS) shown by Cox regression analysis [31]. To our knowledge, our study
is the largest study evaluating miR-20a-5p expression and the endpoints BF, CF and PCD
in PCa patients.

Several studies have explored the association between miR-20a-5p expression and
clinicopathological variables. Shen et al. found miR-20a to be upregulated in plasma from
patients with pT-stage 3 compared to stage 2 and 1, as well as in patients with a high risk
(CAPRA score) [32]. Moreover, they reported that miR-20a in combination with three other
miRs can distinguish low vs. high risk PCa patients using the D’ Amico scores [32]. Other
studies have reported significantly higher levels of miR-20a in PCa tissue from patients
with a high Gleason score (score > 6), compared to low Gleason scores (score < 6) [15,30].
miR-20a-5p was one of four miRs to have high connectivity with important genes according
to an interaction network, and might therefore be important for PCa development [33]. In
our study, we found significant correlations between miR-20a-5p and perineural infiltration
and positive apical margin.

Zhang et al. performed a systematic review where they evaluated the prognostic
implication of miR-20a in PCa [34]. In this article, miR-20a was found to be upregulated
in the circulatory system in PCa, and this was correlated with a worse OS [34]. They also
found miR-20a upregulated in gastric cancer, glioblastoma, lymphoma and non-small-cell
lung cancer (NSCLC), correlating with a worse OS and DFS [34]. Some systematic reviews
have also suggested circulating miR-20a as a diagnostic biomarker for NSCLC [35,36].
Meta-analyses focusing on gastrointestinal cancers have found high miR-20a expression
(tissue and circulation) associated with poor prognosis [34,37—40]. In nasopharyngeal
cancer, a systematic review found upregulated miR-20a in the circulation associated with
poor prognosis [41]. These meta-analyses and systematic reviews imply the same results in
patient outcome as our study:.

miR-20a-5p is a part of the miR-17-92 cluster, which has been considered to have an
oncogenic function in PCa [42,43], although Ottman et al. disagreed [18]. Many studies
have measured an upregulation of miR-20a in PCa tissue [30,44-47] and in serum from
PCa patients before radical prostatectomy compared to healthy controls [48].

Our study used wound healing assays to analyze the effects of miR-20a-5p on mi-
gration, and the results were significant migration in both PC3 and DU145 cell lines. We
also found significant results for miR-20a-5p transfection on invasion in DU145 cell lines.
Several in vitro studies have described similar functional aspects of miR-20a in PCa cell
lines [17,30,43,45]. Qiang et al. reported that miR-20a induces cell invasion and migra-
tion in PC3 and DU145 cells [30]. Hoey et al. found that miR-20a-5p overexpression
increased colony formation in a 3D agar matrix and lead to PC3 cell survival after radia-
tion treatment [17]. The increased migration and invasion after miR-20a induction have
been explained through a few different cellular mechanisms. Liu et al. found that SOX4
upregulates miR-20a in PCa, and overexpression of this gene is associated with a poor
prognosis, and causes cell proliferation, migration and invasion in PCa cells [43]. Qiang
et al. proposed that miR-20a contributes to PCa progression by inhibiting the non-receptor
tyrosine kinase (ABL2) and thereby promoting cell invasion and migration in PCa cells
in vitro [30]. Lastly, high miR-20a inhibits the gap junction protein CX43, contributing
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to the proliferation of PCa cells in vitro [45]. In this study, we found that overexpressed
miR-20a-5p increased invasion in DU145 cell lines, but decreased invasion in PC3 cell
lines. Considering DU145 cell lines are derived from brain metastasis and PC3 from bone
metastasis, these cells express different proteins and miR-levels. There is a need for more
cell studies in order to understand miR’s roles in the signaling pathways involved in
invasion for PC3 and DU145.

In our study we performed proliferation studies in PC3 and DU145 cell lines, but
found no significant difference compared to controls. We hypothesize that this result
might be due to the fact that cell line studies have several limitations. Some cell lines
unfortunately show only marginal similarity to original primary phenotype, they can lack
polarity and morphological features and they can have altered genomic content. Cell line
studies have shown miR-20a to enhance proliferation in MDA-PCa-2b cells [45], decrease
apoptosis in PC3 cells [16] and cause tumor growth in vivo [30,45]. The oncogenic activity
of miR-20a has been seen through different mechanisms. For example, Sylvestre et al.
found that translation of the E2F family of transcription factors is regulated by miR-20a,
which are important for cell cycle regulation and apoptosis [16]. Other studies found
miR-20a to inhibit the tumor suppressors RB1 and PTEN in DU145 cell lines [43,49].

Our study adds to the growing literature on the oncogenic activity of miR-20a
in PCa. Other studies describe upregulated miR-20a measured in serum from PCa-
patients [17,31,34,48]. However, our study implies miR-20a-5p expression in prostatectomy
specimens has prognostic value on PCa together with an established risk score.

5. Conclusions

In this study, we found high miR-20a-5p expression in TE and in TE + TS to be
a negative independent prognostic factors for BE. We also found significantly higher
migration in miR-20a-5p transfected vs. non-transfected cells in two PCa cell lines (DU145
and PC3), as well as invasion in DU145 cell lines. These results indicate that miR-20a-
5p expression is important for disease progression. We believe that our findings are
promising for the future use of miR-20a-5p as PCa prognostic biomarker research, but
further prospective validation is needed before clinical application.

Supplementary Materials: The following are available online at https:/ /www.mdpi.com/article/
10.3390/ cancers13164096/s1, Figure S1: Kaplan-Meier Survival Curves, Table S1: Wound Healing
Analysis, Table S2: Invasion Analysis, Table S3: Clinicopathological Variables Predictive Value for BF
and CE.

Author Contributions: Conceptualization, S.A., L.-T.R.B. and E.R,; Data curation, M.].S.; Formal
analysis, M.].S., S.A. and TK K,; Funding acquisition, T.D., L.-T.R.B. and E.R.; Investigation, M.].S.,
LM.I and E.R.; Methodology, M.R., M.L.P. and A.P.G.L.; Project administration, E.R.; Supervision,
E.R.; Validation, M.R., M.L.P. and A.P.G.L,; Visualization, M.].S. and A.P.G.L.; Writing—original draft,
M.].S.; Writing—review and editing, M.].S., S.A.,, M.R,, M.IP,, LML, T.D., APG.L, TKK, L-TR.B.
and E.R. All authors have read and agreed to the published version of the manuscript.

Funding: The funding for this study was granted by The Norwegian Cancer Society (grant number:
16-2551), UiT—The Arctic University of Norway (www.uit.no) and The Northern Health Adminis-
tration (www.helse-nord.no, ref: SFP994-11). None of the associates voiced their position regarding
study design, collection and analysis of the data, the manuscript or publication.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki, and was approved by the regional ethics committee (REK Nord), with
the application number: 2009/1393, and in 2016 and 2019 mandatory reapprovals were granted.
Establishment of the database was endorsed by The Norwegian Centre for Research Data (NSD).

Informed Consent Statement: Patient consent was waived due to the retrospective study design.

Data Availability Statement: Anonymized and limited datasets generated during and/or analyzed
during the current study are available from the corresponding author on reasonable request.


https://www.mdpi.com/article/10.3390/cancers13164096/s1
https://www.mdpi.com/article/10.3390/cancers13164096/s1
www.uit.no
www.helse-nord.no

Cancers 2021, 13, 4096 13 of 15

Acknowledgments: We are grateful for Yngve Norby’s (Department of Urology, University Hospital
of North Norway) and Nora Ness’ (Department of Oncology, Nordlandssykehuset, Bodo) work with
collecting clinical data, and Magnus Persson’s (Department of Clinical Pathology, University Hospital
of Northern Norway) quality work with the TMA-construction. All individuals in this section have
consented to acknowledgement.

Conflicts of Interest: The authors declare no financial or non-financial conflict of interest.

References

1. Bray, F.; Ferlay, ].; Soerjomataram, I.; Siegel, R.L.; Torre, L.A.; Jemal, A. Global cancer statistics 2018: GLOBOCAN estimates of
incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer |. Clin. 2018, 68, 394-424. [CrossRef]

2. Mottet, N.; Bellmunt, J.; Bolla, M.; Briers, E.; Cumberbatch, M.G.; De Santis, M.; Fossati, N.; Gross, T.; Henry, A.M.; Joniau, S.; et al.
EAU-ESTRO-SIOG Guidelines on Prostate Cancer. Part 1: Screening, Diagnosis, and Local Treatment with Curative Intent. Eur.
Urol. 2017, 71, 618-629. [CrossRef] [PubMed]

3. Bottani, M,; Banfi, G.; Lombardi, G. Circulating miRNAs as Diagnostic and Prognostic Biomarkers in Common Solid Tumors:
Focus on Lung, Breast, Prostate Cancers, and Osteosarcoma. J. Clin. Med. 2019, 8, 1661. [CrossRef]

4. Song, CJ.; Chen, H.; Chen, L.Z.; Ru, G.M.; Guo, ].J.; Ding, Q.N. The potential of microRNAs as human prostate cancer biomarkers:
A meta-analysis of related studies. J. Cell. Biochem. 2018, 119, 2763-2786. [CrossRef] [PubMed]

5. Bartel, D.P. MicroRNAs: Genomics, biogenesis, mechanism, and function. Cell 2004, 116, 281-297. [CrossRef]

6. Liu,J;Li, Y; Yang, D.; Yang, C.; Mao, L. Current state of biomarkers for the diagnosis and assessment of treatment efficacy of
prostate cancer. Discov. Med. 2019, 27, 235-243. [PubMed]

7. Macharia, L.W,; Wanjiru, C.M.; Mureithi, M.W.; Pereira, C.M.; Ferrer, V.P.; Moura-Neto, V. MicroRNAs, Hypoxia and the Stem-Like
State as Contributors to Cancer Aggressiveness. Front. Genet. 2019, 10, 125. [CrossRef]

8. Lu, Y.T; Delijani, K.; Mecum, A.; Goldkorn, A. Current status of liquid biopsies for the detection and management of prostate
cancer. Cancer. Manag. Res. 2019, 11, 5271-5291. [CrossRef]

9.  Fuziwara, C.S.; Kimura, E.T. Insights into Regulation of the miR-17-92 Cluster of miRNAs in Cancer. Front. Med. 2015, 2.
[CrossRef] [PubMed]

10. Mogilyansky, E.; Rigoutsos, I. The miR-17/92 cluster: A comprehensive update on its genomics, genetics, functions and
increasingly important and numerous roles in health and disease. Cell Death. Differ. 2013, 20, 1603-1614. [CrossRef] [PubMed]

11. Zhang, X,; Li, Y,; Qi, P; Ma, Z. Biology of MiR-17-92 Cluster and Its Progress in Lung Cancer. Int. |. Med. Sci. 2018, 15, 1443-1448.
[CrossRef]

12.  Zhang, Y.; Zheng, L.; Ding, Y,; Li, Q.; Wang, R.; Liu, T,; Sun, Q.; Yang, H.; Peng, S.; Wang, W.; et al. MiR-20a Induces Cell
Radioresistance by Activating the PTEN/PI3K/ Akt Signaling Pathway in Hepatocellular Carcinoma. Int. J. Radiat. Oncol. Biol.
Phys. 2015, 92, 1132-1140. [CrossRef]

13. Li, X.; Zhang, Z.; Yu, M,; Li, L.; Du, G.; Xiao, W.; Yang, H. Involvement of miR-20a in promoting gastric cancer progression by
targeting early growth response 2 (EGR2). Int. J. Mol. Sci. 2013, 14, 16226-16239. [CrossRef]

14. Hayashita, Y.; Osada, H.; Tatematsu, Y.; Yamada, H.; Yanagisawa, K.; Tomida, S.; Yatabe, Y.; Kawahara, K.; Sekido, Y.; Takahashi,
T. A polycistronic microRNA cluster, miR-17-92, is overexpressed in human lung cancers and enhances cell proliferation. Cancer
Res. 2005, 65, 9628-9632. [CrossRef] [PubMed]

15. Pesta, M.; Klecka, J.; Kulda, V.; Topolcan, O.; Hora, M.; Eret, V.; Ludvikova, M.; Babjuk, M.; Novak, K ; Stolz, ].; et al. Importance
of miR-20a expression in prostate cancer tissue. Anticancer Res. 2010, 30, 3579-3583.

16. Sylvestre, Y.; De Guire, V.; Querido, E.; Mukhopadhyay, U.K.; Bourdeau, V.; Major, F; Ferbeyre, G.; Chartrand, P. An E2F/miR-20a
autoregulatory feedback loop. J. Biol. Chem. 2007, 282, 2135-2143. [CrossRef]

17. Hoey, C.; Ahmed, M.; Fotouhi Ghiam, A.; Vesprini, D.; Huang, X.; Commisso, K.; Commisso, A.; Ray, J.; Fokas, E.; Loblaw, D.A.;
et al. Circulating miRNAs as non-invasive biomarkers to predict aggressive prostate cancer after radical prostatectomy. J. Transl.
Med. 2019, 17, 173. [CrossRef]

18. Ottman, R; Levy, J.; Grizzle, W.E.; Chakrabarti, R. The other face of miR-17-92a cluster, exhibiting tumor suppressor effects in
prostate cancer. Oncotarget 2016, 7, 73739-73753. [CrossRef] [PubMed]

19. Melbg-Jorgensen, C.; Ness, N.; Andersen, S.; Valkov, A.; Dennem, T.; Al-Saad, S.; Kiselev, Y.; Berg, T.; Nordby, Y.; Bremnes, R.M.;
et al. Stromal expression of MiR-21 predicts biochemical failure in prostate cancer patients with Gleason score 6. PLoS ONE 2014,
9, €113039. [CrossRef] [PubMed]

20. Stephenson, A J.; Kattan, M.W,; Eastham, J.A.; Dotan, Z.A ; Bianco, EJ., Jr.; Lilja, H.; Scardino, P.T. Defining biochemical recurrence
of prostate cancer after radical prostatectomy: A proposal for a standardized definition. J. Clin. Oncol. 2006, 24, 3973-3978.
[CrossRef]

21. Epstein, ].I; Egevad, L.; Amin, M.B.; Delahunt, B.; Srigley, ] R.; Humphrey, P.A.; Grading, C. The 2014 International Society of
Urological Pathology (ISUP) Consensus Conference on Gleason Grading of Prostatic Carcinoma: Definition of Grading Patterns
and Proposal for a New Grading System. Am. |. Surg. Pathol. 2016, 40, 244-252. [CrossRef] [PubMed]

22. Epstein, ].I; Zelefsky, M.].; Sjoberg, D.D.; Nelson, ].B.; Egevad, L.; Magi-Galluzzi, C.; Vickers, A.].; Parwani, A.V.; Reuter, V.E,;

Fine, S.W,; et al. A Contemporary Prostate Cancer Grading System: A Validated Alternative to the Gleason Score. Eur. Urol. 2016,
69, 428-435. [CrossRef] [PubMed]


http://doi.org/10.3322/caac.21492
http://doi.org/10.1016/j.eururo.2016.08.003
http://www.ncbi.nlm.nih.gov/pubmed/27568654
http://doi.org/10.3390/jcm8101661
http://doi.org/10.1002/jcb.26445
http://www.ncbi.nlm.nih.gov/pubmed/29095529
http://doi.org/10.1016/S0092-8674(04)00045-5
http://www.ncbi.nlm.nih.gov/pubmed/31421692
http://doi.org/10.3389/fgene.2019.00125
http://doi.org/10.2147/CMAR.S170380
http://doi.org/10.3389/fmed.2015.00064
http://www.ncbi.nlm.nih.gov/pubmed/26442266
http://doi.org/10.1038/cdd.2013.125
http://www.ncbi.nlm.nih.gov/pubmed/24212931
http://doi.org/10.7150/ijms.27341
http://doi.org/10.1016/j.ijrobp.2015.04.007
http://doi.org/10.3390/ijms140816226
http://doi.org/10.1158/0008-5472.CAN-05-2352
http://www.ncbi.nlm.nih.gov/pubmed/16266980
http://doi.org/10.1074/jbc.M608939200
http://doi.org/10.1186/s12967-019-1920-5
http://doi.org/10.18632/oncotarget.12061
http://www.ncbi.nlm.nih.gov/pubmed/27650539
http://doi.org/10.1371/journal.pone.0113039
http://www.ncbi.nlm.nih.gov/pubmed/25401698
http://doi.org/10.1200/JCO.2005.04.0756
http://doi.org/10.1097/PAS.0000000000000530
http://www.ncbi.nlm.nih.gov/pubmed/26492179
http://doi.org/10.1016/j.eururo.2015.06.046
http://www.ncbi.nlm.nih.gov/pubmed/26166626

Cancers 2021, 13, 4096 14 of 15

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Cooperberg, M.R.; Hilton, ].F.; Carroll, PR. The CAPRA-S score: A straightforward tool for improved prediction of outcomes
after radical prostatectomy. Cancer 2011, 117, 5039-5046. [CrossRef] [PubMed]

McShane, LM.; Altman, D.G.; Sauerbrei, W.; Taube, S.E.; Gion, M.; Clark, G.M.; Statistics Subcommittee of the, N.C..LE.W.G.0.C.D.
REporting recommendations for tumour MARKer prognostic studies (REMARK). Br. J. Cancer 2005, 93, 387-391. [CrossRef]
Andersen, S.; Richardsen, E.; Nordby, Y.; Ness, N.; Storkersen, O.; Al-Shibli, K.; Donnem, T.; Bertilsson, H.; Busund, L.T.; Angelsen,
A.; et al. Disease-specific outcomes of radical prostatectomies in Northern Norway; a case for the impact of perineural infiltration
and postoperative PSA-doubling time. BMC Urol. 2014, 14, 49. [CrossRef] [PubMed]

Bremnes, R.M.; Veve, R.; Gabrielson, E.; Hirsch, FR.; Baron, A.; Bemis, L.; Gemmill, RM.; Drabkin, H.A.; Franklin, W.A.
High-throughput tissue microarray analysis used to evaluate biology and prognostic significance of the E-cadherin pathway in
non-small-cell lung cancer. J. Clin. Oncol. 2002, 20, 2417-2428. [CrossRef] [PubMed]

Skjefstad, K.; Johannessen, C.; Grindstad, T.; Kilvaer, T.; Paulsen, E.E.; Pedersen, M.; Donnem, T.; Andersen, S.; Bremnes, R.;
Richardsen, E.; et al. A gender specific improved survival related to stromal miR-143 and miR-145 expression in non-small cell
lung cancer. Sci. Rep. 2018, 8, 8549. [CrossRef] [PubMed]

Lombardi, A.P.G.; Vicente, C.M.; Porto, C.S. Estrogen Receptors Promote Migration, Invasion and Colony Formation of the
Androgen-Independent Prostate Cancer Cells PC-3 Through 3-Catenin Pathway. Front. Endocrinol. (Lausanne) 2020, 11, 184.
[CrossRef] [PubMed]

Vicente, C.M.; Lima, M.A.; Nader, H.B.; Toma, L. SULF2 overexpression positively regulates tumorigenicity of human prostate
cancer cells. J. Exp. Clin. Cancer. Res. 2015, 34, 25. [CrossRef] [PubMed]

Qiang, X.E; Zhang, ZW.; Liu, Q.; Sun, N.; Pan, L.L.; Shen, J.; Li, T,; Yun, C.; Li, H.; Shi, L.H. miR-20a promotes prostate cancer
invasion and migration through targeting ABL2. |. Cell. Biochem. 2014, 115, 1269-1276. [CrossRef] [PubMed]

Lin, HM,; Castillo, L.; Mahon, K.L.; Chiam, K.; Lee, B.Y.; Nguyen, Q.; Boyer, M.].; Stockler, M.R,; Pavlakis, N.; Marx, G.; et al.
Circulating microRNAs are associated with docetaxel chemotherapy outcome in castration-resistant prostate cancer. Br. J. Cancer
2014, 110, 2462-2471. [CrossRef]

Shen, J.; Hruby, G.W.; McKiernan, ].M.; Gurvich, L; Lipsky, M.].; Benson, M.C.; Santella, R.M. Dysregulation of circulating
microRNAs and prediction of aggressive prostate cancer. Prostate 2012, 72, 1469-1477. [CrossRef]

Wei, J.; Yin, Y.; Deng, Q.; Zhou, J.; Wang, Y.; Yin, G.; Yang, ].; Tang, Y. Integrative Analysis of MicroRNA and Gene Interactions for
Revealing Candidate Signatures in Prostate Cancer. Front. Genet. 2020, 11, 176. [CrossRef]

Zhang, Q.; Wang, Q.; Sun, W.; Gao, F; Liu, L.; Cheng, L.; Li, Z. Change of Circulating and Tissue-Based miR-20a in Human
Cancers and Associated Prognostic Implication: A Systematic Review and Meta-Analysis. Biomed. Res. Int. 2018, 2018, 6124927.
[CrossRef]

Moretti, F.; D’Antona, P.; Finardi, E.; Barbetta, M.; Dominioni, L.; Poli, A.; Gini, E.; Noonan, D.M.; Imperatori, A.; Rotolo, N.; et al.
Systematic review and critique of circulating miRNAs as biomarkers of stage I-II non-small cell lung cancer. Oncotarget 2017, 8,
94980-94996. [CrossRef]

Zhong, S.; Golpon, H.; Zardo, P; Borlak, J. miRNAs in lung cancer. A systematic review identifies predictive and prognostic
miRNA candidates for precision medicine in lung cancer. Transl. Res. 2021, 230, 164-196. [CrossRef] [PubMed]

Moody, L.; Dvoretskiy, S.; An, R.; Mantha, S.; Pan, Y.X. The Efficacy of miR-20a as a Diagnostic and Prognostic Biomarker for
Colorectal Cancer: A Systematic Review and Meta-Analysis. Cancers 2019, 11, 1111. [CrossRef]

Huang, D.; Peng, Y.; Ma, K,; Deng, X.; Tang, L.; Jing, D.; Shao, Z. MiR-20a, a novel promising biomarker to predict prognosis in
human cancer: A meta-analysis. BMC Cancer 2018, 18, 1189. [CrossRef] [PubMed]

Zheng, Q.; Chen, C.; Guan, H.; Kang, W.; Yu, C. Prognostic role of microRNAs in human gastrointestinal cancer: A systematic
review and meta-analysis. Oncotarget 2017, 8, 46611-46623. [CrossRef] [PubMed]

Wang, J.L.; Hu, Y.; Kong, X.; Wang, Z.H.; Chen, H.Y.; Xu, J.; Fang, J.Y. Candidate microRNA biomarkers in human gastric cancer:
A systematic review and validation study. PLoS ONE 2013, 8, e73683. [CrossRef]

Patil, S.; Warnakulasuriya, S. Blood-based circulating microRNAs as potential biomarkers for predicting the prognosis of head
and neck cancer-a systematic review. Clin. Oral. Investig. 2020, 24, 3833-3841. [CrossRef]

Zhou, P; Ma, L.; Zhou, J.; Jiang, M.; Rao, E.; Zhao, Y.; Guo, F. miR-17-92 plays an oncogenic role and conveys chemo-resistance to
cisplatin in human prostate cancer cells. Int. . Oncol. 2016, 48, 1737-1748. [CrossRef]

Liu, H.; Wu, Z.; Zhou, H.; Cai, W.; Li, X.; Hu, J.; Gao, L.; Feng, T.; Wang, L.; Peng, X,; et al. The SOX4/miR-17-92/RB1 Axis
Promotes Prostate Cancer Progression. Neoplasia 2019, 21, 765-776. [CrossRef] [PubMed]

Wach, S.; Nolte, E.; Szczyrba, J.; Stohr, R.; Hartmann, A.; Orntoft, T.; Dyrskjot, L.; Eltze, E.; Wieland, W.; Keck, B.; et al. MicroRNA
profiles of prostate carcinoma detected by multiplatform microRNA screening. Int. J. Cancer. 2012, 130, 611-621. [CrossRef]
[PubMed]

Li, X.; Pan, ].H.; Song, B.; Xiong, E.Q.; Chen, ZW.; Zhou, Z.S.; Su, Y.P. Suppression of CX43 expression by miR-20a in the
progression of human prostate cancer. Cancer Biol. Ther. 2012, 13, 890-898. [CrossRef]

Szczyrba, J.; Loprich, E.; Wach, S.; Jung, V.; Unteregger, G.; Barth, S.; Grobholz, R.; Wieland, W.; Stohr, R.; Hartmann, A.; et al. The
microRNA profile of prostate carcinoma obtained by deep sequencing. Mol. Cancer Res. 2010, 8, 529-538. [CrossRef] [PubMed]
Hart, M.; Nolte, E.; Wach, S.; Szczyrba, J.; Taubert, H.; Rau, T.T.; Hartmann, A.; Grasser, FA.; Wullich, B. Comparative microRNA
profiling of prostate carcinomas with increasing tumor stage by deep sequencing. Mol. Cancer Res. 2014, 12, 250-263. [CrossRef]
[PubMed]


http://doi.org/10.1002/cncr.26169
http://www.ncbi.nlm.nih.gov/pubmed/21647869
http://doi.org/10.1038/sj.bjc.6602678
http://doi.org/10.1186/1471-2490-14-49
http://www.ncbi.nlm.nih.gov/pubmed/24929427
http://doi.org/10.1200/JCO.2002.08.159
http://www.ncbi.nlm.nih.gov/pubmed/12011119
http://doi.org/10.1038/s41598-018-26864-w
http://www.ncbi.nlm.nih.gov/pubmed/29867125
http://doi.org/10.3389/fendo.2020.00184
http://www.ncbi.nlm.nih.gov/pubmed/32328032
http://doi.org/10.1186/s13046-015-0141-x
http://www.ncbi.nlm.nih.gov/pubmed/25887999
http://doi.org/10.1002/jcb.24778
http://www.ncbi.nlm.nih.gov/pubmed/24464651
http://doi.org/10.1038/bjc.2014.181
http://doi.org/10.1002/pros.22499
http://doi.org/10.3389/fgene.2020.00176
http://doi.org/10.1155/2018/6124927
http://doi.org/10.18632/oncotarget.21739
http://doi.org/10.1016/j.trsl.2020.11.012
http://www.ncbi.nlm.nih.gov/pubmed/33253979
http://doi.org/10.3390/cancers11081111
http://doi.org/10.1186/s12885-018-4907-3
http://www.ncbi.nlm.nih.gov/pubmed/30497428
http://doi.org/10.18632/oncotarget.16679
http://www.ncbi.nlm.nih.gov/pubmed/28402940
http://doi.org/10.1371/journal.pone.0073683
http://doi.org/10.1007/s00784-020-03608-7
http://doi.org/10.3892/ijo.2016.3392
http://doi.org/10.1016/j.neo.2019.05.007
http://www.ncbi.nlm.nih.gov/pubmed/31238254
http://doi.org/10.1002/ijc.26064
http://www.ncbi.nlm.nih.gov/pubmed/21400514
http://doi.org/10.4161/cbt.20841
http://doi.org/10.1158/1541-7786.MCR-09-0443
http://www.ncbi.nlm.nih.gov/pubmed/20353999
http://doi.org/10.1158/1541-7786.MCR-13-0230
http://www.ncbi.nlm.nih.gov/pubmed/24337069

Cancers 2021, 13, 4096 15 of 15

48. Mohammadi Torbati, P.; Asadi, F; Fard-Esfahani, P. Circulating miR-20a and miR-26a as Biomarkers in Prostate Cancer. Asian.
Pac. |. Cancer Prev. 2019, 20, 1453-1456. [CrossRef]

49. Dhar, S.; Kumar, A.; Rimando, A.M.; Zhang, X.; Levenson, A.S. Resveratrol and pterostilbene epigenetically restore PTEN
expression by targeting oncomiRs of the miR-17 family in prostate cancer. Oncotarget 2015, 6, 27214-27226. [CrossRef]


http://doi.org/10.31557/APJCP.2019.20.5.1453
http://doi.org/10.18632/oncotarget.4877

	Introduction 
	Materials and Methods 
	Patients 
	Tissues and Tissue Microarray Construction (TMAs) 
	In Situ Hybridization (ISH) 
	Cell Culture 
	Viability Assay 
	Cell Transfection 
	Wound Healing Analysis 
	Invasion Assays 
	Statistical Methods 

	Results 
	Patient Characteristics 
	Scoring of miR-20a-5p Expression and Cut-Off Values 
	Proliferation, Migration and Invasion Assays 
	Proliferation 
	Migration 
	Invasion 

	miR-20a-5p Correlations 
	Univariate Analysis 
	Multivariate Analysis 

	Discussion 
	Conclusions 
	References

