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Abstract 

Prostate cancer is a major health problem worldwide due to its high incidence morbidity and mortality. There is cur‑
rently a need of improved biomarkers, capable to distinguish mild versus aggressive forms of the disease, and thus 
guide therapeutic decisions. Although miRNAs deregulated in cancer represent exciting candidates as biomarkers, its 
scientific literature is frequently fragmented in dispersed studies. This problem is aggravated for miRNAs belonging 
to miRNA gene clusters with shared target genes. The miRNA cluster composed by hsa‑mir‑130b and hsa‑mir‑301b 
precursors was recently involved in prostate cancer pathogenesis, yet different studies assigned it opposite effects on 
the disease. We sought to elucidate the role of the human miR‑130b/301b miRNA cluster in prostate cancer through 
a comprehensive data analysis of most published clinical cohorts. We interrogated methylomes, transcriptomes and 
patient clinical data, unifying previous reports and adding original analysis using the largest available cohort (TCGA‑
PRAD). We found that hsa‑miR‑130b‑3p and hsa‑miR‑301b‑3p are upregulated in neoplastic vs normal prostate tissue, 
as well as in metastatic vs primary sites. However, this increase in expression is not due to a decrease of the global 
DNA methylation of the genes in prostate tissues, as the promoter of the gene remains lowly methylated in normal 
and neoplastic tissue. A comparison of the levels of human miR‑130b/301b and all the clinical variables reported for 
the major available cohorts, yielded positive correlations with malignance, specifically significant for T‑stage, residual 
tumor status and primary therapy outcome. The assessment of the correlations between the hsa‑miR‑130b‑3p and 
hsa‑miR‑301b‑3p and candidate target genes in clinical samples, supports their repression of tumor suppressor genes 
in prostate cancer. Altogether, these results favor an oncogenic role of miR‑130b/301b cluster in prostate cancer.
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Background
Worldwide, prostate cancer (PrCa) is the second most 
frequently diagnosed cancer and the sixth major cause of 
cancer-related deaths in men. Although the disease fre-
quently evolves slowly, remaining indolent for years, a 
minority of patients will rapidly progress to a very aggres-
sive form which is resistant to castration therapy. The 
lack of reliable biomarkers, able to identify the high-risk 

patients who will really benefit from an intensive treat-
ment, leads to unnecessary interventions that increase 
patient morbidity and health costs. Limiting the medical 
intervention to an active surveillance of low-risk patients 
would be the desirable once improved PrCa biomarkers 
become available.

MicroRNAs (miRNAs) are endogenous small non-cod-
ing RNA molecules (19–22 nucleotides in length) capable 
to modulate protein levels through their sequence-spe-
cific interaction with target mRNAs [1, 2]. Diverse stud-
ies have revealed that miRNA regulation has a wide 
impact in human gene expression and variation [2, 3], 
thus miRNAs are known to be extensively deregulated 
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in cancer [4, 5] including prostate [6–8]. The miRNA 
molecular nature, tissue specificity, stability and avail-
ability in several body fluids, together with the advent 
of sensible and reliable quantification methods, make 
them outstanding candidates as biomarkers in PrCa [9, 
10].They are also potentially valuable therapeutic targets 
[11]. Although there is a large amount of literature about 
specific miRNAs deregulated in PrCa, a unified picture 
of their function and their clinical value is still incom-
plete; this is more challenging for miRNAs families and 
clusters which are expected to co-target common sets of 
mRNAs [12]. An improved understanding of their defi-
nite role as driver or passenger genes and their molecular 
targets in PrCa is needed. More importantly, appropriate 
validations using independent cohorts, as well as larger 
prospective studies are needed to achieve a more precise 
picture of their clinical utility [13].

Mounting evidence across several cancer types, includ-
ing breast [14], bladder [15], glioblastoma [16], lung [17], 
ovarian [18], pancreatic [19] supports the involvement 
of the miR-130b/301b gene cluster in carcinogenesis. 
Indeed, this family belongs to a superfamily that has been 
proposed as a pan-cancer oncogenic miRNA superfamily 
that targets prominent tumor suppressor genes (TSGs), 
such as TGFBR2, SMAD4, PTEN [20]. However, the role 
of its derived miRNAs in cancer seems to be tissue spe-
cific, as it has been shown to display both oncogenic or 
tumor suppressor functions.

Here we sought to progress into the understanding of 
the clinical significance of the miR-130b/301b cluster in 
PrCa through the unified analysis of most of the pub-
lished literature and the available PrCa gene expression 
datasets (small RNA and mRNA transcriptomic, methyl-
omic and clinical data). First, we compiled the published 
studies showing a deregulation of both miRNAs in inde-
pendent PrCa cohorts and the clinical value assigned 
in the original articles. Then, we performed new analy-
ses of publicly available PrCa datasets, with emphasis 
in the largest cohort such as The Cancer Genome Atlas 
(TCGA-PRAD) to collect further evidence of the role 
of miR-130b/301b cluster in this disease. We also dis-
cuss the existing functional studies about these miRNAs 
with emphasis in the validated target genes that have 
been reported in the cancer literature. Overall, our find-
ings stand for the upregulation of both miRNAs in PrCa, 
which ultimately favors an oncogenic action of the cluster 
in this disease.

Methods
Analysis of PrCa miRNA datasets
For all the PrCa studies analyzed, relevant features used in 
the analyses are listed in Table 1. Depending on the type of 
study and the availability of the data, we followed different 

strategies. Data deposited at GEO was analyzed using the 
GEO2R tool using default settings [21], selecting the samples 
by clinical status definition. Data not available in repositories 
was extracted from the original article. Martens-Uzunova 
et al. RNA-seq data [22] was provided by the authors; it was 
normalized, counted and annotated using miRDeep2 soft-
ware using default parameters [23] and miRBase database 
Release 21. The small RNA-seq data from the TCGA-PRAD 
was retrieved as explained in the next section.

Analysis of prostate transcriptomic and clinical profiles 
of TCGA‑PRAD
Data on mRNA expression, miRNA expression as well 
as clinical information (when available) from PrCa and 
matched normal patient samples generated by The Cancer 
Genome Atlas (TCGA) consortium were retrieved from 
UCSC Xena Browser [24]. It comprises mRNAseq Level_3 
data (file names: *.rsem.genes.normalized_results) of 550 
samples, miRNAseq data Level_3 data (file names: *.iso-
form.quantification.txt) of 544 samples.

Analysis of PrCa DNA methylation data
The DNA methylation data of the TCGA-PRAD cohort, 
obtained using Illumina Infinium Human Methylation 
450 BeadChip arrays of the 50-paired normal and pros-
tate tumor samples and additionally unmatched normal 
and tumor tissues (498 in total) was extracted using FIRE-
BROWSE [25]. Several public methylomes available at 
the Gene Expression Omnibus (GEO) database [26, 27] 
were also analyzed: PrCa clinical datasets GSE38240 [28], 
GSE52955 [29] and GSE76938 [30] and PrCa cell lines 
GSE34340, GSE62053, GSE54758 [31, 32]. The normal-
ized average beta-values for the following miR-130b/301b 
12 CpGs were calculated: cg13879495, cg04378107, 
cg22678932, cg12155013, cg14030055, cg11673244, 
cg02473781, cg16244770, cg04282607, cg16974014, 
cg03636163, cg03328201.

Statistical analysis
The corresponding variables are expressed as average 
value ± standard deviation (SD). Statistical analyses were 
done using two-tailed t test, and the statistical significance 
of the observed differences were expressed using the p 
value (p). D’Agostino-Pearson was conducted as the nor-
mality test and nonparametric Spearman was used to test 
correlations.

Results
The genomic and epigenomic context 
of the miR‑130b/301b cluster support their coordinated 
expression in PrCa
miR-130 gene family (miRbase record MIPF0000034) 
[33] is vertebrate specific. In the human genome, it is 
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composed by four miRNA precursor genes: mir-301a (at 
chr17), mir-130a (at chr11), mir-130b and mir-301b (at 
chr22). The miRNAs derived from the miR-130b/301b 
gene cluster precursors share an identical seed region 
(Fig.  1a). The precursor RNAs hsa-mir-130b and hsa-
mir-301b are processed preferentially from the 3′ arm 
of the hairpin to generate mature miRNAs hsa-miR-
130b-3p and hsa-miR-301b-3p (hereafter referred as 
miR-130b and miR-301b, respectively). Their current 
transcript annotation suggests that they are transcribed 
as a di-cistronic RNA transcript composed of 7 non-
coding exons, which is classified as a “known processed 
transcript” [34]. The transcript has been manually anno-
tated by HAVANA project, and its status (“known”) 
indicates that it is identical to known cDNAs. However, 
it is assigned a support level 7, meaning that no single 
transcript supports the model structure, therefore its 
current structure is still speculative. The stem-loop pre-
cursors of miR-130b and miR-301b are coded 327  bp 
apart, where mir-301b is in the first intron of the tran-
script (chr22:22007270-22007347 of GRCh37/hg19 or 
chr22:21652981-21653058 of GRCh38/hg38) and mir-
130b spans from the first intron to the beginning of 
exon 2 (chr22:22007593-22007674 of GRCh37/hg19 or 
chr22:21653304-21653385 of GRCh38/hg38) (see Fig. 1b 
and Additional file 1: Figure S1 for a detailed view of the 
region). Regulatory features of the transcript, identified 
by ENCODE Project [35], including DNA accessibil-
ity (DNaseI hypersensitivity clusters), DNA methylation 

(CpG islands), chromatin status (H3K27Ac and H3K4M3 
marks, nucleosome positioning by MNaseI), polymerase 
and transcription site binding (ChIP-seq), and histone 
modification, suggest that the cluster is controlled by a 
unique upstream promoter (Fig. 1b and Additional file 1: 
Figure S1 for a detailed view) whose transcription start 
point (TSS) is located at chr22:22006559 of GRCh37/
hg19 (chr22:21652270 of GRCh38/hg38). Specifically, the 
PrCa cell lines’ data compiled in the browser shows that 
DNaseI hypersensitivity patterns (LNCaP, PrEC, RWPE-
1) as well as H3K4me3 histone deposition sites (LNCaP) 
is consistent with RWPE-1, supporting the activity of this 
promoter in prostate tissue. Finally, the conservation of 
the region surrounding the TSS and the regions encod-
ing both precursor RNAs supports the functionality of 
these sequences in vertebrates (see 100 Vert. conserva-
tion track on Fig. 1b).

The genomic and epigenomic structure of the miR-
130b/301b cluster indicate that both miRNAs are co-
regulated at the level of transcription. Backing this 
hypothesis, the levels of both miRNAs show a positive 
correlation in the tissue samples analyzed in the TCGA-
PRAD cohort (r 0.47, p < 0.0001) (Fig. 1c). Of note, miR-
301b is about ten time less abundant than miR-130b in 
prostatic tissue (Fig. 1c), and this probably explains why 
the former is less reported in the literature. As an exam-
ple, only 54% (294) of the TCGA-PRAD samples detect 
expression value of miR-301b (Fig. 1c).
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Fig. 1 Genomic and epigenomic context of the human miR‑130b/301b gene cluster. a Sequence alignment of the miR‑130b/301b gene cluster. 
miRNAs precursor (hsa‑mirs) and mature miRNAs (hsa‑miRs) are indicated. Sequences were retrieved from miRBase and the alignment was 
performed in SeaView using CLUSTALW with default parameters. b Genomic view of the miR‑130b/301b gene cluster region in UCSC Genome 
browser (GRCh37/hg19) centered at the transcription star point of the di‑cistronic transcript. Several ENCODE tracks are displayed (see the text 
for explanation). c Co‑expression of miR‑130b and miR‑301b in prostate clinical samples of TCGA‑PRAD, including normal and tumor tissue. 
Correlation between the levels of miR‑301b (x axis) and miR‑130b (y axis) of the TCGA‑PRAD cohort. n = 294 (samples that report expression data for 
miR‑301b). Data was obtained from RNA‑seq of small RNAs downloaded from UCSC Xena Browser and is expressed in reads per million (RPM). The 
non‑parametric Spearman correlation coefficient (r) is indicated
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The expression of miR‑130b and miR‑301b increases 
in PrCa neoplastic tissue and metastasis
To date, many miRNA expression profiling studies in 
PrCa have been published. They differ in sample size, 
sample nature (cell lines, prostatectomy, biopsy, exo-
some fraction, circulating RNA), sample stage (primary 
vs metastatic, clinical parameters such as Gleason Score, 
PSA level, biochemical recurrence), control sample (sur-
rounding normal tissue, other normal tissue, benign pro-
static hyperplasia (BPH)), quantification assay (RT-qPCR, 
microarray, RNA-seq) and statistical method applied. 
Most of them performed a genome wide quantification 
followed by a selection of a group of miRNAs for fur-
ther analysis. We thoroughly revised the PrCa literature 
and found 25 independent articles in which a differential 
expression of miR-130b or miR-301b is recognized. From 
these datasets, we withdrew 31 comparisons, including 
those present in the original studies and those derived 
from subsequent analysis, and the relevant findings are 
summarized in Table 1. Most of the comparisons (27 out 
of 31) reveal an upregulation of the expression of one or 
both miRNAs in PrCa. The level of increase in miRNA 
abundance in malignant samples is 1.2–8.6 folds for miR-
130b (p 0.05 to < 0.0001) and 1.5–2.2 folds for miR-301b 
(p 0.025 to < 0.0066). They are upregulated in primary 
tumor vs normal [22, 36–44], metastatic vs primary 
tumor [22, 38, 42], as well as recurrent vs non-recurrent 
patients [38, 45–48]. In addition, both miRNAs are also 
found upregulated in docetaxel resistant PrCa cells [49], 
malignant cell line PC-3 derived exosomes [50], and 
hypoxic PrCa cell lines [51]. On the contrary, 5 studies 
found that either miR-301b, miR-130b or both are down-
regulated in PrCa, including malignant tissue [29, 52], 
high Gleason Score tumors [53], high pre-operatory PSA 
levels [54] and recurrent patients [53, 55].The magnitude 
of downregulation in these cases is − 1.2 to 1.3 fold (p 
between 0.05 and < 0.0001).

Since the largest available dataset, the TCGA-PRAD 
cohort has not been interrogated for the miR-130b/301b 
cluster yet, we examined the levels of both miRNAs in 
normal vs tumor prostate tissue samples. We found a sig-
nificant increase in miR-130b abundance in tumor tissue, 
with a median change of 2.02-fold (p < 0.0001) (Fig.  2a). 
Meanwhile, miR-301b shows a tendency to be upregu-
lated in unmatched tumor vs normal tissue (1.20-fold, p 
0.0852); its low abundance may explain the lack of signifi-
cance of the change (Fig. 2b).

The miR‑130b and miR‑301b are expressed in PrCa 
and their abundance is positively associated with the DNA 
methylation of their locus
The molecular basis for the increment of miR-130b and 
miR-301b expression in tumors is currently unknown. 

We sought to examine the available structural and regu-
latory features of the genes to reveal putative causes of 
their deregulation in cancer. The examination of nucleo-
tide and structural variation of the region in the TCGA-
PRAD (492 samples) using cBioPortal [56] only identifies 
5 copy number variants for miR-301b (1 amplification 
and 4 deep deletions), suggesting that DNA sequence 
changes are unlikely to be responsible for the upregula-
tion of this cluster observed in tumors. We then analyzed 
the epigenetic information obtained by independent 
genome-wide projects [35] that is compiled in the major 
human genome browsers (Fig.  1b and Additional file  1: 
Figure S1). The results evidence that the DNA region 
around the TSS is accessible, exhibiting an active chro-
matin state depleted of nucleosomes. In agreement with 
an active promoter status, a 1200  bp long CpG island 
marked by the deposition of RNA polymerase II and key 
transcription factors is present at the promoter region. 
Altogether, these data indicate that the promoter of the 
cluster is in an open chromatin state, permissive for tran-
scription initiation. That also holds true for the three 
PrCa cell lines included in the ENCODE study, which 
show DNaseI hypersensitive peaks around the TSS and 
H3K4me3 modifications associated with active transcrip-
tion of the nearby genes (Additional file 1: Figure S1).

Secondly, we interrogated publicly available DNA 
methylation array data of PrCa samples. We analyzed the 
available TCGA-PRAD methylation arrays of matched 
normal and tumor tissue (n = 50). The methylation pat-
tern is similar in both tissues: an unmethylated pro-
moter region (average beta-value < 0.2), comprising the 
CpG island, is followed by an intermediately methylated 
S-shore containing the two miRNA genes (Fig.  3a). In 
support of an active transcription of the locus, the CpG 
site located at the transcription start site(TSS)/POLR2A 
binding site (cg12155013) is poorly methylated (average 
β-value < 0.05), not showing differences between normal 
and tumor samples.

An increase in DNA methylation (also referred as 
DMM for differential methylation means) in the neoplas-
tic tissue compared to its normal counterpart is observed 
throughout the locus, as evidenced by 8 significant differ-
entially methylated CpG sites (7 p < 0.0001 and 1 p < 0.05) 
out of the 10 sites analyzed. Additionally, 2 out of 3 meth-
ylated sites located at the CpG island remain unchanged. 
It is worth to note that several CpG sites present an 
increased methylation variability (represented by the SD 
of the distribution of methylation) in tumor vs normal 
tissue. An increased variability in DNA methylation (also 
referred to as DMV for differential methylation variation) 
has been reported across cancer types (Hansen et  al. 
[57], and later validations by independent groups using 
TCGA and other cohorts). Moreover, it is known that the 
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majority of DMM sites identified by comparing normal 
vs tumor tissue are also DMV sites [58]. In agreement 
with these findings, several DMMs of the miR-130b/301b 
locus show DMVs with higher variation in tumor com-
pared to normal tissue (Fig. 3a and Additional file 2: Fig-
ure S2).

The same analysis was performed in three other inde-
pendent PrCa cohorts (GEO accession GSE52955 [29], 
GSE38240 [28], GSE76938 [30] in Additional file 2: Fig-
ure S2) yielding results almost identical to those obtained 
with TCGA-PRAD. We then analyzed PrCa cell line 
methylation datasets deposited at GEO (Accession: 
GSE34340 [31], GSE62053 [32] and GSE54758). In agree-
ment with TCGA-PRAD, the miR-130b/301b cluster 
is globally less methylated in non-malignant PrECs and 
RWPE-1 than in malignant cell lines (LNCaP, DU145 and 
PC-3) and the methylation of the CpG island at the pro-
moter is invariably low (Additional file 3: Figure S3).

Although the epigenomic features of the region predict 
its active expression in normal and neoplastic prostate 
tissue, the global increase of its average DNA meth-
ylation in cancer may affect transcription. To assess this 
possibility, we used the TCGA-PRAD samples to deter-
mine if DNA methylation is associated with miR-130b 
level in the tissue. We observed a positive correlation for 
matched normal vs tumor tissue samples (r 0.4736, n = 35 
shown in Fig. 3b) and for all the samples in the dataset (r 
0.5242, n = 241, shown in Fig.  3c). These results favor a 
positive effect of DNA methylation on the transcription 
of this locus.

The expression of miR‑130b and miR‑301b associates 
with negative PrCa patient clinical outcome
As described above, the deregulation of miR-130b and 
miR-301b has been observed in several PrCa miRNA 
profiling studies, with the majority of them showing an 
upregulation of the cluster expression in malignancy 
as depicted in Table 1. Several studies evidenced a pos-
itive association of miR-130b/301b cluster expression 
and clinicopathological parameters, comprising can-
cer disease diagnosis [22, 38, 40–42], presence of local 
and distant metastasis [59], disease stage [59], Gleason 
Score [59], pre-operatory PSA [54], disease recurrence 
[44–48, 55] and patient overall survival [38, 59]. Both 
miRNAs were also included in miRNA predictors that 
distinguish normal from cancer samples and forecast 
the postoperative patient outcome [22]. Yet, a small 
proportion of studies have reported a negative asso-
ciation between miR-130b/301b expression and tumor 
status [29, 52] (miR-130b and miR-301b), preopera-
tory PSA [54] (miR-130b) and biochemical recurrence 
(miR-130b in serum in [53] and miR-301b in tissue 
[55]).

To further investigate the role of the miR-130b/301b 
cluster in PrCa we assessed its clinical value inter-
rogating TCGA-PRAD. We analyzed the putative 
association between the expression of miR-130b and 
miR-301b and the clinical data, including preoperative 
PSA, Gleason Score, number of positive lymph nodes, 
pathological N-stage, pathological T-stage, residual 
tumor, primary therapy outcome success and biochem-
ical recurrence. For every variable we assessed the 
total and the segmented cohort (deciles and quartiles). 
We did not find any negative association between the 
upregulation of the miRNAs and the clinical variables 
scored in the TCGA-PRAD cohort. On the contrary, 
we observed a positive association between the level 
of miR-130b, pathological tumor stage (Fig. 4a), resid-
ual tumor [60] (Fig. 4b) and primary therapy outcome 
success (Fig.  4c). Meanwhile, we were unable to find 
any significant association between miR-301b tissue 
abundance in PrCa and the clinical presentation of the 
disease.

The correlation between the expression of validated 
direct targets of miR‑130b and miR‑301b supports their 
oncogenic function in PrCa
As discussed above, a list of empirically validated miR-
130b/301b direct targets, comprising both TSG and 
oncogenes (OG) has been proposed. These candidates 
are expected to correlate negatively with the expres-
sion of miR-130b or miR-301b in PrCa if the oncogenic 
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hypothesis holds true in the clinical samples. Given the 
availability of large genome wide mRNA and miRNA 
expression data in the TCGA-PRAD, we determined their 
correlation to evaluate the proposed direct targets. We 
included the 7 direct targets reported in PrCa (MMP2, 
DEDD2, NDRG2, AR, LMNB1, PARVA, SLC8A1) and 
16 direct targets empirically validated in other cancers 
compiled in TarBase (RUNX3, TP53INP1, PPARG, CSF1, 
UVRAG, ZEB1, DICER1, STAT3, PDGFRA, ZBTB4, 
PTEN, SMAD4, ITGB1, CCNA2, PPARGC1A, FMR1 
for miR-130b and TP63 and DNMT1 for miR-301b) [61] 
(Table 2). It is worth to note that TarBase failed to iden-
tify all the candidate target genes with experimental evi-
dence reported or predicted in PrCa. As expected, the 
genes showing higher correlation coefficients also show 
lower p values (Table 2) (individual miRNA-mRNA scat-
ter plots are available in Additional file 4: Figure S4 and 
Additional file  5: Figure S5). Highly significant negative 
correlations (p < 0.0001) are only produced by PrCa TSG, 
yielding coefficients between − 0.35 and − 0.21. Correla-
tions between 0.05 > p>0.001 have lower r values (− 0.14 
to − 0.1) and are shown by both TSG and OG. Interest-
ingly, the three highly significant (p < 0.0001) positively 
correlated genes are OGs. Among the 4 highly signifi-
cant predicted targets in PrCa, three (NDRG1, SLC8A1 
and PARVA) show negative while one (LMNB1) shows a 
positive association with the miRNAs in TCGA-PRAD. 
Meanwhile, oncogenic MMP2, proposed to be repressed 
by the cluster in a study in PrCa, shows a weak negative 

correlation with the miRNAs (r − 0.11 p = 0.01 for miR-
130b and r − 0.13 p = 0.03 for miR-301b). Finally, the 
expression of the other 2 experimentally proposed targets 
in PrCa (tumor suppressor AR and oncogenic DEDD2) 
does not correlate with the miRNA cluster. In order to 
establish a reference framework for the interpretation of 
these results, we calculated the correlation for miRNA-
mRNA target pairs with strong empirical evidence 
in PrCa. Supporting the relevance of the associations 
identified for miR-130b/301b in the TCGA-PRAD, we 
found r values below − 0.21 for highly significant targets 
(p < 0.0001 yield by 9 out of the 11 evaluated) (Additional 
file 6: Table S1).

Discussion
Lately, independent PrCa studies have analyzed the 
expression of miR-130b/301b cluster or the individual 
miRNAs derived from it. Although the majority of them 
found an upregulation of the miRNAs in neoplastic vs 
normal tissue, some studies report its downregulation, 
which is proposed to be due to an increased methylation 
of the gene in the neoplastic tissue [29]. Caution must 
be taken when comparing the profiling studies since the 
control samples are heterogeneous (normal tissue adja-
cent to tumor or adjacent to bladder tumor, normal tis-
sue from normal donors, BPH), thus the disagreement in 
the differentially expressed miRNAs might only rely on 
the nature of the samples compared. Independent groups 
studied the effect of miR-130b/301b cluster on PrCa cell 
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phenotype achieving contradictory results. Indeed, a 
tumor suppressor function has been proposed for miR-
130b [29, 52] and miR-301b [29], which were shown to 
inhibit PrCa invasion, homing or cell cycle progression. 
Only the latter report [29] studied both members of the 
cluster in PrCa, albeit not testing their simultaneous 
action. Meanwhile, an oncogenic role has been proposed 
for miR-130b [38, 44, 62] and miR-301b [63] in PrCa, 
which were revealed to promote cell proliferation, viabil-
ity, migration, invasion or tumor initiating properties. 
These conflicting findings may be explained by the use of 
different cell line models, different molecules to alter the 
level of miRNAs and diverse readouts for the functional 
assays employed. These discrepancies rise a warning 
about the lack of consensus regarding the methodologies 
and gold standards used in current miRNA research.

In the era of massive genomic data, the analysis of 
public patient gene expression data is a fundamental 
resource to understand the definite importance of a gene 
for a disease. Although miR-130b/301b has been previ-
ously measured in several PrCa cohorts, the largest and 
most comprehensive PrCa cohort publicly available, 
the TCGA-PRAD, has not been interrogated yet. We 
then analyzed this dataset for associations between the 
genomic status and expression of miR-130b/301b clus-
ter and several aspects of the disease. We confirmed an 
upregulation of both miR-130b and miR-301b in tumor 
vs normal tissue in TCGA-PRAD specimens. Like-
wise, the expression of miR-130b positively correlates 
with clinical parameters such us T stage, residual tumor 
and primary therapy outcome. The failure of miR-301b 
to associate with clinical variables may be due to its 

Table 2 Association between the expression of miR-130b/301b and putative direct target genes in TCGA-PRAD

Correlation between miRNAs and validated mRNA targets gene expression. For each target gene the role in PrCa, the literature reference (PMID) and the correlation r 
and p value are shown

Qualifiers in column 1 indicate: amiR-301b direct target with strong experimental evidence assigned by TarBase. DNMT1 was listed by TarBase but not included in this 
list since the referenced article demonstrates the absence of effect of miR-301b on DNMT1
b Direct target genes with experimental validation in PrCa
c Direct Targets predicted in PrCa. Absence of qualifier in column one indicates directed targets with strong experimental evidence assigned. TarBase does not 
identify targets for miR-130b/301b in PrCa. Correlations with p < 0.0001 are highlighted in italics

Gene PMID Role in PrCa miR‑130b miR‑301b

r p value r p value

PPARGC1A 23868745 TSG? (PMC4884178) − 0.3571 < 0.0001 − 0.3109 < 0.0001

TP63a 24398967 TSG − 0.3313 < 0.0001 − 0.2286 < 0.0001

NDRG2b 27327120 TSG − 0.2985 < 0.0001 − 0.2427 < 0.0001

SLC8A1c 26489476 TSG − 0.2884 < 0.0001 − 0.3174 < 0.0001

PARVAc 26489476 TSG − 0.2846 < 0.0001 − 0.3113 < 0.0001

SMAD4 24220575 TSG − 0.2240 < 0.0001 − 0.2151 0.0002

ZBTB4 24220575 TSG − 0.2231 < 0.0001 − 0.2829 < 0.0001

ITGB1 24498407 TSG − 0.2119 < 0.0001 − 0.1995 0.0006

STAT3 24040078 OG − 0.1423 0.0009 − 0.2049 0.0004

ZEB1 22847613 OG − 0.1338 0.0018 − 0.2058 0.0004

FMR1 24021279 unknown − 0.1250 0.0035 − 0.1380 0.0175

CSF1 22005523 OG − 0.1190 0.0055 − 0.1904 0.001

PTEN 24220575 TSG − 0.1174 0.0062 − 0.1072 0.0654

MMP2b 25154741 OG − 0.1094 0.0108 − 0.1286 0.027

PPARG 21135128 TSG − 0.1072 0.0125 − 0.0358 0.5397

PDGFRA 22995917 OG − 0.1041 0.0152 − 0.1640 0.0047

UVRAG 22228303 TSG − 0.0812 0.0585 − 0.0984 0.0909

RUNX3 20176475 TSG − 0.0220 0.6099 − 0.1161 0.046

ARb 28192399 TSG − 0.0201 0.6405 − 0.0772 0.1856

DEDD2b 27307749 TSG 0.0080 0.8522 0.0418 0.4733

DICER1 23392577 unknown 0.1111 0.0096 0.0297 0.6112

TP53INP1 18974142 OG 0.2378 < 0.0001 0.1746 0.0026

LMNB1b 28166834 OG 0.2404 < 0.0001 0.2071 0.0003

CCNA2 24681352 OG 0.2947 < 0.0001 0.2004 0.0005
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reduced expression in prostatic tissue relative to miR-
130b. Although cluster miRNAs are transcribed from the 
same primary transcripts, there are frequently expressed 
at different levels due to still poorly understood post-
transcriptional regulation [64, 65]. Overall, the associa-
tion between the expression of miR-130b/301b cluster 
and PrCa evolution in TCGA-PRAD strongly support an 
oncogenic action of this miRNA cluster in the disease.

The analysis of the genomic and epigenomic features of 
the miR-130b/301b cluster revealed its active transcrip-
tion in PrCa cells. A modest increase in the DNA meth-
ylation of the locus in PrCa has been recently shown in 
a Portuguese PrCa cohort [29]. We were able to validate 
their finding in the TCGA-PRAD. Nevertheless, con-
tradicting our findings on TCGA-PRAD (Fig. 3b, c), the 
authors proposed that the increased promoter meth-
ylation of the cluster is responsible for the repression of 
its expression. The accessibility of the miR-130b/301b 
CpG island, as well as its unmethylated status in PrCa 
(β-value < 0.2 [66]) determined by our study, argue 
against its silencing by DNA methylation. In addition, 
the small increase in CpG methylation observed in neo-
plastic tissue is likely insufficient to provoke the silenc-
ing of the gene (β-value remains under 0.2). In addition, 
larger alterations in DNA methylation from normal to 
tumor tissue have been reported for validated PrCa TSGs 
as GSTP1 [67]. Nevertheless, the most relevant finding is 
the positive correlation between DNA methylation and 
miR-130b/301b expression in TCGA-PRAD, which dem-
onstrates that the methylation of this locus is not causing 
its repression in PrCa. On the contrary, since this locus 
is preferentially methylated at the gene body, and this 
region is known to stimulate transcription elongation 
[68], it is tempting to speculate that the molecular etiol-
ogy of the upregulation of miR-130b/301b in PrCa is the 
increase in DNA methylation at the gene body.

The role of the cluster miR-130b/301b in PrCa car-
cinogenesis has been addressed by several groups. It was 
proposed that miR-301b expression is induced in vitro by 
hypoxia in PrCa cell lines (DU145, PC-3, LNCaP) causing 
an increase of autophagy, leading to the loss of radio-sen-
sitivity [51]; the same report proposed tumor suppres-
sive hydrolase NDRG2 as a direct target of miR-301b. In 
a functional screening of gain of function of miRNAs in 
5 PrCa cell lines, Aakula et  al. identified miR-130b in a 
group of 14 miRNAs that increase PrCa cell proliferation 
and change consistently its expression in clinical samples; 
using Taylor et al. dataset, they found that only miR-130b 
associates with patient survival and increases cell viabil-
ity while reducing apoptosis [44]. The authors proposed 
that the actin-binding protein PARVA and SLC8A1 are 

possible direct targets of the miRNA. A later study con-
firmed miR-130b upregulation in an independent cohort, 
and demonstrated its positive influence on cell viability 
and its negative influence on apoptosis in LNCaP and 
PC-3 cell lines, reversing the effect of luteolin [59]. They 
also showed evidence favoring its direct repression of the 
proapoptotic protein DEDD2. Recently, further proof 
of an oncogenic role of miR-130b has been provided by 
Cannistraci et  al. [38], who showed its impact in PrCa 
cell invasion in  vitro and in  vivo (22-Rv1, C41IM and 
LNCaP), and its ability to directly repress the expression 
of the androgen receptor AR, thus increasing the resist-
ance to androgen therapy. Interestingly, miR-130b was 
shown to be present in CA-24 exosomes (in compari-
son to RWPE-1), and their uptake induced PrCa patient 
adipose-derived stem cells (pASC) neoplastic reprogram-
ming through the upregulation of hRAS, kRAS and the 
downregulation of TSG PDCD4 [69]. Nevertheless, two 
independent groups proposed a tumor suppressor role of 
the miR-130b/301b cluster in PrCa. Firstly, Chen et  al., 
reported the downregulation of miR-130b in PrCa and 
present evidence in favor of its ability to inhibit PrCa cell 
migration (in M12 and P69 cell lines) and in vitro inva-
sion (in PC-3 cells). Indeed, they proved its capacity to 
repress the expression of oncogenic matrix metallopro-
tease MMP2 in  vitro [52]. Secondly, Ramalho-Carvalho 
et al. found an expression profile and a function consist-
ent with a tumor suppressor role of miR-130b and miR-
301b in PrCa, showing their ability to reduce cell viability, 
induce DNA damage, apoptosis and cell senescence [29]. 
They propose LMNB1 as a candidate direct target gene of 
the miRNA cluster.

The availability of large patient cohorts with both 
small RNA and mRNA data enables to find support 
of the role of a miRNA through the study of its nega-
tive correlation with candidate target genes (i.e., gene 
repression). Due to the conflictive reports about the 
role of miR-130b/301b in PrCa, both OGs and TSGs 
have been proposed as targets of repression. However, 
when we analyzed the correlation between the miR-
NAs-target pairs proposed in the PrCa literature in the 
TCGA-PRAD cohort, we only found highly significant 
(p < 0.0001) negative and positive correlations with 
TSGs and OGs respectively, which provides additional 
indication of the oncogenic role of the miR-130b/301b 
cluster in PrCa. In particular, of the 7 genes that have 
been proposed as direct targets in PrCa, 4 show statis-
tically significant correlations (p < 0.0001) that support 
an oncogenic action of the miRNAs. The magnitude 
of the significant correlations found for these miRNA-
mRNA pairs on the TCGA-PRAD is similar to that 
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observed for strongly evidenced pairs in PrCa. The 
positive correlation of LMNB1 and miR-130b/301b 
expression (also observed by TP53INP1 and CCNA2) 
may be caused by a non-canonical effect of the miR-
NAs on these targets. A group of miRNA-mRNA inter-
actions activate the transcription or the translation of 
the target mRNA; they are mediated by direct miRNA 
binding to the promoter/5′UTR or the 3′UTR respec-
tively (reviewed in [70, 71]). Since LMNB1, as well as 
TP53INP1 and CCNA2, lacks miR-130b/301b bind-
ing sites at their promoters it is tempting to speculate 
that miR-130b/301b may be stimulating the translation 
of these mRNA causing the stabilization of their tran-
scripts [72]. Meanwhile, the other 3 PrCa candidate tar-
gets do not (AR, DEDD2) or weakly associate (MMP2) 
with the miRNA levels. Overall, the analysis of corre-
lations for miRNA-mRNA pairs in the TCGA-PRAD 
favors the repression of TSGs, supporting an onco-
genic action of the miR-130b/301b cluster in prostate. 
It is worth to mention that conclusions derived from 
this type of study are limited by the lack of sensitiv-
ity for miRNA translational repression not leading to 
a change in mRNA stability. In addition, the failure of 
the analysis to confirm some of the experimentally vali-
dated mRNA targets proposed in the literature might 
be explained by the interplay of non-miRNA mediated 
regulatory steps (including transcription, processing, 
decay factors, ncRNAs) which may override miRNAs´ 
regulation in patient tissue. Given the current availabil-
ity of large public cohorts, our analyses highlight the 
relevance of the study of the clinical set to drive conclu-
sions about the importance of miRNA/mRNA targets 
for a disease.

Conclusion
The expression profile of miR-130b and miR-301b, 
their correlation with candidate TSG targets, as well 
as their association with PrCa aggressiveness in the 
TCGA-PRAD support an oncogenic function for these 
miRNAs for the disease. Most of the previous studies 
using independent cohorts support the same hypoth-
esis. Although the increased methylation of the locus in 
cancer relative to normal tissue predicts a decrease in 
its expression in tumors and therefore a possible TSG 
function, the positive correlation between the expres-
sion of the miRNAs and the DNA methylation of the 
locus argues against its epigenetic repression by DNA 
methylation. Our study reinforces the importance of 
the exhaustive interrogation of the large genomic infor-
mation currently available in PrCa for the evaluation of 
miRNA relevance in this neoplasia.

Abbreviations
Chr: chromosome; miRNA: microRNA; miR‑130b: hsa‑miR‑130b‑3p; miR‑301b: 
hsa‑miR‑301b‑3p; OG: oncogene; PRAD: prostate adenocarcinoma; PrCa: 
prostate cancer; RPM: reads per million; TCGA : The Cancer Genome Atlas; TSG: 
tumor suppressor gene.

Authors’ contributions
Study conception MAD, Study design MAD, Acquisition of the clinical data 
RSF, Analysis of the data RSF, CM, COR, Interpretation of the data RSF, CM, COR, 
JRSS, MAD, Drafting of the manuscript MAD, Critical Revision RSF, CM, COR, BG, 
JRSS, MAD. All authors read and approved the final manuscript.

Author details
1 Laboratorio de Interacciones Moleculares, Facultad de Ciencias, Universidad 
de la República, Montevideo, Uruguay. 2 Depto. de Genética, Facultad de 
Medicina, Universidad de la República, Montevideo, Uruguay. 3 Depto. de 
Genómica, Instituto de Investigaciones Biológicas Clemente Estable, Ministerio 
de Educación y Cultura, Montevideo, Uruguay. 4 Depto. de Biología Celular 
y Molecular, Facultad de Ciencias, Universidad de la República, Montevideo, 
Uruguay. 

Additional files

Additional file 1: Figure S1. Detailed genomic view of the miR‑
130b/301b gene cluster region in UCSC Genome browser (GRCh37/hg19). 
Several ENCODE tracks are displayed.

Additional file 2: Figure S2. Pattern of DNA methylation of the miR‑
130b/miR‑301b locus in prostate datasets. Methylation levels (beta‑value) 
of the 12 CpG dinucleotide probes located along the gene obtained using 
the Infinium HumanMethylation450 BeadCHiP array. The beta‑value of 
methylation of each site and the standard deviation of the measurements 
are indicated. The ratio of fluorescence intensity between the unmethyl‑
ated and methylated sites ranges between 0 and 1 respectively. Grey and 
black circles correspond to normal and tumor tissue respectively. Hori‑
zontal boxes indicate the position of the CpG island, S‑shore, precursor 
miRNAs and POLR2A (RNA Polymerase II). A. 52 normal and 52 matched 
tumor samples from GSE76938 [30]. B. 5 normal and 25 unmatched tumor 
samples from GSE38240 [28]. C. 4 normal and 8 matched metastatic 
tumor samples from GSE52955 [29]. *p <0.05; **p <0.01; ***p <0.001; ****p 
<0.0001; ns non‑significant.

Additional file 3: Figure S3. Pattern of DNA methylation of the miR‑
130b/miR‑301b locus in prostate cell lines. Methylation levels (beta‑value) 
of the 12 CpG dinucleotide probes located along the gene obtained using 
the Infinium HumanMethylation450 BeadCHiP array of PrCa cell lines 
GSE34340, GSE62053, GSE54758 [31, 32]. The beta‑value of methylation 
of each site is indicated. The ratio of fluorescence intensity between the 
unmethylated and methylated sites ranges between 0 and 1 respectively. 
Horizontal boxes indicate the position of the CpG island, S‑shore, precur‑
sor miRNAs and POLR2A (RNA Polymerase II).

Additional file 4: Figure S4. Correlations between miR‑130b and target 
mRNAs expression in TCGA‑PRAD. Scatter plots for target mRNAs high‑
lighted in bold in Table 2, with negative (A) and positive (B) correlations. 
The non‑parametric Spearman correlation coefficient (r) is indicated.

Additional file 5: Figure S5. Correlation between miR‑301b and target 
mRNAs expression in TCGA‑PRAD. Scatter plots for target mRNAs high‑
lighted in bold in Table 2, with negative (A) and positive (B) correlations. 
The non‑parametric Spearman correlation coefficient (r) is indicated.

Additional file 6: Table S1. Correlation between the expression of 
validated miRNA‑mRNA target gene pairs in TCGA‑PRAD. For each gene 
target the role in PrCa, reference indicated as PMID, correlation r and p 
value are shown. No qualifier‑ miR‑130b directed targets with strong 
experimental evidence assigned by TarBase. a‑ miR‑301b direct targets 
with strong experimental evidence assigned by TarBase. †‑Direct Targets 
with experimental validation in PrCa which are not identified by TarBase. 
*‑Direct Targets predicted in PrCa which are not identified by TarBase.

https://doi.org/10.1186/s40164-018-0102-0
https://doi.org/10.1186/s40164-018-0102-0
https://doi.org/10.1186/s40164-018-0102-0
https://doi.org/10.1186/s40164-018-0102-0
https://doi.org/10.1186/s40164-018-0102-0
https://doi.org/10.1186/s40164-018-0102-0


Page 13 of 14Fort et al. Exp Hematol Oncol  (2018) 7:10 

Acknowledgements
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Availability of data and materials
The datasets analyzed during the current study are available in the GEO and 
the UCSC Xena Browser.

The datasets Martens‑Uzunova et al. RNA‑seq data [22] was provided by 
the authors.

Studies indicated as “NA” in column one of Table 1 were analyzed using 
data published within the original article and its supplementary information 
files.

Consent for publication
Not applicable. Only public data from TCGA‑PRAD and GEO are used.

Ethics approval and consent to participate
Not applicable. Only public data from TCGA‑PRAD and GEO are used.

Funding
Agencia Nacional de Investigación e Innovación, POS_NAC_2015_1_109998, 
Fellowship awarded to Carolina Oliveira‑Rizzo. Agencia Nacional de Inves‑
tigación e Innovación, POS_NAC_2015_1_110108, Fellowship awarded 
to Rafael Sebastián Fort. Agencia Nacional de Investigación e Innovación, 
PD_NAC_2016_1_133414, Fellowship awarded to Cecilia Mathó. Comisión 
Sectorial de Investigación Científica, Proyecto CSIC I + D 2016 #487, Recipient: 
Maria Ana Duhagon. PEDECIBA, Apoyo a Estudiantes e Investigadores, Recipi‑
ent: Maria Ana Duhagon.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

Received: 16 February 2018   Accepted: 20 April 2018

References
 1. Bartel DP. MicroRNAs: target recognition and regulatory functions. Cell. 

2009;136:215–33.
 2. Guo H, Ingolia NT, Weissman JS, Bartel DP. Mammalian microRNAs pre‑

dominantly act to decrease target mRNA levels. Nature. 2010;466:835–40.
 3. Larsson O, Nadon R. Re‑analysis of genome wide data on mammalian 

microRNA‑mediated suppression of gene expression. Translation. 
2013;1:e24557.

 4. Lu J, Getz G, Miska EA, Alvarez‑Saavedra E, Lamb J, Peck D, et al. MicroRNA 
expression profiles classify human cancers. Nature. 2005;435:834–8.

 5. Calin GA, Dumitru CD, Shimizu M, Bichi R, Zupo S, Noch E, et al. Frequent 
deletions and down‑regulation of micro‑ RNA genes miR15 and miR16 
at 13q14 in chronic lymphocytic leukemia. Proc Natl Acad Sci USA. 
2002;99:15524–9.

 6. Porkka KP, Pfeiffer MJ, Waltering KK, Vessella RL, Tammela TLJJ, Visa‑
korpi T. MicroRNA expression profiling in prostate cancer. Cancer Res. 
2007;67:6130–5.

 7. Ambs S, Prueitt RL, Yi M, Hudson RS, Howe TM, Petrocca F, et al. Genomic 
profiling of microRNA and messenger RNA reveals deregulated microRNA 
expression in prostate cancer. Cancer Res. 2008;68:6162–70.

 8. Ozen M, Creighton CJ, Ozdemir M, Ittmann M. Widespread deregula‑
tion of microRNA expression in human prostate cancer. Oncogene. 
2008;27:1788–93.

 9. Fabris L, Ceder Y, Chinnaiyan AM, Jenster GW, Sorensen KD, Tomlins S, 
et al. The potential of MicroRNAs as prostate cancer biomarkers. Eur Urol. 
2016;70:312–22.

 10. Kanwal R, Plaga AR, Liu X, Shukla GC, Gupta S. MicroRNAs in prostate 
cancer: functional role as biomarkers. Cancer Lett. 2017;407:9–20.

 11. Bertoli G, Cava C, Castiglioni I. MicroRNAs as biomarkers for diagnosis, 
prognosis and theranostics in prostate cancer. Int J Mol Sci. 2016;17:421.

 12. Tsang JS, Ebert MS, van Oudenaarden A. Genome‑wide dissection of 
microRNA functions and cotargeting networks using gene set signatures. 
Mol Cell. 2010;38:140–53.

 13. Jackson BL, Grabowska A, Ratan HL. MicroRNA in prostate cancer: func‑
tional importance and potential as circulating biomarkers. BMC Cancer. 
2014;14:930.

 14. Chang Y‑Y, Kuo W‑H, Hung J‑H, Lee C‑Y, Lee Y‑H, Chang Y‑C, et al. Deregu‑
lated microRNAs in triple‑negative breast cancer revealed by deep 
sequencing. Mol Cancer. 2015;14:36.

 15. Egawa H, Jingushi K, Hirono T, Ueda Y, Kitae K, Nakata W, et al. The 
miR‑130 family promotes cell migration and invasion in bladder cancer 
through FAK and Akt phosphorylation by regulating PTEN. Sci Rep. 
2016;6:20574.

 16. Sheng X, Chen H, Wang H, Ding Z, Xu G, Zhang J, et al. MicroRNA‑130b 
promotes cell migration and invasion by targeting peroxisome prolifera‑
tor‑activated receptor gamma in human glioma. Biomed Pharmacother. 
2015;76:121–6.

 17. Mitra R, Edmonds MD, Sun J, Zhao M, Yu H, Eischen CM, et al. Repro‑
ducible combinatorial regulatory networks elucidate novel oncogenic 
microRNAs in non‑small cell lung cancer. RNA. 2014;20:1356–68.

 18. Wang L, Zhu M‑J, Ren A‑M, Wu H‑F, Han W‑M, Tan R‑Y, et al. A ten‑micro‑
RNA signature identified from a genome‑wide microRNA expression 
profiling in human epithelial ovarian cancer. PLoS ONE. 2014;9:e96472.

 19. Funamizu N, Lacy CR, Parpart ST, Takai A, Hiyoshi Y, Yanaga K. MicroRNA‑
301b promotes cell invasiveness through targeting TP63 in pancreatic 
carcinoma cells. Int J Oncol. 2014;44:725–34.

 20. Hamilton MP, Rajapakshe K, Hartig SM, Reva B, McLellan MD, Kandoth 
C, et al. Identification of a pan‑cancer oncogenic microRNA superfamily 
anchored by a central core seed motif. Nat Commun. 2013;4:2730.

 21. Davis S, Meltzer PS. GEOquery: a bridge between the gene expression 
omnibus (GEO) and bioconductor. Bioinformatics. 2007;23:1846–7.

 22. Martens‑Uzunova ES, Jalava SE, Dits NF, van Leenders GJLH, Møller 
S, Trapman J, et al. Diagnostic and prognostic signatures from the 
small non‑coding RNA transcriptome in prostate cancer. Oncogene. 
2012;31:978–91.

 23. Friedländer MR, Chen W, Adamidi C, Maaskola J, Einspanier R, Knespel S, 
et al. Discovering microRNAs from deep sequencing data using miRDeep. 
Nat Biotechnol. 2008;26:407–15.

 24. UCSC. Xena Browser. http://xenab rowse r.net. Accessed 30 Mar 2017.
 25. Broad Institute of MIT & Harvard. FIREBROWSE. http://fireb rowse .org/. 

Accessed 30 Mar 2017.
 26. Edgar R, Domrachev M, Lash AE. Gene expression omnibus: nCBI gene 

expression and hybridization array data repository. Nucleic Acids Res. 
2002;30:207–10.

 27. Barrett T, Wilhite SE, Ledoux P, Evangelista C, Kim IF, Tomashevsky M, et al. 
NCBI GEO: archive for functional genomics data sets–update. Nucleic 
Acids Res. 2013;41:D991–5.

 28. Aryee MJ, Liu W, Engelmann JC, Nuhn P, Gurel M, Haffner MC, et al. DNA 
methylation alterations exhibit intraindividual stability and interindi‑
vidual heterogeneity in prostate cancer metastases. Sci Transl Med. 
2013;5:169ra10.

 29. Ramalho‑Carvalho J, Graça I, Gomez A, Oliveira J, Henrique R, Esteller M, 
et al. Downregulation of miR‑130b ~ 301b cluster is mediated by aberrant 
promoter methylation and impairs cellular senescence in prostate cancer. 
J Hematol Oncol. 2017;10:43.

 30. Kirby MK, Ramaker RC, Roberts BS, Lasseigne BN, Gunther DS, Burwell TC, 
et al. Genome‑wide DNA methylation measurements in prostate tissues 
uncovers novel prostate cancer diagnostic biomarkers and transcription 
factor binding patterns. BMC Cancer. 2017;17:273.

 31. Statham AL, Robinson MD, Song JZ, Coolen MW, Stirzaker C, Clark SJ. 
Bisulfite sequencing of chromatin immunoprecipitated DNA (BisChIP‑
seq) directly informs methylation status of histone‑modified DNA. 
Genome Res. 2012;22:1120–7.

 32. Shukeir N, Stefanska B, Parashar S, Chik F, Arakelian A, Szyf M, et al. Phar‑
macological methyl group donors block skeletal metastasis in vitro and 
in vivo. Br J Pharmacol. 2015;172:2769–81.

 33. Griffiths‑Jones S, Grocock RJ, van Dongen S, Bateman A, Enright AJ. 
miRBase: microRNA sequences, targets and gene nomenclature. Nucleic 
Acids Res. 2006;34:D140–4.

http://xenabrowser.net
http://firebrowse.org/


Page 14 of 14Fort et al. Exp Hematol Oncol  (2018) 7:10 

 34. Harrow J, Frankish A, Gonzalez JM, Tapanari E, Diekhans M, Kokocinski 
F, et al. GENCODE: the reference human genome annotation for the 
ENCODE Project. Genome Res. 2012;22:1760–74.

 35. Hong EL, Sloan CA, Chan ET, Davidson JM, Malladi VS, Strattan JS, et al. 
Principles of metadata organization at the ENCODE data coordination 
center. Database (Oxford). 2016;2016:baw001.

 36. Lin P‑C, Chiu Y‑L, Banerjee S, Park K, Mosquera JM, Giannopoulou E, et al. 
Epigenetic repression of miR‑31 disrupts androgen receptor homeo‑
stasis and contributes to prostate cancer progression. Cancer Res. 
2013;73:1232–44.

 37. Schaefer A, Jung M, Mollenkopf H‑J, Wagner I, Stephan C, Jentzmik F, et al. 
Diagnostic and prognostic implications of microRNA profiling in prostate 
carcinoma. Int J Cancer. 2010;126:1166–76.

 38. Cannistraci A, Federici G, Addario A, Di Pace AL, Grassi L, Muto G, et al. 
C‑Met/miR‑130b axis as novel mechanism and biomarker for castration 
resistance state acquisition. Oncogene. 2017;36:3718–28.

 39. Martens‑Uzunova ES, Hoogstrate Y, Kalsbeek A, Pigmans B, Vredenbregt‑
van den Berg M, Dits N, et al. C/D‑box snoRNA‑derived RNA production is 
associated with malignant transformation and metastatic progression in 
prostate cancer. Oncotarget. 2015;6:17430–44.

 40. Jalava SE, Urbanucci A, Latonen L, Waltering KK, Sahu B, Jänne OA, 
et al. Androgen‑regulated miR‑32 targets BTG2 and is overexpressed in 
castration‑resistant prostate cancer. Oncogene. 2012;31:4460–71.

 41. Kristensen H, Thomsen AR, Haldrup C, Dyrskjøt L, Høyer S, Borre M, et al. 
Novel diagnostic and prognostic classifiers for prostate cancer identified 
by genome‑wide microRNA profiling. Oncotarget. 2016;7(21):30760.

 42. Bryant RJ, Pawlowski T, Catto JWF, Marsden G, Vessella RL, Rhees B, et al. 
Changes in circulating microRNA levels associated with prostate cancer. 
Br J Cancer. 2012;106:768–74.

 43. Sun Y, Jia X, Hou L, Liu X. Screening of differently expressed miRNA and 
mRNA in prostate cancer by integrated analysis of transcription data. 
Urology. 2016;94:313.e1–6.

 44. Aakula A, Kohonen P, Leivonen SK, Mäkelä R, Hintsanen P, Mpindi JP, et al. 
Systematic identification of microRNAs that impact on proliferation of 
prostate cancer cells and display changed expression in tumor tissue. Eur 
Urol. 2016;69:1120–8.

 45. Long Q, Johnson BA, Osunkoya AO, Lai Y‑HH, Zhou W, Abramovitz M, 
et al. Protein‑coding and microRNA biomarkers of recurrence of prostate 
cancer following radical prostatectomy. Am J Pathol. 2011;179:46–54.

 46. Bell EH, Kirste S, Fleming JL, Stegmaier P, Drendel V, Mo X, et al. A novel 
MiRNA‑based predictive model for biochemical failure following post‑
prostatectomy salvage radiation therapy. PLoS ONE. 2015;10:1–19 (Culig 
Z, editor).

 47. Mortensen MM, Høyer S, Ørntoft TF, Sørensen KD, Dyrskjøt L, Borre M. 
High miR‑449b expression in prostate cancer is associated with biochem‑
ical recurrence after radical prostatectomy. BMC Cancer. 2014;14:859.

 48. Pashaei E, Ahmady M, Ozen M, Aydin N. Meta‑analysis of miRNA expres‑
sion profiles for prostate cancer recurrence following radical prostatec‑
tomy. PLoS ONE. 2017;12:e0179543.

 49. Lin H‑M, Castillo L, Mahon KL, Chiam K, Lee BY, Nguyen Q, et al. Circulat‑
ing microRNAs are associated with docetaxel chemotherapy outcome in 
castration‑resistant prostate cancer. Br J Cancer. 2014;110:2462–71.

 50. Ahadi A, Brennan S, Kennedy PJ, Hutvagner G, Tran N. Long non‑coding 
RNAs harboring miRNA seed regions are enriched in prostate cancer 
exosomes. Sci Rep. 2016;6:24922.

 51. Wang W, Liu M, Guan Y, Wu Q. Hypoxia‑responsive Mir‑301a and Mir‑301b 
promote radioresistance of prostate cancer cells via downregulating 
NDRG2. Med Sci Monit. 2016;22:2126–32.

 52. Chen Q, Zhao X, Zhang H, Yuan H, Zhu M, Sun Q, et al. MiR‑130b sup‑
presses prostate cancer metastasis through down‑regulation of MMP2. 
Mol Carcinog. 2015;54:1292–300.

 53. Mihelich BL, Maranville JC, Nolley R, Peehl DM, Nonn L. Elevated serum 
microRNA levels associate with absence of high‑grade prostate cancer in 
a retrospective cohort. PLoS ONE. 2015;10:1–15 (Campbell M, editor).

 54. Leite KRM, Reis ST, Viana N, Morais DR, Moura CM, Silva IA, et al. Con‑
trolling RECK miR21 promotes tumor cell invasion and is related to 
biochemical recurrence in prostate cancer. J Cancer. 2015;6:292–301.

 55. Karatas OF, Guzel E, Suer I, Ekici ID, Caskurlu T, Creighton CJ, et al. miR‑1 
and miR‑133b are differentially expressed in patients with recurrent 
prostate cancer. PLoS ONE. 2014;9:1–7.

 56. Gao J, Aksoy BA, Dogrusoz U, Dresdner G, Gross B, Sumer SO, et al. Inte‑
grative analysis of complex cancer genomics and clinical profiles using 
the cBioPortal. Sci Signal. 2013;6:1.

 57. Hansen KD, Timp W, Bravo HC, Sabunciyan S, Langmead B, McDonald 
OG, et al. Increased methylation variation in epigenetic domains across 
cancer types. Nat Genet. 2011;43:768–75.

 58. Kuan PF, Song J, He S. methylDMV: simultaneous detection of differential 
dna methylation and variability with confounder adjustment. Pac Symp 
Biocomput. 2017;22:461–72.

 59. Han K, Meng W, Zhang J‑J, Zhou Y, Wang Y‑L, Su Y, et al. Luteolin inhibited 
proliferation and induced apoptosis of prostate cancer cells through miR‑
301. OncoTargets Ther. 2016;9:3085–94.

 60. Hermanek P, Wittekind C. Residual tumor (R) classification and prognosis. 
Semin Surg Oncol. 1994;10:12–20.

 61. Vlachos IS, Paraskevopoulou MD, Karagkouni D, Georgakilas G, Vergoulis 
T, Kanellos I, et al. DIANA‑TarBase v7.0: indexing more than half a million 
experimentally supported miRNA:mRNA interactions. Nucleic Acids Res. 
2015;43:D153–9.

 62. Abd Elmageed ZY, Yang Y, Thomas R, Ranjan M, Mondal D, Moroz K, et al. 
Neoplastic reprogramming of patient‑derived adipose stem cells by 
prostate cancer. Stem Cells. 2014;32:983–97.

 63. Wang H, Nettleton D, Ying K. Copy number variation detection using next 
generation sequencing read counts. BMC Bioinform. 2014;15:109.

 64. Ryazansky SS, Gvozdev VA, Berezikov E. Evidence for post‑transcrip‑
tional regulation of clustered microRNAs in Drosophila. BMC Genom. 
2011;12:371.

 65. Chhabra R, Dubey R, Saini N. Cooperative and individualistic functions of 
the microRNAs in the miR‑23a ~ 27a ~ 24‑2 cluster and its implication in 
human diseases. Mol Cancer. 2010;9:1–16.

 66. Bibikova M, Barnes B, Tsan C, Ho V, Klotzle B, Le JM, et al. High density 
DNA methylation array with single CpG site resolution. Genomics. 
2011;98:288–95.

 67. Massie CE, Mills IG, Lynch AG. The importance of DNA methylation in 
prostate cancer development. J Steroid Biochem Mol Biol. 2017;166:1–15.

 68. Jones PA. Functions of DNA methylation: islands, start sites, gene bodies 
and beyond. Nat Rev Genet. 2012;13:484–92.

 69. Mathur A, Elmageed ZYA, Liu X, Kostochka ML, Zhang H, Abdel‑Mageed 
AB, et al. Subverting ER‑stress towards apoptosis by nelfinavir and 
curcumin coexposure augments docetaxel efficacy in castration resistant 
prostate cancer cells. PLoS ONE. 2014;9:e103109 (Gao A, editor).

 70. Jiao AL, Slack FJ. RNA‑mediated gene activation. Epigenetics. 
2014;9:27–36.

 71. Lee S, Vasudevan S. Post‑transcriptional stimulation of gene expression 
by microRNAs. Adv Exp Med Biol. 2013;768:97–126.

 72. Edri S, Tuller T. Quantifying the effect of ribosomal density on mRNA 
stability. PLoS ONE. 2014;9:e102308 (Jang SK, editor).


	An integrated view of the role of miR-130b301b miRNA cluster in prostate cancer
	Abstract 
	Background
	Methods
	Analysis of PrCa miRNA datasets
	Analysis of prostate transcriptomic and clinical profiles of TCGA-PRAD
	Analysis of PrCa DNA methylation data
	Statistical analysis

	Results
	The genomic and epigenomic context of the miR-130b301b cluster support their coordinated expression in PrCa
	The expression of miR-130b and miR-301b increases in PrCa neoplastic tissue and metastasis
	The miR-130b and miR-301b are expressed in PrCa and their abundance is positively associated with the DNA methylation of their locus
	The expression of miR-130b and miR-301b associates with negative PrCa patient clinical outcome
	The correlation between the expression of validated direct targets of miR-130b and miR-301b supports their oncogenic function in PrCa

	Discussion
	Conclusion
	Authors’ contributions
	References




