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C-Met/miR-130b axis as novel mechanism and biomarker for
castration resistance state acquisition
A Cannistraci1,9, G Federici1,2,9, A Addario1, AL Di Pace1,3, L Grassi1,2, G Muto4,5, D Collura4, M Signore1, L De Salvo2, S Sentinelli2,
G Simone2, M Costantini2, S Nanni6, A Farsetti7, V Coppola1, R De Maria8,9 and D Bonci1,2,9

Although a significant subset of prostate tumors remain indolent during the entire life, the advanced forms are still one of the
leading cause of cancer-related death. There are not reliable markers distinguishing indolent from aggressive forms. Here we
highlighted a new molecular circuitry involving microRNA and coding genes promoting cancer progression and castration
resistance. Our preclinical and clinical data demonstrated that c-Met activation increases miR-130b levels, inhibits androgen
receptor expression, promotes cancer spreading and resistance to hormone ablation therapy. The relevance of these findings was
confirmed on patients’ samples and by in silico analysis on an independent patient cohort from Taylor’s platform. Data suggest
c-Met/miR-130b axis as a new prognostic marker for patients’ risk assessment and as an indicator of therapy resistance. Our results
propose new biomarkers for therapy decision-making in all phases of the pathology. Data may help identify high-risk patients to be
treated with adjuvant therapy together with alternative cure for castration-resistant forms while facilitating the identification of
possible patients candidates for anti-Met therapy. In addition, we demonstrated that it is possible to evaluate Met/miR-130b axis
expression in exosomes isolated from peripheral blood of surgery candidates and advanced patients offering a new non-invasive
tool for active surveillance and therapy monitoring.
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INTRODUCTION
Prostate cancer (PCa) is a highly frequent tumor type in men.1,2

Many tumors are indolent, but the absence of reliable molecular
bio-indicators of high-risk progression causes overtreatment of
patients who are driven to radical prostatectomy. This approach,
however, is not curative for the 30% of treated patients who
develop advanced forms after few years. Biochemical recurrence is
the first evidence of cancer progression and it is treated by
hormone ablation, indicated as hormone therapy (HT).3 Recently,
new drugs, such as enzalutamide and abiraterone acetate, were
approved for the treatment of castration-resistant cancer.4,5

Although the last-generation drugs represent a considerable
advance in hormonal therapy and are initially effective in blocking
tumor growth, a consistent percentage of patients eventually
recur for the development of lethal drug-resistant disease. The
possible mechanisms to explain resistance to HT can be separated
into three general categories.6–8 The first includes DNA-based
alterations in the androgen receptor (AR) gene, such as amplifica-
tion or point mutations.9–14 The second group includes ligand-
independent AR activation in the absence of mutations or
amplification.15–18 The third type is associated with aberrant
activation of alternative signaling pathways able to bypass AR
activity, which is no longer relevant to disease progression.19,20

The role of AR in late-stage disease progression and molecular
mechanisms driving castration resistance state acquisition is

still mainly debated. Recent evidence shows that AR can
negatively control c-Met, a key gene associated with metastasis
formation.21,22 Compelling evidence demonstrates central role of
microRNAs (miRNAs, miRs) in cancer development.23–25 Of note,
c-Met overexpression is associated with the deregulation of
miRNAs in cancer.26 We hypothesized that aberrant balance in
the activity of AR/c-Met may cause a cascade of events that
promotes cancer progression through miRNA profile perturbation.
In this context, androgen ablation therapy, while attenuates AR
aberrant activity, can de-repress c-Met transcription with conse-
quent activation of its signaling cascade and acquisition of
castration-resistant state.22 Here we investigated the function of
Met/AR axis and miRNA deregulation in PCa. We discovered a new
circuitry where c-Met can control AR transduction taking
advantage of miR-130b activity. Our data may provide new
mechanisms of HT escaping, while highlighting novel molecular
indicators for the identification of patients who will develop
advanced forms and benefit of specific therapy. We propose
that current androgen ablation treatment may be beneficial
when combined with therapeutic strategies to inhibit the
activation of the HGF/c-Met pathway in candidate patients. As the
miRNA analysis can be performed in biological fluids, our data
may suggest innovative non-invasive approach for follow-up
monitoring.
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RESULTS
AR and c-Met expression in PCa cell lines
Verras et al. showed dual role of AR activity, suggesting that
current androgen ablation therapy repressing AR activity can
impair growth-promoting genes, but on the other hand, promotes
de-repression of oncogenes, such as c-Met.21,22 We further
investigated the association between the two receptors and the
implication in castration resistance state and metastasis develop-
ment. We analyzed the expression of both c-Met/AR receptors in
PCa cell lines representative of PCa different phases (Table 1).
c-Met receptor was found overexpressed in basal and highly
metastatic cells (Figure 1a),27,28 whereas c-Met-negative and low-
expressing LNCaP and 22Rv1 cells, respectively, expressed high
level of AR (Figure 1b). Similar results were observed at the RNA
level through quantitative real-time PCR (qRT-PCR; Supplementary
Figures 1a and b). c-Met signaling cascade activation was
documented as the expression of phosphorylated form in the
highly metastatic PC-3 cell line by immunofluorescence analysis29

(Supplementary Figure 1c), suggesting that aberrant activity of the
receptor correlates with aggressive PCa forms. In line with data
from literature showing increased c-Met expression in bone
metastases,30–32 c-Met messenger RNA resulted expressed in
patients’ metastastic tissues by in silico elaboration of a published
gene data set reported by Taylor et al.33 (Supplementary
Figure 1d). Moreover, we confirmed c-Met expression in four
bone metastasis tissues that resulted 3/4 medium-high and 1/4
low c-Met expressing (Figure 1c). These data support the
hypothesis that c-Met could have a role in PCa progression and
may be a therapeutic target in the advanced phases of disease.

C-Met overexpression in LNCaP cells and microRNA profiling
We hypothesized that c-Met/AR-deregulated axis could promote
prostate tumor progression. To investigate the effect of c-Met
activation, we chose AR-positive LNCaP cell line, which forms
subcutaneous and orthotopic lesions when injected in immuno-
compromised mice, but it is unable to form metastatic foci. We
transiently transfected cells with an engineered plasmid carrying a
constitutive activated c-Met (TPR-MET) or its relative control

(pBABE).34,35 Receptor overexpression was confirmed by qRT-PCR
(data not shown) and Western blot assay (Figure 1d), which
detected high levels of the phophorylated c-Met form (p-Met). We
analyzed cells after 48 h from transfection and found a significant
reduction of AR at protein and messenger RNA levels when
compared with control population (pBABE), providing evidences
for a novel mechanism of regulation of c-Met on AR gene
(Figure 1d; Supplementary Figure 1e). We speculated that c-Met
activity could be mediated by miRNA gene family. We evaluated
miRNA perturbation by constitutive activated c-Met in LNCaP/TPR-
MET cells using TaqMan Array Cards, which guarantee accurate
quantification of 754 human microRNAs (Figure 1e and Excel file).
Only miRs with more than twofold changed level were considered
as perturbed by c-Met expression. We compared this list with miRs
able to bind the 3′-untranslated region (UTR) of AR (Table 2) as by
in silico analysis performed with microRNA-targeting prediction
software TargetScan (v5.2). When we compared the list of miRNAs
able to directly bind AR with the list of miRNA upregulated by
c-Met constitutive activation, we found only miR-130/301 family
and miR-30b as possible candidates. Only twofold changed miRs
were considered for further analysis (Supplementary Figure 1f). We
excluded miR-454, which belongs to miR-130/301 family, but was
not perturbed by c-Met expression (Supplementary Excel file). For
the candidate miRs, we ran a bioinformatics analysis on the
public gene bank data set.33 Among listed miRs, only miR-130b
resulted significantly upregulated in tumor tissues (Figure 1f;
Supplementary Figure 1g). We confirmed these results with a
further pivotal analysis evaluating miR-130b expression level in
tissues of patients with PCa. We microdissected (only tumor cells
were laser dissected) nine formalin-fixed paraffin-embedded
primary tumors and three normal tissues, and evaluated
miR-130b level by qRT-PCR, using normal pooled tissues as
reference. We found increased levels of miR-130b in five of nine
patients (Supplementary Figure 2a). We confirmed that c-Met
constitutively active form expression induced miR-130b level
increase in LNCaP/TPR-MET cells by qRT-PCR single assay
(Supplementary Figure 2b). Non-neoplastic RWPE-1 cells were
used as internal control. We next investigated whether miR-130b
could directly regulate AR expression (Figure 1g). We demonstrated

Table 1. List of prostate cancer cell lines representative of tumor different phases

Cell line Organism Tissue Derivation

RWPE-1 Homo sapiens Prostate Epithelial cells derived from the peripheral zone of a histologically normal adult human prostate
RWPE-2 Homo sapiens Prostate From RWPE-1 transformation with Ki-ras
22Rv1 Homo sapiens Prostate Prostate carcinoma, derived from a xenograft
LNCaP Homo sapiens Prostate Metastatic site
PC-3 Homo sapiens Prostate From a bone metastasis of a grade IV prostatic adenocarcinoma

Figure 1. (a) Flow cytometric analysis of c-Met expression in prostate cancer cell lines. Gates were set based on isotype control staining.
(b) Western blot analysis of AR expression level in prostate cancer cell lines. (c) Representative images of two bone metastasis samples of four
patients stained with anti-Met antibody were reported by immunohystochemistry. Sample 1 (×10 upper panel) and (×20 lower panel)
cytoplasmic staining; sample 2 (×20 upper) and (×40 lower panel) cytoplasmic and several areas of nuclear staining. Scale bars represent
30 μm. (d) Western blot analysis of AR and p-Met expression in control (pBABE) and MET-overexpressing LNCaP cells (TPR-MET). β-Tubulin was
used as a loading control. Histogram data are shown as mean± s.d. of three independent experiments. Unpaired T-test was used for
significance. (e) Hierarchical clustering based on miRNA expression profiles in control (pBABE) versus Met-overexpressing LNCaP cells (TPR-
MET) by MeV 4.8 software. LNCaP cells were used as reference and miRNA levels were reported as values between 0 and 1, and X 3. For
additional details, see Excel file. (f) In silico analyses conducted on Taylor’s data set from GEO record GSE21036. Box plots representing
miR-130b expression values in normal tissues (n= 28) versus tumor tissues (n= 113 composed of 99 primary tumors and 14 metastases).
(g) Representative scheme of miR-130b-binding site in AR 3′-UTR (nucleotides 71–77). (h) Luciferase assay on 293T cells transfected with renilla
luciferase and with either empty pGL3 vector or a plasmid carrying the 3′-UTR of AR (pGL3 UTR–AR), in the presence of negative control
scramble pre-miR or miR-130b mimic oligo. Firefly luciferase activities are normalized over renilla luciferase. Graphical data are shown as
mean± s.d. of three independent experiments. (i) Representative Western blot analysis of AR expression level after transfection of LNCaP cells
with miR-130b mimic oligo. Nucleolin (NCL) was used as a loading control.
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the direct binding of miR-130b on AR 3′-UTR in transfected
293T cells. As shown in Figure 1h, miR-130b mimic was able to
reduce luciferase activity of the construct carrying the AR 3′-UTR,
whereas no effects were observed in cells transduced with the
empty vector. Similar results were obtained using PC-3 as recipient
cells (Supplementary Figure 2c). In fact, transfection of naive PC-3

cells results in a reduction of luciferase activity, as a consequence
of the endogenous levels of miR-130b, which was rescued when a
synthetic anti-miR-130b was added to the cells. To verify the
involvement of miR-130b in the direct regulation of AR receptor,
we transiently transduced LNCaP cells with a synthetic miR-130b
mimic. As shown in Figure 1i, ectopic expression of miR-130b was
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able to reduce AR protein expression, whereas the SCRAMBLE
oligo did not affect the protein level. All together, these results
confirmed and validated AR as a direct target of miR-130b. Thus,
we focused subsequent investigation on miR-130b, which
was previously reported as an oncomiR promoting epithelial-
mesenchymal transition, metastasis signaling and the acquisition
of a stem-like phenotype.36–38 We speculated that c-Met could
directly regulate miR-130b expression. We transfected PC-3
cells with siRNAs specific for MET gene (siRNA_MET 5# and
siRNA_MET#6). Of note, in parallel to c-MET gene reduction, we

found a significant decrease of miR-130b level by RT-PCR assay
(Supplementary Figure 2d), whereas PC-3 cells treated with
siRNA_MET#6 showed impaired growth (Supplementary Figure 2e).
Two potential promoter regions of miR-130b were selected from
human genome and cloned into pGL3 -Basic vector. We transiently
transfected the activated form of c-MET together with two regions
into 293T cells. C-Met activation enhanced the luciferase activity of
the longer region demonstrating a direct control on miR-130b
transcription (Supplementary Figure 2f). To verify whether the c-Met
protein complex was directly involved in miR-130b regulation at

Table 2. List of miRs able to bind the 3′-untranslated region of AR (Human AR 3′-UTR (436 bp)) as by in silico analysis performed with microRNA-
targeting prediction software TargetScan (v5.2)

miRNA

miR-124

miR-506

miR-130a

miR-301a

miR-30a

miR-30b

miR-384

miR-130b

miR-301b

Sites with higher conservation 

7 mer-m8 

8 mer 

7 mer-1A 

Sites with lower conservation 

miR-124/506 

miR-130/301 

miR-30/384 

Human AR 3’ UTR (436bp)

TargetScan predicts biological targets of miRNAs by searching for the presence of conserved 8mer, 7mer and 6mer sites that match the seed region of each
miRNA (Lewis et al., 2005).58 Site type: 8mer: an exact match to positions 2–8 of the mature miRNA (the seed+position 8) followed by an ‘A’; 7mer-m8: an exact
match to positions 2–8 of the mature miRNA (the seed+position 8); 7mer-A1: an exact match to positions 2–7 of the mature miRNA (the seed) followed by an ‘A’.

Figure 2. (a) Bioinformatic analyses conducted on data from GEO record GSE21036. Box plots representing miR-130b expression values in:
normal tissues (n= 28) versus tumor tissues (n= 99) and metastatic tissues (n= 14). (b) Patients with low/intermediate Gleason score (n= 86)
and high Gleason score (n= 12) and (c) patients with intermediate T2-stage (n= 68) and high T3/4-stage (n= 31). Mann–Whitney U-test was
used to determine significance in all the analyses. (d) miR-130b expression level in macrodissected tumor areas (tumor areas 470% of the
total tissues were included) from 19 patients with at least 10 years documented follow-up, evaluated by real-time PCR. (e) p-Met protein levels
by RPPA in exosomes of healthy donors (n= 16) versus patients with localized tumors (n= 12) and (f) miR-130b expression levels by real-time
PCR in exosomes of healthy donors (n= 6) versus patients with localized tumors (n= 12). In e, P-value was evaluated by Wilcoxon (JMP
software) two-group non-parametric test. In f, unpaired T-test was used to determine significance. The mean of healthy donors was used as
reference and calculated at 1. (g) RPPA analysis of Met signaling cascade evaluated in exosomes isolated from 12 healthy donors (blue) and 12
patients with tumor (yellow). Heat-map shows the cluster of samples based on relative expression and was normalized as reported in Material
and Methods. (h) p-Met protein levels by RPPA in exosomes of healthy donors (n= 5) versus patients with primary tumors (n= 9; tumors) and
patients with castration-resistant forms (n= 9). P-value was evaluated by Kruskal–Wallis/Steel–Dwass 4two-group non-parametric test (JMP
software).
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transcriptional level, we ran a chromatin immuno precipitation
(ChIP) assay in two highly Met/miR-130b-expressing cell models,
the PC-3 line and the C11IM cell line established ex vivo
and published by Nanni et al.39 (Supplementary Figure 5).

We hypothesized a direct involvement of p-Met or SP1 transcrip-
tional factor, frequently involved in c-Met signal cascade
activation.40 We therefore performed the assay along a 5-kb
region of the miR-130b promoter and chromatins were
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immunoprecipitated by antibodies to phosphoMET (p-Met), SP1
and anti-acetyl-histone H3 (H3Ac). We analyzed two regions, one
external (green arrow, I) and one internal region (red arrow, II)
to the 2 K promoter region (Supplementary Figure 3a). DNA
sequences proximal to transcriptional start site (TSS) and SP1-
binding sites (site II) or upstream region (outside the proximal 2 kb
promoter used in luc-reporter assay, site I) were amplified. Of note,
a strong recruitment of p-Met on both sites was observed in both
PC-3 and C11IM cell line (Supplementary Figures 3b and c) while
SP1 occupancy peaked at TSS/SP1 sites (site II versus site I).
Furthermore, a strong increase (70–150-fold over control, NoAb)
was observed in histone H3 acetylation density region surround-
ing the putative TSS, thus indicating a gene locus actively
transcribed in both cell lines. Results showed a direct involvement
of both p-Met and SP1 in a complex competent to transactivate
miR-130b promoter. In particular, the internal region (red arrow, II)
showed the strongest binding and contained the TSS indicating, in
parallel with Luciferase assay, the miR-130b regulatory region.
Of note, these data documented for the first time a direct
involvement of p-Met as direct actor of a complex able to
transactivate genome sequences in the nucleus. This is in line with
immunohystochemistry images where Met staining has a cyto-
plasmatic and nuclear pattern (Figure 1c). To demonstrate a
potential therapeutic application of our results, we evaluated the
existence of a pharmacological correlation between c-Met and
miR-130b. We treated PC-3 cells with SU11274 and Crizotinib, two
different c-Met tyrosine kinase inhibitors, and observed a
consistent reduction of endogenous level of miR-130b after
treatment (Supplementary Figure 2g). These results suggested a
novel molecular circuitry involving c-Met, AR and miR-130b, and
proposed c-Met/miR-130b as possible candidate biomarkers for
assessing response to treatment with inhibitors of c-Met kinase
activity.

MiR-130b expression in PCa patients
By performing a bioinformatic analysis on Taylor’s gene platform,
we discovered a significant high expression of miR-130b in
metastatic tissues when compared with primary tumors and
normal samples (Figure 2a). Moreover, there was a significant
correlation between prostate-specific antigen levels and expres-
sion of miR-130b (Supplementary Figure 2h) in primary tumors.
These data suggested a direct correlation between increased
miR-130b level and tumor progression. Furthermore, miR-130b
high level significantly correlated with clinical risk parameters,
such as high Gleason score and pT (Figures 2b and c). We selected
19 patients with at least 10 years documented follow-up from our
tissue bank. Following the same technical approach used in
Taylor’s paper, we macrodissected tumor areas (tumor areas
470% of the total tissues were included) and analyzed miR-130b
expression. We found that patients experiencing tumor recurrence
displayed higher levels of miR-130b in primary tumors as
compared with tumor-free patients after 10 years (Figure 2d). As
it is well documented that formalin-fixed paraffin-embedded
tissues are not reliable samples for evaluation of protein
phosphorylation,41,42 we could not evaluate p-Met activation in
the same patients. As molecular analysis of exosomes may provide
prognostic and predictive clinical indications,43–45 we analyzed
exosomes released into the blood stream to investigate p-Met
expression in patients sera collected before prostatectomy. We
isolated exosomes by multiple rounds of ultracentrifugation and
evaluated p-Met levels by a sensible technique, the reverse-phase
protein array (RPPA).46 The analysis of exosomes from PCa patients
and healthy donors showed that p-Met was present at higher level
in circulating exosomes from patients (Figure 2e). We also
evaluated the expression of miR-130b in exosomal samples.
Similarly to the observation in tumor tissues, miR-130b was
upregulated in exosomes from PCa patients as compared with

healthy donor samples (Figure 2f). Thus, our data demonstrated a
general and significant increase of p-Met and miR-130b in PCa
patients, and proposed that it might be possible to monitor their
increase with a non-invasive approach using nanovesicles isolated
from peripheral blood of patients. We then extended the analysis
by RPPA assay on proteins associated with Met signaling cascade
on 16 healthy donors (HDs) and 12 tumors (T1-12). We found a
significant activation of the Met signaling cascade in patients with
tumors, suggesting that it is theoretically possible to follow the
signaling activation through the monitoring of several key
proteins (Figure 2g; Supplementary Figures 4a–c). We extended
the analysis to an additional set of samples, including primary
tumor and castration-resistant patients (Figure 2h). We isolated
exosomes from sera and analyzed p-Met expression by RPPA
assay. We demonstrated that it is possible to analyze the protein
pattern in exosomes isolated from patients with recurrence, where
tumor metastatic material is not disposable. In particular, p-Met
resulted expressed in exosomes of castration-resistant patients.
miR-130b is highly expressed in exosomes isolated from
castration-resistant patients (data not shown). This suggests that
it is possible to monitor metastatic patients and a dedicated study
will be performed to correlate p-Met/miR-130b level and
therapeutic benefit of Met inhibitor treatment in this setting of
patients. Our data suggest that miR-130b/p-Met axis contributes
to increase recurrence risk and promotes tumor progression.
Furthermore, we demonstrated that it is possible to monitor
miR-130b and Met signaling cascade in vesicles isolated from
peripheral blood both in pre-surgery candidates and castration-
resistant patients. This may suggest new markers and methods for
therapy decision-making in all phases of the disease and may add
molecular information for designing dedicated clinical trials.

MiR-130b and c-Met expression evaluated in an ex vivo cellular
model of human PCa
As validation on an independent cohort of PCa patients with long
(10 years) and well-defined follow-up, we took benefit of the
established ex vivo models, published by Nanni et al.39 We
evaluated miR-130b level in cancer primary cultures isolated from
patients with well-documented prognosis. In detail, we revealed
the expression of miR-130b in 18 cultures (4 normal/hyperplasia-
derived cells; 7 tumor-derived cells with good prognosis; 7 tumor-
derived cells with poor prognosis). We found a significant increase
of miR-130b in the poor prognosis group (Supplementary
Figure 5a). Moreover, c-MET gene expression, evaluated reanalyz-
ing data published in Nanni S et al., by the Affymetrix Human
U133A Gene Chip platform, significantly correlated with high
levels of miR-130b (Supplementary Figure 5b). The significant
increase of miR-130b and c-Met in cells from patients with
poor prognosis was confirmed in this model by single RT-PCR
and cytofluorimetric analysis, respectively (Supplementary
Figure 5c). To disclose the functional role of miR-130b, we
transfected the poor prognosis cell line C11IM with anti-
miRNA-130b oligo. After miR-130b repression, C11IM showed a
modest AR de-repression and a consistent reduction of anti-
apoptotic genes (Supplementary Figures 6a and b). However,
cancer cells did not affect their proliferation rate (data not shown),
suggesting that miR-130b inhibition is insufficient to exert a
therapeutic effect. Then, we treated C11IM with the specific c-Met
inhibitor SU11274, which promoted miR-130b reduction and
consistent cell growth decrease (Supplementary Figures 6c and d).
These data suggest that c-Met/miR-130b axis synergistically may
concur to therapy resistance and cancer progression.

MiR-130b in vitro and in vivo analysis in PCa
To investigate whether miR-130b was the mediator of c-Met
aberrant activity, we overexpressed the miRNA in LNCaP cells,
which retain miR-130b expression at the same low level as
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non-neoplastic cells (Supplementary Figure 2b). We amplified
miR-130b gene from normal human genome and sub-cloned it
into the TWEEN (TW) lentiviral vector for stable delivery.23 LNCaP
cells were transduced with miRNA (LNCaP/TW-miR-130b) and
relative empty vector control (LNCaP/TW), both carrying the

enhanced green fluorescence protein (EGFP) reporter (Figure 3a).
MiR-130b overexpression was confirmed by qRT-PCR assay
(Supplementary Figure 7a). AR protein amount was reduced in
parallel with miR-130b overexpression (Supplementary Figure 7b).
MiR-130b increased level did not significantly influence

Figure 3. (a) Schematic representation of TWEEN lentiviral vector carrying the genomic region encoding for miR-130b. (b) Representative
Western blot showing BCL-2, Bcl-XL and Mcl-1 expression levels in miR-130b-overexpressing LNCaP cells (TW-miR-130b) and relative controls
(TW). β—Tubulin was used as a loading control. Histograms show mean± s.d. of three independent experiments. (c) Proliferation analysis
(P= 0.03) of LNCaP/miR-130b versus control cells treated with 5 μM of Casodex (CDX) after 6 days of treatment expressed as fold change over
day 0 plating cell concentration. Data are shown as mean± s.d. of three independent experiments. (d) Representative image showing
differences in colony formation properties between miR-130b-overexpressing (TW-miR-130b) LNCaP cells and relative controls TWEEN (TW).
Histogram data (e) real-time PCR analysis of RANKL (P= 0.01), RUNX-2 (P= 0.0123), CXCR-4 (P= 0.0123) and IL-11 (P= 0.0122) relative
expression in LNCaP/miR-130b and control cells LNCaP/TW. Data are shown as mean± s.d. of three independent experiments performed in
three replicates.
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proliferation rate per se (data not shown). Thus, we speculated a
possible role of the miRNA in survival and invasion tumor
capability. Western blot analysis showed that the expression of
anti-apoptotic genes BCL-2, BcL-XL and Mcl-1 was considerably
upregulated (Figure 3b). We speculated that the increased level of
anti-apoptotic genes mediated by miR-130b was associated with
resistance to therapy. In particular, we thought that miR-130b/Met
axis aberrant expression may be involved in the acquisition of
castration resistance state. To evaluate this hypothesis, we
mirrored patient hormone deprivation treatment conventionally
used after evidence of tumor recurrence. We treated miR-130b-
overexpressing LNCaP cells (LNCaP/TW-miR-130b) and their relative
controls (LNCaP/TW) with 5 μM of non-steroideal antiandrogen
Casodex (CDX). We revealed a significant resistance of miR-130b-
overexpressing cells to drug cell death induction (LNCaP/TW-
miR-130b) compared with LNCaP/TW controls (Figure 3c). These
results suggest that deregulation of miR-130b/Met axis may be a
novel mechanism for a more aggressive tumor phenotype
acquisition during HT treatment. We performed soft-agar culture
of miR-130b-overexpressing LNCaP cells (LNCaP/TW-miR-130b)
and their relative controls (LNCaP/TW). The assay revealed
consistent anchorage-independent and clonogenic capacities of
LNCaP/miR-130b cells, compared with their relative controls
(Figure 3d). Furthermore, miR-130b-overexpressing LNCaP cells
showed the ability of matrix digestion and spreading into agar
underlying invasive property acquisition (Supplementary
Figure 7c). Of note, LNCaP/TW-miR-130b cells were characterized
by the overexpression of genes correlated with metastatic
spreading at messenger RNA level (Figure 3e), such as IL-11,
CXCR-4, RUNX-2 and RANKL,47–50 indicating that miR-130b could
be a putative promoter of bone metastasis formation. We
overexpressed miR-130b in two additional tumor models,
22Rv1 cells and the ex vivo primary cell line C41IM, obtained
from good prognosis patient tissue (Supplementary Figures 1a
and b; Supplementary Figure 5). 22Rv1 and C41IM cells showed
AR reduction after miR-130b overexpression (Supplementary
Figures 8a–c), together with increase in migratory capacity and
invasion gene activation (Supplementary Figures 8d–f). To
determine whether miR-130b forced expression could affect
tumor development in vivo, we orthotopically injected
miR-130b-overexpressing LNCaP cells (LNCaP/TW-miR-130b) and
their relative controls (LNCaP/TW) in NSG (NOD.Cg-Prkdcscid

Il2rgtm1Wjl/SzJ) mice. Four weeks post injection, 90% of LNCaP/
TW-miR-130b inoculated mice showed tumor engraftment,
whereas only 25% of LNCaP/TW control mice had signals as by
in vivo imaging system (IVIS) analysis (Figure 4a). At eight
weeks, luciferase activity was considerably higher in mice carrying
LNCaP/miR-130b as compared with LNCaP/TW xenografts (data
not shown), indicating that miR-130b overexpression accelerated
tumor propagation. Accordingly, LNCaP/miR-130b explanted
tumors showed a pronounced front of invasion, while LNCaP/TW
tumors seemed more confined (Figure 4a). To investigate the
in vivo effect of miR-130b upregulation on tumor cell survival,
homing and spreading, we inoculated LNCaP/TW and LNCaP/
miR-130b cells into the left ventricle of NSG mice. After 10 weeks
from injection, 70% of mice treated with LNCaP/miR-130b cells
showed homing capacity in distant districts (Figure 4b). The lesion
masses were consistently visible under stereomicroscope such as
EGFP images paralleling with imaging signals (Figure 4b right
panel and Supplementary Figure 9a). On the contrary, LNCaP/TW
cells were able to give signals without large masses visible at
stereomicroscopic analysis only in 25% of inoculated mice. Thus,
these experiments demonstrated the capability of miR-130b-
overexpressing cells to survive in blood flow, invade organs and
form lesions. As miR-130b high levels promoted cancer progres-
sion and miR-130b is increasingly upregulated in tumor and in
metastatic samples from PCa patients (Figure 2a), we next
investigated the possible prognostic value of miR-130b levels.

The analysis on Taylor’s data set showed that patients with higher
level of miR-130b had significant probability of tumor recurrence
and a reduced disease-free time (Figures 4c and d). To validate
these data, we ran a (additional to Figure 2d) pivotal analysis on
nine microdissected (only tumor cells were laser dissected)
formalin-fixed, paraffin-embedded primary tumors with docu-
mented 10-year follow-up and we evaluated miR-130b level by
RT-PCR. Five of the seven patients who developed metastases had
high levels of miR-130b, whereas the two free of recurrence had
low miR levels (Supplementary Figure 9b). Based on these results,
we hypothesized a sophisticate mechanism where c-Met is able to
regulate AR through miR-130b induction and this aberrant
circuitry leads to a more aggressive phenotype. Our data propose
Met/miR-130 axis as possible marker for monitoring cancer
progression and for optimizing therapy decision.

DISCUSSION
PCa has an incidence of ~ 37% in men in western countries. Many
tumors remain indolent, whereas others acquire aggressive
phenotype. Studies conducted on people dying from different
causes showed that ~ 60–70% of older men have histological
indolent PCa.1,20,51–53 For reducing the risk of overtreatment in
patients with indolent forms, two conservative management
strategies of ‘watchful waiting’ and ‘active surveillance’ have been
proposed. However, there are not enough reliable biomarkers to
distinguish the tumors that will remain indolent from those that
will progress. The ability to ameliorate risk assessment and
individuate indolent forms may amplify the opportunity to drive
patients to active surveillance or to the right treatment.52,53 On the
other hand, a consistent fraction of patients with organ-confined
tumors will develop advanced forms. The number of new
diagnosed cancers per year is increasing, mainly as a result of
prostate-specific antigen screening and ‘multicore’ schemes of
prostate biopsy, whereas the probability to develop advanced
form is not decreasing. Thus, this suggests that many men with
localized PCa would not entirely benefit from radical treatment.
An elevated percentage of patients at high risk and a consistent
fraction of low/medium-risk patients show evidence of tumor
recurrence in few years. After hormone ablation therapy, the
majority of advanced forms acquires resistance to castration and
evolve to unresponsive tumors. The discovery of new mechanisms
of cancer progression and HT escaping may suggest novel
biomarkers for monitoring of patients and new therapeutic
approaches. In this study, we investigate the cooperation between
AR and c-Met genes in developing therapy-resistant tumors.
In particular, we demonstrated that c-Met is able to regulate AR
expression through the induction of miR-130b. Although the role
of miR-130b in cancer is debated, our hypothesis is that its
function may be influenced by type and molecular context of the
studied cancer.36–38,54–57 It is likely that the HT causes AR activity
reduction with consequent activation of c-Met transcription and
expression. Such aberrant c-Met activity then upregulates miR-
-130b, which in turn inhibits AR at translation level. Furthermore,
our data showed miR-130b per se stimulates apoptosis resistance
and invasion capability of the tumor cells.
It is reported that AR can negatively control c-Met at

transcriptional level.21,22 Our results elucidated a novel circuitry
where c-Met can regulate AR. Here we demonstrated a
sophisticated regulation mechanism involving the direct control
of c-Met on miR-130b expression level and the targeting of
miR-130b on AR 3′UTR. High miR-130b levels significantly correlate
with tumor and metastasis development, whereas miR-130b
expression increases in parallel with conventional risk assessment
parameters, Gleason and Stage. We demonstrated that miR-130b
upregulation promotes invasion and resistance to therapy in
LNCaP cells, suggesting that miR-130b has a key role in cancer
progression. We showed that it is possible to analyze p-Met and
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Figure 4. (a) Orthotopic injection of LNCaP/miR-130b (TW-miR-130b) and control cells (TW). Histograms represent the percentage of mice
showing luciferase activity 4 weeks after orthotopic injection. In the left panel, images of tumors grown into murine prostate by
stereomicroscopy analysis were reported. EGFP evaluation reveled human cells. Blue arrow indicates extra-primary mass invasive tumor area.
Scale bars represent 1 mm. In the right panel, hematoxylin and eosin (H&E) and anti-human PSA stainings of TW and TW-miR-130b LNCaP
tumors grown into murine prostate are shown. Scale bars represent 30 μm. Sixteen mice in two independent experiments were used.
(b) Intracardiac injection of LNCaP/miR-130b (TW-miR-130b) and control cells (TW). Percentage of mice showing luciferase activity 6 and
9 weeks after injection. Luciferase activity was evaluated by in vivo imaging system imaging system. Representative image of luciferase activity
in mice injected intracardiacally with transduced cells (TW or TW-miR-130b) as by in vivo imaging system imaging system. Representative
image of explanted liver showing EGFP metastatic foci in miR-130b-overexpressing cells as by stereomicroscope analysis. Fourteen mice in
two independent experiments were used. (c) In silico analysis of miR-130b expression levels in disease-free (n= 80) versus recurred patients
(n= 19) in Taylor’s data set. Mann–Whitney U-test was used to determine significance. (d) Kaplan–Meier survival curves of prostate cancer
patients elaborated from Taylor’s data set (clinical variable=disease-free survival) as a function of miR-130b-high (n= 44) versus miR-130b-low
(n= 55) expressing tumors. Log-rank test was used to determine significance.
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miR-130b levels in released exosomes isolated from peripheral
blood of patients with primary and advanced PCas, suggesting
that it is theoretically possible to perform patient monitoring by
peripheral blood analysis. Our data suggest that this approach
might be exploited for monitoring patients who will develop
recurrence and therapy-resistant forms. As the tumor molecular
setting can evolve, and metastases are molecularly different from
the primary tumor, this approach may offer a source of material
for dynamic monitoring and therapy adaptation.
We showed that c-Met inhibitors downregulate miR-130b in cell

lines expressing high levels of the miR, thus suggesting an
alternative strategy to target miR-130b in PCa. Administration of
targeted or conventional therapies requires accuracy of staging
procedures and biomarkers predictive of patients’ response.
The functional roles of miRNAs in tumor biology is deeply
investigated, and many evidences report that tissue or blood-
based miRNA biomarkers that predict clinical behavior and/or
therapeutic response can be used as prognostic and predictive
biomarkers. Thus, our data suggest that it might be possible
to monitor patients during therapy with non-invasive tests
through the analysis of exosomes. If validated in adequately
powered clinical trials, our results may provide a rationale
for active surveillance clinical trials and allow to optimize
advanced patient selection in clinical studies for therapy with
new agents.

CONCLUSIONS
PCa is the most frequent tumor in men, the majority of cases
being indolent. However, the mechanisms responsible for PCa
progression remain to be elucidated. Our data propose new
potential molecular markers able to identify patients at low and
high risk of progression and who will escape from HT response.
Furthermore, our results suggest that the analysis of the
miR-130b/Met axis may provide indication to select candidate
patients for Met inhibitor therapy.

MATERIALS AND METHODS
Cell culture and treatments
RWPE-1, RWPE-2, 22Rv1, LNCaP, PC-3 and DU145 were provided from
American Type Culture Collection and cultivated in the recommended
medium.

Data set elaboration
MicroRNA, messenger RNA and clinical data from Taylor’s data set (NCBI
GEO accession code GSE21032) have been accessed and explored through
the MSKCC PCa Genomics Data Portal (http://cbio.mskcc.org/prostate-
portal/). For additional details, see Supplementary Materials and Methods
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