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Abstract

Prostate carcinoma contain foci of neuroendocrine transdifferentiation, resulting in an
increase of androgen-independent neuroendocrine-like (NE) tumor cells, whose number
significantly correlates with tumor aggressiveness and thus lower survival rate. Neuroendo-
crine transdifferentiation of prostate cancer cells and a potential role of miRNAs within this
process are poorly understood. MicroRNAs are small non-coding RNAs which post-tran-
scriptionally regulate gene expression. The aim of this project was to identify new genes and
miRNAs involved in neuroendocrine transdifferentiation. LNCaP prostate cancer cells were
differentiated to NE-like cancer cells and microarray analyses were performed. Microarray
results have been validated for the eight most deregulated mRNAs and microRNAs via
gRT-PCR and analyzed with different algorithms to predict new targets for deregulated
microRNAs. The induced CyclinD1 gene could be validated as new target gene for the
repressed miR-17 family containing miR-17, miR-20a, miR-20b, miR-106a and miR-106b
via reporter gene assays and Western Blot. Functional analysis of miR-17 family shows a
high influence on cell proliferation, colony forming ability and apoptosis in LNCaP cells. Our
data demonstrate wide changes in mRNA and microRNA expression during neuroendocrine
transdifferentiation of LNCaP cells and confirm new mRNA-miRNA interactions with poten-
tial roles in NE-transdifferentiation of prostate carcinoma.

Introduction

Prostate cancer (PCa) is the second most common diagnosed cancer type in male worldwide
contributing 15% of the total number of new cancer cases diagnosed. Furthermore, two thirds
of cases of prostate cancer are diagnosed in the western world and lead to a major health prob-
lem in many industrialized countries [1]. Androgens are one critical factor for the develop-
ment and progression of prostate tumors and are the main therapeutic target consisting of
androgen depletion or androgen receptor (AR) blocking in advanced and metastatic prostate
cancer disease. However, most patients relapse and develop androgen-independent and more
aggressive forms of prostate cancer without promising cure options [2]. There are several
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mechanisms discussed which can lead to the switch from androgen dependent to independent
tumor growth including AR overexpression, AR mutation or AR bypass through activation of
alternative growth pathways. Furthermore, androgen deprivation therapy induces neuroendo-
crine transdifferentiation (NETD) of prostate cancer cells to neuroendocrine- (NE-) like
tumor cells (NETC) [3].

NE cells in healthy prostate are part of the epithelial compartment and are thought to be
involved in the regulation, secretion, differentiation and proliferation of prostatic epithelium.
These functions are based on their secretion of diverse neurosecretory products, such as chro-
mogranin A and B, serotonin, thyroid-stimulating hormone-like peptide, bombesin or
somatostatin. Furthermore, NE cells are post-mitotic and terminally differentiated, lacking AR
and Ki67 expression [4]. Prostatic NETC share these NE cell characteristics which result in
resistance of NE cell populations in prostatic adenocarcinoma against androgen deprivation
therapy and castration [5]. NETC are located in foci inside differentiated prostate cancer, in
contrast to small cell carcinoma being usually entirely composed of NE tumor cells. NETD is
increased in high-grade and high-stage prostatic tumors promoting androgen-independent
growth and tumorigenesis as well as invasion and metastasis of prostate cancer cells [6]. Fur-
thermore, several studies suggested a correlation of NETD markers detected in sera or via
immunohistochemistry and Gleason grade and thus poor clinical outcome [7]. Although
NETD in prostate adenocarcinoma received increased attention in recent years, the mecha-
nisms leading to NETD and the exact role of NETC in disease progression are not fully under-
stood yet. Several in vitro approaches exist to induce NETD of prostate cancer cells including
androgen depletion, treatment with cytokines (i.e. IL-6), cAMP or Forskolin [8]. It is assumed
that microRNAs (miRNAs) may play a role in NETD as the deregulation of miRNAs is con-
stantly reported as one important mechanism that accounts to development and progression
of different tumor entities [9].

MiRNAs are endogenous short non-coding RNA molecules that post-transcriptionally reg-
ulate protein expression by preferentially binding to specific sequences in the 3’-untranslated
region (3’UTR) of mRNA targets. This interaction facilitated by the RISC (RNA-induced
silencing) complex containing Argonaute (Ago-) proteins results in inhibition of protein syn-
thesis, either by translational repression or degradation of the corresponding target mRNA.
MiRNAs can function both as tumor suppressors and as oncogenes depending on their con-
trolled target gene in the appropriate tissue.

The deregulation of miRNAs in prostate cancer has been studied extensively [10]. We had
previously described the miRNA expression profile of prostate cancer at different stages of
malignancy and identified novel targets for deregulated miRNAs in prostate cancer [11-15].
However, only few studies investigated the impact and function of single miRNAs related to
neuroendocrine differentiation of prostate cancer cells [16, 17].

Here, we establish a microRNA expression profile of in vitro transdifferentiated LNCaP
cells by androgen depletion in combination with global gene expression profiling. Further-
more, we show an impact of miR-17, -20a/b and -106a/b on the expression of their target gene
CCND1 as well as on growth behavior and apoptosis of LNCaP cells to confirm the impact of
miRNA deregulation during NETD of prostate cancer cells.

Materials and methods
Cell lines

The human embryonic kidney 293 cell line containing the SV40 T-antigen (HEK293T) and
the human prostate cancer cell line LNCaP were purchased from the American Type Culture
Collection (ATCC/LGC Standards GmbH, Wesel, Germany) May 2014. The number of
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passages between thawing and use in the described experiments was <10. HEK293T cells were
cultivated in DMEM (Thermo Fisher Scientific, Schwerte, Germany) supplemented with 10%
heat-inactivated FCS (Sigma Aldrich, Hamburg, Germany), Penicillin (100 U/ml) and Strepto-
mycin (100 pg/ml). LNCaP cells were grown in RPMI 1640 without phenol red indicator sup-
plemented with 10% heat-inactivated FCS, I-Glutamin (1 mM final concentration), Penicillin
(100 U/ml) and Streptomycin (100 pg/ml). For in vitro neuroendocrine transdifferentiation of
LNCaP cells, FCS was replaced by charcoal-stripped FCS (Sigma Aldrich, Hamburg, Ger-
many) and LNCaP cells were cultivated for 14 days in androgen-free medium whereat medium
was replaced every 72 h. For Mycoplasma testing cells cultured on coverslips in 12-well plates
were fixed with methanol for 15 min, mounted on slides with VECTASHIELD® mounting
medium containing DAPI (Vector Laboratories, Burlingame,CA, USA) and examined with a
fluorescence microscope (Nikon Eclipse Ts2, Tokia, Japan). Last Mycoplasma testing was car-
ried out October 2017. Cell lines used were frequently examined regarding morphology, dou-
bling time and growth.

RNA extraction

RNA extraction from cell lines was performed using peqGOLD RNAPure (Peglab, Erlangen,
Germany). Total RNA was isolated according to the manufacturer’s instructions, except wash-
ing of RNA with ethanol due to loss of miRNAs. For microarray analysis, total and short RNA
isolation was carried out using miRNeasy Kit (Qiagen, Hilden, Germany).

Microarray analysis

For gene expression profiling, hybridization experiments were performed and analyzed using
200 ng of total RNA for mRNA analysis on Affymetrix Gene Chips HG-U133 Plus 2.0 (54,000
probe sets for 47,400 transcripts and 38,500 genes, High Wycombe, UK) while miRNA label-
ling for the miRNA3.0 chip was done using 500 ng of total RNA and the Genesphere FlashTag
labelling kit as described previously [18]. Total RNA expression of three different in vitro
NETDs were analyzed using the Affymetrix Gene Chip Scanner 3000, the Affymetrix Gene-
Chip Operating Software 1.4, and comparatively evaluated using the significance analysis of
microarrays (SAM) approach [19]. Gene expression measures are available at GEO (https://
www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE105416).

Quantitative real-time PCR and reverse transcription PCR

For mRNA analysis, cDNA synthesis was performed with the High Capacity cDNA Reverse
Transcription Kit (Applied Biosystems, Darmstadt, Germany) using 1 pg of total RNA and
RT- random primers. RT-PCRs were performed with sequence-specific primers in a final vol-
ume of 50 pl containing 50 ng cDNA using standard PCR protocol as follows: 95°C for 5 min
followed by 36 cycles of 95°C for 30 sec, 60°C for 45 sec and 72°C for 45 sec. Beta-actin and
GAPDH served as endogenous controls. PCR products were subsequently separated on a 2%
agarose gel containing GelRed® Nuleic Acid Gel Stain (Biotium Inc., Fremont CA, USA) and
were visualized by ultraviolet light. qRT-PCRs were performed with the iQ5 real-time PCR
detection system (BioRad, Munich, Germany) using sequence-specific primers and VeriQuest
SYBR Green qPCR Master Mix (Affymetrix, Schwerte, Germany) according to the manufac-
turer’s protocols. All qRT-PCRs were measured in duplicates in a final volume of 25 ul con-
taining 50 ng cDNA. The thermal cycling conditions were as follows: 95°C for 10 min
followed by 45 cycles of 95°C for 15 sec, 58°C for 30 sec and 60°C for 45 sec. For quality con-
trol, melting curve analysis was performed. Calculation of relative mRNA expression was car-
ried out using the AACt method with 18sRNA as endogenous reference.
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For miRNA analysis, 1 ug total RNA was reverse transcribed using miScript PCR Starter
Kit (Qiagen, Hilden, Germany) according to the manufacturer’s instructions. qRT-PCRs were
performed on the VeriQuest SYBR Green qPCR Master Mix (Affymetrix, Schwerte, Germany)
using sequence-specific forward primers and 10x miScript Universal Primer (Qiagen, Hilden,
Germany) as reverse primer with following thermal cycling conditions: 95°C for 10 min fol-
lowed by 45 cycles of 95°C for 15 sec, 58°C for 30 sec and 60°C for 45 sec. For quality control,
melting curve analysis was performed. To quantify the miRNA expression after NETD, we
used the relative quantification (AACt) method with 5.8sRNA serving as an internal control.
The RT-PCR primers and qRT-PCR primers for detection of mRNA and miRNA expression
are listed in S1 Table.

Target prediction

MiRNA target prediction was carried out using TargetScan (release 7.1; http://www.
targetscan.org/)

Plasmids

The miRNA expression plasmids were generated by PCR amplification of nucleotides
91,350,335-91,350,756 of chromosome 13 for miR-17, 91,350,951-91,351,273 of chromosome
13 for miR-20a, 134,169,622-134,170,000 of X chromosome for miR-20b, 134,169,722
134,170,440 of X chromosome for miR-106a and nucleotides 100,093,902-100,094,174 of
chromosome 7 for miR-106b from human genomic DNA and by insertion into the pSG5 vec-
tor (Agilent technologies, Ratingen, Germany). Overexpression of the corresponding miRNAs
after transfection in HEK293T and LNCaP cells was verified by qRT-PCR (S1 Fig). The nucle-
otides 2005-3089 of the CCND1 mRNA (accession number: NM_053056.2) containing a part
of the corresponding 3’'UTR were amplified via PCR using specific primers from human geno-
mic DNA and inserted into pMIR-RNL-TK reporter vector which is described elsewhere [20].
The mutagenesis of the predicted target site seed sequences of pMIR-RNL-TK reporter con-
structs were performed with QuickChange Site Directed Mutagenesis Kit (Stratagene, Heidel-
berg, Germany), following the instructions of the manufacturer’s manual. The primer
sequences used for cloning and site directed mutagenesis are shown in S1 Table.

Dual-luciferase assay

For Luciferase Reporter Assays, 2x10> HEK293T were seeded per well in 24-well plates. After
24 h, cells were transfected with 0.8 ug of expression plasmid and 0.2 pg reporter plasmid
using Polyfect Transfection Reagent (Qiagen, Hilden, Germany). Luciferase reporter assays
were performed 48 h after transfection using the Dual-Luciferase Reporter Assay System in
accordance with the manufacturer’s instructions (Promega, Mannheim, Germany).

Western blotting

For transfection of LNCaP cells, 6x10” cells were cultivated in 6-well plates. After 24 h, cells
were transfected with 2 pg of expression plasmid DNA using jetPRIME™ transfection reagent
(Polyplus transfection, Sélestat, France). Cells were lysed 48 h after transfection with 2x sample
buffer (130 mmol/l Tris/HCI, 6% SDS, 10% 3-mercapto-1,2-propandiol, 10% glycerol, and
0.05% bromophenol blue). 30 pg of extracted proteins were separated by 9% Tricine-SDS-Po-
lyacrylamide-Gel electrophoresis and transferred to a nitrocellulose membrane (Whatman,
GE Healthcare, Freiburg, Germany) by electroblotting. For immune detection the primary
antibodies anti-CCND1 monoclonal rabbit antibody (clone SP4, Sigma-Aldrich, Hamburg,
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Germany) and anti-f3-actin monoclonal HRP antibody (clone AC15, Sigma-Aldrich, Ham-
burg, Germany) were used. Secondary goat anti-rabbit HRP clone 31460 antibody was pur-
chased from Pierce (Thermo Fisher Scientific, Schwerte, Germany). Bands were visualized by
ECL plus Western Blotting Substrate from Pierce (Thermo Fisher Scientific, Schwerte, Ger-
many) and the Fujifilm LAS-3000 gel documentation system (Kleve, Germany) by densitome-
trical quantification.

Colony formation assay

6x10° LNCaP cells were seeded in 6-well plates and transfected with 2 pg expression plasmid
DNA using jetPRIME (Polyplus transfection, Sélestat, France). 24 hours after transfection,
cells were detached by trypsin, resuspended in medium, seeded in 6-well plates (2500 cells/
well) and cultured for 12 additional days. After medium replacement cultures were stained
with 0.4% cristal violet, fixed with 4% paraformaldehyde for 30 minutes and washed 3 times
with PBS. Wells were photographed and densitometrically analyzed by Image] 1.48v (National
Institute of Health, Bethesda, USA).

Cell proliferation assay

3x10° LNCaP cells were seeded in 6-well plates, transfected with 2 pg expression plasmid DNA
and cultivated for 24-72 h. For measuring cell numbers on day 0 to 3 after transfection, cells
were detached with trypsin and resuspended in 1 ml medium. Cell numbers were determined
by CASY 1 cell counter (Schirfe System, Reutlingen, Germany).

Flow cytometric determination of apoptosis by annexin V-FITC/
propidium iodide double staining

Cells were collected three days after transfection with different miRNAs. Subsequently,
100,000 cells were stained with 5 ul Annexin V-FITC (Immunotools, Friesoythe, Germany)
diluted in 195 ul DMEM for 20 min on ice. After washing with cold DMEM, 200 pl of the pro-
pidium iodide solution (5 pg/ml PI diluted with DMEM) was added to the samples and the
acquisition was directly performed utilizing a FACScalibur System and analyzed by Cell Quest
software (Becton Dickinson, Franklin Lakes, USA).

Gene ontology and pathway enrichment analysis

For functional annotation of deregulated genes after NETD of LNCaP cells, we used DAVID,
which consists of an integrated biological knowledgebase and analytic tools [21, 22]. We ana-
lyzed each 1000 most induced and repressed genes and identified the over-represented gene
ontology (GO) categories in biological processes with the p-value <0.05 and count >2. In
addition, DAVID was also applied for identifying the significant pathways using cut-off crite-
ria of p-value <0.05 and count >2. p-values represent the EASE score from a modified, more
conservative Fisher Exact test, which is integrated in DAVID.

Data analysis and statistical methods

Statistical evaluation of the luciferase assays, real-time qRT-PCRs, colony formation, cell pro-
liferation and apoptosis assays were performed with SigmaPlot 10 (Systat, Erkrath, Germany)
using Student’s t-test analysis. All statistical tests were performed as two-sided and p-values of
<0.05 were considered as significant. Western blots were quantified by Image]J 1.48v (National
Institute of Health, Bethesda, USA).
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Results
In vitro NETD of LNCaP cells by androgen depletion

To induce NETD in the prostatic LNCaP cell line, we cultivated LNCaP cells for 14 days in
medium with charcoal-stripped FCS. The induction of NETD in LNCaP cells by androgen
depletion is well described and represents a commonly used model for prostatic NETD [23].
After 14 days, cells showed morphological changes with neurite-like outgrowths accompanied
by a decrease of cell growth (Fig 1A). To confirm NETD we examined marker gene expression
in a time course experiment including androgen receptor (AR), neuron-specific enolase
(NSE), prostate-specific antigen (PSA), neurotensin (NTS) and tubulin beta III (TUBB3).
RT-PCR results of amplificated transcript fragments show after switch to androgen-deficient
medium the previously described decrease of AR and PSA expression as well as an induction
of NSE, NTS and TUBB3 during cultivation for 2 weeks (Fig 1B). These findings confirm a
successful NETD allowing subsequent gene array analysis of NE-like LNCaP cells.

NETD of LNCaP cells results in global gene and miRNA expression
changes

We performed gene array analysis of NE-like LNCaP cells pooled from 3 independent NETDs
to determine expression changes of mRNA and miRNA in treated LNCaP cells. NETD of
LNCaP cells resulted in a wide significant change of mRNA and miRNA expression. Table 1
shows the 20 most induced and repressed mRNAs after NETD. The strongest upregulated
genes were KRT34, SCG5 and GPR115. Conversely, KLK3 (PSA), KLK2 and ADAM7 were
downregulated. Furthermore, we found 87 miRNAs with at least 2-fold upregulation and 85

A B
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Fig 1. Neuroendocrine transdifferentiation of LNCaP cells through androgen deprivation. (A) LNCaP cells were
cultivated in media with charcoal-stripped FCS (CS-FCS) or control FCS for 14 days. Transdifferentiated cells show
dendrite like cell processes indicated by black arrows. (B) Successful transdifferentiation was validated through time
course expression analysis of AR, PSA, NSE, NTS and TUBB3 in transdifferentiated LNCaP cells compared to
untreated cells during androgen deprivation for 14 days by RT-PCR. Beta-actin and GAPDH served as endogenous
controls.

https://doi.org/10.1371/journal.pone.0200472.g001
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Table 1. Differentially expressed genes in neuroendocrine differentiated LNCaP cells compared to untreated

LNCaP cells.
Gene title Gene symbol Ratio
(logy)
kallikrein-related peptidase 3 KLK3 -10.8
kallikrein-related peptidase 2 KLK2 -10.5
ADAM metallopeptidase domain 7 ADAM7 -7.6
NK3 homeobox 1 NKX3-1 -7.5
potassium intermediate/small conductance calcium-activated channel, subfamily | KCNN2 -7.2
N, member 2
transmembrane protein with EGF-like and two follistatin-like domains 2 TMEFF2 -6.9
mucin 5B, oligomeric mucus/gel-forming MUC5B -6.8
family with sequence similarity 20, member A FAM20A -6.5
male germ cell-associated kinase MAK -6.4
connector enhancer of kinase suppressor of Ras 2 CNKSR2 -6.3
microseminoprotein, beta- MSMB (PSP94) -6.2
regulatory factor X, 6 RFX6 -6.2
KIAA1210 KIAA1210 -6.1
thymosin beta 15a / thymosin beta 15B TMSB15A/ -6.0
TMSB15B
glutamate receptor, ionotropic, N-methyl-D-aspartate 3A GRIN3A -5.6
fibroblast growth factor 9 (glia-activating factor) FGF9 -5.5
neuropilin (NRP) and tolloid (TLL)-like 1 NETO1 -5.5
keratin associated protein 9-9 KRTAP9-9 -5.4
transmembrane protease, serine 2 TMPRSS2 -5.4
AF4/FMR2 family, member 3 AFF3 -5.4
keratin 34 KRT34 8.8
secretogranin V (7B2 protein) SCG5 7.2
G protein-coupled receptor 115 GPR115 6.4
keratin 33A KRT33A 5.9
keratin associated protein 1-5 KRTAP1-5 5.3
keratin 7 KRT7 5.2
cytoplasmic polyadenylation element binding protein 1 CPEB1 5.0
interleukin 13 receptor, alpha 2 IL13RA2 4.8
neutrophil cytosolic factor 2 NCF2 4.8
transglutaminase 2 (C polypeptide, protein-glutamine-gamma- TGM2 4.7
glutamyltransferase)
aldo-keto reductase family 1, member B10 (aldose reductase) AKR1B10 4.6
insulin-like growth factor binding protein 3 IGFBP3 4.6
Rho GTPase activating protein 27 ARHGAP27 4.6
sidekick cell adhesion molecule 2 SDK2 4.6
RUN and FYVE domain containing 2 RUFY2 4.6
nervous system abundant protein 11 NSAP11 4.5
CD33 molecule CD33 4.4
transforming growth factor, beta 2 TGFB2 4.4
adhesion molecule with Ig-like domain 2 AMIGO2 4.4
keratin 80 KRT80 4.4

https://doi.org/10.1371/journal.pone.0200472.t001

miRNAs with at least 2-fold downregulation. The most differentially expressed miRNAs were
miR-720, miR-3135b, miR-3178 and miR-424" for induced miRNAs and miR-126, miR-148a,
miR-203 as well as miR-203 for the downregulated ones (Table 2). To validate the reliability of
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Table 2. Differentially expressed miRNAs in neuroendocrine differentiated LNCaP cells compared to untreated

LNCaP cells.

miRNA Ratio (log,) miRNA Ratio (log,)
hsa-miR-720 4.62 hsa-miR-126 -4.57
hsa-miR-3135b 3.84 hsa-miR-148a -4.33
hsa-miR-3178 3.81 hsa-miR-141 -4.03
hsa-miR-424* 3.56 hsa-miR-203 -3.97
hsa-miR-23a* 3.48 hsa-miR-18b -3.96
hsa-miR-29b-1* 3.09 hsa-miR-18a -3.88
hsa-miR-27a* 2.88 hsa-miR-3613-5p -3.41
hsa-miR-1280 2.78 hsa-miR-497 -3.40
hsa-miR-1296 2.62 hsa-miR-4521 -3.19
hsa-miR-378g 2.58 hsa-miR-301a -2.99
hsa-miR-139-5p 2.45 hsa-miR-34a -2.83
hsa-miR-4656 2.43 hsa-miR-1246 -2.75
hsa-miR-3615 2.39 hsa-miR-17* -2.60
hsa-miR-1260 2.28 hsa-miR-4668-5p -2.47
hsa-miR-663 2.26 hsa-miR-29¢ -2.40
hsa-miR-664* 2.20 hsa-miR-374b -2.38
hsa-miR-504 2.19 hsa-miR-148b -2.37
hsa-miR-4665-5p 2.13 hsa-miR-3613-3p -2.32
hsa-miR-378d 2.12 hsa-miR-20b -2.25
hsa-miR-3195 2.12 hsa-miR-105 -2.25
hsa-miR-3609 2.09 hsa-miR-1287 -2.19
hsa-miR-4467 2.01 hsa-miR-25* -2.04
hsa-miR-4667-5p 1.96 hsa-miR-20a -1.96
hsa-miR-378f 1.95 hsa-miR-26b -1.95
hsa-miR-4454 1.94 hsa-miR-93* -1.92
hsa-miR-193a-5p 1.83 hsa-miR-3935 -1.88
hsa-miR-181b 1.82 hsa-miR-195 -1.86
hsa-miR-4443 1.80 hsa-miR-3065-5p -1.84
hsa-miR-3197 1.76 hsa-miR-200a* -1.83
hsa-miR-30b* 1.76 hsa-miR-15a -1.82
hsa-miR-122 1.74 hsa-miR-330-3p -1.80
hsa-miR-422a 1.71 hsa-miR-106a -1.79
hsa-miR-221* 1.64 hsa-miR-106b -1.78
hsa-miR-1260b 1.62 hsa-miR-17 -1.77
hsa-mir-3676 1.61 hsa-miR-1202 -1.65
hsa-miR-494 1.59 hsa-mir-548a -1.60
hsa-miR-197 1.55 hsa-miR-660 -1.58
hsa-miR-4508 1.55 hsa-miR-200c -1.55
hsa-miR-181a-2* 1.52 hsa-miR-339-5p -1.53
hsa-miR-378i 1.50 hsa-miR-1180 -1.53
hsa-miR-181a 1.49 hsa-miR-500a -1.49
hsa-miR-320e 1.44 hsa-miR-128 -1.47
hsa-miR-4492 1.43 hsa-miR-21* -1.45
hsa-miR-378 1.40 hsa-miR-4324 -1.45
hsa-miR-378* 1.40 hsa-miR-1269 -1.44
hsa-miR-505* 1.39 hsa-mir-200c -1.41

(Continued)
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Table 2. (Continued)

miRNA Ratio (log,)

hsa-miR-378e 1.36
hsa-miR-181c 1.36
hsa-miR-196a 1.36
hsa-miR-1908 1.34

https://doi.org/10.1371/journal.pone.0200472.t1002

miRNA Ratio (log,)
hsa-miR-19a -1.38
hsa-mir-425 -1.36
hsa-miR-2392 -1.35
hsa-miR-93 -1.30

the microarray data qRT-PCR was used to assess the expression levels of each eight deregu-
lated mRNA and miRNA in additional four independent NETD LNCaP cultures not used for
microarray analysis. We examined the expression of KRT34, CPEB1, TGM2 and TGFB2 for
induced genes (Fig 2A) as well as KLK2, ADAM7, KCNN2 and CNKSR?2 for repressed
mRNAs, which all are regulated independent of androgen receptor signaling (Fig 2B). For
miRNA array validation we chose the mostly deregulated miR-720, miR-3135b, miR-3178 and

I Vicro-Array

miR-720

[ qRT-PCR
% *
I .
KRT34 CPEB1 TGM2 TGFR2
. I Vicro-Array
[ qRT-PCR
miR-3135b miR-3178 miR-1280

o

log, ratio [NE-like LNCaPs vs. normal LNCaPs]

O

log, ratio [NE-like LNCaPs vs. normal LNCaPs]

KLK2 ADAM7 KCNN2 CNKSR2
* I Micro-Array

[ gRT-PCR

miR-126 miR-148a miR-141 miR-203

*
*
*

I Micro-Array

[ gRT-PCR

Fig 2. Validation of differentially expressed genes in NE-differentiated LNCaP cells compared to untreated cells. The expression of eight
mRNAs (A, B) and miRNAs (C, D) that were assumed to be elevated or reduced according to their signals in microarray (black bars) was
assessed by QRT-PCR (grey bars). Results represent the mean from 4 independent NE-transdifferentiations performed in duplicates (¥,

p<0.05).

https://doi.org/10.1371/journal.pone.0200472.9002

PLOS ONE | https://doi.org/10.1371/journal.pone.0200472  July 12,2018

9/23


https://doi.org/10.1371/journal.pone.0200472.t002
https://doi.org/10.1371/journal.pone.0200472.g002
https://doi.org/10.1371/journal.pone.0200472

@° PLOS | ONE

Deregulated miRNA expression in NE-like LNCaP cells

miR-1280 for induced miRNAs (Fig 2C) and miR-126, miR-148a, miR-141 and miR-203 for
repressed miRNAs (Fig 2D). The qRT-PCR results show a high degree of concordance to the
expression changes observed in gene arrays, verifying the reliability of the array data.

GO enrichment analysis of the interaction network

GO analysis is a commonly used approach for functional analysis of large-scale genomic or
transcriptomic data [24]. To investigate the function changes leading to NETD of LNCaP cells,
we used the online tool DAVID to identify over-represented GO categories in biological pro-
cess with EASE score p-value less than 0.05 and count larger than 2 as threshold. Several GO
categories were enriched among these genes in the regulatory network. In Table 3 we list the
top 20 GO biological process categories for repressed (Table 3A) and induced genes

(Table 3B). Most enriched GO terms of repressed genes were related to “oxidation-reduction
process”, “cell division”, “mitotic nuclear division”, and “cell proliferation”, as shown in

Table 3A leading to the post-mitotic phenotype of NE-like prostate cancer cells. The GO terms
for induced genes were involvement in “regulation of transcription from RNA polymerase II
promoter” and “signal transduction”.

Pathway enrichment analysis of the interaction network

To gain further insights into the function of genes in the interaction network, we used DAVID
to analyze the pathway enrichment. The results indicate a multitude of involved pathways for
repressed and induced genes listed in Table 4A and 4B. Interestingly we found an enrichment
of repressed genes in PI3K-Akt signaling, p53 signaling as well as cell cycle and prostate cancer
(Table 4A). Otherwise, most enriched pathways for induced genes were pathways in cancer,
TNF signaling and TGFB signaling (Table 4B). Fig 3 shows cell cycle pathway with repressed
(red asterisks) and induced (blue asterisks) genes (Fig 3). Several involved cyclins (CycA,
CycB), cyclin dependent kinases (CDK1, CDK2) and cell division cycle genes (Cdc6, Cdc20,
Cdc45) are downregulated after NETD whereas one cyclin CCND1 (CycD), CDK4,6 and
TGFB are induced.

Inhibition of cyclin D1 expression by the miR-17 microRNA family

The analysis of microarrays results for miRNA expression showed a deregulation of the miR-
17 miRNA family. We observed a downregulation of miR-17, miR-20a, miR-20b, miR-106a,
miR-106b as well as miR-93 (Table 2). A subsequent target prediction analysis using TargetS-
can identified cyclin D1 (CCND1) as a potential target gene included in the deregulated cell
cycle pathway after NETD of LNCaP cells (Fig 3). To initially verify the decreased expression
of these miRNAs and the corresponding induction of CCND1 after NETD, we performed
qRT-PCR in additional four independent NETD LNCaP cultures confirming significant con-
verse expression changes of the miRNA family and CCND1 in transdifferentiated LNCaP cells
compared to normal LNCaP cells further supporting the hypothesis of CCND1 being a regula-
tive target of the miR-17 family (Fig 4A). The predicted miRNA interaction sites inside the
3’'UTR region of CCND1 are schematically shown in Fig 4B. The CCND1 3’UTR fragment
containing the putative miRNA target site was inserted into a luciferase reporter vector (Fig
4C) and was co-transfected with miRNA expression vectors into HEK293T cells. All co-trans-
fected miRNAs except miR-93 significantly reduced the activity of the luciferase reporter gene
(p<0.05) under the regulatory control of the CCND1 3’UTR fragment compared to the empty
reporter gene vector (Fig 5A). We next removed the seed sequence of the potential miRNA
binding site, which is crucial for the miRNA-target mRNA interaction, by site-directed muta-
genesis. The nucleotide exchange inside the miRNA target sequence is depicted in Fig 4B.
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Table 3. Classification of deregulated genes in LNCaP after NETD according to GO terms with p-value <0.05.
(A) GO enrichment results for repressed genes (Top 20). (B) GO enrichment results for induced genes (Top 20).

GO description Count p-value

A oxidation-reduction process 35 1,20E-03
cell division 31 1,70E-06
mitotic nuclear division 27 1,90E-07
cell proliferation 25 1,10E-03
proteolysis 25 4,10E-02
cell adhesion 23 4,90E-02
cellular protein metabolic process 19 5,50E-08
CENP-A containing nucleosome assembly 18 8,90E-15
sister chromatid cohesion 18 3,90E-08
positive regulation of gene expression 18 6,00E-03
double-strand break repair via nonhomologous end joining 17 1,30E-10
negative regulation of gene expression, epigenetic 16 3,60E-11
nucleosome assembly 16 8,10E-06
positive regulation of gene expression, epigenetic 15 9,70E-09
telomere capping 14 3,80E-14
telomere organization 14 5,90E-13
DNA-templated transcription, initiation 14 5,10E-11
gene silencing by RNA 14 7,00E-05
chromosome segregation 13 1,90E-06
regulation of cell cycle 12 2,60E-03
B positive regulation of transcription from RNA polymerase II promoter 60 5,20E-05
signal transduction 56 1,80E-02
negative regulation of transcription from RNA polymerase II promoter 38 1,60E-02
positive regulation of cell proliferation 35 6,20E-05
positive regulation of transcription, DNA-templated 35 4,10E-04
oxidation-reduction process 35 4,20E-03
negative regulation of apoptotic process 33 2,00E-04
cell adhesion 32 5,00E-04
negative regulation of transcription, DNA-templated 28 2,00E-02
negative regulation of cell proliferation 27 2,00E-03
inﬂammatory response 23 1,70E-02
angiogenesis 21 1,40E-04
cell-cell signaling 21 7,70E-04
positive regulation of gene expression 20 2,70E-03
cellular protein metabolic process 17 4,30E-06
extracellular matrix organization 17 1,70E-03
positive regulation of angiogenesis 16 1,40E-05
nucleosome assembly 16 2,10E-05
positive regulation of cell migration 16 2,40E-03
small GTPase mediated signal transduction 16 3,00E-02

https://doi.org/10.1371/journal.pone.0200472.t003

Mutation in the binding site of the 3’UTR resulted in loss of responsiveness towards the target-
ing miRNAs (Fig 5A). To investigate the regulative capabilities of miR-17 miRNA family
members, which showed an effect in luciferase assays, regarding the endogenous CCND1 pro-
tein we overexpressed the corresponding miRNAs in LNCaP cells and analyzed CCND1
expression level by Western Blot. Ectopic expression of each miRNA resulted in a reduction of
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Table 4. Pathway analysis of deregulated genes in LNCaP after NETD according with p-value <0.05. (A) Pathway
enrichment results for repressed genes. (B) Pathway enrichment results for induced genes.

A

Pathway
Metabolic pathways
Viral carcinogenesis
PI3K-Akt signaling pathway
Systemic lupus erythematosus
Alcoholism
Biosynthesis of antibiotics
Transcriptional misregulation in cancer
p53 signaling pathway
Progesterone-mediated oocyte maturation
Cell cycle
FoxO signaling pathway
Protein digestion and absorption
Arginine and proline metabolism
ECM-receptor interaction

Prostate cancer

Arrhythmogenic right ventricular cardiomyopathy (ARVC)

Pentose and glucuronate interconversions
Glycine, serine and threonine metabolism
Pathways in cancer

Viral carcinogenesis

Alcoholism

Systemic lupus erythematosus
Hematopoietic cell lineage

TNF signaling pathway

TGF-beta signaling pathway

Malaria

Cytosolic DNA-sensing pathway
Legionellosis

NOD-like receptor signaling pathway

https://doi.org/10.1371/journal.pone.0200472.1004

Count p-value
55 4,80E-02
24 7,90E-07
20 3,70E-02
17 1,80E-05
17 5,10E-04
14 3,80E-02
12 3,60E-02
10 5,40E-04
10 3,50E-03
10 3,20E-02
10 4,80E-02
9 1,20E-02
8 1,80E-03
8 3,40E-02
8 3,60E-02
7 3,90E-02
6 8,30E-03
5 4,80E-02
25 2,10E-02
18 3,00E-03
17 1,60E-03
14 2,30E-03
10 6,10E-03
10 2,40E-02
9 1,70E-02
8 2,90E-03
8 1,30E-02
7 1,90E-02
7 2,10E-02

CCNDI1 protein level (Fig 5B). We observed the strongest response for miR-17 and miR-20b
inhibiting the expression of CCND1 to 57% and 54%, respectively.

As a second putative target mRNA for deregulated miRNAs after NETD, we additionally
examined the interaction between highly repressed miR-148a (Table 1) and the 3'UTR of the
corresponding predicted target TGFB2, an induced gene depicted in Fig 3. Luciferase assays as
well as Western Blot analysis demonstrate the regulation of TGFB2 expression by miR-148a
(S2 Fig), which was meanwhile published by Zhang and Li [25].

However, we demonstrate that CCND1 is directly and independently regulated by miR-17,
miR-20a, miR-20b, miR-106a and miR-106b as members of the miR-17 miRNA family.

Overexpression of miR-17 miRNA family reduces growth and induces
apoptosis in LNCaP cells

Finally, we analyzed the effect of previously used miR-17 miRNA family members on the
growth behavior of LNCaP cells. Cells were seeded in 6-well plates and transfected with
miRNA expressing vectors and the growth properties were assessed by counting cell numbers
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Fig 3. Deregulated genes in the KEGG pathway “cell cycle” in LNCaP cells after NETD. The pathway enrichment result for “cell cycle” (hsa04110) shows repressed
genes marked with red asterisks and induced genes marked with blue asterisks.

https://doi.org/10.1371/journal.pone.0200472.9003

for 72 hours. Ectopic expression of each miRNA resulted in a reduced growth rate which was
already significant after 24 hours post transfection (p<0.05) (Fig 6A). Next, we carried out col-
ony formation assays with LNCaP cells after transfection of corresponding miRNAs. All five
miRNAs significantly decreased the colony formation ability of LNCaP cells after 14 days by at
least 40% (p<0.05) as shown in Fig 6B. To determine, whether the observed inhibition of cell
growth and colony formation capacity after miRNA overexpression is a result of a putative
apoptosis induction, we examined apoptosis of transfected LNCaP cells via Annexin V and PI
staining and subsequent FACS analysis. Overexpression of miR-20a, miR-20b, miR-106a and
miR-106b resulted in a significant induction of apoptosis (p<0.05) between 6% and 10%
whereas miR-17 showed only a tendency of apoptosis induction (Fig 6C) compared to control
LNCaP cells. Further experiments concerning modulation of LNCaP cell cycle after miRNA
overexpression by PI staining and FACS analysis showed no significant alterations in the cell
cycle distribution (Data not shown).
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Fig 4. Quantification of CCND1 and miRNA expression in neuroendocrine transdifferentiated LNCaP cells compared to untreated LNCaP cells and predicted
miRNA target sites. The expression of CCND1 and miR-17 family miRNAs (A) that were assumed to be elevated or reduced according to their signals in microarray
(black bars) was assessed by qRT-PCR (grey bars). CCND1 was predicted to be elevated while miR-17, miR-20a, miR-20b, miR-106a, miR-106b and miR-93 were
predicted to be reduced in NE-transdifferentiated LNCaP as compared to untreated cells (*, p<0.05). (B) A schematic representation of the predicted miRNA interaction
site and the mutated seed sequences are shown. (C) The 3’UTR region of CCND1 is depicted.

https://doi.org/10.1371/journal.pone.0200472.9004

Our results demonstrate an impact of deregulated miR-17 miRNA family after NETD on
LNCaP cell behavior based on growth induction and apoptosis inhibition.

Discussion

Here we identified new genes and miRNAs that are deregulated after neuroendocrine transdif-
ferentiation of LNCaP cells, which potentially play a role within this process. We demonstrate
that neuroendocrine transdifferentiation of LNCaP cells by androgen deprivation leads to a
wide change in gene and miRNA expression. NETD was accomplished by cultivation of
LNCaP cells in androgen-free medium for 2 weeks leading to morphological and genetic
changes as described in several studies [26]. We could detect the expected loss of PSA expres-
sion and a decrease of AR expression. Cerasuolo and colleagues demonstrated that NETD
alters AR activation rather than AR gene expression [27]. Beside the observed decrease of AR
expression in our case, a further loss of AR activity would explain the total loss of the AR
dependent PSA expression. The increase of NSE expression is moderate but similar to the
results of Martin-Orozco and colleagues [28]. The induced expression of TUBB3 and NTS
during NETD was already reported by Zelivianski and Deeble and further confirms the suc-
cessful transdifferentiation of the corresponding LNCaP cells [29, 30].
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Fig 5. Response of CCND1 3’UTR and protein expression towards miR-17 family. (A) The CCND1 3’UTR was cloned behind the luciferase
reporter gene of the pMIR vector and the potential binding site for the indicated miRNAs in the 3’UTR was additionally mutated by site
directed mutagenesis (CCND1 mut). The reporter gene construct was expressed with the miRNA expression construct or with the empty pSG5
vector as control in the indicated combinations. Results represent the mean of at least four independent experiments performed in duplicates.
The dashed line represents the luciferase activity of the empty luciferase reporter plasmid with the empty pSG5 vector which was set to 100%
(***, p<0.001). (B) LNCaP cells were transfected either with control vector or miRNA expression vectors. 48 hours post-transfection the
protein expression of CCND1 was determined by Western blot using 8-actin as loading control. The densitometrical quantification of Western
Blots represents the relative downregulation of CCND1 expression as determined in three independent experiments in relation to the
corresponding $3-actin band as loading control.

https://doi.org/10.1371/journal.pone.0200472.g005

Beside the marker genes for NETD we found numerous genes which are repressed after
NETD and whose expression is known to be AR dependent. For example NKX3-1 [31],
TMPRSS2 [32] and MAK [33] are induced by androgens thus showing the expected repression
after androgen depletion. Additionally, we confirmed the repression of p53 (0.2 fold) [34] and
Ki67 (0.27 fold) [4]. Interestingly, we detected an upregulation of several keratins and keratin
associated proteins (Table 1), whose function for tumorigenesis and progression is still not
fully understood yet. Keratin 7 seems to be involved in metastasis in colon carcinoma [35].

Eder and colleagues observed gene expression changes in LNCaP cells after AR elimination
by both blocking AR and androgen deprivation for 48 hours [36]. Terry and colleges showed
that NETD and marker gene expression like PSA repression and NSE induction after andro-
gen depletion is mostly observed after 7-14 days whereas further cultivation in androgen
depleted medium leads to restoration of initial expression levels [37]. We can approve these
findings showing explicit marker gene expression changes in LNCaP cells after 5-10 days culti-
vation in androgen-free growth medium and we further confirm the results of Eder and col-
leagues showing reduction of PCNA (0.6 fold), E2C (0.33 fold), DBI (0.5 fold) and IGFBP2
(0.03 fold) as well as induction of PIP5K1A (1.4 fold).

The mostly induced miRNAs after NETD were miR-720, miR-3135b, miR-3178 and miR-
424" which are not described in connection with prostate cancer yet. Only miR-720 is known
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Fig 6. Effect of miR-17 family on cell growth, colony formation and apoptosis of LNCaP cells. LNCaP cells were transfected either with control vector or miRNA
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densitometry analyses. Data show the mean and + SEM of the densitometry analysis of three independent CFA experiments (***, p<0.001). For apoptosis analysis,
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(upper/lower right quadrants). Dot blots display representative results (FL1-H: Annexin-FITC, FL3-H: PI), the right panel shows the mean of four independent
experiments (C).

https://doi.org/10.1371/journal.pone.0200472.9006

to be upregulated in recurrent prostate cancer after radical prostatectomy [38]. There are sev-
eral publications concerning these miRNAs in other tumor entities as they are deregulated in
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breast cancer [39], colorectal cancer [40], cervical cancer [41] and have an impact on tumori-
genesis, invasion and migration. On the contrary, we identified miR-126, miR-148a, miR-141
and miR-203 as mostly repressed miRNAs after NETD of LNCaP cells. Sun and colleges
showed a decreased expression of miR-126 in prostate cancer, a negative correlation with
aggressiveness as well as the pathological stage and thus a role in the malignant progression of
prostate cancer [42]. An additional repression of miR-126 in NE-like cells would probably
enhance the effects observed in prostate cancer tissue. MiR-148a is an androgen-responsive
miRNA that promotes LNCaP prostate cell growth [43]. Additionally, we showed in former
studies an upregulation of miR-148a in primary prostate cancer tissue compared to normal
prostate tissue [11, 44], whereat the decrease in NE-like LNCaP likely results from lack of
androgen and could be an explanation for the diminished cell proliferation of LNCaP after
NETD. Similar to miR-148a, miR-141 is overexpressed in prostate cancer and castration resis-
tant prostate cancer as well as enriched in blood sera of patients with advanced prostate cancer
and it enhances growth of LNCaP cells [45]. MiR-203 is described as downregulated in pros-
tate cancer and controls proliferation, migration and invasive potential of prostate cancer cell
lines [46]. Thus, it is claimed as anti-metastatic whereat its downregulation would further
increase metastatic properties [47]. Taken together, the top four repressed miRNAs seem to
have an influence on cell proliferation of NE-like LNCaP cells as a characteristic of normal
prostatic NE cells and NE-like tumor cells and on the other hand induce metastasis and
invasion.

To gain insight into functions affected by NETD of LNCaP cells, GO and KEGG pathway
analyses were performed to clarify possible biological functions and mechanisms altered after
NETD, resulting in the identification of 189 GO terms and 26 deregulated pathways for each
1000 most induced and repressed genes. GO terms involving cell division and proliferation
were significantly depleted which agreed with terms derived from the KEGG analysis. Looking
at the cell cycle pathway, a multitude of genes, e.g. cyclins and cyclin dependent kinases,
showed a diminished expression except Cyclin D1, CDK6 and members of the TGFB signaling
pathway. The observed downregulation of cell cycle members probably leads to the described
and observed reduced cell proliferation of differentiated LNCaP cells. In contrast, the upregu-
lation of CCND1 presumably has no effect on cell cycle progression during NETD. Schiewer
and colleges showed that CCNDI1 can act as a transcriptional repressor of AR target genes and
inhibits DNA synthesis in LNCaP cells [48].

We demonstrate CCND1 as a target for the miR-17 family except miR-93 (miR-17, -20a/b,
-106a/b), which are deregulated after NETD in LNCaP cells. MiR-17, -106a and -106b were
found to be repressed down to 30%, miR-20a and -20b to 20-25% and miR-93 to 41% by
microarray analysis. This deregulation could be confirmed for all six miRNAs by qRT-PCR for
independent NETDs of LNCaP cells. The cause for the diminished expression of miR-17 fam-
ily needs to be discussed. Guo and colleges showed that knockdown of AR decreased miR-17-
92a cluster expression, containing miR-17, -18a, -19a/b, -20a and miR-92 family, in LNCaP
cells as well as other AR-positive prostate cancer cell lines [49]. Moreover, it is known that
miR-17-92a cluster is regulated by proto-oncogene MYC and thus a decreased MYC expres-
sion, as detected in NE-like LNCaP cells by microarray (repressed 0.6 fold after NETD), would
result in the observed miR-17-92a expression change [50]. A further possibility is alternative
histone modification as Egr2 (induced 4.3-fold after NETD) recruits histone demethylase Jar-
id1b to the miR-17-92a promotor resulting in histone H3 lysine K4 demethylation and thus
repression of cluster transcription [51].

The 3’UTR of CCND1 contains one predicted conserved miRNA binding site for all six
miRNAs. We therefore tested the regulative effects of the miR-17 family on the expression of
CCNDI1. All miRNAs except miR-93 were able to repress the activity of reporter genes as well
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as to reduce CCND1 protein expression. Ottman and colleges showed an impact of miR-17-
92a cluster on the expression of CCND1 protein in PC-3 cells though without a proof for direct
interaction of cluster miRNAs to the CCND1 3’UTR and discrimination of the miR-17-92a
cluster contained miRNAs [52]. We reveal a direct binding of miR-17, -20a, -20b, -106a and
-106b to the predicted target site in CCND1 3’'UTR by reporter gene assays, additionally con-
firmed by site directed mutagenesis.

Overexpression of miR-17, -20a, -20b, 106a, and -106b resulted in reduced cell prolifera-
tion, colony formation capability and increased apoptosis of LNCaP cells. Members of the ana-
lyzed miR-17 family, which share a common seed sequence, as well as the miR-17-92a cluster,
which contains miR-17, -18a, -19a/b, -20a and miR-92 family, show a diverse expression pat-
tern in different tumor entities and can either promote or inhibit carcinogenesis. MiR-17-92a
cluster and miR-106b have oncogenic roles in many tumor types including HCC, hematopoi-
etic malignancies, medulloblastomas, neuroblastomas, small-cell lung cancer and colon carci-
noma. Cai and colleagues could demonstrate mir-17 induction in cervical cancer leading to
induced cell proliferation and migration by targeting TGFBR2 [53]. TGFBR2 is induced after
NETD and thus could also be responsible for the observed diminished cell proliferation of NE-
like LNCaP cells. On the other hand, enforced miR-17 expression reduces proliferation in
breast cancer cells, at least in part due to repression of the AIB1 gene [54]. Sun and colleagues
could confirm these findings concerning tumor suppressive properties showing an increased
cell viability and migration of glioma cells after decrease of miR-17 expression [55]. In prostate
tumors and cell lines, the expression pattern as well as the function of this miRNA family is
diversely described. Comparable to our results, Ottman and colleges could show a downregu-
lation of miR-17-92a cluster as well as miR-106a in LNCaP cells after CDX treatment and
androgen blockade [52]. Furthermore, Hong and colleagues currently described an inhibition
of LNCaP cell proliferation as well as an induction of apoptosis after upregulation of miR-17
which supports our results [56]. Interestingly, Gong and colleagues confirm the observed
repression of LNCaP cell growth after overexpression of miR-17 [57] in contrary to Yang and
colleges showing induced cell proliferation and survival [58]. Due to these conflictive results
the function of miR-17 family and miR-17-92a cluster needs further investigation, both in
common prostate cancer and during neuroendocrine transdifferentiation.

Conclusions

We show that androgen deprivation of LNCaP cells leads to dramatic changes in gene and
miRNA expression as well as signaling pathway deregulation. The resulting repression of miR-
17 family is responsible for up-regulation of CCNDI due to the absence of its post-transcrip-
tional control. Furthermore, the in vitro experiments reveal that increased expression levels of
the miR-17 family members suppress cell proliferation and colony forming ability and induce
apoptosis. This study gives further hints for tumor suppressor functions of the miR-17 family,
whose role in prostate cancer is controversial. In summary, the changes of the mRNA and
miRNA expression profile after androgen deprivation will help to find new regulatory mecha-
nisms of NETD in prostate cancer and to identify attractive targets for therapeutic intervention
concerning progressive NETD in PCa patients.

Supporting information

S1 Fig. Overexpression of miRNAs after transient transfection with expression plasmids.
HEK293T or LNCaP cells were transfected either with control vector or miRNA expression
vectors. 48 hours post-transfection total RNA was isolated and miRNA expression was
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analyzed by qRT-PCR.
(TIF)

S2 Fig. Response of TGFB2 3’UTR and protein expression towards miR-148a. The expres-
sion of TGFB2 and miR-148a (A) that were assumed to be elevated or reduced according to
their signals in microarray (black bars) was assessed by qRT-PCR (grey bars). TGFB2 was pre-
dicted to be elevated while miR148a was predicted to be reduced in NE-transdifferentiated
LNCaP as compared to untreated cells. *,p<0.05 (B) The TGFB2 3’'UTR was cloned behind the
luciferase reporter gene of the pMIR vector and the potential binding site for miR-148a in the
3’UTR was additionally mutated by site directed mutagenesis (TGFB2 mut). The reporter gene
construct was expressed with the miRNA expression construct or with the empty pSG5 vector
as control in the indicated combinations. Results represent the mean of at least 4 independent
experiments performed in duplicates. The luciferase activity of the empty luciferase reporter
plasmid with the empty pSG5 vector was set to 100%. ***,p<<0.001. (C) LNCaP cells were
transfected either with control vector or miRNA expression vectors. 48 hours post-transfection
the protein expression of TGFB2 was determined by Western blot using f3-actin as loading
control. The densitometrical quantification of Western Blots represents the relative downregu-
lation of TGFB2 expression as determined in four independent experiments in relation to the
corresponding f3-actin band as loading control.

(TIF)

$3 Fig. Original CCND1 and 8-actin blot from Fig 5.
(TIF)

$4 Fig. Original TGFB2 and B-actin blot from S2 Fig.
(TIF)

S5 Fig. Original agarose gels with amplificated RT-PCR fragments from Fig 1.
(TIF)

S1 Table. Primer sequences.
(PDF)
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