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Abstract: The treatmentof high-risk prostatecancer(HRPCa)is a tremendoushallenge
for uro-oncologists.The identification of predictive moleculobiologicalmarkersallowing
risk assessmenbf lymph node metastasisand systemic progressionis essentialin
establising effective treatment.In the current study, we investigate the prognostic
potential of miR-205 in HRPCa study and validation cohors, setting defined clinical
endpointsfor both We demonstratemiR-205 to be significantly downregulatedin over
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70% of the HRPCasamplesanalysedandthatreconstitutiorof miR-205 causesnhibition

of proliferationandinvasivenesé prostatecancer(PC3 cell lines Additionally, miR-205

is increasinglydownregulatedn lymph nodemetastasesomparedo the primary tumour
indicating that miR-205 plays a role in migration of PCacells from the original location
into extraprosdtic tissue.Neverthelessdown-regulationof miR-205 in primary PCawas
not correlatedto the synchronougpresencef metastasisndfailed to predictthe outcome
for HRPCa patients Moreover we found a tendencyfor miR-205 up-regulation to

correlatewith an adverseoutcomeof PCapatientssuggesting pivotal role of miR-205in

tumaurigenesis Overall we showed that miR-205 is involved in the developmentand
metastasi®of PCa but failed to work as a useful clinical biomarkerin HRPCa.These
findings might haveimplicationsfor the use of miR-205 as a prognosticor therapeutic
targetin HRPCa.
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1. Introduction

High-risk prostate cancer (HRPCa, defined by Gleason score O 8 and/or pT O 3 and/or
PSA O 20 ng/pL) is a PCasubgroupwith varying risk of biochemicalprogression(BCR), clinical
failure (CF) and cancerspecific mortality (CSM) following radical prostatectomy[1l]. Today,
uro-oncologists are faced with the complex decision about the type and timing of primary
treatment2]. While the key eventof lymph nodemetastasiswhich often remainsundiscoveregrior
to initial treatment impacts significantly upon managementyeliable preoperativedetection with
currentdiagnostidmagingremainsunsatisfactory3].

Thus new prognosticmarkersfor HRPCaare necessary especiallyif therapeutidargetsareto be
met Numerouspotential prognosticbiomarkershave beenidentified but none of thesehasentered
broaderclinical useyet [4]. Amongmoleculobiologicamarkersthe morerecentlydescribechoncoding
microRNAs (miRs) showpromisingresults[5]. MiRs aresmall RNAs (19 25 nt long) regulatinggene
expressiorby binding to mMRNA sequenceandrepressingargetgeneexpressiorposttranscriptionally,
either by inhibiting translationor by promoting RNA degradation[6]. Alterationsof miR expression
were detectedn variouscancerentitiesincluding PCa[7i 14]. FunctionalstudieshaveshownmiRs to
either function as tumour sugpressorsor oncogeneslependingon the modulationof different target
genes[8]. In addition,miR expressiorprofiles stratify cancersby clonesandlevel of differentiation
suggestinghatmiRsareinvolvedin cancermprogression9,10].

However understanihg the regulation and function of miRs in normal and neoplastictissues
remainsa great challenge Recentstudiesof severalmiRs exhibited both positive and negative
correlationbetweenexpressiorandtumourtype implicating a very complexand dynamicfunction of
miRs for tumour developmentand progression[8i 10]. Also, miR-205 either acts as a tumour
suppressoor asanoncogenalependingn theregulationof potentialtargetgenesn the contextof the
specifictumour[15,16] It hasbeenshownthat miR-205 is frequentlydown-regulatedin a variety of
cancerentitiesand its tumoursuppressiveaction is well studied[17i 27]. MiR-205 impactscrucial
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pathwaysnvolvedin proliferation,invasionandangiogenesidy mediatingthe expressiorof multiple
oncayeneslike HER3 VEGFA, or MED1 [20,21,27] Furtherimportantpathwaysin cancerogenesis
regulatedoy miR-205areN F K-@nhancingepithelialto mesenchymatransition(EMT) andindudion
of chemotherapyresistance[23i 27]. In contrastto this tumaur-suppressiveunction of miR-205,
severalstudieshavedescribe miR-205 asup-regulatedn lung canceror HNSCC (headandneckcell
squamousgarcinoma)suggestingan oncogenicrole [28,29] The oncogenicfunction of miR-205 is
substantiate®dy suppressionf potentialtumoursuppressogenedike PTEN TRAF2or SHIP2andby
promotionof aggressivéung andsquamougarcinomas [2831].

With regardto PCa,miR-205hasbeenreportedo be frequentlydownregulatedandit wassuggested
that downregulationmight be associateavith a poorerprognosisn PCa[17i 19,27] Neverthelessthe
impactof miR-205asa potentialprognosticoutcomemarkerin PCahasnot previouslybeeninvestigated
in a large complementaryPCa collective until now. The HRPCacohortsusedin this study are a
prerequisitefor the validation and optimizationof miR-basedpredictionof lymph nodemetastasignd
cancerprogressionin PCadue to the relatively high rates of relevanteventsin this subgroupin
comparisorwith low- or intermediaterisk serieg[10,32] The primary aim of this studyis to assesshe
validity of amiR-205-basedprognosticdool usingtwo well-characterizetHRPCacohorts.

2.Results

2.1.MiR-205I1s UnderExpressednd Its ReconstitutiorLeadsto Proliferationd Inhibition in
PCacCells

We analysedhe expressiorof miR-205in LNCaPandPGC-3 cells via gRT-PCR and demonstrated
that androgersensitiveLNCaP cells showeda lower miR-205 expressiorthan androgenAnsensitive
PG3 cells (Figure 1A, p < 0.05). Transfectiorefficiency of the cell lineswasverified usinggRT-PCR
(Figure 1B, p < 0.01).Proliferationassaysn the cell lines showedthat miR-205 transfectionreduced
cell proliferation significantly (Figure 1C, p ©0.01). On day five posttransfection61% and 68% of
LNCaP and PG3 cells were viable. We thenanalysedvhetherthe expressiorof miR-205 showedan
impact on the invasive activities of the cells Boyden chamberinvasion assaysrevealedreduced
invasionlevelsin PG-3 cellstransfectedvith premiR-205 (Figure 1D). Theseresultsdemonstratéhat
miR-205actsasatumaur suppressoin PCacellsby regulatingcell growthandinvasiveness.

2.2.MiR-2051s Under-Expressedn a HRPCaand ShowdncreasingDownRegulationn
LymphNodeMetastases

To prove whether miR-205 is downregulatedin high-risk PCacaseswe subsequentiyanalysed
miR-205-expressionn a HRPCastudy collective (n = 105) andin BHP sampleqn = 10) servingas
controls Clinical demographicf the study cohort and the BHPs are summarizedn Table 1 and
respectivelyin Table S1. In our study group meanmiR-205 expressiorwas significantly lower in the
canceroussamplesthan in BPH controls. 98.1% of the tumour samplesshoweda lower miR-205
expressiorcomparedvith meanexpressiorof BPH samplegp 00.01, comparingabsolutegiCt levels
of individual samplesto the meanqgiCt expressiorof 10 BPH sample}. Using the gp €8t methodwe
found that 82 of 105 cancersamples(78.1%) had a more than two-fold reductionin miR-205
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expressionf comparedo the controltissue(p 00.01,seeFigure S1). Fromtheseresultswe concluded
thatmiR-205is frequentlyandstronglyreducedn HRPCacases.

Figure 1. (A) Boxplots of Reallime polymerase chain reaction (PCR) assays in PCa cell
lines LNCaPand PC3 compared to benign hyperplastic prostate tissue (BP+,10);

(B) Histograms indicating transfection efficiency of transient +2%. Transfection was
verified by measuring mi205 expression viReatTime Quantitative PCRgRT-PCR ) in
premiR-205 transfected cells compared to cells transfected with scrambled miRNA. Error
bars represent the standard deviation of three independent experif@nt$iTS
proliferation assays in precursoniR 205 transfected cell lines LNCaP and PC3.
Histograms indiate the percentage of living cells compared with cells transfected with
scrambled miRNA after transient transfection with-pni&-205 (day 0) at given intervals

(2 and 5 days)(D) MiR-205 upregulation reduces cell migration of PCa cells-3F¢€zlls
were transfected with preniR-205 or scrambled miRNA. Migration of P& cells was
measured over 6 h in a TranswWeltell culture chamber. Four chambers from three
different experiments were analysed £ 0.005). Error bars represent the standard
deviation of tmee independent experimentsindicatesp < 0.01.p-values were calculated

in cell lines and BPH tissueA] using oneway ANOVA with post hoc testing
(Tukeyos t est) . tteStt wad aused dos transfeqgbicm i efficeticy and
proliferation/invasion experiment8{D).
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Table 1. Preoperativeand postoperativep a t i eharacteristicsof the HRPCa study

cohort(n = 105)andthe HRPCavalidationcohort(n = 78).

Study cohort Validation cohort
Number of patients 105 78
Me d i &tmiR{05 0. 33141 7 . 96 16.0)4 .
expression (range)
Median followup, 78.3 (11154) 117 (14173)
months (range)

Median Age, years (range) 65.9 (4781) 63 (41 75)
Median PSA, ng/|L (range) 32 (20160) 14 (2.795.3)
Gleason Score (GS):

GSO06 2 (1.9%) 24 (30.4%)
GS =7 31 (29.5%) 37 (46.8%)
GS 810 72 (68.6%) 18 (22.8%)
Pathological Stage (pT):
pT 2 17 (17.2%) 24 (34.2%)
pT3a 28 (26.7%) 35 (44.3%)
pT3b 44 (41.9%) 16 (24.1%)
pT4 16 (15.2%) 4 (5.1%)
Nodal Status (LN):
LN neg 64 (61.0%) 70 (89.7%)
LN pos 41 (39.0%) 8 (10.3%)

RelapseEvents:

Biochemical recurrence
Clinical failure
Cancerspecific mortality
Any cause death

38 (36.2%)
24 (22.9%)
11 (10.5%)
21(20.0%)

36 (49.4%)
11 (13.9%)
9 (11.4%)
16 (24.1%)
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Next, we analysedhe expressiorof miR-205in lymph nodemetastasisiAs shownin Figure2A the
expressiorof miR-205in lymph nodemetastasefn = 11) wassignificantly andincreasinglyreduced
when comparedwith the mean miR-205 expressionin primary PCa sample of the study cohort
(n = 105) and BPH controls(n = 10). Figure 2B showsmiR-205 expressiornn primary tumoursand
correspondingynchronousymph nodemetastaseg = 11). We found miR-205to be down-regulated
in all analysedpairs (p = 0.0001)and observeda more than two-fold down-regulationin 8 of the
11 pairs (72.7%) indicating that lymph node metastass are characterizedy a strongandincreasing
reductionof miR-205expressiorwhencomparedvith the primarytumour.

2.3. MiR205 Expression Is Not Significantly Linked to Clinical Prognostic Parameters in HRPCa

Based on the result that mi5 is downaregulated in lymph node metastasis we suggested that
progressive miRR05 downregulation might be associated with clinical parameters in HRPCa. To
correlate miR205 downregulation with advanced PCa stages, we edl#te clinical parameters of the
HRPCa patients to corresponding riB5 expression patterns.

Figure 3 shows miRR05 expression in HRPCa cases separated gdpective clinical parameters
in comparison with BPHAII clinical parameters show a signifintly lower miR205 expression in
every stage compared to BPH tissue as conrel@.01). The pathological stage £ 0.793), Gleason
score p = 0.956) and the nodal status £ 0.31) of the primary tumour at surgery or high/low
preoperative parametel{Avalues, age at surgery) could not be stratified by-B0R expression.

2.4. MiR205 as a Prognostic Factor in HRPCa

To evaluate if miRR0O5 downregulation might be prognostic in HRPCa we performed
Kaplari Meier estimates and Cox proportional hazard eed o stratify cutoff values for the optimal
tradeoff between specificity and sensitivit¥;score normalised values of relative ’r2B5 expression
in the specimen of the study group were dichotomised for CSM, BCR and CHers#er operating
charateristic (ROC) curves. AU&alues of the ROC curves ranged between 49.2% and 53.3%.
(upper right plots, Figre 4Ai C), indicating no discriminative value and very limited predictive power.
Despite this, no significant difference could be found in 12 exyression between the subgroups
for all endpoints analysed (left plots, Brg 4Ai C) and no correlation could be demonstrated between
miR-205 downregulation and CSM, CF or BClsing Cox regression analysis. Alsandichotomised
values gave no significanesults either (data not shown). Paradoxicalivever, in KaplanMeier
estimates, upegulation of miR205 expression was associated with a worse prognostic outcome, but
this trend only reached marginal significance for CSM and CF (middle plotsreFéi C, CSM,
p=0.08; CFp=0.09; BCRp=0.12).
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Figure 2. Increasingdownregulationof miR-205 expressionn a HRPCacohort(n = 105)
andlymph nodemetastasefelativemiR-205 expressioiwasanalysedy the qiCt method
using qRT-PCRin all samples(A) MiR-205 expressiorwas analysedn 10 BPH tissues
(left box), 106 HRPCaspecimenmiddle box) and11 lymph nodemetastase@ight box).

Si g ni nedueaionsin expressionlevels are markedby * (p <0.01). p-values were
calculatedusing oneway ANOVA with posthoc testing(T u k etgst) $B) Dot plot of

miR-205 expressionn synchronoudymph node metastasisl1 pairs of primary tumour
samplesand correspondindymph nodemetastasewere analysedp-valuewas calculated
by St u d epairedi-test.
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Figure 3. MiR-205expressiorasrelatedto differentclinical parameter# the studycohort
(n = 105). Relative miR-205 expressionwas analysedn all samplesby the qiCt method
using qRT-PCR. (A), (B) and (C) Boxplots showingthe relation of miR-205 expression
with the pathologicaltumour stage,Gleasonscore and the nodal statusof the primary
tumour in the study cohort in comparisonto that in 10 BPH tissues.p-values were
calculatedusingoneway ANOVA (A andB) andSt u d eunpaied-test(C). (D) and(E)

Dot plots showing the associationof miR-205 expressiorwith preoperativePSA-values

andageatsurgery.
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2.5. DownRegulation oMiR-205 Fails as a Prognostic Factor in HRPCa

To confirm thefindings observed in the study cohort £ 105), we analysed a complementary
HRPCacohortf= 78) after adjusti ng -205herpressioravaluestb 0 ané c h
standard deviation to 1 b¥-score normalisation, thus improving comparabiligtvieen cohorts.
Clinical demographics of the validation cohort are summarized in Taldesdores of the validation
cohort were dichotomised using the same thresholds as for the first cohort.
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Figure 4. MiR-205asa prognosticmarkerin a HRPCastudycohort(n = 105) for the clinical endpointgA) Cancerspecificmortality (CSM);

(B) Clinical failure (CF) and(C) BiochemicalrecurrencgBCR). Left plots: boxplotsshowingrelative miR-205 expression{ Gt sample)in

patientswith andwithout the indicatedendpointsMiddle plots: Kaplari Meier estimatesn HRPCapatientswith andwithout the respective
endpoints.Patientswere dichotomsed by miR-205 expressionaccordingto optimal cutoff valuesfor eachendpointcalculatedoy ROC
(upper right plots). p-valueswere calculatedusing log-rank test. Lower right tables:uni- and multivariate Cox-regressioranalysisregarding
dichotomsed miR-205 expressionGleasonscoreand combinedpT score(pT2c/3avs pT3b/4)for the time to the respectiveendpoints.
p-valueswerecalculatedusingWald test.
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Figure 5. MiR-205asa prognosticmarkerin a HRPCavalidationcohort(n = 78) for clinical endpointgA) cancespecificmortality (CSM);
(B) clinical failure (CF) and (C) biochemicalrecurrencg BCR). Left plots: boxplotsshowingrelative miR-205 expression( Gi sample)in
patientswith andwithout the indicatedendpointsMiddle plots: Kaplari Meier estimatesn HRPCapatientswith andwithout the respective
endpointsPatientsweredichotomisedy miR-205 expressioraccordingto optimal cut-off valuesfor eachendpointcalculatedoy ROC (upper
right plots). p-values were calculatedusing log-rank test. Lower right tables: uni- and multivariate Cox-regressionanalysis regarding
dichotomsed miR-205 expressionGleasonscoreand combinedpT score(pT2c/3avs pT3b/4)for the time to the respectiveendpoints.
p-valueswerecalculatedusingWald test.
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