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Abstract:

The MEKS5/ERKS5 pathway has recently been implicated prostate and breast
carcinogenesis. Over-expression of MEKS5 is assediatith aggressive prostate cancer.
In this study, we examined the role of ERK5 (a MA&HK specific substrate for MEK5)
in prostate cancer. ERK5S immunoreactivity is sig@ihtly upregulated in prostate cancer
(PC) (n=81) when compared to BPH (n=2@<0.0001). Increased levels of ERK5
cytoplasmic signals correlates closely with Gleassaim score R<0.0001), bony
metastasesPE0.0044), and locally advanced disease at diagn@si6.0023), with a
weak association with shorter disease-specificigalr{P=0.036). A subgroup of 15 (of
81) patients showed strong nuclear ERKS localisatiwhich correlates with poor
disease-specific survival and, on multi-variantlgsia, was an independent prognostic
factor (P<0.0001). Analysis of ERK5 expression in matchewehdur pairs (before and
after hormone relapse, n=26) revealed that theepoesof ERK5 nuclear expression is
significantly associated with hormone insensitiieedse P=0.0078), a trend not seen for
ERKS5 cytoplasmic expression. Similarly, ERK5 pratexpression was found to be
increased in the androgen independent LNCaP-DCGirel We obtained the following
in vitro evidence to support the above expressional dgt&RK5 overexpressing PC3
cells have enhanced proliferative capability<@.0001); (i) the MEKZ1 inhibitor,
PD184352, blocking ERK1/2 activation at low doséd, bt suppress proliferation but did
significantly decrease proliferation at a higheseloequired to inhibit ERK5 activation;
(iif) overexpression of ERK5 upregulated MMP-1,a8d -9 promotor activity; (iv) co-
transfection of ERK&t and MEKS5D constructs in PC3 cells results in preithamt
ERKS nuclear localisation, similar to that obseruedggressive clinical disease. Taken
together, our results establish the importanceRKEin aggressive prostate cancer.
Keywords: Prostate Cancer; ERK5; MEK5
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Introduction

Prostate cancer is the most commonly diagnosedecamd the second commonest cause
of cancer related death in men in the western wfi]d Prostate cancer is usually
androgen dependent and the majority will regressupeatment with androgen ablation.
Unfortunately, about 20% of patients do not showotaable response, and even among
the responders, there is an overall risk of 80%lewelop relapsed cancer at a median
period of 24 months with hormone manipulation. Bfiere, better prognostic markers
will facilitate stratification of patients to diffent treatment protocols aimed at improving
survival outcome.

The clinical picture in the advanced stages oftatescancer is dominated by the problem
of bony metastases, which occur in 85% of patieftey represent the most important
cause of morbidity, causing pain and complicatisnsh as pathological fractures and
spinal cord compression. The development of bonsteses in patients with advanced
prostate cancer occurs at a constant rate of ajppataly 8% per year, reaching 40% at 5
years. There is a remarkable affinity between pitesicancer cells and bone, the
predominant site of metastasis, which is frequemghgoblastic in nature.

The family of mitogen-activated protein kinases (Ris) plays an essential role in the
transduction of extracellular signals to cytoplasrand nuclear effectors. MAP kinase
kinases (MEKs/MAPKKS) represent protein kinasegngiasn of MAP kinases (MAPKS),
critically controlling cellular proliferation andpaptosis. Mitogen/extracellular signal
regulated kinase kinase-5 (MEK5) is the most rdgeidentified MAPKK and
specifically activates ERK5, also known as Big MKiRase 1 (BMK1) [2, 3]. The
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ability of inhibitors of the classical MAPK (ERK1yZascade to block ERK5 activation
suggested that ERK5 might regulate some cellulactfans originally attributed to

ERK1/2. The MEK5/ERKS5 pathway is potently activated EGF and is required for

EGF induced proliferation [4] and connexin 43 gapction communication [5]. ERKS5 is

almost twice the size of the other MAPKs (815 amaeals). Its unique COOH-terminal
tail contains a myocyte enhancer factor 2 (MEF2mcting domain and a potent
transcriptional activation domain [6]. The actividy several transcriptional factors have
been shown to be regulated by ERKS5, including ME&Eps and Fra-1, Sap-1, c-Myc
and NF«B [7-11]. It plays key role in embryogenesis: ERK&ock-out embryos die

between day 9.5 and 11.5 due to severe cardiowsdefects [12, 13] whereas mice
lacking ERK1 develop normally [14, 15]. Interesiinga recent study has shown that
MEKS knock-out mice also die, at approximately eyaimic day 10.5 [16].

We have previously shown that abnormal MEK5/ERKIhalling is important in prostate

cancer [17]. Strong MEK5 expression correlates \aifjgressive disease. Activation of
MEKS induced signalling induced proliferation (p8001), motility (p=0.0001) and

invasion in LNCaP prostate cancer cells (p<0.00B1his study, we further explore the
role of ERKS, the specific substrate for MEK5, nogtate cancer.
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Materials and methods

Human prostate tissue samples

For immunohistochemical studies of ERK5 expresskethjcs Committee approval and
the consent of patients with cancer of the progtasé) and benign prostatic hypertrophy
(BPH), undergoing transurethral prostatectomy (TYR#ere obtained. Diagnosis was
confirmed by histopathological examination. Specim&ontaining greater than 75%
tumour involvement were selected for analysis. Tmenary immunohistochemical
analysis included 81 patients with prostate canoedian age 73 years (range 55 — 90)
and median Gleason sum score 8 (range 5 — 10).tyweases of BPH specimens were
studied as controls. Formalin-fixed and paraffinxedtembedded specimens were
obtained at the time of diagnosis, following TURfior to any anti-androgen therapy.
The secondary immunohistochemical analysis incliedatients (52 matched tumours),
all of which had received conventional androgenrigdaefion therapy (orchidectomy,
antiandrogens or androgen ablation therapy). Ratieare selected for treatment if they
initially responded to treatment (response wasneelfiby prostate-specific antigen (PSA)
levels falling by at least 50%), but subsequerglppsed. Patients were classed as having
hormone escaped cancer when sustained rising R@&#s leere noted and were selected
for study if a post-hormone relapse sample wadatei[18].

Immunohistochemical analysis

Polyclonal anti-ERKS5, raised in sheep as previoadgcribed [19] and polyclonal anti-
MEKS5 (Stressgen, USA) were optimised for immunajgkemical analysis (data not
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shown). Archive paraffin wax-embedded serial sestid4um) taken from clinical
prostate samples were prepared and incubated w@tddsired antibody overnight at 4°C
and immunohistochemical analysis was performed escritbed previously [20]. The
staining was developed with diaminobenzidine tgtdabchoride (DAB; Sigma, UK),
with haematoxylin used as a counterstain. Hearclawsas used as a positive control; no
primary antibody as a negative control. The slidese assessed by two independent
observers (MM and SMcC) with inter-observer agresmen the grading system
confirmed in the first 20 cases. Both observersewdinded to the clinical details for
these cases prior to evaluation. The cytoplasmiounoreactivity signals were correlated
with ERKS5 expression and scored as either absgntvgak (1), moderate (2), or strong
(3) as previously published [21, 22]. Nuclear immorgactivity signals were scored as
either positive or negative.

Cells and Cell Culture

The PC-3 cell line (passage 27) was purchased fhentEuropean Collection of Animal
Cell Cultures (ECACC, Salisbury, UK) and was mamed in growth medium [RPMI
1640 (Gibco BRL, Invitrogen, Paisley, UK), contaigiHEPES buffer (25mM) and L-
Glutamine (20mM)], supplemented with 10% heat-iivatéd fetal calf serum (Sigma-
Aldrich, Dorset, U.K.), 100units/ml of penicillirand 10@Qg/ml of streptomycin (Gibco
BRL); this was referred to as full medium. Androgedependent LNCaP (LNCaP-DCC)
cells were derived in-house by Prof. Craig Robsoomf LNCaP cells, following
continuous passaging in an environment depletedndfogens for a period of over 9
months. The LNCaP-DCC cell line did not requireragen to proliferate, however the
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cells were still responsive to androgen stimulatiBassage number matched parental
LNCaP cells were also maintained.

Plasmids and generation of stable clones

The EGFP-C1 ERK5 and pCMV HA-ERM& type(wt) plasmids were provided by Prof.
P Cohen. A constitutively active mutant of MEK5 (MED-HA) was obtained from Dr
JD Lee (Department of Immunology, The Scripps Resehostitute, USA) and inducible
293 cells expressing MEK5D was generated as preliodescribed [17]. PC3 cells
overexpressing ERK5 were generated by transfectidth EGFP-ERK5 using
Superfect® Transfection Reagent (Qiagen, Crawlég), &tcording to the manufacturer’s
recommendations. Following selection with genetigd%18, 1mg/ml; Sigma), colonies
were left to form for 2-3 weeks. Control stablel tieles were similarly established with
the vector (EGFP-C1) alone. Individual colonies evesub-cultured and screened for
ERK5S expression by Western analysis. Presence aoceBular localisation of ERK5S
was also confirmed by fluorescent microscopy.

Fluorescent Microscopy

PC3 cells were plated on sterile coverslips plangdtwell culture dishes and cultured in
the desired condition for 48 hours. Cells were wdsh PBS, fixed with methanol for 20
minutes at -20°C and allowed to air dry. The cdiggswere mounted on microscope
slides using an anti-photobleaching solution, VeuEd (Vector Laboratories,
Peterborough, UK), which contains the nuclear sRismino-2-phenylinodole (DAPI).
The slides were then viewed using a Leica DMR/HG&@scope (100x magnification;
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Leica Microsystems Ltd., Milton Keynes, UK). Photaghs were taken with a SPOT
digital camera and software (version 3.5.2 for Véiwd; Diagnostic Instruments Inc.,
Michigan, USA).

MMP promoter studies

At 48 h prior to transfection, 2Xi@C3 cells were seeded per well in a 48-well plate.
MMP-1 (-3803), MMP-2 (-1659) and MMP-9 (-670) camsits containing 5’- flanking
fragments upstream to the transcription initiatebart site linked to a luciferase reporter
gene (MMP-luc) were co-transfected with pCMV HA-EB# (wild type) or empty
plasmid (pCMV) using Superfect reagent (Qiagen)coeding to manufacturer’s
recommendation. After 24 h, cells were serum sthara left for another 16-24 h before
luciferase activities were determined using an mated optical plate reader (Dynatech
MR 5000). For all transfections, cells were co-$fanted with g-gal-CMV plasmid to
allow normalization of transfections. A total of Gy DNA was transfected, which
contained 300ng ERK& DNA, 100ng MMP-luc and 50ngrgalactosidase reporter.
Western blotting

Cultured cells were lysed directly on plates witk 6DS sample buffer containing 10%
B-mercaptoethanol. Samples were denatured and adalys SDS-PAGE, followed by
transfer to nitrocellulose. Antibodies were usedhat following dilutions: anti-ERKS5,
1:1000; and anté tubulin, 1:2000 (Santa Cruz, USA). Horse-radishropielase-
conjugated secondary antibodies (DAKO, High Wyconih&.) were applied at 1:500
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dilution and detected using enhanced chemilumimescdetection kit (ECL, Amersham).
WST1 proliferation assay

WST1 assays were carried out according to the maaturer’s instructions (Roche, UK).
PC3 cells were cultured in 96-well, flat-bottonrstie culture plates at a density of 5,000

cells/well in a final volume of 1Q0/well culture medium at 37°C, 5% (%OAfter 48h,

WST-1 reagent was added at a volume qfi/iell and the cells incubated for up to 3 h.
Absorbance at 450nm was measured using a micropager (Bio-Rad Laboratories
Ltd., Model 680). Each assay was conducted in seteen and the experiment was
repeated three times. Control wells containinguralmedium and WST-1 reagent but no
cells were also included in order to determine gemknd fluorescence.

Statistical analysis

The statistical significance of trends between ERIXpression and standard prognostic
variables was assessed using the Mann-Whitney UKaskal-Wallis tests (Table 1)
Linear regression analysis was employed to evaloateelation of ERK5 and MEKS5
expression. Correlation of ERK5S expression andepatsurvival was analysed using the
Kaplan-Meier method with log rank testing. Multiigte analysis was performed using
the Cox regression model for survival data. Wilaoxoatched pairs test was used for
matched tumour samples. All these tests were umdsErt using SPSS, version 11.0,
computer software (SPSS, Inc). fAvalue of <0.05 was taken to indicate statistical
significance.
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Results

ERKS protein expression in resected human prostateancer

Normal and hyperplastic glands in the BPH group alestrated either negative (n=2) or
weak cytoplasmic staining (n=18). Analysis of stagnpatterns of ERK5 showed that, in
the benign gland, expression was mainly localizedhe glandular epithelium with
patchy areas of weak stromal immunoreactivity (FegulA). Within the benign
epithelium, weak ERK5 cytoplasmic immunoreactivilas seen in 18/20 cases. In
contrast, when compared with BPH, cytoplasmic ER¥pression was significantly
upregulated in the malignant epithelium (Mann-WeijtriJ-testp<0.0001) (Figure 1B,
1C). Increasing ERKS expression is associated lggh differentiated tumours: (1) The
Kruskal-Wallis test demonstrated a significant asgon of ERKS cytoplasmic
immunoreactivity with Gleason sum scopx.0001) (Figure 2A); (2) Linear regression
analysis revealed a strong significant correlatimiween ERKS cytoplasmic protein
expression and increasing Gleason sum sqwt8.Q001;p=0.998). We then compared
ERKS5 cytoplasmic expression with our previous dataMEKS cytoplasmic expression
(matched cases, n=75)[17]. Linear regression detraied a strong significant
correlation between ERKS5 and MEK5 cytoplasmic espren (two sidedp=0.0053;
p=0.91) (Figure 2B). There was also a significantelation between ERK5 cytoplasmic
expression and the presence of bone metastps89044) and extra-capsular (locally
advanced) diseasp50.0023). In our clinical series, with median feltap of 42 months
(range 0.5-126), increasing cytoplasmic ERK5 imnraaotivity was
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significantly associated with an overall poor patigrognosis, comparing low and
intermediate expression groups with the high exgoasgroup §(=0.036, Kaplan-Meier
and log rank analysis) (Figure 2C). Further statstanalysis revealed that ERK5
cytoplasmic expression did not relate to prostpeesic antigen levelgpE0.295).

ERKS nuclear staining is an independent prognosticnarker in prostate cancer.

Of particular interest, strong nuclear ERKS5 signats noted in 15 of the 81 PC cases
(Figure 1D). This was in direct contrast to absanscanty nuclear staining in the other
66 cases of CaP and BPH controls (n=20). The pcesa&fi nuclear ERK5 over-
expression is strongly associated with poor patEognosis [§<0.0001, Kaplan-Meier
and log rank analysis) (Figure 2D). Further sticdiion revealed that strong nuclear
expression retains its significant association \pitlorer patient prognosis, irrespective of
Gleason gradepE0.0008, Kaplan-Meier and log rank analysis) (F&gRE) or presence of
strong ERK5 cytoplasmic intensityp=£0.0052, Kaplan-Meier and log rank analysis)
(Figure 2F). Multivariate analysis was carried osing Cox regression for survival data.
For ERKS5 cytoplasmic expression, this did not pdeviany further independent
prognostic information, while ERK5 nuclear expresswas shown to be an independent
prognostic marker in prostate cange«®.0001).

ERKS5 is more strongly expressed in androgen indepelent prostate cancer

Analysis of ERK5 expression in matched tumour paégealed that the presence of
ERKS5 nuclear expression is significantly associateth the transition from hormone
sensitive to hormone insensitive disegse)(0078) (Figure 1E, 1F). Non-significant
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trends are seen with stronger ERK5 cytoplasmicesgion in hormone relapsed disease
(p=0.064). This was further investigated by perforgnimestern blot analysis for ERK5
protein expression on lysates from the androgeremtignt prostate cancer cell line,
LNCaP, and its androgen independent derivative, aROCC. The androgen
independent LNCaP-DCC cells have increased ERKtejorexpression compared to the
parental cells (Figure 3A).

Localisation of ERKS expression in human prostate ancer

To evaluate localisation of ERK5 expression in honmpostate cancer cell lines we
transfected PC3 cells grown on a coverslip with B&HA ERK5 +/- pcMEK5D and
viewed the cells under fluorescent light. Trans@ectvith the GFP-ERKS fusion protein
alone resulted in strong cytoplasmic or perinucfearescence, though ERK5S appeared
to be excluded from the nucleus. However, co-texigin of the GFP-ERK5 expression
vector with the pcMEKS5D expression vector resultedappearance of ERKS5 in the
nucleus with absence of cytoplasmic signalling. BBabntrols showed pan-cellular
fluorescence (Figure 3B).

ERKS5 enhances MMP-1, MMP-2 and MMP-9 expression

We identified a significant correlation between ER#erexpression and the presence of
bony metastases in our clinical series (Figure 8@ .hypothesise that ERK5 may act as
a modulator of genes involved in metastasis. Theixmaetalloproteins (MMPS)
constitute a broad family of zinc-binding endopeases that play a key role in the
degradation of the extracellular matrix and bas@mesmbrane. To determine if ERK5
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overexpression may modulate MMP expression, wesigaltly transfected ERK&ild

type DNA into PC3 cells and subsequent reporter gereeyassere carried out with three
separate MMP/Luciferase constructs (MMP-1, MMP-@ BMP-9), corrected fop-
galactosidase, and empty vector as control. Updkh9ERd type transfection, MMP-1
was found to have an approximate 4x fold inductelative to empty vector control.
MMP-2 was found to be induced approximately 5.3atree to control. MMP-9 was
induced 4x relative to control. All three inductsowere found to be statistically different
to the empty vector control, (p value <0.001) (Feg8D).

Overexpression of ERK5 increases while inhibition fERK5 activation suppresses
proliferation in prostate cancer cells

To test if proliferation is driven by overexpressiof ERK5 in human prostate cancer,
WST-1 assays were performed on PC3 cells overesipge€ERKS5 (PC3-ERKS cells).
The proliferative index of ERK5 overexpressing sellas 2.7 fold greater than that of
PC3 cells stably transfected with the vector al@0.0001) (Figure 4A). Pre-incubation
of the ECR293 MEKS5D stable clone with the small ezolle inhibitor PD184352 prior to
PonA induction lead to inhibition of activation BRK1/2 and ERK5. However, whereas
1-3um was sufficient to block the classical MAPK cascaale judged by suppression of
phosphorylation of ERK1/2, it was necessary toease PD184352 to i to suppress
ERKS activation (Figure 4B). A similar result wases in PC3 cells where Qu
PD184352 was sufficient to block ERK1/2 activataomd 3wm PD184352 was required to
supress ERKS5 activity (data not shown). Furthefiferation analyses were performed in
untransfected PC3 cells, pre-incubated at low @d3ex PD184352,
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sufficient to block ERK1/2 activation, and high dow PD184352 required to block
ERK1/2 and ERKS5 activation. Blockade of activatmiithe classic MAPK pathway was
found to cause an increase in cellular proliferatiout this increase did not quite reach
statistical significanceR=0.0728). However, pre-incubation at the higheredos the
inhibitor caused a statistical decrease in praiien (°<0.0001) (Figure 4C).
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Discussion

In keeping with our previous findings on MEKS, have report our original findings of
ERKS5 overexpression in resected human prostateecalmportantly, we demonstrated a
strong, linear correlation between MEK5 and ERKS&t@in expression in matched cases
(P=0.0053). This close relationship ties in with ewmtr knowledge of ERK5 as the only
known substrate of MEK5, and phosphorylated MEK5ttes only known activating
molecule of ERK5 [2, 23]. We have demonstrated gniBcant correlation between
ERK5S cytoplasmic overexpression and Gleason sumess<0.0001); the inference
being that the higher the Gleason grade of theadesethe higher the ERKS5S protein
expression in the tumour cells. This correlationswet observed between MEKS5
overexpression and Gleason sum score [17]. In kgapith the notion that ERKS has a
more important role in carcinogenesis, a previoeport studying thein vitro
phosphorylation and activation status of ERK5 réaeaevidence for ERK5S auto-
phosphorylation, as well as its ability to phosptate MEKS extensively at residues 129,
137, 142 and 149 [23]. Taken together, these esulgjgest that ERKS is the driving
molecule in this pathway and perhaps, not surgiginhas a closer correlation with
clinical parameters than MEKS.

We also discovered a significant correlation betwB&K5 cytoplasmic expression and
the presence of bone metastage®(002). The clinical picture in the advanced stagle
prostate cancer is dominated by the problem of boretastases, which occur in
approximately 90% of patients, representing the tmwgportant cause of morbidity,
causing bone pain and complications such as pajtealdfracture, immobility,
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haemopoietic compromises and spinal cord compre$2d 25]. A number of cytokines
have been implicated in bony metastasis, inclu@htiP-6 [26], TGEB1 [27], interleukin

6 (IL-6) and IL-6 receptor [28, 29]. It is theredoof interest that a recent paper has
identified IL-6 as an activator of ERK5 in multipteyeloma cells [30].

In normal prostate development, the interaction pobstate epithelial cells with
surrounding stroma influences their growth, survivend differential potential.
Components of the surrounding stroma include nuosecell types, such as fibroblast,
endothelial, neuroendocrine and inflammatory celiduble growth factors and insoluble
laminin-rich extracellular matrix (ECM). Many oféhsteps in cancer metastasis involve
the production of ECM degrading proteases and comzed cell adhesion [31]. The
matrix metalloproteinases (MMPs) are a key familgiac-dependent enzymes involved
in metastatic development that are known to belaggd by MAPK family members.
MMPs play an important role in ECM remodelling, aadgositive correlation between
MMP expression and tumour progression has been mignated in both human and
animal studies [32]. We have previously observed #ttivation of MEKS results in the
upregulation of MMP-9 transcription, demonstratiagnoderate increase in promoter
activity and confirming this induction at the mRNe&vel. Consistent with this here we
have found that MMP family members -1, -2 and -8 apregulated following ERK5
activation. Better understanding of the mechaniamslved in the formation of
metastatic bony lesions in prostate cancer willilifatee the development of new
therapeutic agents.

In addition, this study shows that increased c@eplic ERK5 expression correlates with
a less favourable disease-specific survival, comgdow and intermediate expression
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groups with the high expression group=0.036, Kaplan-Meier and log rank analysis).
This result is in accord with that seen previowgith MEK5 expression and survival [17].
Another important finding is revealed in the secdaminunohistochemical analysis,
examining ERK5 expression in matched tumour pagsealing that the presence of
ERKS nuclear expression is significantly associateth the transition from hormone
sensitive to hormone insensitive diseae0(0078). Non-significant trends are seen with
stronger ERK5 cytoplasmic expression in hormonaps#d diseasd*£0.064). Further
evidence of increased ERK5 expression in androgdependent disease is evident from
western blot analysis comparing androgen depentdEi@aP cells, and its androgen
independent derivative LNCaP-DCC cells. The andnogelependent derived cells,
LNCaP-DCC, have increased ERK5 protein expression.

Of great interest in this paper is the finding ttiz¢ presence of strong nuclear ERK5
expression was shown to have a strong significasb@ation with poorer patient
prognosis P<0.0001). The strong nuclear expression retairss significant association
with survival, irrespective of Gleason grade=(.0008) or presence of strong ERK5
cytoplasmic intensity =0.0052). A major novel finding of this paper isatha
multivariate analysis, by Cox regression, demotetrdghat ERKS5 nuclear expression is
anindependent prognostic marker in prostate candex.0001). In light of this, it is also
interesting to note that in this paper we find tbattransfection of an ERK5 wild type
with a MEK5D expression plasmid lead to nucleamuawglation of ERKS in the prostate
cancer cell line, PC3. This has previously beerentesl in CHO-K1 cells [7]. The
duration and magnitude of MAPK activation on onadyaand the localization of MAPKs
on the other hand have been identified as crifeghmeters that define specific
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cellular responses [33, 34]. Nucleo-cytoplasmingport of signalling molecules is
essential for the regulation of eukaryotic cellpascesses such as cell cycle progression,
differentiation and circadian clocks [35, 36]. lhet context of MAPK signalling,
relocalisation of MAPKs from the cytosol to the feuws is essential for phosphorylating
and activating those transcription factors withire tnuclear compartment [34, 37].
Buschbeck and Ullrich (2005) have analysed sevedl lines and shown that,
unsurprisingly, endogenous ERK5 is localised tooplsmic as well as nuclear
compartments. They proposed a simplified model BKE in which we can consider
ERKS5 to exist in a closed or open conformation. &msteady-state conditions, and in the
absence of any factor, the majority of ERK5 is assdl to adopt the closed formation,
under which ERK5S activation by MEKS is hamperedut#sg in a dominant cytosolic
localisation. The open conformation, on the otherd) facilitates activation and leads to
nuclear accumulation [38].

In this study we have identified a subgroup of g8 with strong nuclear ERK5
expression and very poor survival. These obsemsitimcluding those of Buschbeck and
Ullrich (2005), lead us to believe that, in thisbgwoup, the ability of the cell to
dephosphorylate or shuttle activated ERK5 out ef itacleus has been lost, leading to
increased transcription and, in turn, more aggvesdisease culminating in decreased
survival. The exact mechanism of how this abnormakteady state arises is of great
interest both biochemically and clinically as wevéanalemonstrated that ERKS nuclear
expression is an independent prognostic factorrastpte cancer and, in tandem with
PSA, may have a future in predicting disease preigno
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Another possible mechanism explaining the increamedear expression of ERKS stems
from the recently published study establishing timthe mouse fibroblast cell line,
NIH3T3, treatment with @M PD184352 (a MEK1/2 inhibitor) enhances nuclear
accumulation of ERKS5, suggesting that when ERK#&/8uppressed, ERKS5 activation is
enhanced [39]. This is of interest in the lightlloé observations of Uzgaet al. (2003),
who established that activation of ERK1/2 occurgha early progression of prostate
cancer but subsequent inactivation of ERK1/2 igemporaneous with the emergence of
the poorly differentiated, metastatic phenotypeidBrce for cross-talk between the
ERK1/2 pathway and ERK5 has previously been sugddsy the observation of Mody
and co-workers [19], in thatuM PD184352 led to a more sustained activation oK&R
following growth factor stimulation. Our proliferah assays revealed firstly that ERK5S
overexpression in human prostate cancer leadscteased proliferation, and secondly
that pre-incubation of prostate cells with low d&¥2184352, sufficient to block ERK1/2
activation, does not cause a decrease in cellf@rafion; in fact cell proliferation is
actually increased, though not quite significantB=0.0728), in these experiments.
PD184352 (CI-1040) showed promise in a phaselldfi@7 heavily pre-treated patients
achieving 28% stable disease in this populatiohnbwbjective responses were noted in
a Phase Il setting tested against various solidplasms [40, 41]. We now know
PD184352 also blocks ERKS5 activation and it isclear, as it was not considered, if the
given dose was high enough to block ERKS activaitiothese studies.

In this paper, we have discovered a close associdietween ERK5 expression and
adverse clinical parameters in human prostate cafdes finding of strong nuclear
ERKS staining and its strong correlation with l&sgurable disease survival, and
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androgen independent disease, opens up another iftelthe elucidation of our
understanding of the role of the MEK5/ERKS pathwayrostate cancer. Further studies
are required to clarify the mechanism and conserpgeaf ERK5 nuclear localisation. Of
clinical importance, ERK5 nuclear staining has heeen shown to be an independent
marker of prognosis in prostate cancer, and mayepuseful as a stratification tool to
identify a more aggressive/ metastatic phenotype.
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