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Abstract Mitogen-activated protein (MAP) kinases aréhat did not express MKP-1 protein than in those that
key elements of the signalling systems needed to tradisk. These results are consistent with our previous dem-
duce different extracellular messages into cellular mnastration of preferential inhibition of the apoptosis-re-
sponses. At least three parallel MAP kinase pathwdgted kinases by MKP-1 and further support the conten-
have been identified: one, stimulated by serum atdn that MKP-1, even in PIN, may shift the balance ex-
growth factors to activate extracellular signal-regulatégting between cell proliferation and death. When ex-
protein kinases (ERKs) by dual tyrosine and threonipeessed, it may inhibiting those pathways that lead to ap-
phosphorylation, triggers cell proliferation or differentiasptosis.
tion; the other two, induced by a variety of cellular
stresses to activate c-jun N-terminal kinases (JNKs) ekely words Prostate - Mitogen-activated protein kinases -
reactivating kinase (p38/RK), result in growth arrest agoptosis
induction of apoptosis. Mitogen-activated protein kinase
phosphatases (MKPs) inactivate MAP kinases through
dephosphorylation and, thus, can modulate the MAP kitroduction
nase pathways. Expression of JNK-1, ERK-1, p38/RK
and MKP-1 proteins was investigated by immunohistbitogen-activated protein (MAP) kinases are a family of
chemistry and expression of MKP-1 mRNA by in sitaerine/threonine kinases regulated by distinct extracellu-
hybridisation in 50 cases of high-grade prostatic intraef@r stimuli. They represent key elements in highly con-
thelial neoplasia (PIN), thought to represent the precserved signalling pathways used by eukaryotic cells to
sor of prostate cancer. The frequency of apoptotic celansduce different extracellular messages into such di-
was also determined in these cases. Overexpressionepe cellular responses as cell growth or cell death (ap-
the three MAP kinases and MKP-1 mRNA was found optosis) [47]. Three MAP kinase groups have been ex-
all cases of high-grade PIN compared with normal prdensively investigated in humans: extracellular signal-
tate. Immunoreactivity for MKP-1 protein was found toegulated protein kinases or ERKSs, c-jun N-terminal kin-
be as intense as in normal glands in 30% and weakeases/stress-activated protein kinases or JNKs/SAPKs,
56% of the PIN cases. Fourteen per cent of PIN casesatid re-activating kinase or p38/RK [8, 17, 21]. There is
not stain with MKP-1 antibody. The proportion of apopsubstantial evidence indicating that activation of ERKs is
tosis was significantly higheP(< 0.008) in PIN lesions a key event in cell signalling vias and plays a central
part in the induction of cell growth [23, 30, 31].
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tion of ERKs [11, 13, 41]. The pathway stimulated b§ystems, Tucson, Ariz.) [29]. Paraffin sections were deparaffinised

i i rehydrated. Endogenous peroxidase activity was quenched by
serum and growth factors to activate ERKs triggers C%'(‘:?Jbating sections in 0.6%,8, in methanol for 15 min. To un-

proliferation (with transient activation of ERKs) or dlf'mas,k antigens, slides were heated inside a pressure cooker, in a

ferentiation (with sustained activation of ERKS) [9]. Anmicrowave oven at 700 W for 30 min in 0.01 M citrate buffer,
other pathway, induced by a variety of cellular stresset96.0 (Biogenex, San Ramon, Calif.). Positive controls (peripher-
activate INKS/SAPKs, leads to the activation of c-j B 802 080 10 TP SRR were rum Simultaneously
and results in growth ar_res_,t and St'mu!at'on of apopto negative control, a mouse monoclonal antibody (MOPC-Zl’j
[6, 20, 43, 49]. By a similar mechanism, extracellulabt directed against any known human epitope was used [40].
stimuli such as UV light, osmotic shock, TNF-or IL-1 Sections were incubated with polyclonal antibodies against
activate the p38/RK-related pathway [18]. p38/RK is théKP-1 (dilution 1:50), ERK (dilution 1:20), JNK-1 (dilution
target of a series of anti-inflammatory agents term @0) and p38/RK (dilution 1:100) (Santa Cruz Biotechnology,

CSAID Ki . i_infl d anta Cruz, Calif.). The immune reaction was revealed by the in-
(cytokine-suppressing anti-inflammatory drugs}yment utilising the avidin-biotin complex (ABC) method with

that inhibit inflammatory cytokine secretion [26], andiaminobenzidine (DAB) as the chromogen, with standardised de-
also of mediators of apoptosis [49]. Since a signal canve®pment times.

i ianFor in situ hybridisation (ISH), jug of the recombinant Blue-
transmitted down parallel tracks, these phosphorylation! t-SK plasmid (Stratagene. La Jolla, Calif.) containing a 200

Cascade.s are ac_tlvated to different _extents, dep_endln_ngﬂﬁ pair rat MKP-1 insert (encompassing the catalytic domain;
the partlcular stimulus and the various other signalliRgmology to human: 97%) [32] was linearised by Sall and EcoRlI
components involved. and transcribed using T3 and T7 RNA polymerase in a mixture of

MAP kinases are regu]ated by reversible phosphoryﬁP, CTP and GTP, as well as UTP and digoxigenin-UTP (6.5 and

: : : - -3 5 mM respectively) (Boerhinger Mannheim, Indianapolis, Ind.),
tion on tyrosine and threonine residues. Dual—specmcﬁf eneratepsense gr),cf amisenge RNAs, respectively [5)9]. :

phosphatases, such as MKP-1, are proteins that dephO%n situ hybridisation with digoxigenin-labelled riboprobes was
phorylate both phosphotyrosine and phosphothreonj@gformed on an automated instrument (Gen I, Ventana Medical
residues. MKP-1, an immediate early gene whose é&ystems, Tucson, Ariz.) in which duration and temperature of all
pression is induced both by growth factors [7, 38, L%Jieesteps were standardised, as previously described [28, 29].

23 fly, sections were digested with proteinase K for 8 min at
and by stress [22, 27, 46], is either expressed or overgxt 'The highest stringency of post-hybridisation washes was

pressed in a variety of tissues and lesions [28]. In pr@g°C in 0.1xSSC for 15 min each. Alkaline phosphatase-conjugat-
tate cancer, it has been shown that MKP-1 can differed-anti-digoxigenin antibody (1:1000) was applied for 28 min at
tially regulate the interaction or cross-talk between t%@c. Detection was accomplished with nitro blue tetrazolium/5-

- . mo 4-chloro 3-indolyl phosphate (NBT/BCIP) as a substrate
MAP kinase pathways and might be a key control po f8 min. Hybridisation controls were performed pretreating tis-

of their relative activities [29]. In particular, it has beegue sections with RNAse A for 1 h at 37°C and utilising sense
suggested that the selective inhibition of the stress-abtikP-1 probe. Preservation of the RNA was evaluated by hybrid-

vated cascades by MKP-1 may be essential for mitogeiiieg the sections with a riboprobe for G3PDH.

; ; : . -The number of apoptotic cells per thousand (%) was deter-
signals to induce a productive response [16, 28]. The ined by counting, on each gland with high-grade PIN, the cell

of the present study was to examine the expressiongghified on the H&E section as apoptotic. A minimum of 2000
MAP kinases and MKP-1 in high-grade prostatic intraells were evaluated for each case. Bonferroni/Dunn's multiple
epithelial neoplasia, i.e., the direct precursor of prostagnparison procedure was used to analyse the statistical signifi-

cancer [4, 5, 33], and to correlate their expression to face of the data. According to this method, comparisons are not
» ’ . . sighificant unless the corresponding P-value is less than 0.017.
frequency of apoptosis in these lesions.

Materials and methods Results

Fifty cases of formalin-fixed paraffin-embedded tissue blockpne immunostaining of normal prostate from patients

were selected on the basis of the presence of high-grade PIN f : :
radical prostatectomy cases from the files of the Beth Israel-Dea- bladder cancer was equivalent to that seen in the

coness Medical Center, West Campus, Harvard Medical SchBbpstatectomy specimens. Immune reactivity for JNK-1
and the Institute of Pathological Anatomy and Histopathology ahtibody was present in the cytoplasm of both secretory
the University of Ancona. Patients did not receive any hormon@al) and basal (+) cells; nuclear staining was seen in ap-

treatment prior to surgery. Serial sectiongud thick were cut i 0 i
from each block and mounted on positively charged Super Fr! gPXImater 60% of the secretory cells (Fig. 1a). The

Plus slides (Fisher Scientific, Santa Clarita, Calif.). One sectigﬁ)lymorphonuc'ear Ieu"ocytes 'mmunoreaCt_ed with

was stained with haematoxylin and eosin (H&E), and examined B){K-1 antibody. ERK-1 protein was expressed in the cy-
light microscopy to confirm the presence of prostatic intraepithetoplasm of both secretory (+) and basal (+) cells; nuclear
al neoplasia (PIN) on the block. The same section was used{gining was observed in 5% of the basal cells; endothe-

count the number of apoptotic cells by light microscopy, utilizin - .
established criteria [35]. Criteria for diagnosing PIN have alrea | cells and some lymphocytes immunoreacted with the

been described elsewhere[14]. ‘PIN’ is used here as a synonymH&K-1 antibody (Fig. 1b). Cytoplasmic immunostaining
high-grade PIN. In addition, foci of normal prostate and prostafior p38/RK protein was present in the basal (+) cells; in

adenocarcinoma in the slides containing PIN were studied. TB0o5 of the cases examined, some degree (10% of the

cases of normal prostate from patients with bladder cancer w. . : :
included as controls. E&ls) of nuclear staining was seen in the same cells with

Immunohistochemistry was carried out in an automated Vel®38/RK antibody (Fig. 1c). Fibromuscular tissue around
ana 320/ES immunohistochemistry instrument, (Ventana Medithe glands and the polymorphonuclear leukocytes also



Fig. 1 Expression oa JNK-1, |
b ERK-1,c p38/RK andd
MKP-1 proteins in normal it
prostatic glands. Original mag-
nification x 200

Fig. 2 Expression o& MKP-1,
b JNK-1,c ERK-1 andd
p38/RK proteins on serial sec-
tions of a high-grade prostatic
intraepithelial neoplasia (PIN)
case. Weak intensity of staining  2a
for MKP-1 protein is shown in
a: note the condensation of the
staining beneath the apical por-
tion of the cell membrane.
Original magnification x 20:

reacted with this antibody. Secretory cells showed iodr group [29]. This finding suggests a regulation of the

tense cytoplasmic expression (++) of MKP-1 proteitranscriptional/translational processes, allowing the ac-
nuclear staining was occasionally present; basal cellsnulation of proteins along with undetectable levels of

staining was variable (£) (Fig. 1d). MKP-1 mRNA wathe corresponding mRNA.

expressed only in the cytoplasm of basal (+) cells (Tableln high-grade prostatic intraepithelial neoplasia JNK-1,

1). MKP-1 protein positivity against the negativity foERK-1, and p38/RK proteins were found to be uniformly

the corresponding mRNA has been reported before ibiense (++), when compared to normal tissue, in the cyto-
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Table 1 Expression of mitogen-activated protein kinases, MKPifig or weak staining referred ®IN, ++ intense or increased in-
protein and mRNA in normal prostate, high-grade (MAP) prostatiensity of staining compared with normal tissue, * variable stain-
intraepithelial neoplasia P(N) and prostatic adenocarcinomang, — negative

(AdenoCA. Cytoplasmic staining intensity (+ normal tissue stair:-

JNK-1 ERK-1 p38/RK MKP-1 MKP-1
protein mRNA
Normal Secretory + Secretory + Secretory Secretory ++ Secretory
prostate Basal + Basal + Basal + Basal + Basal +
PIN ++ ++ ++ ++ 30%
+ 5694 ++
- 14%3
AdenoCA ++ 80% ++ 809%% ++ 809 ++ 509%¢ ++ 909%%
+ 209 + 209 + 2093 + 4093 - 1094
- 109%¢

a Percentage of cases staining with different intensity; where the percentage is not shown this means that all cases were uniformly
stained

Fig. 3 aln situ expression of
MKP-1 mRNA showing strong
hybridisation signal in a high-
grade PINb displaying intense
cytoplasmic expression of
MKP-1 protein. Original mag-
nification x 40(:

Table 2 Frequency of apoptosis in high-grade PIN in relation to The frequency of apoptotic cells (count per thousand
intensity of Staining (;0(; MKP-1 protein (++ intense, + weakgg|| or %) increased from PIN cases showing intense im-
~ negative SDstandard deviatior:) mune reactivity for MKP-1 protein (5.1 + 3.4 SD %o) to

MKP-1 protein Apoptosis cases with weak negative for the protein (12.1 + 5.0 SD

(intensity of staining) (frequency, %o) %0). The difference between high-grade PIN MKP-1 in-
tensity (9.2 £ 3.5 SD %o), to high-grade PIN with intense

o g%fgg SB MKP-1 immunoreactivity and negative forms was found

- 12.145.0 SD to be statistically significantP( < 0.008 by Bonfer-
roni/Dunn’s multiple comparison procedure; Table 2).

In prostatic adenocarcinoma surrounding PIN lesions
JNK-1, ERK-1, and p38/RK protein expression was in-
plasm of cells in all high-grade PIN lesions examingense (++) in 80% of the adenocarcinomas and weak (+)
(Fig. 2). Occasional nuclear staining was detected with thehe remaining 20% (Table 1). The immunostaining for
same antibodies. When the immunoreactivity for th&KP-1 protein in prostate adenocarcinomas was intense
MKP-1 protein was compared with hormal tissue as intér+) in 50%, weak (+) in 40% and negative (=) in 10%
nal positive control, the intensity of staining identifiedf the cases (Table 1). There was co-expression of MKP-
three different groups of high-grade PIN lesions. The ihprotein and mRNA in any of tumours evaluated, as pre-
tensity was weak (+) in 56% € 28) of high-grade PIN viously described [29] (Table 1).
lesions: in all these cases, a condensation of the staining
beneath the apical portion of the cell membrane was ob-
served (Fig. 2). Thirty percent € 15) of high-grade PIN Discussion
cases showed intense (++) immunoreactivity for MKP-1
protein when compared to normal prostate (Fig. 3), wheRrostatic carcinoma is the most common cancer in men
as 14% 1 = 7) of PIN cases were negative (-) (Fig. 4). im the United States, and its incidence is increasing [12,
contrast, the cytoplasm of all the epithelial cells of higB9]. Although currently very little is known about the
grade PIN lesions consistently showed strong hybridisationlecular mechanisms involved in the early phases of
signal (++) for MKP-1 mRNA (Figs. 3, and 4, Table 1). prostate cancer development, it is well accepted that
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[5]. The MAP kinase pathways (extracellular signal-reg-
ulated protein kinases, c-jun N-terminal kinases/stress-
activated protein kinases and re-activating kinases) re-
present a mechanism of signal transduction that, in part,
affects the regulation of cell growth and cell death [11].
Which response prevails (to grow or to induce apoptosis)
would depend, at least in part, on quantitative issues such
as the nature of the stimulus, the density of receptors in
the stimulatory and inhibitory pathways, and the intensi-
ty and duration of each kind of signal [13, 23, 37]. MAP
kinases are activated by phosphorylation on tyrosine and
threonine residues and inactivated by dual de-phosphory-
lation. In fact, MKP-1, a dual-specificity phosphatase,
also inactivates ERKs [45], JNKs [16, 27] and p38/RK
as well [2, 8, 16, 49]. Selective inhibition of the stress-
activated cascade, however, is essential for mitogenic
signals to induce a productive response.

Since all three parallel MAP kinase pathways are con-
sistently activated in PIN, and MKP-1 expression is in-
duced by the same signals that stimulate ERK and JNK
activity [2, 3, 44], our results suggest that MKP-1 may
differentially regulate the interaction écross-talk be-
tween the MAP kinase pathways [16]. MKP-1 might be
a key control point of the relative activities of these en-
zymes with similar biochemical functions, yet profound-
ly different physiological end-points. Previously we
found that overexpression of both MKP-1 mRNA and
protein occurs in breast, bladder, colon and prostate can-
cers, concomitantly with the expression of MAP kinases,
such as ERK-1, ERK-2 and JNK-1. In addition, in pros-
Fig. 4 aln situ expression of MKP-1 mRNA showing strong hytate cancer, ‘?NK-l, but not ERK-1, enzymatic activity
bridisation signal in a high-grade PINdisplaying no immunore- S€ems to be inversely related to MKP-1 levels [28, 29].
activity for MKP-1 protein. Original magnification x 270 These findings further support the hypothesis that MKP-

1, even though it regulates ERKs via a short negative

feedback loop [45], may preferentially dephosphorylate
high-grade prostatic intraepithelial neoplasia represeatsd thus inactivate JNKs in human tumours [1, 15, 16,
the direct precursor of prostate cancer [4, 10]. In contra$ 27, 48]. In particular, because simultaneous activa-
to hyperplastic epithelium, this premalignant lesion i®n of proliferative and apoptotic pathways results in
genotypically and phenotypically similar to cancer [Bonflicting signal to the cell, selective inhibition of apo-
10, 14, 36]. ptotic signals, possibly by MKP-1, appeared to be essen-

The growth regulation of stem cells and of their progial for mitogenic signals to induce a productive re-
eny and the homeostatic control between proliferatisponse.
and nonproliferative behaviour are disrupted in PIN, The frequency of apoptotic cells was found to be in-
leading to the expansion of the cell proliferating consreased from high-grade PIN cases showing intense im-
partment and to a decrease in extent of the differentiatednoreactivity for MKP-1 protein to cases with weak
compartment. This was shown by Montironi et al. [3BJKP-1 intensity. In fact, the highest number of apoptotic
34] in studies in which the frequency and location oflls was detected in high-grade PIN negative for the
proliferation markers and of apoptotic bodies were angrotein. The difference between cases with intense im-
ysed. In particular, the frequency of proliferating cellmunoreactivity for MKP-1 antibody and negative ones
and of apoptotic bodies (ABs) was found to increasgs found to be statistically significant. The inverse cor-
from normal prostate through PIN to adenocarcinonralation between MKP-1 protein expression and the
However, the AB-related values were approximatehwumber of apoptotic cells supports the hypothesis of
one-eighth to one-tenth of those obtained with prolifenareferential inhibition by MKP-1 of the JNK pathway
tion markers. leading to apoptosis in PIN lesion, as previously suggest-

The disrupted balance between cell proliferation aed [19, 29].
death observed in prostate oncogenesis probably derive$he findings that ERK-1, JNK-1 kinases and MKP-1
from the accumulation of genetic changes modifying the@RNA are overexpressed in PIN compared with normal
expression or function of specific genes controlling cedtostate are in agreement with the results of a previous
proliferation, differentiation, and programmed cell deasitudy on epithelial carcinogenesis [28, 29]. It can be
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speculated that MKP-1 may have a key role in the hoB- Chu Y, Solski PA, Khosravi-Far R, Der CJ, Kelly K (1996)

mone- and/or growth factor-mediated proliferative re- I/Ihlfp Enitoggwﬁ%ivzaﬁ]ed protein kigatset phOSp.?a.tt"?‘se PdACl’
. . . -1, an -2 have unique substrate specificities and re-
sponse in PIN, and progression from preneoplastic toduced activity in vivo towards the ERK2 sevenmaker muta-

neoplastic lesion may be promoted by the continued en-tion. J Biol Chem 271:6497—6501
hancement of the growth factor/MAP kinase pathways. 9. Cowley S, Paterson H, Kemp P, Marshall C (1994) Activation
Results supporting these findings were obtained in an of MAP kinase kinase is necessary and sufficient for PC12 dif-

experimental study conducted in Noble rats. Prostatic ;e;%r}'la_tg’g‘z and for transformation of NIH3T3 cells. Cell

dysplasia, which is morphologically similar to humamg. pavidson D, Bostwick DG, Qian J, Wallan PC, Oesterling JE,
prostatic intraepithelial neoplasia, and carcinoma were Rudders RA, Siroky M, Stilmant M (1995) Prostatic intraepi-
induced with testosterone and oestradids-1ieatment thelial neoplasia is a risk factor for adenocarcinoma: predictive

i i accuracy in needle biopsies. J Urol 154:1295-1299
Eéﬂ?ldggzoﬁfgﬂ ‘xgrsetast?rgﬁg)]l' 'Zi I?egggzjagnlljni\lﬁ goﬁ. Davis RJ (1995) Transcriptional regulation by MAP kinases.
: _ ngly exp Y N AYS- o] Reprod Dev 42:459-467
plastic/PIN lesions. Those findings suggested that daal Demers RY, Swanson GM, Weiss LK, Kau TY (1994) Increas-
hormone treatment induces changes in the signal transing incidence of cancer of the prostate. The experience of
duction pathways, which favour the protracted mitogenic black and white men in the Detroit metropolitan area. Arch In-
. L . . . tern Med 154:1211-1216
action of MAP I.(mases' In partICUIa.r’ ERK-1 Induptlori . Denhardt DT (1996) Signal-transducing protein phosphoryla-
of cell proliferation and the concomitant suppression of tion cascades mediated by Ras/Rho proteins in the mammalian
apoptosis via inactivation of the JNK pathway by MKP-1 cell: the potential for multiplex signalling. Biochem J
may function co-operatively in the early phases of eXp‘iE 3Elp%t7ezir?37?1995) Prostate biopsy interpretation. (Biopsy inter
: ; : . iopsy i ion. (Biopsy i -
imental prOSt?‘te carcinogenesis [16].' . s pretation Series) Lippincott-Raven, Philadelphia
In conclusion, the data obtained in this study indicaf§ Frankiin CC, Kraft AS (1995) Constitutively active MAP ki-
that MAP kinase proteins are up-regulated in the early nase kinase (MEK1) stimulates SAP kinase and c-jun tran-
phases of prostatic carcinogenesis. Further, preferentialscriptional activity in U937 human leukemic cells. Oncogene
inhibition of the “apoptotic kinases” JNK-1 and p38/R|§8 11:2365-2374

. Franklin CC, Kraft AS (1997) Conditional expression of the
by MKP-1 has been previously demonstrated [16, 19, Mitogen-activated Protein Kinase (MAPK) Phosphatase MKP-

49]. Here we showed an inverse correlation betweeni preferentially inhibits p38 MAPK and Stress-activated Pro-
MKP-1 expression and percent apoptosis in PIN. MKP-1 tein Kinase in U937 cells. J Biol Chem 272: 16917-16923
may thus shift the balance existing between cell proliférl- Gould GW, Cuenda A, Thomson FJ, Cohen P (1995) The acti-

. . e il . vation of distinct mitogen-activated protein kinase cascades is
ation and death by preferentially inhibiting intracellular ¢ ired for the stimulation of 2-deoxyglucose uptake by in-

regulators leading to programmed cell death. terleukin-1 and insulin-like growth factor-1 in KB cells. Bio-
chem J 311:735-738
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