





ACTIVATION OF MAP KINASE IN PROSTATE CANCER
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Fig. 1. Activation of MAP kinase in prostate tumors. Tissue sections were immunohistochemically stained for phospho-MAP kinase using an affinity purified antibody specific for
the dually phosphorylated form of MAP kinase using diaminobenzidine as a chrombg®mn(staining). Sections were counterstained with hematoxydlne( staining).A,
nonneoplastic prostat®-D, prostate tumors with high levels of MAP kinase activation from three individual patients. Original magnificado0,

we have repeated measures for these patients) suggest that eleyatiedphorylated MAP kinases, ERK1 and ERK2. High levels of acti-
MAP kinase signaling in tumor cells may be selected for duringated MAP kinase were observed in high-grade and advanced-stage
androgen ablation therapy. One patient presented with urinary abmors, suggesting elevated Ras signaling in advanced prostate tu-
struction due to stage Il adenocarcinoma of the prostate (Gleasnors. Although no studies to date have examined the relationship
score, 10). Staining of the TURP done at this time showed no stainibgtween the level of MAP kinase activation and Gleason score or
for activated MAP kinase. Eleven months later, the patient underwadior stage, previous studies have reported elevated expression of
bilateral orchiectomy, and 7 months following orchiectomy, the paikP-1, ERK1, JNK, and p38 in pre-invasive and invasive prostate
tient again presented with urinary obstruction. Analysis of this postancer (9, 14, 15). However, protein expression is not equivalent to
androgen ablation TURP showed high levels of activated MAP Kbrotein activity. For instance, analysis efbB-2 activity in breast
nase. The second patient had an orchiectomy after metastatic dep@siifors using phospho-specific antibodies suggests variability in
were found in his retroperitoneal lymph node dissection. There was 8@B-2 activation relative to protein expression levels (16). The above
activated MAP kinase detected in this lymph node metastasis. Thifudies assessing the expression of MKP-1, ERK1, JNK, and p38 in
teen years later, the patient underwent a TURP to relieve a uringipstate tumors also examined the activation of ERK1 and JNK in a

obstruction. As with the first patient, this patient's post-androgeflpset of tumors using immune-complex kinase assays of tissue

the data from these patients suggest that activation of the MAP kingsgors examined, whereas JNK activity inversely correlated with
signal transduction pathway and the development of androgen-inggkp-1 expression. However, analysis of protein activity using tissue
pendent prostate cancer may be related. homogenates is complicated by the presence of nonneoplastic tissue.
Discussion Furthermore, our observation of activated MAP kinase in nonneoplas-

tic prostate tissue underscores the difficulty in interpreting studies
We examined 82 primary and metastatic prostate tumor specimeising tissue homogenates.

for the presence of activated MAP kinase as a measure of RadVe have used the emerging technology of activation state-specific
signaling using an antibody that specifically recognizes the duakintibodies to directly examine activation of the MAP kinase signaling
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Pl - i
Fig. 2. Specificity of staining for activated MAP kinase in a prostate tumor. Serial sections of the same neoplasm werdsam€dphospho-MAP kinase stainin@ andD,
total MAP kinase stainingA andB, area of tumor with no activated MAP kinase in neoplastic c@lsF, area of tumor with elevated activated MAP kinaBeanti-phospho-MAP

kinase antibody preincubated with dually phosphorylated immunizing pepfidenti-phospho-MAP kinase antibody preincubated with nonphosphorylated peptide. Original
magnification,<400.

pathway in prostate cancer. The activation state of ERK1 and ERKZroad range of glial tumors (astrocytic tumors, glioblastomas, and
was assessed at the cellular level by using an antibody that specificaligodendrogliomas) (17). Notably, oligodendrogliomas showed an
recognizes dually phosphorylated ERK1 and ERK2. A similar ajncrease in MAP kinase activation with malignant progression.

proach was recently used to demonstrate activation of MAP kinase irPrevious studies have demonstrated a role for MAP kinase activa-
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tion in cell proliferation (18). The data reported here show elevated Table 2 Relationship between phospho-MAP kinase staining and clinical 3tage
levels of active MAP kinase in high-grade and advanced stage pros- Phospho-MAP kinase stainifig
tate tumors. These observations, combined with previous reports

demonstrating increased expression of cell proliferation markers-as Stage n 0 Low (<10%) High (>10%)
prostate cancer progresses to a more advanced and androgen-indepen-::I 12? ?? 1? i

dent disease, suggest that activation of MAP kinase in prostate cancer v 15 2 3 10

is linked to cell proliferation (5). &P = 0.017 by rank test for trend of increasing activated MAP kinase with increasing

i i i i mor stage.
Althoth the role of MAP kinase in cell prollferatlon has beeﬁu b Scored as a percentage of tumor cell nuclei staining positive for phospho-MAP

established in the literature, our data suggest that elevated M&gRise.
kinase activation may also be important in the acquisition of andro-

gen-independent prostate cancer growth. Analysis of two patients’

tumor samples showed no activation of MAP kinase before andmgenAdditional studies by Nazareth and Weigle (22) demonstrated that

ablation therapy and high levels of activated MAP kinase foIIowmﬁ“Cai AR can be activated by a protein kinase A activator in the absence

gndrogen ablation treatment, suggesting that MAP kinase is aCtlvao? androgen (22). This activation can be blocked by a protein kinase
in hormone refractory tumors.

. . A inhibitor peptide and the AR antagonists casodex and flutamide,
Other studies have suggested that growth factor receptor s'gna[ﬁqgicating that the activation effect was due to PKA and dependent on

may play a role n the deve_lopment of androge.n-lndepe.nde.nt p_rostg . More recently it has been demonstrated that neuropeptides, which
cancer, supporting a possible role for MAP kinase activation in the

development of androgen refractory prostate tumors. Voeliel. activate PKA, sensitize prostate cancer cells to signaling by peptide

(19) showed that activation of Ras is sufficient to induce androge%r-owth factors, such as EGF (6)' .
.Thus, we propose that during prostate cancer progression and

independent growth of prostate cancer cells; expression of an agli-, ~ ' LoDy there may be a microenvironment in which
vated v-Ra¥ in the androgen-responsive LNCaP prostate cancer ceﬂ g Py, Y

line enabled growth in the absence of androgen (19). This suggeos? tide growth .factors and neurgpeptldes actlvatg signal transduction
o . ; - : ways that influence AR activity and help drive prostate cancer
that activation of Ras signaling can facilitate the progression P

.~ cells to an androgen-independent state. Our observation of elevated
prostate cancer from an androgen-dependent to an androgen—lndepeen—

. . vels of activated MAP kinase in advanced prostate tumors begins to
dent state. Because Ras mutations are uncommon in prostate tumo

o . . Sddress the mechanism of androgen-independent growth of prostate
we propose that the transition from paracrine to autocrine loops 0 ) ) .

- . . . tumors cells and suggests potential targets for blocking or reversing
growth factor production and signaling during prostate cancer pro-

) : ST ; .progression to androgen independence.
gression results in the chronic stimulation of the Ras pathway whlgﬁ 9 g P
helps drive prostate cancer cells to an gndrogen-lndgpendgnt .Stﬂ&nowledgments
Our observation of elevated levels of activated MAP kinase in high-
grade and advanced-stage prostate tumors is consistent with chronl@e thank Dr. Scott R. VandenBerg for use of laboratory space and reagents,
Ras signaling. Drs. Debra K. McMahon and Michael E. Cox for critical review of the

Previous studies examining the influence of growth factor signalirig@nuscript, and members of the Weber laboratory for helpful discussions.
on AR activity have provided clues as to how continual stimulation (I)__E
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