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Phosphorylation of Histone H3 at Threonine 11 -
A novel Epigenetic Mark for Transcriptional Regulation

The present invention relates to a process for controlling androgen receptor-
regulated mechanisms in mammalian cells under histone H3 at threonine 11-
(H3T11-) phosphorylating conditions. Furthermore, the invention relates to a
use of inhibitors having specificity for at least one protein kinase C-related
kinase (PRK) for controlling androgen receptor-regulated mechanisms in mam-

malian cells.

Posttranslational modifications of histones such as methylation, acetylation and
phoshorylation regulate chromatin structure and gene expression !, Threonine
and serine residues are phosphorylated by specific kinases that stay under the
control of signalling pathways. A phosphorylation of histone H3 at threonine 11
(H3T11) has not been linked to transcriptional regulation. The protein kinase C-
related kinase 1 (PRK1) 2 has been shown to phosphorylate H3T11 upon
ligand-dependent recruitment to androgen receptor (AR) target genes. H3T11
phosphorylation is an early event that precedes demethylation of mono-, di-,
and trimethyl histone H3 at lysine 9 by JMJD2C and lysine specific demethylase
1 (LSD1). PRK1 is pivotal to AR function, since PRK1 knockdown by RNAI or
PRK1 inhibition by treatment with Ro318220 impedes AR-dependent gene ex-
pression. Blocking PRK1 function abrogates androgen-induced phosphorylation
of H3T11, but also blocks, in consequence, demethylation of mono-, di-, and
trimethyl H3K9 as well as acetylation of histone H3 at lysines 9 and 14 (H3K9
and H3K14). Moreover, the presence of serine 5-phosphorylated RNA polymer-
rase Il is no longer observed at AR target promoters. Thus, phosphorylation of
H3T11 by PRK1 establishes a novel epigenetic imaik for transcriptional activa-
tion, identifying PRK1 as a gatekeeper of AR-regulated gene expression. This
pathway is of utmost importance since knockdown of PRK1 in prostate cancer

cells inhibits androgen-induced transcriptional activation and tumor cell prolif-
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eration. Thus, our data suggest that specific gene regulation requires the as-
sembly and coordinate action of kinases and demethylases. Furthermore, regu-
lation of PRK1 activity alone or in combination with LSD1 and JMJD2C might be
a promising therapeutic strategy to control AR activity in prostate cancer. Impor-
tantly, high PRK1 levels positively correlate with high Gleason scores of pros-
tate carcinomas, allowing the present invention to be used in scoring prostate

carcinomas.

The N-terminal tails of histones are subject to a plethora of posttranslational
modifications such as acetylation, phosphorylation, and methylation by specific

' During gene expression, these modifications

chromatin-modifying enzymes
influence chromatin structure to facilitate the assembly of the RNA polymerase
Il transcription machinery 3. Androgen receptor (AR)-dependent gene expres-
sion is characterized by epigenetic changes such as removal of repressive
methyl marks from lysine 9 of histone H3 (H3K9) * ® and acetylation of lysines 9
and 14 of histone H3 (H3K9/K14) &. However, little is known about the upstream
regulators that govern these epigenetic modifications. Since protein kinase C-
related kinase 1 (PRK1) controls AR-dependent gene expression 2, we asked

whether PRK1 signalling regulates epigenetic events at AR target genes.

Hence, it was an object of the present invention to identify further modulators of
the AR-regulated gene expression and/or androgen-induced cell proliferation,

particularly in mammalian cells.

Moreover, it was an object of the present invention to provide further modulators
of histone modification, in particular of histone phosphorylation, methylation and

acetylation.

Another object of the invention was to provide processes for controlling at least
one androgen receptor-regulated mechanism in mammalian cells and for con-
trolling the transcriptional AR activation induced by different routes.
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A further object of the invention was to provide a new process for the prevention

and/or treatment of prostate cancer.

Another object of the invention was to provide for the use of one or more than
one inhibitor for the medicament manufacture, particularly for manufacturing a

medicament for preventing and/or treating cancer, particularly prostate cancer.

Furthermore, it was an object of the invention to provide a means for scoring

prostate cancers, particularly an assay system.

Finally, it was an object of the invention to provide an assay system for inhibi-
tors having specificity for at least one PRK capable of blocking AR-induced

prostate carcinoma cell proliferation.

The present invention relates to a process for controlling at least one androgen
receptor- (AR-) regulated mechaniém in mammalian cells under histone H3 at
threonine 11- (H3T11-) phosphorylating conditions, said process comprising
allowing at least one inhibitor with specificity for at least one protein kinase C-
related kinase (PRK) to act on said at least one PRK, thereby modulating, pref-
erably down-regulating, the activity of said at least one PRK and optionally
blocking said at least one androgen receptor-regulated mechanism in said

mammalian cells.

Preferred embodiments of the invention are claimed in the dependent claims 2
to 5.

iates 1o tne use of at ieast one inhibitor with specificity for
at least one protein kinase C-related kinase (PRK) for the manufacture of a me-
dicament for controlling at least one androgen receptor- (AR-) regulated

mechanism in mammalian cells.
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Preferred embodiments of such use are claimed in claims 7 to 9.

The invention also relates to a process for controlling the androgen dependent
gene expression induced by a phosphorylation of histone H3 at threonine 11
(H3T11) in the presence of at least one protein kinase C-related kinase (PRK),
said process comprising allowing at least one inhibitor with specificity for at
least one protein kinase C-related kinase (PRK) to act on said at least one PRK,
thereby modulating, preferably down-regulating, the activity of said at least one
PRK and optionally blocking said androgen dependent gene expression; and/or
to a process for controlling the androgen dependent gene expression induced
by a demethylation of histone H3 at lysine 9 (H3K9) in the presence of at least
one protein kinase C-related kinase (PRK), said process comprising allowing at
least one inhibitor with specificity for at least one protein kinase C-related
kinase (PRK) to act on said at least one PRK, thereby modulating, preferably
down-regulating, the activity of said at least one PRK and optionally blocking
said androgen dependent gene expression; and/or to a process for controlling
the androgen dependent gene expression induced by an acetylation of histone
H3 at lysine 9 (H3K9) and/or histone H3 at lysine 14 (H3K14) in the presence of
at least one protein kinase C-related kinase (PRK), said process comprising
allowing at least one inhibitor with specificity for at least one protein kinase C-
related kinase (PRK) to act on said at least one PRK, thereby modulating, pref-
erably down-regulating, the activity of said at least one PRK and optionally
blocking said androgen dependent gene expression; and/or to a process for
controlling the androgen dependent gene expression induced by a transition
from the pre-initiation to the initiation complex which is characterized by a phos-
phorylation of RNA polymerase Il at serine 5 in the C-terminal repeat domain
(S5-pCDTpol 1l) in the presence of at least one protein kinase C-related kinase
(PRK), said process comprising allowing at least one inhibitor with specificity for
at least one protein kinase C-related kinase (PRK) to act on said at least one
PRK, thereby modulating, preferably down-regulating, the activity of said at
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least one PRK and optionally blocking said androgen dependent gene expres-

sion.

Preferred embodiments of said processes are claimed in the dependent claims
14 to 18.

Additionally, the invention relates to a use of at least inhibitor with specificity for
at least one protein kinase C-related kinase (PRK) for the manufacture of a me-
dicament for controlling the androgen dependent gene expression induced by a
phosphorylation of histone H3 at threonine 11 (H3T11) in the presence of at
least one protein kinase C-related kinase (PRK); and/or to a use of at least in-
hibitor with specificity for at least one protein kinase C-related kinase (PRK) for
the manufacture of a medicament for controlling the androgen dependent gene
expression induced by a demethylation of histone H3 at lysine 9 (H3K9) in the
presence of at least one protein kinase C-related kinase (PRK); and/or to a use
of at least one inhibitor with specificity for at least one protein kinase C-related
kinase (PRK) for the manufacture of a medicament for controlling the androgen
dependent gene expression induced by an acetylation of histone H3 at lysine 9
(H3K9) and/or histone H3 at lysine 14 (H3K14) in the presence of at least pro-
tein kinase C-related kinase (PRK); and/or to a use of at least inhibitor with
specificity for at least one protein kinase C-related kinase (PRK) for the manu-
facture of a medicament for controlling the androgen dependent gene expres-
sion induced by a transition from the pre-initiation to the initiation complex which
is characterized by a phosphorylation of RNA polymerase Il at serine 5 in the C-
terminal repeat domain (S5-pCDTpol 1l) in the presence of at least one protein
kinase C-related kinase (PRK).

Preferred uses are claimed in dependent ciaims 23 to 25.

The invention also relates to a process for the prevention and/or treatment of

prostate cancer, said process comprising administering, to a plurality of mam-
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malian cells in need thereof, including prostate cancer cells in need thereof, at.
least one inhibitor with speficicity for at least one protein kinase C-related
kinase, thereby modulating, preferably down-regulating, the phosphorylation of
histone H3 at threonine 11 (H3T11) by said at least one PRK and/or modulat-
ing, preferably down-regulating, the demethylation of histone H3 at lysine 9
(H3K9) by at least one histone demethylase, preferably by lysine specific de-
methylase (LSD1) and/or by at least one JMJD, specifically by JMJD2C, each
alone or both in combination, and/or modulating, preferably down-regulating,
the acetylation of histone H3 at lysine 9 (H3K9) and/or of histone 3 at lysine 14
(H3K14) by at least one acetylase, and/or modulating, preferably down-
regulating, the transition from the pre-initiation to the initiation complex by a
phosphorylation of RNA polymerase Il at serine 5 in the C-terminal repeat do-
main (S5-pCDTpol Il) by CDK7.

The invention relates, too, to the use of at least one inhibitor with specificity for
at least one protein kinase C-related kinase (PRK) for the manufacture of a me-

dicament for the prevention and/or treatment of prostate cancer.

The invention also relates to the use of at least one antibody with specificity for
at least one protein kinase C-related kinase (PRK) for the manufacture of a

composition capable of scoring prostate carcinomas.

In addition, the invention relates to an assay system for screening inhibitors
having specificity for at least one PRK capable of blocking AR-induced prostate
carcinoma cell proliferation, said assay system comprising at least one PRK, an
(optionally labelled) substrate [which, as the case may be, may also be a sub-
strate with an antibody suitable for a detection], a phosphate-delivering compo-
nent (as, for exampie, ATr) and suitabie auxiiiary substances as, for example

one or more buffers and one or more pH-adjusting compound(s), etc..
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Finally, the invention also relates to an assay system for scoring prostate carci-
nomas in a tissue sample, said assay system comprising a reagent for detecting
the presence of PRK1. In a preferred embodiment of the assay system, said
reagent is selected from the group consisting of an antibody against PRK1 and

PCR primers.

The invention is further in detail described by referring to the annexed Figures;
however, the Figures are intended to show exemplarily preferred embodiments
of the invention, only. Hence, the invention is not restricted neither by the sub-
sequent description of the preferred embodiments not by the reference to the

Figures nor by the Figures itself.
Figure Legends

Figure 1: PRK1 controls AR-dependent gene expression and associates with
chromatin. LNCaP cells were cultivated in the presence or absence of the AR
agonist R1881. miRNA-mediated PRK1 knockdown (a) or the PRK1 inhibitor
R0318220 (b) reduce expression of the endogenous PSA and KLK2 genes (a,
left panel, b). Western blot analysis (a, right panel) verified the specific miRNA-
mediated knockdown of PRK1. Bars repreéent mean +SD (n>4). ChIP and Re-
ChIP (c) using the indicated antibodies demonstrate androgen-dependent as-
sociation of PRK1 at promoters of AR-regulated genes. The precipitated chro-
matin was amplified by PCR using primers flanking the AREs in the promoter
region of the PSA and KLK2 genes, or the promoters of the unrelated GAPDH
and U6 genes.

Figure 2: PRK1 phosphorylates histone H3 at threonine 11 (H3T11). Bacterially
expressed GST and GST-H2 fragments (a, b) oi nucieosomes from HelLa cells
(c) were incubated for the indicated time with active PRK1 or the kinase dead
mutant PRK1 K644E in the presence or absence of the inhibitor Ro318220.
Coomassie blue staining shows the amounts of GST fusion proteins used (a
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and b, lower panels). Western blots were decorated with the indicated antibod-
ies (¢). LNCaP cells (d, e) were cultivated in the presence or absence of the AR
agonist R1881, transfected with stealth RNAI, and subjected to ChIP with the
indicated antibodies. The precipitated chromatin was amplified by PCR using
primers flanking AREs in the promoter region of the PSA and KLK2 genes.
Western blot analysis (d, right panel) verified the specific siRNA-mediated
knockdown of PRK1.

Figure 3: PRK1 controls epigenetic modifications of histone H3 and AR-
dependent gene expression. For ChiP (a, b, f, g) and transient transfections (c,
d, e), cells were cultivated in the presence or absence of the AR agonist R1881
and the inhibitor Ro318220 as indicated. LNCaP cells were transfected with
stealth RNAI (a, f). ChIP analyses were performed with the indicated antibodies.
The precipitated chromatin was amplified by PCR using primers flanking AREs
in the promoter region of the PSA and KLK2 genes. For transient transfections,
CV1 (c, e) or 293 (d) cells were co-transfected with AR expression plasmid and

AR-dependent reporters. Bars represent mean +SD (n>4).

Figure 4: PRK1 levels positively correlate with the malignancy of prostate can-
cer and control tumour cell proliferation. The correlation of high PRK1 expres-
sion with high Gleason score in a panel of 111 human prostate carcinomas is
highly significant: r=0.499, p<0.001. Normal prostate specimens (n=20) are in-
cluded as a control (a). In LNCaP cells, miRNA-mediated PRK1 knockdown
severely reduces R1881-induced cell proliferation. Bars represent mean +SD
(n>4) (b).

Supplementary Figure S1: PRK1 controls AR-dependent gene expression.
LNCaP cells were cultivated in the preseince or absence of the AR agonist
R1881. miRNA-mediated PRK1 knockdown (a) or the inhibitor Ro318220 (b)
severely reduce AR-dependent reporter activity. Bars represent mean +SD
(n>4).
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Supplementary Figure S2: In 293 cell lysates, the presence of PRK1 proteins
used for the kinase assay was verified by Western blot analysis using an a-myc

(a) or an x-flag (b) antibody.

Supplementary Figure S3: The a-phosphoH3T11 antibodies used for Western
blot analysis (a) and for ChIP assays (b) specifically recognize H3 phosphoT11.
1 pg of the indicated peptide was spotted onto nitrocellulose (Protran BA 79,
Schleicher & Schuell). The H3 1-20 peptide was obtained from Peptides & Ele-
phants. The H3 5-13 phosphoS10 and H3 5-13 phosphoT11 peptides were ob-
tained from Abcam. Western blots were decorated as indicated. Controls show

equal amounts of Ponceau red stained peptides (a, b, lower panels).

Supplementary Figure S4 AR, PRK1 K644E, JMJD2C, and LSD1 do not influ-
ence the transcriptional activity of the TK-LUC control reporter. CV1 (a, ¢) or
293 (b) cells were co-transfected with expression plasmids and the TK-LUC
reporter in the presence or absence of R1881 and Ro318220, as indicated.

Bars represent mean +SD (n>4).

The invention is further described in detail by referring to the Figures.

By the processes of the invention, at least one androgen receptor-regulated
(AR-regulated) mechanism in mammalian cells is controlled under histone-
phosphorylating conditions. Such AR-regulated mechanisms are numerous in
the mammalian body (which is the main, but not exclusive target of the present
invention, since all processes of the invention are considered as occurring ei-
ther in vivo or in vitro) and are well-known to a person skilled in the present
field. Preferred (althcugh not exclusive) embodiments of AR-regulated mecha-
nisms in mammalian cells are all physiological processes controlled by the an-
drogen receptor (AR), such as processes selected from the group consisting of
the androgen receptor-controlled gene expression and the androgen-induced
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cell proliferation and the androgen-induced function of the prostate and the an-
drogen-induced build-up of muscles and the androgen-induced build-up of the
bones, preferably the androgen-induced control of the bone density, and the
androgen-induced fertility and the androgen-induced hair growth of a mammal.

In this connection, the term “mammal” has the meaning of covering all animals
(including humans) which nourish the progeny by lactation. The invention is not
restricted to humans and includes other mammals as, for example, cattle,

horses, monkeys, dogs, cats, rabbits etc..

The term “under histone-phosphorylating conditions”, as used in the specifica-
tion and claims, means that the mammalian cells under observation are kept in
a state where modifications of histones by condensation reactions at certain
residues with phosphorus-containing residues, particularly with phosphate resi-
dues, can be carried out under biologically acceptable conditions or conditions
comparable to biological conditions and optionally in the presence of suitable
catalysing enzymes. Preferably, the phosphorylation occurs at histone H3 at
threonine 11 (H3T11).

The process of the invention for controlling at least one androgen receptor-
regulated mechanism in mammalian cells under histone-phosphorylating condi-
tions at histone H3 at threonine 11 (H3T11) comprises the step of allowing at
least one inhibitor with specificity for at least one protein kinase C-related
kinase (PRK) to act on said at least one PRK. There may be used one inhibitor,
or there may be used two or several inhibitors. The use of one inhibitor is pre-

ferred in accordance with the invention.

In a nreferred embodiment of the invention, the specificity of the inhibitor or in-
hibitors used towards the at least one protein kinase C-related kinase (PRK) is
high. In particularly preferred embodiments of the invention, the at least one
inhibitor is a highly specific PRK inhibitor and, more preferably has a specificity
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of < 100 nM. Particularly preferred embodiments of the invention relate to at
least one inhibitor or exactly one inhibitor having a specificity of, for example 10
nM.

In more preferred embodiments, said at least one inhibitor or the one inhibitor
with high specificity towards at least one PRK is selected from the group con-
sisting of RNAIs, antibodies, other peptides and dominant negative mutants of
PRKs. Most preferably, said at least one inhibitor or the one inhibitor with high
specificity towards at least one PRK is selected from the group consisting of
miRNA, siRNA, micro-RNA, shRNA, anti-PRK1 antibodies and aptamers (i. e.
small peptides attaching to the protein and inactivating it; the length of such ap-
tamers may be about 10 peptides, without restricting this term to said length),
as well as chemical compounds known to a skilled person to inhibit at least one
PRK or several PRKs.

As already mentioned above, the process of the invention for controlling at least
one AR-regulated process, in mammalian cells under histone-phosphorylating
conditions at H3T11 may be performed in vitro or in vivo. By said process, the
activity of said at least one PRK, preferably the activity of exactly one PRK, is
modulated. The term “modulation”, as used in the present description and in the
claims, means any change in the activity of the enzyme, either accelerating or
decelerating. In preferred embodiments of the invention, the PRK activity is
modulated in the sense of a down-regulation, i. e. in the sense of a deceleration
of the kinase reaction whereby, in specific and preferred cases, the PRK-
catalysed (at least one) androgen receptor-regulated mechanism in the mam-

malian cell is blocked.

The at least one inhibitor to act on said at least onhe PRK may act, in the proc-
ess of the invention, on any PRK known to a skilled person to be suitable for the
desired purposes. In preferred embodiments of the invention, the PRK is se-
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lected from the group consisting of PRK1, PRK2 and PKNR and, most prefera-
bly, is PRK1.

The invention is also directed to the use of at least one inhibitor with specificity
for at least one protein kinase C-related kinase (PRK) for the manufacture of a
medicament for controlling at least one androgen receptor- (AR-) regulated

mechanism in mammalian cells.

The term “medicament” is understood in the present description and claims to
mean pharmaceutically effective agents or compositions (the latter comprising,
in addition to the pharmaceutically effective agent, additional effective agents
and/or auxiliary substances as, for example, fillers, solvents, coatings and other
well known auxiliary substances) héving a preventing or therapeutic effect on at
least a part (e. g. a cell or a group of cells) of the mammalian body, as well as
substances and compositions which may be used for diagnostic or other medi-
cally helpful purposes, for example (in the present case) for the scoring and
evaluation of certain cells (or of their health status). One example is the scoring

of prostate carcinoma cells.

With respect to the term “controlling at least one AR-regulated mechanism in a
mammalian cell’, reference is made to the above explanation which is included

here by reference.

In the use of the invention, said at least one inhibitor being specific for at least
one protein kinase C-related kinase is selected from the group consisting of
PRK1, PRK2, and PKNR and most preferably is PRK1.

In a specificallv preferred embodiment ¢f the inveition, the use of the at least
one inhibitor having specificity, preferably high specificity, for at least one PRK
is a use for the manufacture of a medicament for preventing and/or treating

prostate cancer.
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In accordance with the present invention, there is also provided a process for
controlling the androgen dependent gene expression induced by a phosphoryla-
tion of histone H3 at threonine 11 (H3T11) in the presence of at least one pro-
tein kinase C-related kinase (PRK). Said process comprises the step of allowing
at least one inhibitor with specificity for at least one protein kinase C-related
kinase (PRK) to act on said at least one PRK, thereby modulating, preferably
down-regulating, the activity of said at least one PRK and optionally blocking

said androgen dependent gene expression.

Also in accordance with the present invention, there is provided a process for
controlling the 4androgen dependent gene expression induced by a demethyla-
tion of histone H3 at lysine 9 (H3K9) in the presence of at least one protein
kinase C-related kinase (PRK). Said process comprises the step of allowing at
least one inhibitor with specificity for at least one protein kinase C-related
kinase (PRK) to act on said at least one PRK, thereby modulating, preferably
down-regulating, the activity of said at least one PRK and optionally blocking

said androgen dependent gene expression.

Also in accordance with the present invention, there is provided a process for
controlling the androgen dependent gene expression induced by an acetylation
of histone H3 at lysine 9 (H3K9) and/or histone H3 at lysine 14 (H3K14) in the
presence of at least one protein kinase C-related kinase (PRK). Said process
comprises the step of allowing at least one inhibitor with specificity for at least
one protein kinase C-related kinase (PRK) to act on said at least one PRK,
thereby modulating, preferably down-regulating, the activity of said at least one
PRK and optionally blocking said androgen dependent gene expression.

Also in accordance with the present invention, there is also provided a process
for controlling the androgen dependent gene expression induced by a transition

from the pre-initiation to the initiation complex which is characterized by a phos-
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phorylation of RNA polymerase |l at serine 5 in the C-terminal repeat domain
(S5-pCDTpol Il) in the presence of at least one protein kinase C-related kinase
(PRK). Said process comprises the step of allowing at least one inhibitor with
specificity for at least one protein kinase C-related kinase (PRK) to act on said
at least one PRK, thereby modulating, preferably down-regulating, the activity of
said at least one PRK and optionally blocking said androgen dependent gene

expression.

In all of the above processes, there may be used one inhibitor, or there may be
used two or several inhibitors. The use of one inhibitor is preferred in accor-

dance with the invention.

In a preferred embodiment of the invention, the specificity of the inhibitor or in-
hibitors used towards the at least one protein kinase C-related kinase (PRK) is
high. In particularly preferred embodiments of the invention, the at least one
inhibitor is a highly specific PRK inhibitor and, more preferably has a specificity
of < 100 nM. Particularly preferred embodiments of the invention relate to at
least one inhibitor or exactly one inhibitor having a specificity of, for example 10
nM.

In more preferred embodiments, said at least one inhibitor or the one inhibitor
with high specificity towards at least one PRK is selected from the group con-
sisting of RNAIs, antibodies, other peptides and dominant negative mutants of
PRKs. Most preferably, said at least one inhibitor or the one inhibitor with high
specificity towards at least one PRK is selected from the group consisting of
miRNA, siRNA, micro-RNA, shRNA, anti-PRK1 antibodies and aptamers, as
well as chemical compounds known to a skilled person to inhibit at least one
PRK or several PRKs.

As already mentioned above, the process of the invention for controlling the

transcriptional AR activation in mammalian cells under histone H3 at threonine



WO 2009/010121 PCT/EP2008/004201
15

T 11- (H3T11-) phosphorylating conditions may be performed in vitro or in vivo.
By said process, the activity of said at least one PRK, preferably the activity of

exactly one PRK, is modulated.

The term “modulation”, as used in the present description and in the claims,
means any change in the activity of the enzyme, either accelerating or deceler-
ating. In preferred embodiments of the invention, the PRK activity is modulated
in the sense of a down-regulation, i. e. in the sense of a deceleration of the
kinase reaction whereby, in specific and preferred cases, the PRK-catalysed (at
least one) androgen receptor-regulated mechanism in the mammalian cell is
blocked.

The at least one inhibitor to act on said at least one PRK may act, in the proc-
ess of the invention, on any PRK known to a skilled person to be suitable for the
desired purposes. In preferred embodiments of the invention, the PRK is se-
lected from the group consisting of PRK1, PRK2 and PKNR.

According to the invention, it is preferred that said modulation, preferably said
down-regulation, of a PRK activity, for example of PRK1 activity, results into a
modulation, preferably into an inhibition, of the H3T11 phosphorylation, and/or
into a modulation, preferably into an inhibition, of the H3K9 demethylation, pref-
erably of the trimethyl-H3K9 and/or of the dimethyl-H3K9 and/or of the mono-
methyl-H3K9, and/or into a modulation, preferably into an inhibition, of the H3K9
and/or H3K14 acetylation, and/or a modulation, preferably an inhibition, of the
transition from the pre-initiation to the initiation complex by a phosphorylation of
RNA polymerase Il at serine 5 in the C-terminal repeat domain (S5-pCDTpol Il).
All processes, i. e. phosphorylation, demethylation, acetylation and RNA poly-

merase transition, result into the same route, i. e. ain activation of the process.

In a further preferred embodiment of the present invention, said modulation,
preferably down-regulation, of a PRK activity results into a modulation, prefera-
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bly an inhibition, of H3K9 demethylation by at least one histone demethylase,
preferably by LSD1 and by at least one JMJD, specifically by JMJD2C, each

alone or both in combination.

There may be used one histone demethylase or there may be used two or more
histone demethylases. Most preferably, there is used one histone demethylase.
Histone demethylases are known to a skilled person, and most of them are
suitable for the purposes of the invention. Most preferably and advantageously,

the histone demethylase is lysine specific demethylase (LSD1) °.

There may be used one JMJD, or there may be used two or several JMJD’s;
most preferably, the invention uses one JMJD. Several of them are known to a
skilled person which may be suitable, e. g. JIMUD2A, JMJD2B, JMJD2C etc.. In
accordance with the invention, there is used JMJD2C, which was recognized
recently * to demethylate trimethyl-H3K9 to dimethyl-H3K9; in contrast, LSD1
demethylates dimethyl-H3K9 to monomethyl-H3K9 and monomethyl-H3K9 to
unmethylated H3K9.

In preferred embodiments of the invention, LSD1 and JMJD2C may be used

each alone or both in combination.

Together with the above embodiment or alternatively to the above embodiment,
said down-regulation of a PRK activity results into a modulation, preferably an
inhibition, of the H3K9 acetylation and/or H3K14 acetylation by acetylases.
There may be used generally known acetylases, and in accordance with the
invention, acetylases as, for example, P300/CBP or TIP60 are preferred.

The above processes for controlling the androgen dependent gene expression
induced by a phosphorylation of H3T11 in the presence of at least one PRK
and/or for controlling the androgen dependent gene expression induced by a
demethylation of H3K9 in the presence of at least one PRK and/or for control-
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ling the androgen dependent gene expression induced by an acetylation of
H3K9 and/or H3K14 in the presence of at least one PRK and/or for the andro-
gen dependent gene expression induced by the transition from the pre-initiation
to the initiation complex by a phosbhorylation of RNA polymerase Il at serine 5
in the C-terminal repeat domain (S5-pCDTpol Il) in the presence of at least one
PRK may be performed in vivo or in vitro. In further preferred embodiments of
the invention, said at least one PRK, more preferably said one PRK, is selected
from PRK1, PRK2 or PKNR and, utmost preferred, is PRK1.

The invention also relates to the use of at least one inhibitor with specificity for
at least one protein kinase C-related kinase (PRK) for the manufacture of a me-
dicament for controlling the androgen dependent gene expression induced by a
phosphorylation of H3T11 in the presence of at least one protein kinase C-
related kinase (PRK) and/or relates to the use of at least one inhibitor with
specificity for at least one protein kinase C-related kinase (PRK) for the manu-
facture of a medicament for controlling the androgen dependent gene expres-
sion induced by a demethylation of histone H3 at lysine 9 (H3K9) in the pres-
ence of at least one protein kinase C-related kinase (PRK) and/or relates to the
use of at least one inhibitor with specificity for at least one protein kinase C-
related kinase (PRK) for the manufacture of a medicament for controlling the
androgen dependent gene expression induced by an acetylation of histone H3
at lysine 9 (H3K9) and/or histone H3 at lysine 14 (H3K14) in the presence of at
least protein kinase C-related kinase (PRK) and/or relates to the use of at least
one inhibitor with specificity for at least one protein kinase C-related kinase
(PRK) for the manufacture of a medicament for controlling the androgen de-
pendent gene expression induced by the transition from the pre-initiation to the
initiation complex by a phosphorylation of RNA polymerase |l at serine 5 in the
C-terminal repeat domain (S5-pCOTpoi ii) in ihe presence of at ieast one pro-
tein kinase C-related kinase (PRK). Also in connection to the above uses, the
preferred embodiments of the invention are the same as mentioned above, and

reference is made to the above detailed explanations.
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Particularly preferred is the use of said at least one inhibitor, more preferably of
said one inhibitor, with specificity for at least one PRK for the manufacture of a

medicament for preventing and/or treating prostate cancer.

Additionally, the invention relates to a process for the prevention and/or treat-
ment of prostate cancer, said process comprising administering, to one or a to
plurality of mammalian cell(s) in need thereof, including prostate cancer cells in
need thereof, at least one inhibitor with speficicity for at least one protein kinase
C-related kinase (PRK). There may be administered one inhibitor, or there may
be administered two or several inhibitors. Preferred is the administration of one

inhibitor.

By such an administration, there is modulated, preferably there is down-
regulated, the phosphorylation of histone H3 at threonine 11 (H3T11) by said at
least one PRK and/or there is modulated, preferably there is down-regulated,
the demethylation of histone H3 at lysine 9 (H3K9) by at least one histone de-
methylase, preferably by lysine specific demethylase (LSD1) and/or by at least
one JMJD, and specifically by JMJD2C, each alone or both in combination,
and/or there is modulated, preferably there is down-regulated, the acetylation of
histone H3 at lysine 9 (H3K9) and/or of histone 3 at lysine 14 (H3K14) by at
least one acetylase and/or there is modulated, preferably there is down-
regulated, the transition from the pre-initiation to the initiation complex by a
phosphorylation of RNA polymerase Il at serine 5§ in the C-terminal repeat do-
main (S5-pCDTpol II).

One inhibitor with specificity, preferably with high specificity, towards at least
da

one PRK may he used

"
]

two or several inhibitors may be used. The use of

O

one inhibitor is preferred in accordance with the invention.
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In a preferred embodiment of the invention, the specificity of the inhibitor or in-
hibitors used towards the at least one protein kinase C-related kinase (PRK) is
high. In particularly preferred embodiments of the invention, the at least one
inhibitor is a highly specific PRK inhibitor and, more preferably has a specificity
of < 100 nM. Particularly preferred embodiments of the invention relate to at
least one inhibitor or exactly one inhibitor having a specificity of, for example 10
nM.

In more preferred embodiments, said at least one inhibitor or the one inhibitor
with high specificity towards at least one PRK is selected from the group con-
sisting of RNAIs, antibodies, other peptides and dominant negative mutants of
PRKs. Most preferably, said at least one inhibitor or the one inhibitor with high
specificity towards at least one PRK is selected from the group consisting of
miRNA, siRNA, micro-RNA, shRNA, anti-PRK1 antibodies and aptamers, as
well as al chemical compounds known to a skilled person to be inhibitors of at

least one PRK, specifically of PRK1.

As already mentioned above, the process of the invention for preventing and/or
treating cancer in mammalian cells and particularly prostate cancer may be per-
formed in vitro or in vivo. By said process, the activity of said at least one PRK,

preferably the activity of exactly one PRK, is modulated.

The invention also relates to the use of at least one inhibitor with specificity,
preferably with high specificity, for at least one protein kinase C-related kinase
(PRK), more preferably for exactly one PRK, for the manufacture of a medica-
ment for the prevention and/or treatment of prostate cancer.

The medicaimentis addressed above may be medicaments for any desirable
administration route, for example the oral, enteral, intramuscular, intravenous,
parenteral, and other known administration routes. The medicaments may be in

any form suitable for the desired administration route, e. g. in the form of tab-
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lets, lozenges, dragees, solutions, suspensions and other known administration
or dosage forms, including those containing two components for simultaneous
administration and/or effect or for simultaneous administration for successive
(including sustained) effect or for successive administration for simultaneous or

successive (including sustained) effect.

The invention also relates to the use of at least one antibody with specificity for
at least one protein kinase C-related kinase (PRK) for the manufacture of a
composition, for example an assay system, capable of scoring prostate carci-
nomas. Such an assay system is considered to be capable to supplement, in-
crease the reliability of and, in future, replace the state of the art Gleason scor-
ing system used for scoring a prostate cancer tissue differentiation and malig-

nancy grade.

The corresponding assay system comprises as the minimum components at
least one PRK-specific antibody, the substrate (which usually is the tissue sam-
ple to be investigated physiologically) as well as auxiliary agents as, for exam-
ple, buffers and pH value-adjusting agents, said auxiliary agents being well
known to a skilled person and being at his disposition in accordance with the

specific assay to be performed.

The invention also relates to an assay for screening inhibitors having specificity
for at least one PRK capable of blocking AR-induced prostate carcinoma cell
proliferation, said assay comprising one or more than one of the following (op-

tionally consecutive) steps:

- conducting kinase assays for screening for specific PRK inhibitors, par-
ticularly for specific PRK1 inhibitors; an exampie of such kinase assays is

described below, and the results are presented in Figures 2a, 2b, and 2c;
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- conducting chromatin immunoprecipitation tests (chip) in order to learn
whether the inhibitors identified in the previous step modulate, down-
regulate or even block (inhibit) a PRK-mediated (particularly PRK1-
mediated) phosphorylation at histone H3 at threonine 11 (H3T11) at an-
drogen receptor-regulated (AR-regulated) target genes; the results of

such a test are exemplarily shown in Figure 2e;

- verifying the inhibition of androgen receptor (AR) transcriptional activity
by the PRK inhibitors (specifically PRK1 inhibitors) identified in the previ-
ous steps; examples of this step are shown in Figures 3c and 3d as well

as in the Supplementary Figure S1b;

- conducting a test of PRK inhibitors, specifically the PRK1 inhibitors, iden-
tified in the previous steps for a modulation, preferably a down-regulation
or even a blocking of androgen-induced tumour cell proliferation inhibitor;

examples of such a test are shown in Figure 4b.

By such an assay comprising a sequence of tests, inhibitors having specificity
for at least one PRK, specifically PRK1, capable of blocking AR-induced pros-
tate carcinoma cell proliferation could easily be identified, and such tests could

suitably be performed as an animal model.

The invention is now in detail further described in connection to the experiments

performed by the inventors.

To initiate our study, we analysed the effect of PRK1 knockdown on the expres-
sion of endogenous AR target genes. LNCaP prostate tumour cells were trans-
duced with lentiviruses expressing miRNAs directed against PRK1, which re-
sults in an efficient and specific down-regulation of endogenous PRK1 (Fig. 1a,

right panel).
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Quantitative RT-PCR analyses demonstrate that the reduction of PRK1 levels
strongly impairs androgen-induced expression of endogenous AR target genes
such as Prostate Specific Antigen (PSA) or Kallikrein 2 (KLK2) (Fig. 1a, left
panel). In addition, treatment with the PRK1 inhibitor Ro318220 2 severely im-
pedes androgen-induced expression of AR target genes, showing that the
kinase activity of PRK1 is essential for AR function (Fig. 1b). Similarly, miRNA-
mediated knockdown of PRK1 or treatment with Ro318220 results in a strong
decrease in ligand-induced expression of various AR-dependent reporters

(Supplementary Fig S1a, b).

To investigate whether PRK1 associates with chromatin in vivo, LNCaP cells
were subjecfed to chromatin immunoprecipitation (ChIP) in the presence or ab-
sence of the AR agonist R1881. PRK1 associates with the androgen response
elements (AREs) located in the promoters of the PSA and KLK2 genes in a
ligand-dependent manner (Fig. 1c, left panel). Recruitment of PRK1 to chroma-
tin is specific since DNA corresponding to the promoters of the unrelated
GAPDH and U6 genes is not enriched.

To show that PRK1 and AR are present in the same complex on the PSA and
KLK2 promoters, R1881-treated LNCaP cells were subjected to sequential
chromatin immunoprecipitation (Re-ChIP), first with an ®-AR and then with an
o-PRK1 antibody. Importantly, the ARE-containing regions are specifically en-
riched, demonstrating that PRK1 and AR form a complex on chromatin in a

ligand-dependent manner (Fig. 1c, right panel).

To understand how association of PRK1 and AR with chromatin results in in-
creased gene expression, we tested whether PRK1 directly phosphorylates the
N-terminal tail of histone H3. Myc-PRK1 and the flag-tagged kinase dead mu-
tant PRK1 K644E 2 were immunoprecipitated from 293 cell lysates with an o-
myc or an o-flag antibody, respectively (Supplementary Fig. S2a, b), and incu-
bated with bacterially expressed and purified GST-H3 1-44 or GST control pro-
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tein. GST-H3 1-44 is phosphorylated by PRK1, but not by PRK1 K644E (Fig.
2a). The GST control protein is not phosphorylated, thus demonstrating speci-
ficity. Furthermore, addition of Ro318220 completely blocks the phosphorylation
of GST-H3 1-44 by PRK1 (Fig. 2a).

Deletion mapping revealed that only the fragment of histone H3 spanning amino
acid residues 1 to 15 (H3 1-15), but not H3 16-30 or H3 29-44, is phosphory-
lated by purified recombinant PRK1 (Fig 2b). More importantly, mutation of
threonine 11 to alanine in H3 1-15 (H3 1-15 T11A) abolishes phosphorylation,
demonstrating that PRK1 targets histone H3 at threonine 11 (H3T11) (Fig. 2b).
In addition, we incubated nucleosomes purified from HelLa cells with recombi-
nant PRK1 in the presence or absence of Ro318220. Western blot analysis,
performed with an x-phosphoH3T11 Aspeciﬁc antibody (Supplementary Fig. S3a) .
demonstrates that PRK1 phosphorylates nucleosomes at H3T11 (Fig. 2c). This
phosphorylation is blocked by Ro318220 (Fig. 2c).

To determine whether PRK1 controls phosphorylation of H3T11 at promoters of
AR-regulated genes in vivo, LNCaP cells were first transfected with either an
unrelated control siRNA or a siRNA directed against PRK1, in the presence or
absence of R1881, and then subjected to ChIP. Addition of ligand results in
phosphorylation of H3T11 at the AREs of the PSA and KLK2 promoters (Fig.
2d, left panel). Androgen-induced phosphorylation at H3T11 is PRK1-
depéndent since it is blocked by knockdown of PRK1. PRK depletion is specific
and does not affect the levels of endogenous AR (Fig. 2d, right panel). To cor-
roborate that androgen-induced phosphorylation of H3T11 is executed by
PRK1, LNCaP cells were cultivated in the presence or absence of Ro318220
and subjected to ChiP. As expected, Ro318220 efficiently blocks ligand-induced

phosphorvlation of H3T11 (Fig. 2¢).

Taken together, these data demonstrate that PRK1 phosphorylates H3T11. Im-
portantly, the phosphorylation of H3T11 associates with AR-dependent gene
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expression, thus introducing phosphorylated H3T11 as a novel epigenetic mark

for transcriptional activation.

Since ligand-dependent expression of AR target genes demands removal of
repressive methyl marks from H3K9 * ° and acetylation of histone H3K9/K14 &,
we analysed whether PRK1 controls changes in these epigenetic marks. There-
fore, LNCaP cells cultivated in the presence or absence of R1881 were trans-
fected with either an unrelated control siRNA or a siRNA directed against PRK1
and subjected to ChIP. Ligand-induced demethylation of tri-, di-, and mono-
methyl H3K9 at the AREs of the PSA and KLK2 promoters is severely impaired
by PRK1 knockdown (Fig. 3a). Furthermore, ligand-induced acetylation of
H3K9/K14 is also blocked (Fig. 3a). Similarly, inhibition of PRK1 activity by
R0318220 results in loss of demethylation of H3K9 and acetylation of H3K9/K14
(Fig. 3b), providing evidence that the kinase activity of PRK1 is pivotal in con-

trolling these epigenetic alterations at AR target genes.

As previously shown, JMJD2C * and LSD1 ° remove repressive methyl marks
from H3K9 during AR-dependent transcription. Since PRK1 controls demethyl-
ation of H3K9, we investigated the interplay between PRK1 and the demethyl-
ases during gene expression in transient transfections. Co-expression of AR
with either JMJD2C (Fig. 3c and ref *) or LSD1 (Fig. 3d and ref °) results in a
strong ligand-dependent activation of the PSA-LUC or MMTV-LUC reporters.
Co-activation by the demethylases is abrogated by PRK1 K644E, acting as a
dominant negative mutant, or by treatment with Ro318220. To examine the ef-
fect of PRK1 K644E on co-operative stimulation of AR activity by JMJD2C and
LSD1, we expressed both demethylases in limited amounts, which alone do not
activate AR, but together induce a strong AR superactivation *. As shown in
Figure 3e, PRK1 K644E hlocks cc-operative stimuiation of AR activity. The con-
trol reporter TK-LUC is not affected by PRK1 (Supplementary Fig. S4a-c). Col-
lectively, these data demonstrate that PRK1 signalling controls transcriptional
activation of AR by the demethylases JMJD2C and LSD1.



WO 2009/010121 PCT/EP2008/004201
25

Initiation of transcription requires transition from the pre-initiation to the initiation
complex, which is characterized by phosphorylation of RNA polymerase Il at
serine 5 in the C-terminal repeat domain (S5-P CTD pol IlI) by the CDK7 com-
ponent of TFIIH 3. To determine whether depletion or inhibition of PRK1 inter-
fered with the formation of the transcriptional initiation complex at AR-regulated
promoters, we performed ChIP using an antibody that specifically recognizes
S5-P CTD pol Il. Importantly, knockdown of PRK1 or treatment of cells with
R0318220 results in the loss of S5-P CTD pol Il at the promoters of PSA and
KLK2. In contrast, recruitment of RNA polymerase Il is not affected, as shown
by ChIP using an antibody directed against the N-terminal domain of RNA po-
lymerase Il (x-NTD pol Il) (Fig. 3f, g).

Taken together, these data show that PRK1 not only controls changes in epige-
netic marks on histone H3, but also regulates the transition from pre-initiation to

initiation complex.

To unravel the physiological importance of PRK1, we investigated the levels of
PRK1 in vivo by immunostaining a panel of 20 normal human prostates and 111
prostate carcinomas on tissue microarrays. Quantification of immunoreactivity
by scoring staining intensity and percentage of positive carcinoma cells * re-
veals that high PRK1 expression significantly correlates with high Gleason

scores and indicates aggressive biology of the tumours (Fig. 4a).

Furthermore, to examine whether PRK1 regulates tumour cell proliferation, we
monitored androgen-dependent c;eII growth by quantifying proliferation of
pLenti6-miRNA-PRK1-infected LNCaP cells. When compared to cells express-
ing an unrelated control miRNA, andiogen-induced proiiferation of LNCaP cells
is dramatically reduced by PRK1 knockdown (Fig. 4b), thus underlining the im-

portance of PRK1 in the control of AR-dependent tumour cell growth.
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In summary, we demonstrate that phosphorylated H3T11 is a novel epigenetic
mark for transcriptional regulation. Phosphorylation of H3T11 is executed by
PRK1 in an androgen-dependent manner. By controlling subsequent steps of
gene activation such as demethylation of tri-, di-, and monomethyl H3K9, acety-
lation of H3K9/K14, and the presence of S5-P CTD pol Il at target promoters,
PRK1 functions as a gatekeeper of AR-regulated gene expression. Of impor-
tance is our observation that inhibitors such as Ro318220 control the kinase
activity of PRK1 and thereby regulate AR. Thus, specific modulation of PRK1
activity is a promising therapeutic strategy in the treatment of prostate cancer,

where AR is pivotal to the control of tumour cell proliferation.

Examples
Plasmids
The following plasmids were described previously: pSG5-AR, pCMX-flag,
pCMV-flag-PRK1 K644E, pcDNA3-myc-ANPRK1, TK-LUC, MMTV-LUC, Pro-
basin-LUC, and PSA-LUC ?; pCMX-flag-JMJD2C 4, pCMX-flag-LSD1 °, GST-H3
1-44 8,

To construct pLenti6-miRNA1-PRK1, pLenti6-miRNA2-PRK1, pGW-miRNA1-
PRK1, and pGW-miRNA2-PRK1, the DNA corresponding to
mMiRNA1-PRK1 (6'-TGCTGATTGCTGTAGGTCTGGATCATGTTTTGGCCACTG

ACTGACATGATCCACCTACAAT-3’' (Sequence Protocol: 1)
and 5’-CCTGATTGCTGTAGGTGGATCATGTCAGTCAGTGGCCAAAACATGA
TCCAGACCTACAGCAATC-3’) (Sequence Protocol: 2)

and miRNA2-PRK1 (§-TGCTGTTACTGTCCTGCAACATCTGCGTTTTGGCCA
CTGACTGACGCAGATGTCAGGACAGTAA-3' (Sequence Protocol: 3)
and (5’-CCTGTTACTGTCCTGACATCTGCGTCAGTCAGTGGCCAAAACGCA

GATGTTGCAGGACAGCTAAC-3') (Sequence Protocol: 4) was cloned into
pLenti6/V5-DEST and pcDNA-6.2-GW-EmGFP according to the manufacturer’'s
instructions (Invitrogen). To construct GST-H3 1-15, GST-H3 1-15 T11A, GST-
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H3 16-30, and GST-H3 29-44, the corresponding cDNA fragments were cloned
into pGEX4T1. Cloning details can be obtained upon request.

Cell culture and transfection

CV1 and LNCaP cells were cultured and transfected as described 2. The follow-
ing amounts were transfected per well: 500 ng of MMTV-LUC, Probasin-LUC, or
PSA-LUC; 25 ng of AR expression plasmid; 200 ng (Fig. 3e) or 400 ng (Fig. 3c,
d) eXpression plasmids of LSD1 or JMJD2C, 150 ng PRK1 K644E, 1000 ng ex-
pression plasmid of miRNA-control, miRNA1-PRK1, or miRNA2-PRK1 (Sup-
plementary Fig. S1a). Cells were cultivated for 18 hours in the presence or ab-
sence of 1 x 107 M R1881 (Sigma), 2.5 x 10° M (Fig. 3d) or 4.5 x 10° M (Fig.
3c) Ro318220 (Roche) as indicated. Luciferase activity was assayed as de-

scribed 2. All experiments were repeated at least four times in duplicate.

Generation of PRK1 antibody
The polycloiial rabbjt-«-PRK1 antibody was generated according to standard

procedures.

Chromatin Immunoprecipitation

ChIP and Re-ChIP experiments were performed as described > °. LNCaP cells
were cultured for 45 min (Fig. 1c, 2d, 2e) or 210 min (Fig. 3a, b, f, g) in the
presence or absence of 1 x 10 M R1881 as indicated. Ro318220 (1 x 10° M)
was added to the LNCaP cells (Fig. 3b, g) 60 min before addition of R1881.
Three days before harvesting, LNCaP cells were transfected with stealth RNAI
(ctr.  5-GAACAUGAUCCAGACCUACAGCAAU-3' (Sequence Protocol:
5); PRK1: 5-GAAAGUCCUAGAUCCACACGCAAAU-3’ (Sequence Protocol: 6);
Invitrogen) following the manufacturer’s instructions. Immunoprecipitation was
performed with specific antibodies (x-monoivieH3KY, «-diMeH3K9, «-
triMeH3K9, «-acetyl-H3K9/K14, x-H3, ®-AR (Upstate Biotechnology), ®-S5-P
CTD pol |ll, a-phosphoH3T11 (Abcam), x-NTD pol Il (N-20, Santa Cruz), o-
LSD1 °, a-JMJD2C * and «-PRK1) on protein A-Sepharose 4B (GE-
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Healthcare). For PCR, 1-5 pl out of 50 ul DNA extract was used. PCR primers
for ARE I+l (PSA -459/-121), ARE [Il (PSA -4288/-3922), KLK2 (-343/-90),
GAPDH, and U6 were described previously °.

Western blot analysis
Experiments were performed as described 2. Western blots were decorated as

indicated.

Cell proliferation assay

Experiments were performed as described °. pLenti6-miRNA-control, pLenti6-
miRNA1-PRK1, and pLenti6-miRNA2-PRK1 were used to produce recombinant
lentiviruses to infect LNCaP cells as described '°. The infected cells were cul-
tured for 72 hours in medium containing 10% double-stripped FCS. 1 x 10* cells
were plated in a 96-well plate in the presence or absence of 1 x 10° M R1881.
The cell proliferation Elisa BrdU Colorimetric Assay (Roche) was performed ac-
cording to the manufacturer's instructions. The figure shows the percentage
increase of proliferation in the presence versus absence of R1881. The experi-

ments were performed in quintuplicate.

Quantitative RT-PCR and statistical analysis
Quantitative RT-PCR and statistical analysis were performed as described °.
The primers for GAPDH, PSA, and KLK2 were described previously °.

In vitro kinase assay

The kinase assays were performed as described ''. 10 pg GST-tagged H3 pro-
teins or 1 ug of nucleosomes purified from Hela cells '? were incubated with
immunoprecipitated PRK1 proteins (Fig. 2a) or 1 pg purified recombinant PRK1
(Fig. 2b, ¢; ProQinase GmbH) for G to 10 min (Fig. 2c) or 20 min (Fig. 2a, b) at
30°C in kinase buffer containing 20 mM Tris-HCI pH 7.5, 20 uM ATP, 8 mM
MgCl,, and 5 pCi (y-*2P) ATP. The reaction mixture was analysed by SDS-
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PAGE followed by autoradiography or Western blotting using antibodies as indi-

cated.

Statistical analysis of tissue microarrays

Clinical data of patients and procedures for generating the tissue microarrays
were described previously’. Statistical analysis was performed with the Mann-
Whitney U-Test using the SPSS 12.0 program (SPSS Inc.) and by calculating
the two-tailed Spearman Rank correlation coefficient. The number of cases (n)
analysed per Gleason score (Gs) were: Gs 3 (n=5); Gs 4 (n=12); Gs 5 (n=11);
Gs 6 (n=25); Gs 7 (n=16); Gs 8 (n=23), Gs 9 (n=10); Gs 10 (n=9). Normal pros-

tate specimen (n=20).
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Claims

1. A process for controlling at least one androgen receptor- (AR-) regulated
mechanism in mammalian cells under histone H3 at threonine 11-
(H3T11-) phosphorylating conditions, said process comprising allowing at
least one inhibitor with specificity for at least one protein kinase C-related
kinase (PRK) to act on said at least one PRK, thereby modulating, pref-
erably down-regulating, the activity of said at least one PRK and option-
ally blbcking said at least one androgen receptor-regulated mechanism in

said mammalian cells.

2. The process according to claim 1, wherein the at least one androgen re-
ceptor-regulated mechanism is at least one selected from the group con-
sisting of the androgen receptor-controlled gene expression and the an-
drogen-induced cell proliferation and the androgen-induced function of
the prostate and the androgen-induced build-up of muscles and the an-
drogen-induced build-up of the bone backbone, preferably the androgen-
induced control of the bone density, and the androgen-induced fertility

and the androgen-induced hair growth of a mammal.

3. The process according to claim 1 or claim 2, wherein the at least one in-
hibitor is a highly specific PRK inhibitor, preferably wherein said at least
one inhibitor an inhibitor having a specificity of < 100 nM, more prefera-
bly wherein said at least one inhibitor is selected from the group consist-
ing of RNAI’'s, antibodies, other peptides and dominant negative mutants
of PRK’s, most preferably wherein said at least one inhibitor is selected
from the group consisting of miRNA, siRNA, micro-RNA, shRNA, anti-
PRK1 antibcdies and aptaimers, as weii as ai chemical compounds

known to a skilled person to be inhibitors of at least one PRK, specifically

of PRK1.
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The process according to any of the claims 1 to 3, said process being

performed in vitro or in vivo.

The process according to any of claims 1 to 4, wherein said at least one
PRK is selected from the group consisting of PRK1, PRK2, and PKNR.

Use of at least one inhibitor with specificity for at least one protein kinase
C-related kinase (PRK) for the manufacture of a medicament for control-
ling at least one androgen receptor- (AR-) regulated mechanism in

mammalian cells.

Use according to claim 6, wherein the at least one androgen receptor-
regulated mechanism is selected from the group consisting of the andro-
gen receptor-controlled gene expression and the androgen-induced cell
proliferation and the androgen-induced function of the prostate and the
androgen-induced build-up of muscles and the androgen-induced build-
up of the bone backbone, preferably the androgen-induced control of the
bone density, and the androgen-induced fertility and the androgen-

induced hair growth of a mammal.

Use according to claim 6 or claim 7, said at least one inhibitor being spe-
cific for at least one protein kinase C-related kinase selected from the
group consisting of PRK1, PRK2, and PKNR.

Use according to any of the claims 6 to 8 for the manufacture of a me-

dicament for preventing and/or treating prostate cancer.

ing the androgen dependent gene expression in-
duced by a phosphorylation of histone H3 at threonine 11 (H3T11) in the
presence of at least one protein kinase C-related kinase (PRK), said
process comprising allowing at least one inhibitor with specificity for at
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least one protein kinase C-related kinase (PRK) to act on said at least
one PRK, thereby modulating, preferably down-regulating, the activity of
said at least one PRK and optionally blocking said androgen dependent

gene expression.

.A process for controlling the androgen dependent gene expression in-

duced by a demethylation of histone H3 at lysine 9 (H3K9) in the pres-
ence of at least one protein kinase C-related kinase (PRK), said process
comprising allowing at least one inhibitor with specificity for at least one
protein kinase C-related kinase (PRK) to act on said at least one PRK,
thereby modulating, preferably down-regulating, the activity of said at
least one PRK and optionally blocking said androgen dependent gene

expression.

12. A process for controlling the androgen dependent gene expression in-

duced by an acetylation of histone H3 at lysine 9 (H3K9) and/or histone
H3 at lysine 14 (H3K14) in the presence of at least one protein kinase C-
related kinase (PRK), said process comprising allowing at least one in-
hibitor with specificity for at least one protein kinase C-related kinase
(PRK) to act on said at least one PRK, thereby modulating, preferably
down-regulating, the activity of said at least one PRK and optionally

blocking said androgen dependent gene expression.

13. A process for controlling the androgen dependent gene expression in-

duced by a transition from the pre-initiation to the initiation complex char-
acterized by a phosphorylation of RNA polymerase |l at serine 5 in the C-
terminal repeat domain (S5-pCDTpol Il) in the presence of at least one
protein kinase C-related kinase (PRK), said process comprising allowing
at least one inhibitor with specificity for at least one protein kinase C-
related kinase (PRK) to act on said at least one PRK, thereby modulat-
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ing, preferably down-regulating, the activity of said at least one PRK and

optionally blocking said androgen dependent gene expression.

14.The process according to any of the claims 10 to 13, wherein said modu-
lation, preferably down-regulation, of a PRK activity results into a modu-
lation, preferably into an inhibition, of the H3T11 phosphorylation and/or
into a modulation, preferably into an inhibition of the H3K9 demethyla-
tion, preferably of the trimethyl-H3K9 and/or of the dimethyl-H3K9 and/or
of the monomethyl-H3K9, and/or into a modulation, preferably into an in-
hibition, of the H3K9 and/or H3K14 acetylation.

15.The process according to any of the claims 10 to 14, wherein said modu-
lation, preferably down-regulation, of a PRK activity results into a modu-
lation, preferably an inhibition, of H3T11 phosphorylation by at least one
PRK and/or wherein said modulation, preferably down-regulation, of a
PRK activity results into a modulation, preferably an inhibition, of H3K9
demethylation by at least one histone demethylase and by at least one
JMJD, each alone or both in combination, preferably by lysine specific
demethylase (LSD1) and by JMJD2C, each alone or both in combination,
and/or wherein said down-regulation of a PRK activity results into a
modulation, preferably an inhibition, of the H3K9 acetylation and/or
H3K14 acetylation by acetylases, preferably P300/CBP or TIP60, and/or
wherein said down-regulation of a PRK activity results into a modulation,
preferably an inhibition, of the transition from the pre-initiation to the ini-
tiation complex characterized by a phosphorylation of RNA polymerase |l
at serine 5 in the C-terminal repeat domain (S5-pCDTpol Il) by CDK7.

16. The nrocess acceording to any of claims 10 to 15, said process being
v
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17. The process according to any of claims 10 to 16, wherein said at least

one PRK is selected from PRK1, PRK2, and PKNR.

18. The process according to any of claims 10 to 17, wherein the at least

one inhibitor is a highly specific PRK inhibitor, preferably wherein said at
least one inhibitor an inhibitor having a specificity of < 100 nM, more
preferably wherein said at least one inhibitor is selected from RNAI’s, an-
tibodies, other peptides and dominant negative mutants of PRK's, most
preferably wherein said at least one inhibitor is selected from mIiRNA,
siRNA, micro-RNA, shRNA, anti-PRK1 antibodies and aptamers, as well
as all chemical compounds known to a skilled person to be inhibitors of

at least one PRK, specifically of PRK1.

19. Use of at least one inhibitor with specificity for at least one protein

kinase C-related kinase (PRK) for the manufacture of a medicament for
controlling the androgen dependent gene expression induced by a phos-
phorylation of histone H3 at threonine 11 (H3T11) in the presence of at

least one protein kinase C-related kinase (PRK).

20. Use of at least one inhibitor with specificity for at least one protein

21.

kinase C-related kinase (PRK) for the manufacture of a medicament for
controlling the androgen dependent gene expression induced by a de-
methylation of histone H3 at lysine 9 (H3K9) in the presence of at least

one protein kinase C-related kinase (PRK).

Use of at least one inhibitor with specificity for at least one protein
kinase C-related kinase (PRK) for the manufacture of a medicament for
controlling the androgen dependent gene expression induced by an ace-
tylation of histone H3 at lysine 9 (H3K9) and/or histone H3 at lysine 14
(H3K14) in the presence of at least protein kinase C-related kinase
(PRK).
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22. Use of at least one inhibitor with specificity for at least one protein
kinase C-related kinase (PRK) for the manufacture of a medicament for
controlling the androgen dependent gene expression induced by a transi-
tion from the pre-initiation to the initiation complex which is characterized
by a phosphorylation of RNA polymerase |l at serine 5 in the C-terminal
repeat domain (S5-pCDTpol Il) in the presence of at least one protein
kinase C-related kinase (PRK).

23.The use according to any of the claims 19 to 22, wherein the androgen
dependent gene expression control induced by a H3T11 phosphorylation
is a H3T11 phosphorylation by PRK and/or wherein the androgen de-
pendent gene expression induced by a H3KS demethylation is a H3K9
demethylation by histone demethylases and by JMJD’s, each alone or
both in combination, preferably by lysine specific demethylase (LSD1)
and by JMJD2C, each alone or both in combination, and/or wherein the
androgen dependent gene expression induced by a H3K9 and/or H3K14
acetylation is a H3K9 and/or H3K14 acetylation by acetylases, and/or
wherein said down-regulation of a PRK activity results into a modulation,
preferably an inhibition, of the transition from the pre-initiation to the ini-
tiation complex characterized by a phosphorylation of RNA polymerase ||
at serine 5 in the C-terminal repeat domain (S5-pCDTpol Il) by CDK7.

24. The use according to any of the claims 19 to 23, wherein said at least
one inhibitor is specific for at least one protein kinase C-related kinase
selected from PRK1, PRK2, and PKNR.

25.The use according to any of the claims 19 to 24 for the manufacture of a

medicament for preventing and/or treating pros

26.A process for the prevention and/or treatment of prostate cancer, said

process comprising administering, to one or to a plurality of mammalian
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cell(s) in need thereof, including prostate cancer cells in need thereof, at
least one inhibitor with speficicity for at least one protein kinase C-related
kinase (PRK), thereby modulating, preferably down-regulating, the phos-
phorylation of histone H3 at threonine 11 (H3T11) by said at least one
PRK; and/or modulating, preferably down-regulating, the demethylation
of histone H3 at lysine 9 (H3K9) by at least one histone demethylase,
preferably by lysine specific demethylase (LSD1) and/or by at least one
JMJD, specifically by JMJD2C, each alone or both in combination; and/or
modulating, preferably down-regulating, the acetylation of histone H3 at
lysine 9 (H3K9) and/or of histone 3 at lysine 14 (H3K14) by at least one
acetylase and/or modulating, preferably down-regulating, the transition
from the pre-initiation to the initiation complex by a phosphorylation of
RNA polymerase Il at serine 5 in the C-terminal repeat domain (S5-
pCDTpol Il) by CDK7.

27. Use of at least one inhibitor with specificity for at least one protein
kinase C-related kinase (PRK) for the manufacture of a medicament for

the prevention and/or treatment of prostate cancer.

28.Use of at least one antibody with specificity for at least one protein
kinase C-related kinase (PRK) for the manufacture of a composition ca-

pable of scoring prostate carcinomas.

29. Assay system for screening inhibitors having specificity for at least one
PRK capable of blocking AR-induced prostate carcinoma cell prolifera-
tion, said assay system comprising at least one PRK, an (optionally la-
belled) substrate [which, as the case may be, may also be a substrate
with an antibody suitable for a detection], a phosphate-deiivering compo-
nent (as, for example, ATP) and suitable auxiliary substances as, for ex-
ample one or more buffers and one or more pH-adjusting compound(s).
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30. Assay system for scoring prostate carcinomas in a tissue sample, said

assay system comprising a reagent for detecting the presence of PRK1.

31. The assay system of claim 30, wherein said reagent is selected from the

group consisting of an antibody against PRK1 and PCR primers.
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an extent that no meaningful international search can be carried out, specifically:

see FURTHER INFORMATION sheet PCT/ISA/210

3. I:I Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and thlrd sentences of Rule 6. 4(a).

Although claims 1-5, 10-18 and 26 are directed to a method of tréatment of the

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as fotlows:

As all required addltlonal search fees were timely paid by the applicant, this mternatlonal search report covers allsearchable
claims.

2. As all searchable claims could be searched without effort justifying an addltlonal fees this Authonty d|d not invite payment of
' additional fees.-
3. As only some of the reduired additional search fees were timely paid by the applicant, this international search reportcovers
only those claims for which fees were paid, specifically claims Nos.:
4,

No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

\

Remark on Protest The additional search fees were accompanied by the applicant’s protest and, where applicable, the

payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

. D No protest accompanied the payment of adc_litional search fees.
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Although claims 1 5, 10-18 and 26 are directed to a method of.treatment
“of. the human/an1ma1 body; the search has been carried out and based on
’the a]]eged effects of the compound/compos1t1on : :
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‘C1a1ms Nos.: -

Present claims 1-31 relate to a compound which has a given desired
.property. or effect, namelyits ability to inhibit PRK..However, the - -
description does not provide support and disclosure in the sense of .
Article 6 and 5 PCT .for any such compound having the said property or
‘effect and ‘there is no common ‘general knowledge of this kind ava11ab1e
to the 'person skilled in the art. This non-compliance with the
-substantive provisions is to such an extent, that the search was
performed taking into consideration the non—comp]iance in determining
the extent of the search.of the claim (PCT Guidelines 9.19 and 9.20).

The search of claims 1-31 was consequently restr1cted to the
specifically disclosed compounds having the desired property or effect
-see description, and to the broad concept of a compound having the
desired property or. effect. _ v
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The applicant’s attention is drawn to the fact that claims relating to
.inventions in respect of which no international search report has been
-established need not be the subject of an international preliminary
examination (Rule 66.1(e) PCT). The applicant is advised that the EPO
policy when acting as an International Preliminary Examining Authority is
normally not to carry out a preliminary examination on matter which has

. not been searched. This is the case irrespective of whether or not the
claims are amended following receipt of the search report or ‘during any
Chapter: II procedure. If the application proceeds into the regional phase
before the EPO, the applicant is reminded that a search may be carried
out during examination before the EPO (see EPO Guideline C-VI, 8.2),
should the problems which led to the Article 17(2)PCT dec]arat1on be
overcome.
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