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USE OF ENZYMATIC INHIBITORS OF
H-PRUNE FOR THE PREVENTION AND
TREATMENT OF THE METASTASES OF

TUMOURS OVEREXPRESSING H-PRUNE

[0001] Thepresent invention relates to the use of enzymatic
inhibitors of h-PRUNE for the prevention and treatment of the
metastases of tumours overexpressing h-PRUNE, screening
method for said inhibitors and diagnostic kit for the detection
of the metastases thereof.

[0002] More particularly the invention relates to the use of
enzymatic inhibitors of h-PRUNE for the prevention and
treatment of the metastases of breast tumours, sarcomas,
melanomas, neuroblastomas and screening method for said
inhibitors thereof. Further the invention relates to a diagnostic
kit for metastases of said tumours.

[0003] The human PRUNE (h-PRUNE) protein belongs to
the DHH superfamily, which includes several phospho-
esterases, such as the nuclear Rec] from bacteria and the
pyrophosphatases from yeast and bacteria (Aravind et al.,

1998).
[0004] The DHH superfamily can be divided in two main
groups on the basis ofa—C-terminal motif which is very well

conserved within each group but not across the various
groups. All the members of this superfamily possess four
other motifs containing highly conserved charged amino acid
residues predicted to be responsible of ionic bonds and to
catalise the phosphoesterification. The main characteristic of
these is the third motif, namely DHH (Asp-His-His), after
which this superfamily was named.

[0005] Rec] protein is a DNA repair protein and, along with
other nucleases and poorly characterised bacterial proteins,
belongs to the first group; while PRUNE and polyphos-
phatases belong to the second group.

[0006] The gene PRUNE from Drosophila was originally
characterised on the base of its mutant phenotype showing a
brownish-purple colour of eyes due to the reduction of dros-
opterins, in contrast to the bright red eye of the wild-type fly
(Timmons et al., 1996). While homozygous PRUNE mutants
are viable and fertile, they are lethal by developing pseudo-
melanotic tumours in the presence of at least a single mutation
copy which interferes with the correct formation of imagine
disc which will result in the wing (awd/K-pn; also named
Killer of PRUNE).

[0007] Humans encode up to eight orthologs of awd gene
(nm23), at least four of which encode for active nucleoside
diphosphate kinases (NDKPs) which catalyse the phosphoryl
group transfer from a nucleoside triphosphate to a nucleoside
diphosphate (Lombardi et al., 2000).

[0008] Several tumours and highly proliferative cells over-
express nm23-H1 mRNA and the protein thereof and in most
cases this overexpression is linked to early stages of cancer.
Breast cancer is a complex disease which presents a difficult
clinical management due to its biological heterogeneity and
its wide spectrum of responsiveness to treatment (Keen et al.,
2003). Improved knowledge of molecular mechanisms
underlying tumourigenesis allowed the identification of an
increasing number of biomarkers which have been correlated
with various cancer prognosis at different steps of pathology
development, thus resulting in the choice of the most suitable
therapeutic treatment (Keen et al., Domchek et al., 2002).
[0009] Among well-established prognostic factors cur-
rently used in cases of primary breast cancer there are lymph
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node involvement, histological examination, tumour size,
estrogen and progesterone receptor status, proliferation
index, nuclear or histological grade (Kuru et al., 2003, Mora-
bito etal., 2003). It would be useful to provide new molecules
involved in subsequent transformation, invasion and
metastases processes to be used as markers for the prognosis
of the subsequent steps in the tumour pathology development.
[0010] In breast cancer and melanomas high expression of
human nm23-H1 is associated with a decreased metastatic
potential (Florenes et al., 1992). For the specific case of breast
cancer the spread of metastases is responsible for virtually all
cancer deaths.

[0011] To become invasive tumour cells need to change
their adhesive properties, loose contact with other cells in the
primary tumour and establish new contacts with the extracel-
lular matrix of the host cells of tissues they invade. Within this
context the modulation of protease activity surrounding the
tumour cells, plays a critical role. To migrate from the primary
tumour and exit the circulatory system for colonising second-
ary organs, tumour cells also need to gain motility functions.
[0012] To date several metastases suppressing genes have
been isolated and characterised (Steeg et al., 2003). Within
this group nm23 is known to induce a decrease of cell motility
when it is overexpressed in tumour breast cells (Freije et al.,
1997, Hartsough et al., 2001, Freije et al., 1997), influence
anchorage-independent colonisation and induce the differen-
tiation (Kantor et al., 1993; Leone et al., 1993; Howlett et al.,
1994; Hartsough et al., 1998, Lombardi et al., 2000). In addi-
tion ithas been demonstrated that an overexpression of nm23-
H1 in the aggressive breast cancer cell line clone MDA-C100
significantly reduces its metastatic pheno-type both in vitro
and in vivo (Hartsough et al., 2000, Mao et al., 2001, Tseng et
al., 2001).

[0013] The inventor in a previous study has demonstrated
the interaction between h-PRUNE and nm23-H1 and the dis-
ruption of this interaction by nm23H1-S120G mutation (Rey-
mond et al.,, 1999). Further it has been disclosed that ampli-
fication of several copies of h-PRUNE results in induction of
cell proliferation and high levels of h-PRUNE expression,
compared to the moderate or low nm23-H1 levels, are corre-
lated to increased aggressiveness of sarcoma and breast car-
cinoma tumours (Forus et al. 2001).

[0014] Accordingly it is apparent the need to provide com-
pounds suitable to inhibit the enzymatic activity of h-PRUNE
to be used advantageously for the treatment and prevention of
tumours and metastases thereof characterised by the overex-
pression of h-PRUNE.

[0015] Now the author of the present invention has identi-
fied a new enzymatic activity of h-PRUNE particularly cor-
related to metastases, particularly of breast cancer, and sus-
ceptible to therapeutic enzymatic inhibition. In fact, the
author has now discovered that h-PRUNE possesses a cyclic
nucleotide phosphodiesterase activity with a preferential
affinity for cAMP over ¢cGMP as substrates, which can be
effectively suppressed by some phosphodiesterase inhibitors.
[0016] In addition, through the study carried out by the
author of the pre-sent invention, it was found that h-PRUNE
enzyme results to be overexpressed with concurrent decrease
of nm-23 expression in metastatic tumours in several tissues.
Further it was found a direct correlation between increased
activity of cAMP-PDE h-PRUNE and cell motility, due to a
physical protein-protein interaction with nm23H1, in a breast
tumour model. This discovery underlines the interaction
between h-PRUNE and nm23-H1 resulting in the modifica-



US 2009/0118171 Al

tion of the protective function of nm23-H1 in the cell prolif-
eration and suppression of the tumour metastasis processes.

[0017] According to a further aspect of the invention, the
possible role of h-PRUNE as potential independent marker
for prognosis of the clinical development of breast cancer was
evaluated by studying the distribution of the expression of
h-PRUNE protein and of nm23-H1 in a group of patients with
breast carcinoma. Particularly, the h-PRUNE overexpression,
distributed homogeneously among the various analysed clini-
cal cases, offers the chance of an advantageous use of the
protein as prognosis marker independently from other factors
such as, for instance, tumour type, histological sizes, estrogen
and progesterone receptors reactivity, lymph nodes involve-
ment. The identification of a new marker is useful to identify
the tumours with metastatic potential and make more effec-
tive the management of the patients afflicted by breast cancer,
in terms of choice of targeted therapy to be adopted.

[0018] Among the phosphodiesterase (PDE) inhibitors
which were tested through a suitable screening method for the
evaluation of the inhibition of hPRUNE cyclic nucleotide
phosphodiesterase activity, dipyridamole, a drug already
known for its anticoagulant properties, has revealed the high-
est ability to inhibit the h-PRUNE activity in terms of ICs,,
both in vitro and breast cellular model. Also vinpocetine and
3-isobutyl-1-methylxanthine (IBMX) in the screening shown
promising values of ICs, for the h-PRUNE inhibition; the
data from this selection suggest to address the screening to
structural analogous, derivatives and isomers of the above
mentioned three compounds.

[0019] Finally, in vivo analysis of many metastatic breast
tumours confirmed the existence of a direct correlation
between increased levels of h-PRUNE protein and negative
regulation of the nm23-H1 expression, which results in the
distant metastasis formation as reported in the clinical follow-
up study.

[0020] Therefore it is an object of the present invention the
use of inhibitors of h-PRUNE cyclic nucleotide phosphodi-
esterase activity for the preparation of a medicament for
prevention and treatment of tumour metastases characterised
by an overexpression of h-PRUNE, such as, for instance,
breast carcinoma, sarcoma, neuroblastoma, prostate tumour,
pancreatic tumour, colonic tumour, rectal tumour, medullo-
blastoma, epithelioma, epatocarcinoma, cell T or cell B lym-
phoma, myeloma and melanoma.

[0021] Particularly the present invention relates to inhibi-
tors of h-PRUNE cyclic nucleotide phosphodiesterase activ-
ity having the following general formula (I):

)

wherein R1 and R2, which are the same or different, can be
selected from the group consisting of amino alcohol, amino
alkyl, cholesterol;

wherein R3 and R4, which are the same or different, can be
selected from the group consisting of eterocyclic aromatic or
aromatic rings. Preferably the eterocyclic aromatic rings can
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be selected from the group consisting of pyrazole, pyrrole,
imidazole, pyridine, pyrimidine, morpholine. In a preferred
embodiment of the present invention R1 and/or R2 are dietha-
nolamine and R3 and/or R4 are pyrimidine.

[0022] In a more preferred embodiment of the present
invention R1 and R2 are diethanolamine and R3 and R4 are
pyrimidine and the inhibitor is dipyridamole.

[0023] The present invention further relates to the use of
inhibitors of h-PRUNE cyclic nucleotide phosphodiesterase
activity which can be selected from the group consisting of
vinpocetine, 3-isobutyl-1-methylxanthine, IC261 and deriva-
tives, structural analogues and isomers thereof.

[0024] Itis further object of the present invention the use of
an inhibitor of h-PRUNE cyclic nucleotide phosphodi-
esterase activity which is the peptide comprising the follow-
ing amino acid sequence: NIIHGSDSVESAEKE (SEQ ID
No 9). In a particularly preferred embodiment, said peptide
also comprises, downstream of the aforementioned amino
acid sequence, a further peptide liable ofthe permeability and
having the sequence GGGYGRKKRRQRRR. Therefore, the
peptide characterised in that it is permeable, includes the
following sequence NIIHGSDSVESAEKEG-
GGYGRKKRRQRRR (SEQ ID No 10).

[0025] It is a further object of the present invention the
peptide comprising the following amino acid sequence:
NIIHGSDSVESAEKE (SEQ ID No 9) and in a particular
embodiment the peptide comprising the following amino acid
sequence:

NITHGSDSVESAEKEGGGYGRKKRRORRR (SEQ IDNo
10); and characterised in that it is permeable because of the
sequence GGGYGRKKRRORRR.

[0026] It is a further object of the present invention a
screening method forh-PRUNE-inhibiting compounds, com-
prising the following steps:

a) selection of at least one phosphoesterase (PDE) inhibiting
compound or derivative, structural analogue or isomer
thereof;

b) administration of said at least one compound at concentra-
tion between 0.05 uM and 10 pM to one h-PRUNE overex-
pressing cellular line;

¢) quantitative analysis of the cyclic nucleotide phosphodi-
esterase activity of h-PRUNE and/or analysis of the cell
motility versus the concentration of said at least one com-
pound and the chemo-attractant and selection of the com-
pound able to inhibit said phosphodiesterase activity between
values from 0.01 to 1 pmol/min~"/ug™" and/or inhibit said
motility up values between 200 and 1200 cells.

[0027] The inhibition of the cyclic nucleotide phosphodi-
esterase activity of h-PRUNE by a compound tested as inhibi-
tor of said activity can be established by evaluation of IC, for
the aforesaid compound.

[0028] The cell line overexpressing h-PRUNE is the fol-
lowing: MDA-C100 435 prune #4 (deposited at CBA in
Genoa on Oct. 12, 2004).

[0029] Quantitative analysis of the cyclic nucleotide phos-
phodiesterase activity of h-PRUNE can be performed by
hydrolysis tests of the c-AMP and/or c-GMP substrates. Said
substrate is used at concentration between 0.008 pM and 1
UM

[0030] It is a further object of the present invention a
method for the preparation of a pharmaceutical composition
comprising the method as above described involving the addi-
tional step d) of mixing of at least an identified compound, or
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derivative, structural analogue or isomer thereof, along with
one or more coadjuvants and/or pharmacologically accept-
able excipients.

[0031] Furthermore the present invention pertains to the
use of h-PRUNE inhibiting compounds selected according to
the method as above defined, for the preparation of a medi-
cament for prevention and treatment of metastases of tumours
characterised by an overexpression of h-PRUNE, wherein
said tumours can be breast carcinomas, sarcomas, neuroblas-
tomas and melanomas.

[0032] Further object of the present invention is a method
for detection of h-PRUNE in a biological sample for diagno-
sis of metastases of the tumours characterised by an
h-PRUNE overexpression by immunological assay, FISH
analysis, Real-time PCR, in situ hybridization. Particularly,
said method may comprise the following steps:

a) bring into contact said biological sample such as, for
instance, a tissue section or biological fluid, with at least one
monoclonal or polyclonal anti-h-PRUNE antibody, which
can be labelled with a radioisotope, fluorescent molecule or
enzyme;

b) detection of the antigen-antibody complex;

¢) quantitative analysis of the antigen-antibody complex.
[0033] The detection and quantitative analysis of the anti-
gen antibody complex can be performed through immunohis-
tochemical, immunoprecipitation, immunofluorescence,
ELISA, immunoblotting analyses.

[0034] As to the method for the h-PRUNE detection in a
biological sample for diagnosis of metastases of the tumours
characterised by an h-PRUNE overexpression of h-PRUNE
by Real time PCR, the specific primers are:

5' - AGAGATCTTGGACAGGCAAACT-3"'; (SEQ ID No 1)

3'-CCATGTTGACACAGTCCAGGAT-5"' ; (SEQ ID No 2)

or their complementary sequences.

[0035] As to the method for h-PRUNE detection of in a
biological sample for diagnosis of metastases of the tumours
characterised by an overexpression using in situ hybridiza-
tion, the labelled probe can comprise the following oligo-
nucleotide sequence:

CTGCATGGAACCATC (SEQ ID No 3)

or its complementary sequence or the sequence wherein T is
replaced by U.

[0036] Said labelled probe for Real-time PCR can be linear
or circular one (TagMan, Hybridization probe, Molecular
Beacon) and the labelling can be carried out with at least a
radioisotope and/or fluorochrome. The labelling with at least
a fluorochrome (emitting or exciting type), preferably with
6FAM (6-carboxyfluorescein), can be performed at 3' and/or
5" end of the probe oligonucleotidic sequence.

[0037] Itis a further object of the present invention a diag-
nostickit for thedetectionof h-PRUNE in a biological sample
for diagnosis of metastases of the tumours characterised by an
h-PRUNE overexpression (such as, for instance, breast car-
cinomas, sarcomas, neuroblastomas, melanomas, prostate
carcinomas, rectum colonic carcinomas) comprising at least
one monoclonal or polyclonal anti-h-PRUNE antibody,
which can be labelled, for instance, with a radioisotope, fluo-
rescent molecule or enzyme.
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[0038] Thediagnostic kit can alternatively include a couple
of specific primers for h-PRUNE that can comprises the
sequernces:

5' - AGAGATCTTGGACAGGCARAACT-3"'; (SEQ ID No 1)

3'-CCATGTTGACACAGTCCAGGAT-5"; (SEQ ID No 2)

or their complementary sequences.

[0039] Finally the diagnostic kit can include at least one
labelled oligonucleotide probe for Real-time PCR or in situ
hybridization that can comprise the oligonucleotide
sequence:

CTGCATGGRACCATC (SEQ ID No 3)

or its complementary sequence or sequence in which T is
replaced by U.

[0040] Said labelled oligonucleotidic probe for Real-time
PCR can be linear and/or circular one and the labelling can be
with at least a radioisotope and/or fluorochrome, preferably
with 6F AM (6 carboxyfluorescein) and can be performed at
3'and/or 5' end of'the oligonucleotide sequence of the probe.
[0041] Itisa further object of the present invention a mono-
clonal murine antibody able to recognise and bind selectively
the h-PRUNE recombinant protein, characterised in that it
belongs to the [gM immunoglobulin class and is produced by
the 4G3/4 clone (deposited at CBA in Genoa on Oct. 12,
2004). This clone was obtained through the immunization of
mice with the whole h-PRUNE recombinant protein in a
fusion construct containing at the NH, terminal the maltose
binding protein (pMALS construct). The protein was purified
through a maltose affinity column chromatography and then
injected in two mice, with 5 boosters, any one with 100 ug of
purified protein.

[0042] In addition the present invention pertains to a
h-PRUNE (A59) rabbit polyclonal antibody characterised in
that it recognises and binds selectively the peptide used for
the rabbit immunization comprising the amino acid sequence:

(SEQ ID No 4)
NH,-Ala-Leu-Glu-Glu-Ala-Val-Ala-Glu-Val-Leu-Asp-

His-Arg-Pro-Ile-Glu-Pro-Lys-COOH

or parts thereof.
[0043] A further object of the present invention is to pro-
vide the specific primers for hPRUNE amplification by Real-
time PCR comprising at least one of the following oligonucle-
otide sequences:

5' - AGAGATCTTGGACAGGCAAACT-3 ' ; (SEQ ID Ne 1)

3'-CCATGTTGACACAGTCCAGGAT-5"; (SEQ ID Ne 2)

or their complementary sequences.

[0044] Finally, the present invention relates to h-PRUNE-
specific oligonucleotide probe for Real-time PCR or in situ
hybridization comprising the sequence:

CTGCATGGRACCATC; (SEQ ID No 3)

or its complementary sequence or the sequence in which T is
replaced by U.
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[0045] Said oligonucleotidic probe for Real-time PCR can
be linear and/or circular one and can be labelled with at least
oneradioisotope and/or fluorochrome, preferably with 6FAM
(6-carboxyfluorescein) and said labelling can be performed at
3'and/or 5' end of the oligonucleotide sequence of the probe.

[0046] The present invention now will be described by way
of illustration, but not limitation, according to its preferred
embodiments, with particular reference to the figures of
attached drawings, in which:

[0047] FIG. 1 shows multiple alignment of DHH family
phosphoesterases sequences, showing separately the four
generic motifs (I-IV) and the motifs diagnostic of the two
distinct subfamilies mapping to the second domain; numerals
indicate the positions of the first aligned residue in each
protein sequence and distances between the different ele-
ments (panel A). “Ribbon” structure of the hPRUNE protein
based on the crystal structure of PPASE and the Rec] protein
(panel B) and “ribbon” structure of the Rec] protein (panel
C); the arrows indicate aspartic acids residues (D);

[0048] FIG. 2 shows the identification of h-PRUNE PDE
activity on cAMP and cGMP substrates (panel A). Histogram
of the analysis of single and multiple mutations mapping the
potential catalytic site of h-PRUNE protein (panel B). Lin-
eweaver-Burk plots to determine K andV, _forboth cAMP
and cGMP as substrate, respectively, (panels C, D). cAMP-
PDE activity measured in the presence of two different buff-
ers at increasing concentrations of Mg>* (panel E). cAMP-
PDE activity measured in the presence of increasing
concentrations of Mg>* (black points) or Mn>* (white points).
Activity plots of both h-PRUNE (solid lines) and h-PRUNEA
(scattered lines) are shown (panel F);

[0049] FIG. 3 shows stable clones analyses and in vitro
motility assays. Examination of mRNA expression of
h-PRUNE and nm23-H1 genes by Real Time PCR quantita-
tive analysis; relevant ACt values are shown (panel A). Detec-
tion of the mRNA expression by Real Time; the copy number
of m-RNA is reported (panel B). Western blot analyses using
h-PRUNE, nm23-H1 and His-tag specific antibodies, respec-
tively (for PDE5S A) indicate the amount of proteins expressed
in each individual cell clone (panel C). Cellular motility of
MDA C-100 (control), MDA H1-177, MDA-PRUNE and
MDA-HI1-177-PRUNE cell lines, overexpressing respec-
tively h-PRUNE (clone #3 and #4) alone or h-PRUNE and
nm?23-H1 (clone #7 and #8), (panel D). Cellular motility of
MDA C-100 (control), MDA-PRUNE (clone #3 and #4),
MDA-PRUNEA (clone #10 and #11), MDA-PRUNE4DA
(clone #19 and #20), MDA-PDESA (clone #14 and #16) and
MDA-HI1-177 cell lines (panel E). Cellular motility of MDA
C-100 (control), MDA-nm23H1-S120G, MDA-nm23H1-
S120G-PRUNE (clone #2 and #3), MDA-nm23H1-P968,
MDA-nm23H1-P96S-PRUNE (clone #4 and #5) cell lines,
overexpressing nm23-H1 mutants alone or with h-PRUNE
(panel F);

[0050] FIG. 4 shows the in vitro and in vivo h-PRUNE PDE
activity analyses; h-PRUNE and h-PRUNEA cAMP-PDE
activities in the presence of nm23 proteins (panel A). In the
panel B table the values of h-PRUNE PDE activity measured
as pmolxmin~*xg ™' onwhole protein cell lysate are reported;
[0051] FIG. 5 shows the motility histogram representing
analysis of the inhibiting activity on PDEs and motility of
MDA C-100 (control), MDA-PRUNE (clone #3 and #4) and
MDA PRUNEA (clone #10 and #11) cell lines (panel A). In
the panel B table the inhibition activities on different PDE by
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8 tested inhibitors, expressed as values of ICs,,, are reported,
in the last column h-PRUNE IC,, values for some most sen-
sitive compounds are shown.

[0052] FIG. 6 shows in vivo analysis of breast tumour asso-
ciated metastases; FISH analysis on MTA (multiple tissue
array ) that shows amplification of h-PRUNE (left) and nm23-
H1 (right) (panel A). 100x and 200x magnification of
immuno-histochemical analyses (IHC) of two groups of
h-PRUNE highly expressing (+++) tumours (left) compared
to moderate and low (0/+) nm23-HI expression level (right)
(panels B, C); result table of both FISH and THC analyses
performed on 59 TNM, breast cancer cases (panel D).
[0053] FIG. 7 shows a model representing h-PRUNE pro-
metastatic function in breast cancer

[0054] FIG. 8 shows FISH and immunohistochemistry
analyses comparing normal and tumour breast tissues; in
panel A FISH analysis on MTA that allows to individualise
the h-PRUNE copy number both in normal and tumour tis-
sues (left) and in tumour but no-metastatic tissues (right) is
represented; in panel B magnification of the immuno-his-
tochemical analysis performed on two groups of low
h-PRUNE expressing (+) tumours is reported;

[0055] FIG. 9 shows expression and cytogenetic analysis of
h-PRUNE in breast carcinoma. In the panel A the immuno-
histochemical analysis for h-PRUNE expression performed
in TMA sections and 40x magnification of positive (a) and
negative (b) h-PRUNE immunostaining are shown. In the
panel B FISH analysis on the same samples employing
h-PRUNE/PAC279-h19 as probes and pUC177 as control is
reported,

[0056] FIG. 10 shows Kaplan-Meier survival analyses on
h-PRUNE and nm23-H1 expression. All cases of breast car-
cinomas were subjected to nm23-H 1 (A) and h-PRUNE (B)
immunostaining; h-PRUNE-positive breast carcinomas in the
presence (C) or absence (D) of axillary lymph node involve-
ment;

[0057] FIG. 11, A, shows in vitro immuno-precipitation of
baculovirus produced h-PRUNE protein and Casein Kinasi &
in vitro phosphorylated and not phosphorylated nm23H1,
several single mutations in S120-125 region were produced in
order to show the complex formation through in vitro
immuno-precipitation. The proteins are visible by Western
blots using anti-HIS antibodies present in terminal NH2 of
the recombinant proteins synthesised in Baculovirus. Lane 1
and 2 shows recombinant proteins as control. Immuno-pre-
cipitations were performed with A-59 anti-h-prune poly-
clonal antibody and the detection by W.B. with anti-His tag
(prune/nm?23) polyclonal antibodies; FIG. 11B shows protein
sequence and MALDI-MS of the protein, phosphorylation-
positive serines are in bold type; FIG. 11 C shows COS7
expressed nm23-H2 using pcDNA-HA-nm23H2 construct
and anti-HA recognising antibodies, following SDS page gel
purification and trypsinization and sent to MALDI-MS
molecular weight profile analysis, the identification of pep-
tides and molecular mass thereof was carried out using Voy-
ager mass-spectrometer with a mass increase corresponding
to one or two phosphorylations. (80 Daltons, 160 Daltons);
[0058] FIG. 12 A: K73 polyclonal antibody that recognises
the peptide correspondent tonm23H1 phosphorylated region,
obtained in rabbits, several times affinity purified against the
phosphorylated peptide, lane 1 and lane 2 show that baculovi-
rus produced nm23H1 and H2 recombinant protein, when in
vitro phosphorylated by casein Kinase 9, is then recognised
by the phosphorylated serine recognising [gG enriched spe-
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cific K73 antibody. These data show the presence of specific
phosphorylation in the Serine 120-125 region by a K73 spe-
cific antibody; FIG. 12 C: MDA H1177 were incubated with
50 mMol IC261 atdifferent times, as described in example 4,
30 mg of total extract were analysed for the phosphorylation
of nm23 with K73 polyclonal antibody purified against the
phosphorylated peptide. Lane 6 (given at 0 h) shows 30 mg of
extract, used in lane 1, treated for 1 hour with 10 U of ICP at
37° C. FIG. 12 D, MDA C100 were treated at two different
concentrations with IC261 for 6 h, h-prune was immuno-
precipitated with A59 polyclonal antibody, the interaction
with nm23-H1 was detected through moAb anti nm23H1
moAb (NOVOCASTRA). Lanes 1 and 5 show 20 ng of
recombinant h-prune WB positive control and 20 ng of
MDAH1177 cellular extract, respectively;

[0059] FIG. 13 A shows cellular motility values (arithmetic
mean=SD for five independent duplicate assays) following
the treatment with dipyridamole, IC261 or dipyridamole and
1C261; F1G. 13 B (lower left) shows that the presence of
1C261 alters the content of linearised cAMP in MDA prune
#4 cell (total content of cAMP-PDE activity) showing that the
complex is responsible for the PDE-cAMP increase in the
cells. In fact FIG. 13 B (lower right) shows that recombinant
h-prune protein in vitro in the presence of IC261 do not
modify its biological activity, the specific activity value being
similar to non-treated protein. From these data IC261 inhibits
h-prune-nm?23 complex, the latter being responsible for the in
vivo increase of phosphodieterase activity, as it’s apparent in
MDA prune #4;

[0060] FIG. 14 shows h-prune detection by Western blot
with a prune specific monoclonal antibody (4G3/4).

EXAMPLE 1

Structural and Functional Analysis of h-Prune

[0061] Materials and Methods
[0062] Protein Sequence Analysis
[0063] Thenon-redundant database of protein sequences at

the National Center for Biotechnology (NIH, Bethesda) was
iteratively searched using the PSI-BLAST program (Altschul
et al, 1997). Multiple alignments of protein sequences were
constructed using the T_coffee program (Notredame et al.,
1993) and corrected on the basis of PSI-BLAST program
results.

[0064] Phylogenetic trees were constructed using the Philip
Fitch program and Molphy package ProtML program.
[0065] Homology modelling of protein structures was per-
formed by the SWISS-PDB-viewer software and the align-
ment with the template was manually adjusted to minimise
the clashes ofthe protein backbone. The energy minimisation
was carried out using the GROMOS program using a Sippl-
like force field.

[0066] The diagrams of the ribbon structure proteins were
generated using the MOLSCRIPT program.

[0067] Cell Culture

[0068] HEK-293 and MDA-MB-435 cells were cultured in
Dulbecco’s modified Eagles’ medium supplemented WITH
10% FOETAL BOVINE SERUM, 100 UNITS/ml PENICIL-
LIN, and 100 pg/ml streptomycin at 37° C. with 5% CO,.
[0069] Protein Expression and Purification in Baculovirus
[0070] Protein expression was performed using Baculovi-
rus Expression System (Invitrogen). In brief, the cDNA cod-
ing for h-PRUNE, nm23-H1 and the nm23-H1 (Mac Donald
et al, 1996) and h-PRUNE mutants: h-PRUNEA, D28A,
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D106A, DI179A, D28A-D106A, D28A-DI06A-DI26A,
D28A-A, 4DA (D28A-D106A-A-D179A) were subcloned
into an EcoRI/Xhol digested pFastBac-Hta vector.

[0071] To produce the h-PRUNE mutant ¢cDNAs, site-di-
rected mutagenesis of the h-PRUNE construct was carried out
using the QuikChange I1I kit (Stratagene) according to the
manufacturer instructions (see example 2).

[0072] Virus infection and purification conditions are
described in Garzia and coll. (2003).

[0073] Subsequently histidine-tagged h-PRUNE and
h-PRUNEA were purified on a MonoQ HR 5/5 column (Am-
ersham) using 10 mM Tris-HCI1 pH 8.0 buffer. Column elu-
tion was performed with a linear gradient from 0 to 0.8 M
NaCl, over 20 min and at a flow rate of 1 ml/min. The fractions
were further dialysed against 10 mM Tris-HCl, pH 8.0 buffer,
and tested for activity.

[0074] The purity of isolated proteins was measured by
SDS page electrophoresis analysis.

[0075] Identification and Characterization of the h-Prune
Phosphodiesterase Activity

[0076] PDE activity was measured by a cAMP/cGMP
detection assay, as described by Fisher et al. 1998 and with a
scintillation assay (Amersham-Pharmacia Biotech).

[0077] Samples were diluted and incubated at 30° C. in 100
W assay buffer (50 mM Tris-HCI, pH 7.4, 8.3 mM MgCl,, 1.7
mM EGTA) containing the desired concentration of cAMP or
cGMP as substrates (unlabeled to *H-labeled ratio=3:1).
[0078] All the reactions, including blanks containing alone
medium, were conducted in triplicate and allowed to proceed
for an incubation time giving <25% substrates turnover (em-
pirically determined).

[0079] Reactions were terminated by adding 50 ul Yttrium
silicate SPA beads (Amersham).

[0080] Enzyme activities were calculated for the amount of
radiolabeled product detected according to the manufacturer
protocol. As negative controls h-PRUNE pre-incubated with
A59 polyclonal antibodies, raised against the motif IIl region
(Apotech Corporation, CH) and h-PRUNEA mutant were
used.

[0081] In particular, for PDE activity of h-PRUNE and
h-PRUNE mutants 200 ng of purified enzymes were incu-
bated for 10 min at 30° C.

[0082] Lineweaver-Burk plots with K and V, __ values
were determined by measuring hydrolysis within a substrate
concentration range (0.05-10.0 uM) and fixed amount of
diluted enzyme over 5-40 min. Initial rates were calculated at
each substrate concentration and plotted against the latter
whereby the kinetic parameters were determined.

[0083] To study the influence of different buffers and nm23
activity on h-PRUNE PDE activity and perform inhibition
studies, PDE assay was modified as reported in “materials
and methods” section of example 2.

[0084] In Vitro Cell Motility Assays

[0085] Stable MDA clones overexpressing h-PRUNE,
h-PRUNEA, h-PRUNE4DA and human PDE5A were pro-
duced and analysed as described in “materials and methods”
section of example 2.

[0086] Control breast cancer cell line MDA-C100 was used
in the cell motility assay, as described previously (Leo et al.,
1993) along with nm23-H1 overexpressing cell line (MDA-
H1-177), which shows inhibition of metastasis processes in
vivo,

[0087] Cellular motility was determined by means of the
6-well trans-well technology (Corning-Costar) using, as final
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concentrations, 0.25%, 0.5% FCS, 2.5 and 5.0 ng/ml
fibronectin (Sigma), acting chemo-attractants, respectively
(for further details see “materials and methods™ section of
example 2).

[0088] Statistical Analysis

[0089] All the assays, including PDE activity and cellular
motility ones, were validated using the T-test method avail-
able at http://www.graphpad.com/quickcalcs/index.cfm.
[0090] FISH and HIC analyses, tumour clinical case col-
lection and TNM selection are reported in “materials and
methods” section of example 2.

[0091] Results
[0092] Structural and Functional Analysis of h-Prune
[0093] An ITERATIVE protein data base search (PSI-

BLAST) carried out on h-PRUNE protein, allowed to recover
with statistically significant expectation values, the eukary-
otic orthologs of PRUNE, followed by inorganic pyrophos-
phatases from a variety of bacteria and DHH proteins from
various organisms, including the Recl] nucleases (FIG. 1,
panel C).

[0094] Clustering of the DHH proteins using the BLAST-
CLUST program and phylogenetic analysis, using the maxi-
mum likelihood method, shows that PRUNE proteins (human
and Drosophila) belong to the second DHH family, along
with the inorganic pyrophosphatases (FIG. 1, panel A).
[0095] While the two families of DHH proteins share a
common N-terminal domain that contains the four conserved
motifs typical of the DHH superfamily, they are distinguished
from each other by their C-terminal domains. Shared N-ter-
minal domain has an o/ff fold with parallel f-sheets and
contains the absolutely conserved elements of the form DXD
(Motif-I), D (Motif-1I), DHH (Motif-1II) and D/E (Motif-IV)
(FIG. 1 panels A and B).

[0096] All of these residues are on the same face of this
domain and together form the catalytic site chelating at least
two divalent cations. PRUNE proteins contain the form DHR
as substitution of the canonical DHH (Motif-IIT) that is
observed in all other members of this family (FIG. 1, panel A).
[0097] Inboth DHH families, the C-terminal domain con-
tains a core sheet of five strands, four of which form two
[-strand hairpins. However, differences in the C-terminal
domains between the first and the second family of DHH
proteins may contribute prominently to substrate specificity
of the two superfamilies. Additionally, C-terminal domain to
the DHH module, mammalian PRUNE contains a non-globu-
lar extension within which there are some conserved serines
that may play a role for regulation of the phosphorylation.
[0098] Structural analysis ofh-PRUNE showed similarities
to Rec] (Yamagata etal., 2002) and pyrophosphatases (Ahn et
al., 2001), thus suggesting a potential similar activity to the
latter.

[0099] However, their strong synergistic interactions with
the awd/K-pn-like NDPKs suggested that PRUNE proteins
might have alternative substrates, such as nucleotides.
[0100] Evolutionary studies about DHH family shown that
phosphoesterases are derived from a number of protein folds
containing various phosphoesterase and hydrolase domains.
These include: the HD fold, from which the classic signalling
PDEs are recognised (PDE1-11) (Aravind et al., 1998); the
metal-f-lactamase fold (Galperin et al., 1999, Aravind et al.,
1999), from which the PdsA-like PDEs are derived; and the
calcineurin-like phosphoesterase fold (Aravind et al., 1998),
from which Icc-like PDEs are derived.
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[0101] The DHH catalytic domain has a very distinct fold
from these other families and contains several analogous
metal chelating residues (aspartic acid and histidines) that
could potentially define an entirely new class of PDEs. In
order to test this hypothesis, h-PRUNE was expressed, puri-
fied and assayed for potential PDE activity.

[0102] Identification and Characterisation of the h-Prune
PDE Activity
[0103] To determine the ability of h-PRUNE to hydrolyse

phosphoester bonds in cyclic nucleotides (cAMP and cGMP),
h-PRUNE was cloned and expressed using the Baculovirus
expression system. His-tagged h-PRUNE and h-PRUNEA, a
mutation created in the motif III region (DHRP126-
129AAAA), were purified by affinity chromatography.
[0104] PDE assay was used to characterize purified
h-PRUNE catalytic activity and to determine the specific
substrate.

[0105] As shown in FIG. 2, panel A, h-PRUNE possesses
significant PDE activity which is higher for cAMP than for
c¢GMP substrate, while h-PRUNEA shows a 40% reduction of
this activity. As positive control PDE2 was used; the negative
controls were both h-PRUNE pre-incubated with A59 spe-
cific polyclonal antibody and h-PRUNEA.

[0106] To confirm the PDE detected activity, h-PRUNE and
h-PRUNEA were overexpressed transiently in human HEK-
293 cells and then immuno-precipitated and PDE assay was
carried out on immuno-precipitated proteins.

[0107] These results indicate that h-PRUNE purified pro-
tein, both from insect and human cells, shows PDE activity.
[0108] To identify amino acids potentially involved in the
catalytic site, a mutation analysis at single and multiple sites
affecting h-PRUNE PDE activity was conducted. All the
aspartic acid residues of the DHH characteristic motifs (FIG.
1, panel B) were mutated both alone and in combination
(figure 2, panel B). The mutants were expressed using the
Baculovirus expression system and purified to homogeneity
(80% yield of purification).

[0109] The proteins were tested for their ;cAMP-PDE activ-
ity and it was observed an 80% decrease in the h-PRUNE 4DA
(D28A, DI06A, A, D179A) mutant activity. In summary,
D28, D126, H127, R128, P129 and D179 amino acids were
found to be essential for h-PRUNE PDE activity, thus indi-
cating that most likely they are part of the catalytic site.
Instead, D106A mutation in motif 11 did not influence
h-PRUNE PDE activity.

[0110] To define K, values, the His-tagged h-PRUNE pro-
tein was purified to homogeneity by another purification step
using ion-exchange chromatography (Mono-Q column) with
high purification yield (90%).K  andV, __values were deter-
mined by measuring nucleotides hydrolysis with a fixed
amount of purified enzyme within substrate concentration
range (0.05-10.0 uM) and considering data points in the reac-
tion linear part. Both cAMP and ¢cGMP are substrates for
h-PRUNE and show K, values 0f 0.9+0.03 uM and 2.3£0.11
uM, respectively (FIG. 2, panels C and D).

[0111] Maximal rates of substrate turnover (V, ) were
found to be 12.8+0.5 pmolxmin~"xpg™" and 16.1x0.8 umolx
min~'xug™" purified enzyme for cAMP and cGMP, respec-
tively.

[0112] Thus evidence of a cyclic nucleotide phosphodi-
esterase activity for a protein of the DHH superfamily was
pointed out. To study the buffer influence on h-PRUNE PDE
activity, Tris-HCl and HEPES buffers were tested in the pres-
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ence of same salt and higher PDE activity was observed in the
presence of Tris-HCl buffer (FIG. 2, panel E).

[0113] Considering the ion dependence of DHH proteins, it
was assessed the Mg®* and Mn®* ion dependency of
h-PRUNE in the PDE cAMP assay. Although higher activity
found of h-PRUNE in Tris-HCI buffer, PDE assays in the
presence of HEPES buffer to avoid oxo-reduction reactions
were performed and increasing concentrations of two differ-
ent divalent ions were used.

[0114] Although some PDE activity was measured in the
no-ion buffer, Mg** stimulated h-PRUNE PDE activity (FIG.
2, panel E); in contrast, in the presence of MnCl, this activity
is inhibited. In addition, the h-PRUNEA mutant is not acti-
vated by the Mg®* ions, as well as the wild-type protein (FIG.
2, panel F), thus indicating that the motif III, modified in
h-PRUNEA mutant, is necessary for phosphodiesterase activ-
ity. In conclusion, it was shown that h-PRUNE cAMP-PDE
activity is influenced positively by the Mg* ion concentra-
tion.

[0115] Stable Breast MDA h-Prune Clones and Correlation
to Cellular Motility

[0116] To study the h-PRUNE function in regulating nm23-
H1 anti-motility and metastasis suppressing activities, breast
cancer MDA-C100 and HI-177 cellular models were
employed (Hartsough et al., 2000, Mao et al., 2001, Tseng et
al., 2001).

[0117] The MDA-435-C100 cells (highly metastatic breast
carcinoma cells, ATCC) were transfected with h-PRUNE
gene ¢cDNA in a LTR-containing plasmid construct (pBabe
construct, which is employed to generate ecotropic retrovirus
in mammalian cells), after transfection, different puromycin
resistant clones were obtained (20 culture days to isolate
clones), plasmid antibiotic resistance, and selected for
h-prune cDNA overexpression thereof under the LTR pro-
moter.

[0118] Several stable clones overexpressing h-PRUNE
cDNA (clone #3 and #4, this last deposited at CBA in Genoa
on Oct. 12, 2004), h-PRUNEA ¢DNA (clone #10 and #11),
h-PRUNE4DA ¢DNA (clone #19 and #20) and PDESA
c¢DNA (clone #14 and #16) in MDA-C100 cells were pro-
duced. h-PRUNEA ¢DNA in MDA-H1-177 overexpressing
nm23-H1 (clone #7 and #8), MDA overexpressing nm23H1-
P96S (clone #4 and #5) and MDA overexpressing nm23H1-
S120G (clone #2 and #3) was stabilised.

[0119] Some of these clones were characterised to deter-
mine the expression level of h-PRUNE mRNA using Real
Time PCR analysis by TagMan technology (FIG. 3, panel A).
Four clones were selected for their level of mRNA expression
by quantitative analysis and copy number extrapolation, to be
compared to target reference gene (GAPDH) (FIG. 3, panel
B).

[0120] In addition, Western blot analyses were performed
to identify the expression levels of the h-PRUNE, nm23 and
PDESA proteins (FIG. 3, panel C).

[0121] Stable clones produced were then assayed for cel-
lular motility using the Trans-well cell culture chambers
(Freije et al, 1997, Hartsough et al., 2001, Freije et al., 1997).
6 independent clones (MDA-C-100; MDA-PRUNE clone #3
and #4, deposited at CBA in Genoa on Oct. 12, 2004; MDA-
H1-177-PRUNE clone #7 and #8;, MDA-11-177) were
assayed. MDA-PRUNE clones have a 2-folds increase in
motility when compared to the control cell line MDA-C100
(FIG. 3, panel D).
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[0122] Values observed for the MDA-H1-177-PRUNE
clone are increased of 2.2 folds as compared to the cell line
MDA-HI1-177, overexpressing nm23-H1 alone (F1G. 3, panel
D). Clone MDA-H1-177 observed value is reduced by at least
40% compared to the MDA-C100 cell line, as previously
reported (Hartsough et al, 2001), thus confirming the role of
nm?23-H1 for the inhibition of cellular motility.

[0123] TInorder to study the contribution of h-PRUNE PDE
activity to cell motility, a motility assay on MDA-C100,
MDA-H1-177, MDA-PRUNE (clone #3 and #4 deposited at
CBA in Genoa on Oct. 12, 2004), MDA-PRUNEA (clone #10
and #11) and MDA-PRUNE4DA (clone #19 and #20) was
carried out. These mutants were chosen because of their dif-
ferent ability to influence h-PRUNE PDE activity.

[0124] A 40% and almost complete (90%) decreases of cell
motility in MDA-PRUNEA and in MDA-PRUNE4DA
clones, both compared to MDA-PRUNE stable clones, were
observed respectively. To verify whether h-PRUNE PDE
activity contributes alone to cell motility in breast cancer cell
lines, the clones overexpressing a well characterised PDE
(PDESA) in MDA-C100 (MDA-PDESA clone #14 and #16)
were tested. No increase in cell motility was observed in both
PDESA overexpressing clones (FIG. 3, panel E), thus indi-
cating that only h-PRUNE PDE activity is able to induce cell
motility in this conventional cellular model.

[0125] In addition, it has been reported (Freije et al., 1997,
Hartsough et al., 2001, Freije et al., 1997) that the nm23H1-
S120G (a mutant non-interacting with h-PRUNE) (Reymond
etal., 1999) and nm23H1-P96S (a mutant retaining its ability
to bind h-PRUNE) proteins are able to induce cellular motil-
ity.

[0126] The role of h-PRUNE in cellular motility activity
overexpressing mutants with and without h-PRUNE was
investigated and this was correlated to cellular motility.
MDA-nm23H1-S120G-PRUNE clones show an almost 60%
motility increase as compared to the MDA-C100 control cell
line, while the MDA-nm23H1-P96S-PRUNE clones show a
200% motility increase when compared to MDA-C100 cells
(FIG. 3, panel F).

[0127] In conclusion, the results indicate that overexpres-
sion of h-PRUNE in MDA-C100 cells increases cellular
motility. h-PRUNE is able to revert the anti motility effect of
nm?23-H1, thus promoting cellular motility. This effect is not
observed when h-PRUNE is overexpressed in the presence of
h-PRUNE interaction impaired nm23H1-S120G mutant, thus
postulating a role of nm23-H1-h-PRUNE complex on the
increase of cellular motility.

[0128] In Vitro and In Vivo h-Prune PDE Activity

[0129] Considering that h-PRUNE and nm23-H1 physi-
cally interact (Mac Donald et al., 1996), it was examined
whether nm23s may influence the PDE activity of h-PRUNE
and the biochemical significance of the nm23-h-PRUNE
interaction. This was achieved by pre-incubating nm23-H1
with h-PRUNE purified protein and measuring the cAMP-
PDE activity in vitro.

[0130] h-PRUNE PDE activity showed up to a 2-fold
increase over the control in the presence of nm23-H1. In
addition, to verify that this increased activity is due to a
physical interaction, different nm23 mutants were tested. The
non-interacting mutant nm23H1-S120G (FIG. 4, panel A)
was not able to increase h-PRUNE PDE activity; in contrast,
the interacting mutant nm23H1-P96S increased h-PRUNE
PDE activity almost as the wild-type nm23-H1, although to a
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lesser extent. This is possible because of the lower binding
affinity to h-PRUNE, as previously reported (Reymondet al.,
1999).

[0131] As a further control experiment, h-PRUNEA PDE
activity was tested in the presence of nm23-H1 protein,
because these two proteins do not interact during coimmuno-
precipitation assays. There is no increase in h-PRUNEA PDE
measured activity (FIG. 4, panel A).

[0132] These results demonstrate a correlation between the
direct physical interaction of h-PRUNE and nm23-H1 and the
increase of h-PRUNE PDE activity. Furthermore, each stable
clone used in the motility assay was analysed for specific
h-PRUNE cAMP-PDE activity on immuno-precipitated pro-
tein (FIG. 4, panel B).

[0133] As it result from these analyses, the MDA-PRUNE
clones have 8 fold increase of cAMP-PDE activity as com-
pared to the MDA-C100 one. Instead, the MDA-PRUNEA
clones have a 0.5 fold decrease of cAMP-PDE activity as
compared to the MDA-PRUNE and this correlates to their cell
motility properties (F1G. 4, panel B).

[0134] In addition, it was found that h-PRUNE PDE activ-
ity in MDA-h-PRUNE clones compared to stable double
MDA-H1-177-PRUNE ones is increased of 1.4-folds (FIG. 4,
panel B).

[0135] These results show a direct correlation between
h-PRUNE PDE activity and cell motility. Furthermore,
MDA-nm23H1-S120G-PRUNE clones have a 3-folds
decrease of h-PRUNE PDE activity as compared to the MDA-
nm23H1-P96S-PRUNE ones, thus implying a direct correla-
tion among h-PRUNE cAMP-PDE activity, cellular motility
and protein-protein interactions. In conclusion, a direct cor-
relation between h-PRUNE PDE function and protein-pro-
tein interactions, resulting in a significant influence on cellu-
lar motility, was pointed out.

[0136] PDE Inhibitor Studies of h-Prune and Influence on
Cellular Motility

[0137] To identify the physiological role of h-PRUNE
cAMP PDE activity in the cell a panel of selective PDE
inhibitors was tested and it was verified whether any affects
h-PRUNE protein activity.

[0138] The ability of h-PRUNE to hydrolyse cAMP was
inhibited selectively by dipyridamole (already known to act
against PDES, PDE6, PDE9, PDE10 and PDE11). IC,, mea-
sured for dipyridamole inhibition of h-PRUNE PDE activity
was 0.78+0.05 uM and this value is lower (higher specificity)
than other selective PDE inhibition values (PDES, PDE9,
PDE 10). Only PDE6 and PDE11 have a IC,, value lower than
h-PRUNE (FIG. 5, panel A).

[0139] h-PRUNE was also moderately sensitive to IBMX
(3-1sobutyl-1-methylxanthine) (ICs,; 40.2+0.8 uM), a non-
selective specific PDE inhibitor, and vinpocetine (ICs;
22.3+1.1 uM), a PDEIC specific inhibitor.

[0140] Several other inhibitors used in this study did not
affect c-AMP h-PRUNE hydrolysis activity, even when
applied at 100-fold higher concentration than for their IC,
values against the other PDEs. Results of the inhibiting stud-
ies are summarised in FIG. 5, panel A.

[0141] Data presented above was further verified in MDA-
MB-435 breast cancer cell line, in order to study the physi-
ological inhibition in vitro.

[0142] It was chosen to use h-PRUNE overexpressing
MDA clones and, as additional controls, MDA-PRUNEA
ones, because of a partial reduction (40%) of h-PRUNE PDE
activity as discussed above (FIG. 2, panels A and B), to verify
at which extent dipyridamole was able to inhibit their activi-
ties and correlate them to cellular motility.
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[0143] Both the MDA-PRUNE and PRUNEA clones were
incubated with dipyridamole (8 pM, a 10-fold higher concen-
tration than for ICs,) for 24 h to obtain the complete enzyme
inactivation and then the motility assay was repeated as
described above.

[0144] After treatment with dipyridamole, MDA-PRUNE
and MDA-PRUNEA clones showed an average motility
reduction of 40% and 20%, respectively, showing that the
inhibitor acts againsth-PRUNE PDE activity thus resulting in
substantial decrease of cellular motility (FIG. 5, panel B).

[0145] Breast Carcinoma Study on Metastases Affected
Patients
[0146] To verify invivo the oncogenic role ofh-PRUNE we

have randomly selected fifty-nine cases for which metastases
have been reported (TxNxMI according to TNM classifica-
tion which describes the anatomical extent of disease (Hejna
etal., 1999)).

[0147] Analysis was performed on a tissue multiple array
(TMA) containing primary tumour tissues cases that showed
metastasis at the time of diagnosis or during follow-up (at
least 5 years of follow-up; date of diagnosis: 1992-97).
[0148] FISH analyses, using a PAC containing h-PRUNE
(279-H19) as probe, revealed 22 out of 59 (37%) tumour
cases with trisomy or higher copy number, indicating ampli-
fication of the h-PRUNE genomic region. Only one disomy
and none amplification were observed in a total of 55 analy-
sed cases using a PAC containing nm23-H1 as probe (FIG. 6,
panel A).

[0149] In addition, immuno-histochemical analyses on
TMA were performed using two antibodies (A59, K73) rec-
ognising h-PRUNE and nm23-H1, respectively. FISH and
immunohistochemical analyses of normal as well as no meta-
static cancer tissues were reported.

[0150] According to immuno-histopathology grading, in
all of 22 cases (37%) after cytogenetic amplification of
h-PRUNE chromosomal region it was also underlined high
h-PRUNE protein expression in contrast to low or moderate
expression level of nm23-H1, thus suggesting that about one
third of breast metastasis formation may be due to both
h-PRUNE amplification and overexpression with concurrent
diminished level of the nm23-H1 metastases suppressing
function.

[0151] Inaddition, 7 cases (12%) do not present h-PRUNE
amplification but possess high h-PRUNE protein level while
nm-23H1 level is low (FIG. 6, panel D). This suggests the
presence of an alternative mechanism of h-PRUNE overex-
pression independent from gene amplification.

[0152] These data indicate a metastasis-promoting role of
h-PRUNE protein in breast carcinoma.
EXAMPLE 2
Gene Expression Profile of Breast MDA Stable
Clones
[0153] Materials and Methods
[0154] Mutants Preparation
[0155] The following oligonucleotides were used to gener-

ate h-PRUNE mutants:

h-PRUNEA (DHRP126-129AARA) :
(SEQ ID No 5)
5'-GTA GCA GAG GTG CTA GCC GCT GCA GCC ATC GAG CCG

ARA CAC-3';
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-continued
D28A:
(SEQ ID No §6)
5'-GAA GCC TGT GCT TTG GAC TCC-3';
D106A:
(SEQ ID No 7)

5'-ACC CTC ATC CTT GTC GCT CAT CAT ATC TTA TCC-3';

D17%a:
(SEQ ID No 8)
5'-GAA CCA TCA TCC TGG CAT GTG TCA ACA TGG-3'.

[0156] Mutated nucleotides are noted in boldface type and
the altered codon is underlined. All mutations were confirmed
by DNA sequencing,

[0157] Characterization of the h-Prune PDE Phosphodi-
esterase Activity

[0158] To study the buffer influence on h-PRUNE PDE
activity the PDE assay was modified by using 50 mM Tris-
HCI, pH 7.4 or 50 mM HEPES buffer, pH 7.5 at increasing
concentrations (0, 1,2, 4, 8, 16 and 32 mM) of MgCl,.
[0159] To study the ion presence effect the PDE assays
were performed in 50 mM HEPES buffer, pH 7.5 (in order to
avoid oxo-reduction reactions) at increasing concentrations
(1, 2,4, 8,16, 32 and 64 mM) of MgCl, or MnCl, salt. As a
negative control, h-PRUNEA was used in the same conditions
as for h-PRUNE. h-PRUNE activity in the absence of ions
was tested after extensive dialysis of the protein against 50
mM Tris-HCL, pH 7.4, 1.7 mM EGTA or 50 HEPES buffer,
pH 7.5, 1.7 mM EGTA.

[0160] The influence of nm23 (NDPK) activity on
h-PRUNE PDE activity was investigated by carrying out the
assays with a pre-incubation of purified h-PRUNE with vari-
ous nm23 (70% purification yield, -H1, —=h1-S120G or -H1-
P96S).

[0161] The possible effect of nm23-H1 on h-PRUNEA was
tested by pre-incubating the purified mutant protein with
nm?23-H1 and performing the PDE assay.

[0162] As to the inhibitor studies, eight different potential
inhibitors were tested, namely: cilostamide, dipyridamole,
3-isobutyl-1-methylxanthine (IBMX), milrinone, rolipram,
vinpocetine, sulindac and zaprinast (Sigma).

[0163] Low concentration of cAMP (0.01 uM) was
employed in order to approximate I1Cs, to K,. All inhibition
studies were carried out in triplicate and were repeated thrice.
[0164] Stable Clones Analyses

[0165] h-PRUNE, h-PRUNEA and h-PRUNE4DA cDNAs
were subcloned into the EcoR1/Xhol digested pBABE vector
modified with His-tagged at the N-terminus. Human PDESA
¢DNA was PCR amplified by adding EcoRI and Xhol restric-
tion ends in order to clone it into the same His-tagged vector.
[0166] The MDA-C100, MDA-H1-177, MDA-nm23H1-
S120G and MDA-nm23H1-P96S clones were transfected
with pPBABE-h-PRUNE expression vector. MDA-C100clone
was transfected with pBABE-h-PRUNEA, pBABE-h-
PRUNEA4DA, and pBABE-h-PDESA expression vectors.
[0167] Transfections were performed by using Lipo-
fectamine (Invitrogen), according to the manufacturer
instructions. Transfectants were selected in Dulbecco’s modi-
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fied Eagles” medium (DMEM) containing 10% foetal bovine
serum, 100 Units/ml penicillin, 100 ug/ml streptomycin and 2
pg/ml puromycin (Sigma).

[0168] Inorder to prepare the bulk transfected lines, plates
containing one hundred puromycin-resistant colonies were
trypsinized, and cell lines were thus established.

[0169] Several puromycin-resistant pBABE-h-PRUNE,
pBABE-h-PRUNEA, pBABE-h-PRUNE4DA and pBABE-
PDESA clones were isolated for every MDA clone, trans-
fected and characterised both by Real time PCR and western
blot analyses.

[0170] For real time PCR analysis. individual cell clones
(MDA-C100, MDA-H1-177, MDA-H1S120G, MDA-
H1P96S cell lines, several h-PRUNE- and h-PRUNEA stable
clones) were plated at concentrations of 7-9x10° cells in 75
cm’ flasks.

[0171] mRNA was extracted and purified by TRIZOL®
(Invitrogen) and then assayed by TagMan quantitative Real
Time PCR detection system using an ABI PRISM 7000
instrument (Applied Biosystems). Gene primer pairs were
synthesised (Applied Biosystems: NME1-P/N 4331182;
GAPDH) and Assay on Design was used to construct 6FAM
probe sequence (6-carboxyfluorescein) both for the
h-PRUNE and h-PRUNEA genes:

6 FAM- CTGCATGGAACCATC; (SEQ ID No 3)

FOR :

AGAGATCTTGGACAGGCARACT; (SEQ ID No 1)

REV:

CCATGTTGACACAGTCCAGGAT. (SEQ ID No 2)
[0172] Several clones were selected and assayed for their

mRNA expression levels by quantitative analysis and copy
number extrapolation, as compared to reference target ones
(GAPDH)

[0173] For western blot analysis, 15 pug of protein lysate in
buffer were analysed by SDS-PAGE on 10% (w/v) or 12.5%
(w/v) polyacrylamide gels and were electroblotted onto a
PVDF membrane (Immobilon-P, Millipore). The lysates
were immuno-detected with h-PRUNE specific polyclonal
(A59, raised against the motif III region) for h-PRUNE,
nm23-H1 (clone NM301, specific for the H1 isoform; Santa
Cruz) for nm23-H1 and Penta-His against a His-tag
(QIAGEN) for PDE5A antibodies, respectively.

[0174] After incubation with horseradish peroxidase-la-
belled anti-mouse IgG, visualisation was performed by
enhanced chemiluminescence (Amersham). Eleven cell
lines, namely MDA-PRUNE (clone #3 and #4), MDAHI1-
177-PRUNE (clone #7 and #8), MDA-nm23H1-S120G-
PRUNE (clone #2 and #3), MDA-nm23H1-P96S-PRUNE
(clone #4 and #5) and MDA-PRUNEA (clone #11), MDA-
PRUNEA4DA (clone #19), MDA-PDESA (clone #14), were
selected and proteins were normalised on Western blots.
[0175] In Vitro Cell Motility Assay

[0176] Thetrans-well technology was used (6-well—Com-
ing-Costar). In the lower wells, 2.5 ml of DMEM containing
0.1% BSA, 100 Units/ml penicillin, 100 pg/ml streptomycin,
5 mM HEPES buffer (motility medium), and the diluted
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chemo-attractant were incubated; in the upper wells cells
were incubated for 3 hours at 37° C. with 5% CO,. After the
attraction procedure, cells were fixed and stained with Gill n°
1 hematoxylin solution according to manufacturer protocol
(Coming-Costar); the cells were finally counted under the
microscope.

[0177] FISH Analysis

[0178] PAC 279-H19 (PRUNE—chromosome 1q21.3) and
PAC nm23-H1 (nm23H1-chromosome 17q21) labelled by
nick translation with dUTP-Cy3 (red) and control pUC177
labelled by nick translation with dUTP-Fluor X (green) on 4
mm-thick formalin-fixed paraffin-embedded tissue sections
(pUC177 was provided by Dr. M. Rocchi).

[0179] Nuclei were counterstained with 4',6-diamidino-2-
phenyl-indole (DAPI). Two distinct experiments for each
case were performed. Digital images were captured using an
Olympus computerised epifluorescence microscope pro-
vided with COHU Video and Cytovision software. Hybrid-
ization signals on intact, well preserved, and non-overlapping
nuclei were evaluated by at least two independent research-
ers.

[0180] IHC Analysis

[0181] MDA tumours were immuno-detected with specific
A59 h-PRUNE polyclonal and nm23-H1 antibodies, respec-
tively (clone K73, specific for the H1 and H2 isoforms; Apo-
tech Corporation, CH).

[0182] Intensity of immunohistochemical staining was
used to classify the tumour samples as positive if present in at
least 20% of cells analysed under the microscope (strong
+++, moderate ++, diffusely weak staining + or negative 0
(absent or focally weak staining) for h-PRUNE and nm23-H1
proteins expression.

[0183] Tumour Case Collection and TNM Selection
[0184] Tumour cases have been collected by AUSL1 of
Sassari including patients with a minimum of 5 years follow-
up. The TNM System classification was applied to this study
as described by Sobin (Hejna et al,, 1999) was used for
describing the anatomical extent of disease and based on the
assessment of three components: T corresponding to the
extent of the primary tumour (from T0 to T4), N correspond-
ing to absence or presence and extent of regional lymph node
metastasis (from NOto N4), and M standing for the absence or
presence of distant metastasis (MO or M1). The collection of
59 tumour breast cases was categorised as TxNxM1 positive.
[0185] Gene Expression in Breast Cellular Clones

[0186] Probe preparation was carried out according to the
following procedure.

[0187] RNA was extracted from MDA-H1-177-PRUNE
(clone #8) and MDA-H1-177 clones by TRIZOL® method.
Total RNA templates ranging from 15 to 20 ug were labelled
using the Amersham CyScribe First Strand cDNA Labelling
Kit with the following modifications.

[0188] Reverse transcription time was increased to three
hours. The probe was then digested with Rnase-H for 30
minutes at 37° C.

May 7, 2009

[0189] In order to eliminate the residual RNA, reaction
mixtures were incubated with 0.25 M NaOH for 20 minutes
and then neutralised with 2.8 M MOPS. The amount of incor-
porated Cy-dye was calculated for both Cy5 and Cy3.
Labelled Cy3 and CyS5 targets were coupled in equal amounts
and hybridised onto slides.

[0190] Probes with less of 50 pmoles of incorporated Cy-
dye were not used for hybridisation.

[0191] Standard hybridisation protocol was applied to the
slides. Two independent sets of experiments were performed.
[0192] Scanning and Image Analysis

[0193] Scanning and Image analysis were performed,
respectively, by a Medway Far 2000-I and by Array Pro
software from Media Cybernetics. Scanner sensitivity was
kept between 900 and 1000 to compensate for both saturation
and low intensity. Images in 16-bit format were processed.
[0194] Data Mining

[0195] In order to establish the statistical significance of
any observed differences in genic expression between two
experimental conditions each experiment was performed in
triplicate.

[0196] In order to describe the data significance and vari-
ability a T-test was carried out on the several replicated
experiments. Cyber-T tool available at the web page http://
www.igb.uci.edu/servers/cybert was used to apply the test. A
cut-off value at p=0.05 was used. As result of this analysis it
is expected an almost of 5% false positives in different data
sets. Only data sets that passed the test were used (data selec-

tion following T test).
[0197] Results
[0198] In order to verify the gene expression profile of the

stable clones overexpressing nm23-H1 alone and/or in com-
bination with h-PRUNE, gene array studies were performed
using a ready made array containing a 19,000 genes set. This
array contains human Unigene cDNA data set spotted on
glass slides (Ontario, Canada, Array facility, http://www.mi-
croarrays.ca/).

[0199] RNAs from MDA-HI1-177 and MDA-H1-177-
PRUNE (clone #8) clones were used to perform hybridisa-
tion. Two independent sets of experiments were performed on
each breast cancer clone and T-test values (p=0.05) were
extrapolated  (http://www.tigem.it/zollo/cancercell/supple-
mental/array.html).

[0200] Expression levels of several genes involved in
metastasis processes were found to be differentially regulated
in the MDA-H1-177-PRUNE (clone #8) compared to MDA-
H1-177 clone, as shown in Table 1. Table 1 summarises array
experiments conducted on stable cellular breast clones; in the
columns from left to right there are reported: the gene iden-
tification with ID number, Unigene reference number and
position on human chromosomes; relationship between the
array data of MDA-H1-177/MDA-H1-177-PRUNE clone #8
after two independent experiments conducted in duplicate;
T-test value, including standard deviation and p value; biblio-
graphical references of genes; processes of corresponding
metastasis.
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[0201] Some genes, involved in oncogenesis and metasta-
sis processes and significantly altered in gene expression
analysis, were selected, and their expression level by an alter-
native method was confirmed.

[0202] Real time PCR experiments were performed on 11
genes (gene primers pairs were selected from GeneBank ID
sequences). 7 and 4 out of these selected genes were found to
be up- and down-regulated in MDA-H1-177-PRUNE clone
(clone #8), respectively. Such gene expression differentiated
at level of the stable h-PRUNE overexpressing clones, whose
expression was confirmed both by chip-array and by PCR
Real Time, is reported in table 2.

[0203] In the above described cellular models an up regu-
lation of genes known to be involved in cytoskeleton re-
organization (phosphatidylinositol 4-kinase type ii), protease
activation (proteasome 26s subunit, nedd4 binding protein),
oncogenesis (1-plastin, rablb, bracal associated protein
(brap2), protein phosphorylation and nuclear transport
(casein kinase ii 1-ckip1 interacting protein), was found.
[0204] While a down regulation was found in four genes,
involved in extracellular matrix contacts or cell adhesion
(Plakofilin, LIM), cytoskeleton re-organization (Plakin) and
oncosuppressing activity (EXT1) and such evidences are
reported in table 2. This table reports the different gene
expression in stable h-PRUNE overexpressing MDA clones;
in the columns from left to right there are reported: Genebank
ID identification; gene name; relationship between array
expression values of clone #8/clone #177 after two indepen-
dent experiments conducted in duplicate; P value for array
expression,; relationship between the array expression values
of clone #8/clone #177 valued by Real Time PCR; P value for
Real Time PCR; correlated cellular biological process

TABLE 2
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CONCLUSIONS

[0206] Structural analyses based on the two proteins
belonging to the DHH superfamily, namely RecJ nuclease
and inorganic pyrophosphatase, suggest that h-PRUNE is
likely to possess a metal-ion-dependent phosphoesterase
activity. As a result from DHH family structural analysis and
evolutionary protein folding studies of phosphoesterases, 1t
was demonstrated that mammalian h-PRUNE possesses a
cyclic nucleotide phosphodiesterase activity.

[0207] Since h-PRUNE interacts with nm23-H1 isoform
having NDPK activity, which is known to function on nucle-
otides, the attention was focused on the characterisation of the
cyclic nucleotides phosphodiesterase activity and its role in
cellular signalling. h-PRUNEA mutant containing substitu-
tions in the conserved motif 111 of the DHH family shows a
reduction of the PDE activity (FIG. 2, panels A, B, F).
[0208] Single or multiple mutation analyses at various sites
indicate that only mutations in istidine (127), arginine (128),
and proline (129) of motif 1II and aspartic acids D28, D126,
D179, present respectively in motif I, III and IV, were found
affecting substantially the h-PRUNE PDE activity, thus indi-
cating most likely their involvement in the h-PRUNE PDE
catalytic site.

[0209] The conserved motif I region is responsible for the
binding of Mg ions as predicted by protein modelling (FIG.
1, panel B), and, in addition, in an in vitro functional assay it
was observed that h-PRUNE is also able to function in the
absence (FIG. 2, panel E) or at low metal ion concentrations
(FIG. 2, panel F).

[0210] It was demonstrated that h-PRUNE and the nm23s
protein levels are unbalanced in sarcoma and breast carci-

Array expression
value ratio clone

Real Time expression
value ratio

Cellular biological

Genebank ID  Gene Name #8/clone 177 P value clone #8/177 P value precess
UP-REGULATED
NM_030981.1 RAB 1B ras family 0.6902 0.0184 0.4005 0.0001 Oncogenesis
BT007330.1 Phosphatidilynositol 0.3933 0.0017 0.2230 0.0013 Cytoskeletal
4-kinase type II rearrangiament
AF035620.1 BRACAL 0.7563 0.0027 0.0670 0.0062 Oncogenesis
assoclated protein
(BRAP2)
M22300.1 PLASTIN 0.7491 0.0078 0.0990 0.0001 Oncogenesis
NM_018177.2 NEDD4 binding 0.7567 0.0145 0.2230 0.001 Protease activation
protein 2 (NABP2)
NM_016274.3 CK2 interacting 0.7929 0.0161 0.3499 0.0004 Proliferation
preotein 1 (CKIP1)
XM_2080211 26-S 0.6886 0.0178 0.4475 0.0044 Protease activation
PROTEASOME
DOWN-REGULATED
RO8943.1 EST Ro8943 similar 13611 0.0263 2.9180 0.4764 Cell adhesion
to plakophilin
AF061258.1 LIM 1.1717 0.0145 3.0525 0.0092 Cell adhesion
BC0011741 EXT1 2.1573 0.0398 2.9588 0.0623 Tumor suppressor
NM_001723.2 PLAKIN 0.7826 0.0178 0.5625 0.0619 Cytoskelethon
organization
[0205] In summary, genes involved in processes linked to noma tumours, suggesting that h-PRUNE may negatively

oncogenesis were discovered to be significantly altered in
their expression level, thus indicating a determinant contri-
bution of h-PRUNE to the higher oncogenic potential of this
breast cancer cell line.

regulate nm23-H1 anti-metastatic function. An increase in
h-PRUNE expression is directly correlated with aggressive-
ness of these tumours and cancer progression (Forus et al.,
2001). Since several reports have postulated that the anti-
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metastatic activity of nm23-H1 is independent of the NDPK
activity (Steeg et al, 1993, Wagner 1997), we investigated the
h-PRUNE influence on cellular motility, which represents
one of the first cellular functions to be acquired by the cancer
cells to migrate away from the primary tumour site.

[0211] In order to confirm that h-PRUNE PDE activity is
directly involved in these phenomena, h-PRUNE,
h-PRUNEA and h-PRUNE4DA were overexpressed in a
breast cancer model, and it was observed that overexpression
ofthe wild type protein induces cell motility, while a decrease
of its PDE function (h-PRUNEA, h-PRUNE4DA) corre-
sponds to a decrease of cell motility.

[0212] On the contrary it was observed 80% PDE activity
reduction for the mutant h-PRUNE4DA and that overexpres-
sion in MDA clone causes no significant increase in cell
motility, thus excluding that other potential h-PRUNE activi-
ties are responsible of increasing motility.

[0213] Even though no other intracellular characterised
PDE was associated to cell migration it has been investigated
whether the increment of PDE activity in MDA stable clones
might contribute to cell motility. To this end, PDESA was
overexpressed in the same cellular model and tested for influ-
ence on cell motility. PDESA, chosen for its sensitivity to
dipyridamole (ICs, 0.9 uM), do not affect MDA breast cell
motility, thus indicating that only h-PRUNE PDE function is
responsible of increasing cell motility in breast cancer cells.

[0214] In addition, it has been observed that h-PRUNE
overexpression in a high nm23-H1 expression background
displays a decreased motility pheno-type and lower
h-PRUNE PDE activity compared to the cells overexpressing
h-PRUNE alone. Although, h-PRUNE PDE activity is
increased in vitro upon interaction with nm23-H1 (FIG. 4,
panel A), this effect was not observed in vivo. These phenom-
ena can be explained by the presence of a high amount of
nm23-H1 in MDA-H1-177-PRUNE if compared to MDA-
PRUNE clones (FIG. 3, panel B).

[0215] This can influence negatively the PRUNE-nm23H1
complex formation, which might depend on the presence of
different oligomeric and/or post-translationally modified
nm23-H1 forms (for example: serine phosphorylation) (Steeg
et al., 2003).

[0216] In order to verify the hypothesis that the negative
regulation of h-PRUNE on the nm23 anti-metastatic function
is due to an increase in PDE activity as a result of the protein-
protein interaction, it was investigated the effect of two nm23-
H1 mutants on h-PRUNE PDE activity. These protein
mutants are nm23H1-P96S, able to physically interact with
h-PRUNE, and nm23H1-S120G, that does not interact with
h-PRUNE (Reymond et al., 1999); both mutants were trans-
fected in breast cancer cells (MDA-435) and they are able to
suppress the endogenous anti-motility effect of the nm23-H1
wild-type protein (Frije et al., 1997, Mac Donaldet al., 1996).

[0217] Additionally, it was shown that breast cancer cells
overexpressing h-PRUNE in a high nm23 expression system,
such as nm23-H1-S120G, have lower cellular motility in
comparison to overexpressing h-PRUNE cells inanm23-H1-
PO6S system.

[0218] Thus it was further demonstrated that the physical
interaction between these two proteins may be responsible for
the motility promotion. Furthermore, the h-PRUNE-nm23-
H1-S120G clone has almost 66% lower PDE activity com-
pared to the PDE value observed in the clone overexpressing
both h-PRUNE and nm23-H1-P96S (FIG. 4, panel B), thus
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definitively indicating a correlation between protein-protein
interaction, h-PRUNE CAMP-PDE activity and cellular
motility effects.

[0219] In order to understand whether known PDE inhibi-
tors were able to selectively function against h-PRUNE PDE
activity, a set of 8 PDE inhibitors was tested and it was
discovered that dipyridamole is able to inhibit h-PRUNE
PDE activity with a significant ICs, value.

[0220] In addition, the use of dipyridamole significantly
reduces the motility of the stable h-PRUNE breast clones and
at alesser extent the h-PRUNEA overexpressing clones (FIG.
5, panel B). Itis common opinion that anti-coagulants such as
dipyridamole and similar drugs exert their function interfer-
ing on the blood-clotting pathway activation through inhibi-
tion of adhesion of cells to capillary walls. In view of here
reported results, it is reasoning to believe that the use of
dipyridamole might represent a prevention and treatment
drug for spread breast cancer metastases.

[0221] Moreover, the in vitro observed data on cellular
motility activation were in vivo confirmed using a significant
number of breast cancer tissues from TxNxM1 patients. In 59
tumours out of cases presenting distal metastasis, h-PRUNE
was found amplified in copy number and overexpressed in 22
cases (37%), whereas nm23-H1 was found expressed at lower
levels in all analysed cases (FI1G. 6, panels B, C, D).

[0222] Preliminary data indicate a negative prognostic role
of h-PRUNE in breast cancer as inferred by a statistically
significant decrease of the overall survival rate among
patients with overexpression of h-PRUNE. The presented
data indicate that h-PRUNE up-regulates genes involved in
metastasis and its activity in vivo increases the risk of more
aggressive tumour behaviour, thus contributing negatively to
the clinical outcome in breast cancer patients. Reported
results have important pharmacological consequences, as the
possibility to provide drugs able to selectively inhibit
h-PRUNE PDE activity to be used in treatment of breast
carcinoma in order to block h-PRUNE prometastasis malig-
nancy function. Furthermore, 11 genes involved in oncogen-
esis and metastasis processes, whose expression was altered
in breast MDA-H1-177-PRUNE (clone #8) if compared to
MDA-HI1-177 clone, were analysed by array expression and
validated by Real Time PCR. The results presented are addi-
tional evidences of the aggressiveness and metastatic poten-
tial of the MDA breast cancer cell line correlated to h-PRUNE
overexpression (example 2).

[0223] Overall, these results underline the role of
h-PRUNE on promotion of cellular motility and metastases
influencing negatively the nm23-H1 anti-metastatic function.
The model employed for studying the role of h-PRUNE in
cancer progression requires generally the amplification in
tumour cells.

[0224] The amplification leads to an increased h-PRUNE
PDE activity in cytoplasmic compartment, thus influencing
negatively the suppressor of metastasis function of the
nm?23s. The activation of the h-PRUNE PDE activity is due to
aphysical interaction with the nm23-H1 protein; the complex
formation results in a substantial decrease of free nm23-H1
form level, thus influencing cell proliferation, cellular motil-
ity and metastatic processes (FIG. 7).
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EXAMPLE 3

Study of the h-Prune Overexpression Role in Diag-
nosis of Invasive Breast Carcinoma

[0225] Materials and Methods
[0226] Patients
[0227] In this study patients with a diagnosis of breast

carcinoma confirmed by histological exam were included.
Cases were retrieved from two archives of the University
Hospital of Basel in Switzerland with the approval of the local
Ethics Committee and of the Institute of Pathology at the
University of Sassari, respectively. The first archive included
1,531 invasive ductal carcinomas, 310 invasive lobular carci-
nomas, 69 mucinous carcinomas, 65 tubular carcinomas, 48
medullary carcinomas, and 86 other types of invasive carci-
nomas. Formalin-fixed paraffin-embedded tumour samples
were thus available from the Institute of Pathology, Univer-
sity Hospital Basel; the Institute for Clinical Pathology,
Basel; and the Triemli Hospital, Zurich. The second archive
included 307 invasive ductal carcinomas, 69 invasive lobular
carcinomas, 12 mucinous carcinomas, and 24 other types of
invasive carcinomas.

[0228] All of the clinico-pathological features for each
patient, including disease stage at diagnosis, therapy, relapse,
disease-free survival, and time of last control, were obtained
from the registries of Basel and Sassari. Pathological stage,
tumour diameter and nodal status were obtained from the
primary pathology reports. Clinical data were available after
a 10-year follow-up for 2,299 cases (median, 56 months;
range, 2-120 months); clinical data after a 15-year follow-up
were available for 222 patents (median, 138 months; range,
121-176 months). The use of the specimens and data for this
study was approved by the Ethics Committees at both Basel
University Hospital and the University of Sassari.

[0229] Tissue Multiple Array (TMA)

[0230] TMA construction was previously described (Si-
mon et al. 2001; Simon et al., 2002). Summarising, tissue
cylinders with a diameter of 0.6 mm were punched from
representative tumour areas of a tissue donor using a semiau-
tomatic robotic precision instrument and positioned in 6 dif-
ferent paraffin blocks, each containing between 342 and 522
individual samples. Four micrometric sections of the result-
ing TMA blocks were transferred to a coated section System
(Instrumedics Inc., Hackensack, N.J.). The presence of
tumour tissue on the multiple-arrayed sample was verified by
haematoxylin-eosin staining. Tissue microarrays included at
least two sections from different areas of breast cancer from
each patient as well as normal tissue as control.

[0231]

[0232] Formalin-fixed, paraffin-embedded tissue sections
were immunostained using anti-h-PRUNE specific mono-
clonal (clone 4G3/4, against a recombinant fusion protein
from 1 to 351 amino acids; Apotech Corporation, CH) and
anti-nm23-HI (clone K73, -H1 isoform specific; Apotech
Corporation, CH) antibodies. Immunohistochemical analysis
was performed using the Vectastain Elite ABC Kit (vector
Laboratories Inc.) according to the manufacturer instructions
and following a known protocol (Forus et al., 2001; D’angelo
et al., 2003).

[0233] Optimised [HC protocols were established by stain-
ing representative control histopathology sections of healthy

Immunohistochemistry (IHC)
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breast tissue. In normal breast tissue, nm23-H1 protein was
homogeneously expressed, whereas expression of h-PRUNE
was absent or at low intensity.

[0234] Staining was evaluated semiquantitatively by using
54 normal samples randomly positioned in duplicate across
the multiple arrays; intensity and distribution of immunohis-
tochemical staining was used to classify tumour samples as
positive (strong [+++] to moderate [++] staining, homoge-
neously distributed or presented by large majority of tumour
cells) or negative (absent or weak staining [+]) for both

h-PRUNE and nm23 expression.
[0235] FISH Analysis
[0236] Paraffin-embedded TMA sections were treated

according to known protocols (Simon et al., 2002: Muresu et
al., 2002).

[0237] The PAC 279-H19 clone, spanning the h-PRUNE
gene region localised on chromosome 1q21.3, and DNA/
BAC clone, specific for the nm23-H1 gene localised on chro-
mosome 17¢q21.3, were labelled by nick translation with
dUTP-CY3 (red) and used as probes. pUC177, corresponding
to the peri-centromeric region on chromosome 1q12 and
pZ17-14, corresponding to the centromeric region of chro-
mosome 17, clones were labelled by nick translation with
dCTP-Fluor X (green) and used as controls.

[0238] Nuclei were counterstained with 4',6-diamidino-2-
phenyl-indole (DAPI). Two distinct experiments were per-
formed for each case.

[0239] Digital images were captured using an Olympus
BX-61 epifluorescence microscope equipped with appropri-
ate filters for excitation of DAPI, Cy3 (orange) or Fluor X
(Vysis), and a COHU video and Cytovision software.
Hybridisation signals on at least 100 intact, well-preserved,
and non-overlapping, nuclei were evaluated by at least two
investigators.

[0240] Statistical Analysis

[0241] The following variables and categories were
included in this study: pathological primary tumour size (pT),
pathological nodal status (pN), presence of metastases (M),
estrogen and progesterone receptor (ER and PR, respectively)
status, age at diagnosis, histological tumour type, and overall
survival (calculated starting from the time of surgical opera-
tion). In particular, nodal and receptor statuses were not avail-
able in a large number of the cases because these variables
were not required for the inclusion of the patients in the study.

[0242] Survival data analysis was carried out with the sta-
tistical package Egret (version 2.0.3). The Cox regression
model was performed using raw mortality and tumour-spe-
cific mortality incidence as censorship.

[0243] The time of overall survival was expressed in
months and independent variables (h-PRUNE, nm23-H1, pT,
pN) were stratified in three age groups: 23-44 (N=252), 45-64
(N=1,146), and 65-98 (N=1123).

[0244] Kaplan Meier estimates were executed by subdivi-
sion of h-PRUNE and nm23-H1 immunohistochemical data.

[0245] Using the Pearson’s Chi-Squared test, h-PRUNE
and nm23-HI expression assessing was performed in associa-
tion with the pathological parameters (histological tumour
type, pT, pN, M, ER, PR). The exact coefficient for sample
proportion analysis was calculated to determine all of the
significant parameters (below the 0.05 level). All analyses
were performed with the statistical package SPSS/7.5 for
Windows.
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[0246] Results

[0247] Assessment of h-PRUNE and nm23-H1 expression
levels, as well as h-PRUNE chromosomal copy number, was
carried out on TMA sections from the archival tissues of 2,
109 patients with a histologically proven breast carcinoma
diagnosis and available follow-up data. Additional TMA sec-
tions from 412 breast cancer patients (i.e., whose TNM clas-
sification was available) were evaluated for h-prune immun-
ostaining. The majority of patients had ductal carcinoma as
the histological variant (1,883; 73%) and were >60 years of
age (1,425: 57%) at the time of diagnosis. Data of the clinical
follow-ups for each patient was available, covering a median
period of 59 months (range 2-176); the majority of the
patients were still alive (1,716; 68%), and only a very few
cases were lost in the follow-up (12; 0.5%) at the time of this
study. Expression of h-PRUNE and nm23-H1 proteins was
evaluated by immunohistochemical analysis using two spe-
cific anti-bodies (4G3/4 and K73 monoclonal Ab clone,
respectively). FIG. 9 (panels A and B) shows representative
examples of staining for h-PRUNE protein in a series of
multiple tissue arrays.
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615 (30%) were nm23-H1+]. In table 3 are reported the
immunohistochemical analysis (IHC) results for the
h-PRUNE and nm23-H1 proteins present in invasive breast
carcinomas. No statistical correlation between h-PRUNE and
nm23-HI expression was observed.

TABLE 3
nm23-H1
THC Analysis Positive negative Total P
Positive h-PRUNE 359 (30%) 821 (70%) 1180 0219
Negative h-PRUNE 256 (29%) 625 (71%) 881

[0249] Thedistribution ofthe h-PRUNE and nm23-H1 pro-
tein expression was evaluated in a subgroup of patients (2109
breast cancer patients) on the basis of different histopatho-
logical parameters. No significant correlation was observed
between h-PRUNE or nm23-H1 expression and the tumour
type (ductal vs globular), pT, pN, ER and PR reactivity (table
4).

TABLE 4
h-prune h-prune
Tumour parameters ~ Negative Positive Negative Positive  Total P
Primary T, 319 440 T, 765 985 1750 0.63
tumour (42%) (58%) (44%) (56%)
size T, 446 545
(45%) (55%)
Ts 54 65 Tayu 160 196 356
(45%) (55%) (45%) (55%)
T, 106 131
(45%) (55%)
Grading G1 211 323 G, 584 831 1415 0.13
(40%) (60%) (41%) (59%)
G2 373 508
(42%) (58%)
G3 336 357 Gy 336 357 693
(48%) (52%) (48%) (52%)
Histological ductal 621 865 1,486 042
(42%) (58%)
type lobular 117 174 291
(40%) (60%)
other 125 131 256
(49%) (51%)
ER + 649 882 1531 037
(42%) (58%)
- 204 259 463
(44%) (56%)
PR + 279 369 648 034
(43%) (57%)
- 523 714 1237
(42%) (58%)

[0248] A strongly positive cytoplasmic immunostaining
for h-PRUNE protein (referred to as h-PRUNE+) was
observed in the majority (1,340; 54%) of the 2,463 tested
tumours (58 cases were not assessed); a positive cytoplasmic
immunostaining for nm23-H1 protein was observed in 615
(30%) of the 2,061 tested tumours. Among the 2,061 tumour
tissues evaluated for h-PRUNE and nm23-H1 expression, an
inverse distribution of positive immunostaining was observed
[1,180 (57%), breast carcinomas were h-PRUNE+, whereas

[0250] Fluorescence in situ hybridization (FISH) analyses
were performed on 1.016 tumours from breast cancer
patients. PAC clone (279-H19) corresponding to the
h-PRUNE genomic region at chromosome 1q21.3 and a con-
trol clone corresponding to the peri-centromeric region at
1q12 chromosome were used as probes. Multiple FISH sig-
nals at 1921.3 in >20% in the analysed nuclei were found in
173 (17%) cases (Table 5; FIG. 9C). Considering cases with
atleast two gene copies for centromere and breast carcinomas
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with polysomy of entire chromosome 1 due to the presence of
multiple centromere signals, a very low level of h-PRUNE
amplification at chromosome 1q21.3 was observed (68 cases
of 1.016; 6.7%). This indicates that the gene amplification
mechanism occurs in a low number breast cancer cases. The
increase in DNA copy number at the h-prune genomic region
is significantly associated with effective statistic correlation
to the presence of a positive h-prune immunostaining in
tumours with trisomy (p=0.027) or tetrasomy (p=0.033)
(Table 5). However, the low frequency of such a cytogenetic
alteration suggests that involved alternative pathogenetic
pathways determine h-PRUNE activation and increased
somatic expression of h-prune in breast cancer.
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TABLE 5-continued

Tri-

Marker ~ No. Disomy % somy % P  Tetrasomy % P
h-prune 576 457 79 119 21 0.027 47 8.2 0.033
positive _
Total 1016 843 83 173 17 68 6.7
tested

*: multiple signals in »20% of the analysed nuclei after hybridisation with a
PAC clone corresponding to the h-prune gene at chromosome 1921.3;
**: including also amplification of the entire chromosome 1; No: number of

cases;
P: Chi-squared test.

[0251] Correlation Betweenh-Prune and Clinicopathologi-
TABLE 5 cal Parameters
[0252] To evaluate the clinicopathological role of
. h-PRUNE overexpression in breast cancer, immunohis-
Tri- tochemical analyses were performed on invasive primary
Marker ~ No. Disomy % somy % P  Tetrasomy % P breast tumours using both the series of 2.109 breast cancer
cases (with all of the pathological primary tumour informa-
tion and up to 15-year clinical follow-up data; Table 4) and the
h-prume 440 386 88 34 12 48 series of 412 breast cancer cases (with a complete TNM
negative classification and up to 10-year clinical follow-up data; Table
6).
TABLE 6
h-prune h-prune
TNM Negative  Positive Negative Positive Total P
Tumour size T, 83 59 T 170 122 292
(58%) (42%) (58%)  (42%)
T, 87 63
(58%) (42%)
Ty 11 14 Ty 26 29 55 0.099
(44%) (56%) (47%)  (53%)
T, 15 15
(50%) (50%)
Nodal status  NO 125 50 Nog 230 109 339
(71%) (29%) (68%)  (32%)
N1 105 59
(64%) (36%)
N2 6 14 Ny, 6 16 20017
(30%) (70%) (27%)  (73%)
N3 — 2
(100%)
Metastasis MO 210 103 313
(67%) (33%)
M1 14 25 39 0029
(36%) (64%)

P: Chi-squared Pearson test; two tailed; 95% confidence interval;

[0253] Tumour sections from the subset of 2,109 patients
were also investigated for nm23-H1 expression by immuno-
histochemical analysis (Table 7).

TABLE 7
nm23-H1 nm23-H1
Tumour parameter ~ Negative Positive Negative Positive  Total P
Size T, 489 226 T, 1,162 517 1,679 027
(68%)  (32%) 69%)  (31%)
T 673 291
(70%)  (30%)
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TABLE 7-continued
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nm?23-H1 nm23-H1
Tumour parameter ~ Negative Positive Negative  Positive P
T 86 31 Tyy 254 94
(45%)  (26%) 73%)  (27%)
T, 168 63
(73%)  (27%)
Grading Gl 360 159 Gy, 937 434 1371 014
(69%)  (31%) (68%)  (32%)
G2 577 275
(68%)  (32%)
G3 501 179 G 501 179
(14%)  (26%) TA%)  (26%)
Histology  ductal 1,031 455 1,486  0.68
(69%)  (31%)
lobular 201 90
(69%)  (31%)
other 167 89
(65%)  (35%)
ER positive 1,076 447 1523 041
(71%)  (29%)
negative 329 142
(70%)  (30%)
PR positive 449 203 0.27
(69%)  (31%)
negative 871 362 1,233
(71%)  (29%)
P: Chi-squared Pearson test; two tailed; 95% confidence interval;
ER, estrogen receptor status;
PR, progesterone receptor status.
[0254] This latter subset was uninformative for the pres-
ence of distant metastases; information on nodal status was TABLE 8
partially available for such breast cancer patients in terms of
. Statistical analysis on 2,109 breast cancer patients
presence (N+) or absence (N-) of lymph node involvement
(positive h-prune immunostaining was observed in 210/482 Marker* Risk Ratio  95% CI P
[44%] N+ cases and 179/496 [36%] N- cases, P=0, 109, , - N
I 1 tatistical lation f 23-Hl+i h-PRUNE (negative vs positive) 0.93 0.78-1.09 0.369
analogously, no statistical correlation for lz>-Hl+ immu- nm23-HI (negative vs positive) 0.98 090-1.07  0.158
nostaining was found in these two groups). Thus, the prog- Tumour size (pT, vs pT._,) 0.81 0.68-096  0.017
nostic value of each parameter was determined onthe basisof ~ Tumour grading (G, vs G5.5) 0.70 0.59-0.83 0001
the survival analysis.
[0255] On December 2002, 782 (31%) patients were died
dueto disease, with the median survival of the whole being 59 TABLE 9
months, with a follow-up oflive patients of 72 months. Using , ,
s . . Marker* Risk Ratio 95% Cl P
Pearson’s Chi-Squared test, h-prune and nm23-H1 immun-
ostaining were evaluated for association with several patho- h-prune (negative vs positive) 0.61 0.31-1.18 0.144
. . . . 1 - 2
logical parameters: histological type, tumour rating (as stan- ;f;;usrtii: Eg;“‘z 13'23 ?ég_ﬁg“ <8'88§
dardised by Elston and Ellis), pT, ER, PR, and (when o ' - '
available) pN and M. No statistically significant correlation . . . .
[0257] Overall, tumour rating, primary tumour size, and

between either h-prune or nm23-H1 expression and tumour
type (ductal vs. lobular), histological grade, pT, ER and PR
reactivity were observed (Table 4). Positive h-prune immun-
ostaining was instead significantly correlated with either the
advanced nodal status (N,—N; group; p=0.017) or presence
of distant metastases (M, group; p=0.029) among the series
of 412 breast cancer patients (Table 6). Statistical analysis of
this series confirmed the absence of any significant associa-
tion between h-prune overexpression and primary tumour
size (Table 6).

[0256] Using the Cox model adjusted according to disease
stage and age at diagnosis, no prognostic values of either
h-prune overexpression (HR 0.61, 95% CI 0.31-1.18, p=0.
144) ornm23-H1 (RR 0.98, 95% C10.90-1.07, p=0.158) were
observed (Table 8 and 9; FIG. 10).

axillary nodal status remain the parameters closely correlated
to prognosis in this series of breast cancer patients (Table 8
and 9).

[0258] In conclusion the h-prune marker is therefore asso-
ciated to advanced breast carcinoma status and it can be
considered new marker of lymph node status in the passage
from N1 to N2 status.

EXAMPLE 4
Study on the Use of IC261 that Inhibits NM23 H1
and H2 Phosphorylation and Formation of the Com-
plex with h-Prune Causing an In Vivo Inhibition of
h-Prune cAMP-PDE Activity

[0259] Materials and Methods
[0260] Study showing that in vitro and in vivo nm23H1 and
H2 proteins are phosphorylated by a Casein Kinase 18 and
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phosphorylation mediates the formation of the complex (FIG.
11).

[0261] Methods—In Vitro

[0262] Phosphorylation in vitro, interaction assay and gen-
eration of phospho-nm23 antibody. Purified recombinant
nm23 and mutants thereof in quantity of 100 ng were incu-
bated in CKI standard reaction buffer as described in Garzia
et al. (2003) for 1 hour at 30° C. Subsequently nm23 phos-
phorylated proteins were incubated with h-prune in co-IP
standard buffer supplemented with 5% BSA. h-prune protein
was immunoprecipitated with a polyclonal antibody, A59,
against a peptide on motif III region of h-prune. The presence
of different mutants of phosphorylated or not h-prune bonded
nm23 was detected by subsequent Western blot analyses on
immunoprecipitates, carried out with anti-His tail antibody
(Qiagen) detecting at the same time h-prune and nm23 pro-
teins.

[0263] The K73 polyclonal antibody was obtained using as
immunogen aN115 to E127 phosphopeptide, phosphorylated
in position S122, from nm23-H1 protein, the antiserum was
used after IgG purification on the column of the resultant
protein A in a non selective antibody and further affinity
purification on the phosphopeptide (NITHGSDSVKSAE)
used as immunogen. This second procedure was carried out
through cross-linking of 1 mg of desalted phospholipid dis-
solved in DMSO with the Affi-gel 25 resin (biorad) according
to the manufacturer protocol. The coupled resin then was used
for the affinity purification using serum of rabbit immunised
with the phosphorylated and already purified and IgG peptide
enriched (K73 polyclonal antibody), directly applied on Affi-
gel bound peptide column, up to the antibody was adsorbed
by the column. The column was washed for each column ml
with 10 ml of 100 mM Tris-HCI, pH 8, 10 ml of 500 mM NaC,
10 mM Tris-HCI, pH 8, 10 ml of 10 mM Tris-HCI, pH 8,
respectively. Elution was conducted with 0.1 M glycine, pH
3.

[0264] Methods—In Vivo

[0265] In Situ Protein Digestion and MALDI Analysis
[0266] Trypsin, dithiothreitol and iodoacetamide were
acquired from Sigma. Trifluoroacetic acid (TFA)-HPLC,
99% pure, is from Carlo Erba. All the other reagents and
solvents with the highest purity were available from Baker.
[0267] Analysis was conducted on blue Coomassie stained
proteins excised from SDS gel, washed twice in milliQ water
gradient. Excised stains were washed firstly with CAN and
then 0.1 M ammonium bicarbonate. The solution then was
removed and the washing repeated twice. Protein samples
were reduced by incubation in dithiothreitol (DTT) for 45
minutes at 56° C. Reducing buffer was removed by washing
with ACN/AMBIC as described. Free cysteines were alki-
lated by incubation in 55 mM iodoacetamide for 30 minutes
at room temperature in the dark. The gel particles were
washed with ammonium bicarbonate and ACN. Enzymatic
digestion was conducted with trypsin (12.5 ng/ul) in 10 mM
ammonium bicarbonate, pH 8.0. Gel pieces were incubated at
4° C. for 4 hours. Trypsin solution was then removed and a
new aliquot of buffer solution was added; The samples were
incubated for 18 hours at 37° C. A minimal reaction volume,
enough for the complete gel rehydratation, was used. Then
peptides were extracted by washing gel particles with 10 mM
ammonium bicarbonate and 0.1% TFA in 50% ACN at room
temperature.

[0268] MALDI-TOF mass spectra were recorded using an
Applied Biosystem Voyager DE-PRO instrument and a new
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Voyager MALDI TOF/TOF mass spectrometer. A solution
mixture of peptide and alpha-cyano-hydroxy cynnamic acid
(10 mg/ml in ACN/0.1% TFA in water, 2:1, v/v) was applied
to the metallic plate and dried at room temperature. Mass
calibration was carried out using external standard. The first
data was analysed using a software furnished by manufactur-
ers and reported as monoisotopic masses.

[0269] Results shown in FIG. 3 demonstrate thatinabsence
of phosphorylation, nm23H1 and nm23H2 proteins in the
sites don’t form the complex with h-prune.

[0270] Cell Motility Study on h-Prune Overexpressing
Clones.

[0271] Study on the Inhibition by 1C261.

[0272] The MDA-PRUNE #3 and MDA-PRUNE #4 cellu-

lar clone and MDA-435 C-100 cells (control cells) were
treated with 8 pM dipyridamole or 50 uM IC261 (Casein
Kinase I § and e inhibitor; Calbiochem, Nottingham, UK) for
24 hours or 8 hours, respectively. Cellular motility assays
then were applied to “boiden and chamber” cells using 0.5%
Fetal Serum FCS concentration as chemo-attractant. Then
cells were counted under microscope and a statistic analysis
for achieved data was applied (FIG. 13A).

[0273] Cells were counted under microscope, cell motility
values are arithmetic means=SD for five independent assays,
every one performed in duplicate (MDA-clones prune #3 and
#4/MDA-clones prune #3 and #4 with IC261 p<0.002).

[0274] In Vitro Cellular Motility Assay

[0275] Stable h-prune overexpressing MDA clones were
achieved as described in D’ Angelo et al 2004. The control
MDA-C100 breast cancer cell line was used in the cell motil-
ity assay (Leone et al. 1993a; Leone et al. 1993b). Cellular
motility was determined using the trans-well technology (6
well, Corning-Costar) using 0.5% FCS, final concentrations
as chemo-attractants (see D’Angelo et al. 2004). In vitro
h-prune inhibition motility assay was carried out as follows.
MDA -prune (clones #3 and #4) and MDA-C100 were incu-
bated with dipyridamole (8 ul, a 10-fold higher concentra-
tion with respect to its ICs,) for 24 h to obtain the complete
enzyme inactivation, the same cellular lines were incubated
with IC261 at a concentration of 50 uM for 8 h, in which
condition the highest reduction of nm23 phosphorylation
without signal of cellular death can be observed, and then the
motility assay was repeated as described above. All results are
the average of five independent experiments, every one con-
ducted in duplicate. Statistical analysis was performed with
the T-test method deteriorated available in the site http://
www.graphpad.com/quickcaics/index.cfm, values with a
P=0.05 are considered statistically significant.

[0276] Study on the Total Content of cAMP-PDE in
h-Prune Overexpressing Cells and Subjected to IC261
Administration.

[0277] MDA-Prune #4 cells were as such or treated with 50
UM IC261 for 8 hours. Then cells were lysed and tested for
their cAMP-PDE total content using the Amersham “scintil-
lation proximity assay” method. In presence of IC261 no
alteration of the cAMP phosphodiesterase activity of recom-
binant h-prune (FIG. 13 B, right) was detected whereas it was
pointed out the ability to sensitively lower total content of
cAMP-PDE activity in prune overexpressing MDA prune #4
clone, showing that the h-prune and nm23 complex is respon-
sible for cell PDE-cAMP increase (FIG. 13B, left) and that
such complex can be inhibited by IC261 in vivo.
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[0278] A.PDE Activity Assay vs cAMP

[0279] PDE activity was measured with a scintillation
proximity assay (Amersham-Pharmacia Biotech). Samples,
20 ng of MDA-prune #4 total extract and MDA-C100 extract
used as control, were incubated at 30° C. in 100 pl of assay
buffer (50 mM Tris-HC1 [PH 7.4], 8.3 mM MgCl,, 1.7 mM
EGTA) containing desired cAMP concentrations as substrate
(unlabelled vs 3H-1abelled ratio 3:1). All reactions, including
blanks with alone buffer, were carried out in triplicate and
allowed to proceed for an incubation time giving a substrate
turnover (empirically determined) <25%. The reactions were
quenched by adding 50 pl of Yttrium silicate SPA pearls
(Amersham). Enzymatic activities for discovered radio-la-
belled product quantity were calculated according to the
manufacturer protocol. The treatment with IC261 was the
same as for motility assay described above.

[0280] Results

[0281] The obtained results show that by inhibiting the
Casein Kinase 1 8 using IC261 it is possible to inhibit nm23-
H1 and H2 phosphorylation and therefore the bonding with
h-prune protein in vivo. By using this drug it is possible
therefore to inhibit the formation of the h-prune-nm23 com-
plex, being this last dependent on phosphorylations in 8120,
8122, 8125 region (NIIHGSDSVESAEKE) by Casein
Kinase I. This study allows to use IC261 for inhibiting the
binding of nm23H1 and H2 to h-prune and inhibiting cellular
motility induced by the protein complex.

[0282] A new procedure can foresee the use of new pep-
tides permeable in the cell and competitive for the binding of
h-prune, poaching quota of in vivo phosphorylated nm23-H1
and H2, whose sequence derives from the amino acidic
sequence of nm23-H1 and H2 range of 8120, 8122 and 8125
serines (example H1: NIIHGSDSVESAEKE followed by the
permeable peptide sequence of the region of the HIV TAT
protein; GGGYGRKKRRQRRR; 95% of purity synthesized
by PRIMM). Such or similar peptides are able to compete
with Casein Kinasi I phosphorylation in vivo, on the H1 and
H2 wild type proteins and reduce quota of phosphorylated
nm?23 responsible for h-prune complex formation and
increase of h-prune cAMP-PDE activity in the cell and finally
induction of the cellular motility. Also a control peptide with
recognition sequence of the Casein Kinasi I cramble referred
as (H1—: SDEIGKVSENIAHSE followed by permeable
peptide sequence GGGYGRKKRRQRRR) was synthesised.
Using this technology it is possible to target more specifically
the inhibition of interaction between h-prune and nm23 in
vivo.

EXAMPLE §

Preparation of Monoclonal Antibody Against
h-Prune (4G3/4, Deposited at the CBA in Genoa on
Oct. 12, 2004)

[0283] h-prune protein, fused at N terminal a tail and pro-
duced in E. Coli through a pMaltose vector, was gel purified.
The mice were immunized for 5 weeks (100 ug protein per
injection) and the spleen was taken for pre-paring some hybri-
doma cultures. It was necessary approximately 2 mg of pro-
tein antigen for immunisation and analysis. Primm can pro-
vide conjugated synthetic peptides for the immunization in
the case the protein wasn’t available. The development and
production of monoclonal antibodies are set out in different
phases:
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[0284] peptide synthesis and peptide conjugation (where
necessary).

[0285] synthesis of about 10 mg of peptide, purity >70%

[0286] conjugation of 3-4 mg of peptide to a carrier

protein (as antigen)
[0287] conjugation of 1-2 mg of peptide to a different
carrier protein for ELISA screening.

Phase I (1.5 months):
[0288] Immunization of 3 BALB/c mice with antigen. Pro-
cedure for the quantitative titration of specific immunoglobu-
lins in the immunised animal sera. ELISA assay of the
immune response and animal selection for the following
fusion of spleen cells.
Phase II (2 months)
[0289] Splenectomy and fusion of the splenocytes with
myelosis cells; hybridoma selection through ELISA, freezing
of the most positive clones.
Phase III (1-1.5 months)
[0290] Cloning and subcloning of positive clones (2 or 4)
through limiting dilution. Freezing of hybridomas (2 aliquot/
clone). Viability, productivity and stability assays after
unfreezing of an aliquot.
[0291] Phase IV (1-1.5 months).
[0292] Productionand Purification of0, 5-4 mg of any mAb
in Cellular Culture from 0.5 1 of Supernatant.
[0293] Selected hybridoma produces murine IgMs which
were purified from hybridoma culture supernatant. The mAb
quantity employed for immunocytochemistry is equal to a
mAb solution diluted 1:100 to 300 ug/ml. The antibody works
and recognises both human and murine prunes. The detection
of endogenous protein is carried out using ICC, IF and West-
ern blot (FIG. 14).
[0294] Theantibody purification was carried out according
to the following IgM purification protocol: supernatant of the
lysed cells was subjected to a flow of 1 ml/min. The HiTrap
IgM was equilibrated (1 ml, Amersham-Pharmacia) with 5
volumes of 20 mM sodium phosphate, pH 7.4, 0.8 M (NH,,)
280, (Buffer A); 5 volumes of 20 mM sodium phosphate pH
7.4 (Buffer B); 5 volumes of 20 mM sodium phosphate pH
7.4, 30% isopropanol (Buffer C). ELISA assays were con-
ducted against peptide and purified whole protein for deter-
mining the specificity of produced antigen and clone selec-
tion.
[0295] Introduce hybridoma supernatant in the column and
repeat thrice the elution process with the three buffers, so set
out: column washing with 15 volumes of Buffer A (15 ml);
column elution with 12 volumes (12 ml) of Buffer B (1 ml
fraction collection); reading of the fraction absorbance at 280
nm and collection of the fractions with absorbency <0.1 0.D.;
fraction dialysis with tubes with a cut-off between 12000-
14000 against a 1xPBS buffer overnight at 4° C. To regener-
ate the column use 7 ml of buffer C. Column storage in buffer
B+20% ethanol.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 12

<210> SEQ ID NO 1

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

primer
<400> SEQUENCE: 1

agagatcttyg gacaggcaaa ct

22
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-continued

<210> SEQ ID NO 2

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 2

ccatgttgac acagtccagg at 22

<210> SEQ ID NO 3

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
probe

<400> SEQUENCE: 3

ctgcatggaa ccatc 15

<210> SEQ ID NO 4

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
antigen for the monoclonal antibody anti h-PRUNE sequence

<400> SEQUENCE: 4

Ala Leu Glu Glu Ala Val Ala Glu Val Leu Asp His Arg Pro Ile Glu
1 5 10 15

Pro Lys

<210> SEQ ID NO 5

<211> LENGTH: 42

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 5

gtagcagagg tgctagecge tgcagccate gagccgaaac ac 42

<210> SEQ ID NO 6

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 6

gaagcctgtyg ctttggacte ¢ 21

<210> SEQ ID NO 7

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer
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-continued
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<400>

acccte

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQUENCE: 7

atcc ttgtegcetca tcecatatcectta tece

SEQ ID NO 8

LENGTH: 30

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

primer

SEQUENCE: 8

gaaccatcat cctggcatgt gtcaacatgg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

Asn Il
1

<210>
<211>
<212>
<213>
<220>
<223>

<400>

Asn Il
1

Gly Gl

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 9

LENGTH: 15

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

inhibitor of h-prune Hl sequence
SEQUENCE: 9

e Ile His Gly Ser Asp Ser Val Glu Ser Ala Glu Lys Glu
5 10 15

SEQ ID NO 10

LENGTH: 29

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of Artificial Sequence:

permeable inhibitor of h-prune Hl sequence

SEQUENCE: 10
e Ile His Gly Ser Asp Ser Val Glu Ser Ala Glu Lys Glu
5 10 15
y Tyr Gly Arg Lys Lys Arg Arg Gln Arg Arg Arg
20 25
SEQ ID NO 11
LENGTH: 167
TYPE: PRT
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Description of Artificial Sequence:

h-prune sequence

SEQUENCE: 11

Met Tyr Asp Val Pro Asp Tyr Ala Ser Leu Gly Ser Pro Val Glu

1

Ala As

Arg Gl

5 10 15

n Leu Glu Arg Thr Phe Ile Ala Ile Lys Pro Asp Gly Val
20 25 30

v Leu Val Gly Glu Ile Ile Lys Arg Phe Glu Gln Lys Gly
35 40 45

Arg Leu Val Ala Met Lys Phe Leu Arg Ala Ser Glu Glu His Leu

50

Gln Hi
65

55 60

s Tyr Ile Asp Leu Lys Asp Arg Pro Phe Phe Pro Gly Leu
70 75

Lys Tyr Met Asn Ser Gly Pro Val Val Ala Met Val Trp Glu Gly

33

Synthetic

30

Synthetic

Synthetic

Gly

Synthetic

Met

Gln

Phe

Lys

Val

80

Leu
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-continued

85 90

Asn Val Val Lys Thr Gly Arg Val Met Leu Gly Glu Thr Asn
100 105 110

Asp Ser Lys Pro Gly Thr Ile Arg Gly Asp Phe Cys Ile Gln

115 120 125

Arg Asn Ile Ile His Gly Ser Asp Ser Val Lys Ser Ala Glu

130 135 140

Ile Ser Leu Trp Phe Lys Pro Glu Glu Leu Val Asp Tyr Lys

145 150 155

Ala His Asp Trp Val Tyr Glu
165

<210> SEQ ID NO 12

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

95

Pro 2Ala

Val Gly

Lys Glu

Ser Cys
160

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

control peptide H1 (-) Casein kinase I sequence

<400> SEQUENCE: 12

Ser Asp Glu Ile Gly Lys Val Ser Glu Asn Ile Ala His Ser Glu

1 5 10

15

1-32. (canceled)

33. Use of inhibitors of h-Prune cyclic nucleotide phos-
phodiesterase activity for the preparation of a medicament for
prevention and treatment of tumour metastases characterised
by an overexpression of h-PRUNE, said inhibitors being
selected from the group consisting of a peptide having the
following amino acidic sequence NIITHGSDSVESAEKE
(SEQ ID No 9); a peptide comprising the following amino
acidic sequence NIITHGSDSVESAEKE
GGGYGRKKRRQRRR (SEQ ID No 10); vinpocetine,
1C261 and derivatives, structural analogues and isomers
thereof.

34. Use according to claim 33, wherein tumours charactet-
ised by an overexpression of h-PRUNE are breast carcinoma,
sarcoma, neuroblastoma, prostate tumour, pancreatic tumour,
colon carcinoma tumour, rectal tumour, medulloblastoma,
epithelioma, epatocarcinoma, cell T or cell B lymphomas,
myeloma and melanoma, and pulmonary tumour.

35. Peptide comprising the following amino acidic
sequence: NITHGSDSVESAEKEGGGYGRKKRRQRRR
(SEQ ID No 10) characterised in that it is permeable.

36. Peptide comprising the following amino acidic
sequence: NITHGSDSVESAEKE GGGYGRKKRRQRRR
(SEQID No 10) and characterised in that it is permeable and
it is an inhibitor of h-Prune cyclic nucleotide phosphodi-
esterase activity, for use in medical field.

37. Peptide having the following amino acidic sequence:
NIIHGSDSVESAEKE (SEQ ID No 9).

38. Peptide having the following amino acidic sequence:
NIIHGSDSVESAEKE (SEQ ID No 9) characterised in that it
is an inhibitor of h-Prune cyclic nucleotide phosphodiesterase
activity, for use in medical field.

39. Screening method for h-PRUNE-inhibiting com-
pounds, comprising the following phases:

a) selection of at least a phosphoesterase (PDE) inhibiting
compound or derivative, structural analogue or isomer
thereof;,

b) administration of said at least one compound at concen-
tration between 0.05 uM and 10 uM in a cell line over-
expressing h-PRUNE, wherein said cellular line is
MDA-C100 435 prune #4;

¢) quantitative analysis of the cyclic nucleotide phosphodi-
esterase activity of h-PRUNE and/or analysis of cellular
motility versus concentration of said at least one com-
pound and chemo-attractant and selection of compound
able to inhibit said phosphodiesterase activity between
the values from 0.01 to 1 pmol/min~"/ug™" and/or inhibit
said motility up to the attainment of the values between
200 and 1200 cells.

40. Screening method according to claim 39, wherein the
quantitative analysis of step ¢) is carried out by hydrolysis
tests of the c-AMP and/or ¢-GMP substrate.

41. Screening method according to claim 39, wherein the
substrate is used at concentration between 0.008 pM and 1
uM.
42. Method for in vitro detection of h-PRUNE in a biologi-
cal sample for metastases diagnosis of tumours characterised
by an h-PRUNE overexpression by immunological assay,
FISH analysis, Real-time PCR, in situ hybridization.

43. Method for in vitro detection of h-PRUNE according to
claim 42, comprising the following steps:

a) bring into contact said biological sample with at least

one anti-h-PRUNE monoclonal antibody;

b) detection of the antigen-antibody complex;

¢) quantitative analysis of the antigen-antibody complex.

44. Method according to claim 43, Wherein said biological
sample is a tissue section or biological fluid.

45. Method according to claim 42, wherein said anti-h-
PRUNE antibody is the monoclonal antibody able to recog-
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nise and bind selectively the h-PRUNE recombinant protein,
characterised in that it belongs to the IgM immunoglobulin
class and is produced by 4(G3/4 clone (deposited at the CBA
in Genoa on Oct. 12, 2004).

46. Method according to claim 42, wherein said anti-h-
PRUNE antibody is labelled with a radioisotope, fluorescent
molecule or enzyme.

47. Method for in vitro detection of h-PRUNE according to
claim 43, wherein said detection and quantitative analysis of
the antigen antibody complex are performed by immunohis-
tochemistry, immunoprecipitation, immunofluorescence,
ELISA, immunoblotting analyses.

48. Method according to claim 42, wherein PCR Real time
primers specific for h-PRUNE comprise the sequences:

5' - AGAGATCTTGGACAGGCAAACT-3'; (SEQ ID No 1)

3'-CCATGTTGACACAGTCCAGGAT-5"; (SEQ ID No 2)

or their complementary sequences.

49. Method according to claim 42, wherein the labelled
probe for Real-time PCR or in situ hybridization comprise the
oligonucleotidic sequence: CTGCATGGAACCATC (SEQ
ID No 3) or its complementary sequence or the sequence
wherein T is replaced by U.

50. Method according to claim 49, wherein said labelled
probe for Real-time PCR is linear or circular one.

51. Method according to claim 49. wherein said probe is
labelled with at least one radioisotope and/or fluorochrome.

52. Method according to claim 49, wherein said probe is
labelled with at least a fluorochrome at 5' and/or 3'.

53. Method according to claim 49, wherein said fluoro-
chrome 1s 6-carboxifluorescein.

54. Diagnostic kit for the detection of h-PRUNE in a bio-
logical sample for metastases diagnosis of tumours charac-
terised by an h-PRUNE overexpression comprising at least
one anti-h-PRUNE monoclonal antibody, or a pair of primers
specific for h-PRUNE or labelled oligonucleotidic probe spe-
cific for h-PRUNE.

55. Diagnostic kit according to claim 54, wherein the
tumours characterised by an h-PRUNE overexpression are
breast carcinoma, sarcoma, neuroblastoma, melanoma.
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56. Diagnostic kit according to claim 54, wherein said
anti-h-PRUNE antibody is characterised in that it belongs to
the TgM immunoglobulin class and is produced by 4G3/4
clone (deposited at the CBA in Genoa on Oct. 12, 2004).

57. Diagnostic kit according to claim 56, wherein said
anti-h-PRUNE monoclonal antibody is labelled with a radio-
isotope, fluorescent molecule or enzyme.

58. Diagnostic kit according to claim 54, wherein said pair
of primers specific for h-PRUNE comprises the sequences:

5' - AGAGATCTTGGACAGGCAAACT-3 ' ; (SEQ ID Ne 1)

3'-CCATGTTGACACAGTCCAGGAT-5"; (SEQ ID Ne 2)

or their complementary sequences.

59. Diagnostic kit according to claim 54, wherein said
labelled oligonucleotidic probe for Real-time PCR or in situ
hybridization comprises the oligonucleotidic sequence:

CTGCATGGRACCATC (SEQ ID NO 3)

or its complementary sequence or the sequence wherein T is
replaced by U.

60. Diagnostic kit according to claim 59, wherein said
labelled oligonucleotidic probe for Real-time PCR is linear or
circular one.

61. Diagnostic kit according to claim 59, wherein said
oligonucleotidic probe is labelled with at least one radioiso-
tope and/or fluorochrome.

62. Diagnostic kit according to claim 59, wherein said
probeis labelled with at least one fluorochrome at 5' and/or 3'.

63. Diagnostic kit according to claim 62, wherein the fluo-
rochrome is 6-carboxifluorescein.

64. Monoclonal murine antibody able to recognise and
bind selectively the h-PRUNE recombinant protein, charac-
terised in that it belongs to the IlgM immunoglobulin class and
is produced by 4G3/4 clone (deposited at the CBA in Genoa
on Oct. 12, 2004).
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