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(54) Title: NOVEL COMPOSITION FOR TUMOR GROWTH CONTROL

(57) Abstract: The invention describes a pharmaceutical composition comprising at least compound selected from the group of
demethylating agents and HDAC inhibitors and at least one somatostatin analog or dopamine agonist for the treatment of a tumor

which expresses a somatostatin and/or dopamine receptor.
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Title: Novel composition for tumor growth control

express a somatostatin and/or dopamine receptor.

In mammalian cells, approximately 35 to 5% of the cytosine residues
in genomic DNA are present as 5-methylcytosine (Ehrlich et al., 1982, Nucl.
replication and is catalyzed by DNA methyltransferase using S-adenosyl-
methionine as the methyl donor. Approximately 70% to 80% of 5-
methylcytosine residues are found in the CpG sequence (Bird, 1986, Nature
referred to as CpG islands. Unmethylated CpG islands are associated with

housekeeping genes, while the islands of many tissue-specific genes are

methylated, except in the tissue where they are expressed (Yevin and Razin,

1993, in DNA Methylation: Molecular Biology and Biological Significance.
Birkhauer Verlag, Basel, p. 523-568). This methylation of DNA has been
proposed to play an important role in the control of expression of different
genes in eukaryotic cells during embryonic development. Consistent with this
hypothesis, inhibition of DNA methylation has been found to induce
differentiation in mammalian cells (Jones and Taylor, 1980, Cell 20:85-93).

Methylation of DNA in the regulatory region of a gene can inhibit
transcription of the gene. This is probably caused by intrusion of the 5-
methylcytosine into the major groove of the DNA helix, which interferes with
the binding of transcription factors.

Three major changes in DNA methylation commonly occur in cancer

compared to normal tissue. Firstly, cancer cells show genome wide

hypomethylation, which has been associated with chromosomal instabilities
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(Eden et al., 2003, Science 300:455; Gaudet et al., 2003, Science 300:489-492),
as well as activation of normally silenced repetitive DNA elements (Walsh et
al., 1998, Nat. Genet. 20, 116-117).

Secondly, de novo methylation of CpG islands can o.c.‘cui' th.roughout .
tumor development. It is estimated that in tlimors there are on aV;eragé 600
CpG islands aberrantly methylated compared to :normal tissue, .although this

can vary widely between tumour types and within particular histologiéal sub-

islands that are methylated in multiple tumour types, while other CpG islands
are only methylated in certain tumour types (Costello, J.F., et al., 2000, Nat.
Genet. 24:132-138; Esteller, M., Herman, J.G., 2002, J. Pathol. 196:1-7). This

is consistent with a model in which methylation of CpG islands at particular

genes would give the cancer cell a growth or survival advantage and so
patterns of methylation emerge depending on the selective pressure for gene
silencing in the tumour type examined.

Thirdly, the methylated cytosine in DNA, 5-methylcytosine, can

22:972-976). If the deamination of 5-methylcytosine is unrepaired, it will result

in a C to T transition mutation. This can be found in the coding region, but
many tumor suppressor genes can also be inactivated by aberrant methylation
of the CpG islands in their promoter regions. The molecular mechanisms by
which aberrant methylatioxi of DNA takes place during tumorigenesis are not
clear. It is possible that the DNA methyltransferase makes mistakes by
methylating CpG islands in the nascent strand of DNA without a
complementary CpG in the parental strand. It is also possible that aberrant
methylation may be due to the removal of CpG binding proteins that protect
these sites from being methylated. Whatever the mechanism, the frequency of

aberrant methylation is a rare event in normal mammalian cells.
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On basis of the above, compounds that inhibit methylatlon such as

derlvatlves of 2'- deoxyc1t1d1ne (5-aza-2'- deoxymﬁdme (DAC Decxtabme) 5-

-azacytldme (5-azaC) arabmosyl 5- azacytosme (fazarabme) and dlhydro 5- o

tumor suppressmg genes In addltlon these demethylatlng agents can restore '
sensitivity to a range of chemotherapeutlc agents 1nclud1ng msplatm '
epirubicin and temolozomide (Plumb, J.A. et al., 2000, Cancer Res. 60:6039-
6044; Strathdee, G. et al., 1999, O.ncogene '1.8:2335-2:341)_. Like many other
demethyl-atmg agents are ant.1c1pated to .1_nh1b1t tumor gr.owth b_y spec_lﬁcally

reversing the repression of tumor suppressor and cell cycle genes that are

_,aberr.antly methylated in tumor cells, and hence to have less side effects than

15:446-451). i‘Synerglstlc cytotoxicity ._of Decitabine and a variety of chmcally

important cytotoxic agents has been reported in vitro and in vivo, including
amsacrine, cisplatin, carboplatin, cyclophosphamide, cytarabine, daunorubicin,
epirubicin, idarubicin, interpheron alpha, retinoic acid, topotecan and
temozolomide (Frost, P. et al., 1990, Cancer Res. 50:4572-4577; Kritz et al.,
1996, Am. J. Hematol. 51(2):abstract; Colombo et al., 1986 Cancer Treat. Rep.
70(12): abstract; Momparler, R.L. et al., 1990, Cancer Lett. 54:21-28; Anzai et
al., 1992, Cancer Res. 52(8): abstract; Dore et al., 1992, Anticancer Drugs 3(3):

abstract; Schwartsmann et al., 1997, Leukemia 11(Suppl. 1): abstract;

Willemze et al., 1997, Leukemia 11(Suppl. 1): abstract; Plumb et al., supra). A
combination of demethylating agents and all known anti-tumor
pharmaceuticals has been claimed, but not demonstrated, by Rubinfeld, J. et
al. (WO 2002/067681).

Epigenetic silencing can also be inhibited by blocking histone

deacetylases (HDACSs) through histone deactylation inhibitors (HDAC
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inhibitorS) Next to methylatiOn of cytosine residues in DN A as described

:unraveled and their histones released It is known that the process of

transcnptlon results in a local unfolding of the chromatm ﬁb er and an open

chromatin configuration. Although transcription of nucleosomal templates

with bacterial polymerases can occur in vitro Without ' displacing histone

tr.ans.orlptlon~dependent histone :dlz.spil-ac.ement does occur in :eukaryotlc nuclei.

In fact, even in vitro, RNA polymerase II is virtually unable to transcribe

nucleosomal DNA under physiological conditions. Transcription requires that

histone-DNA contacts be broken for pOIymerase to transit the nucleosomal

histone octamer releases some contacts with DNA and maintains others, at

some frequency all contacts might be released. The histone octamer would

nucleosome structure as they act. The in vitro and in vivo observations can be

reconciled if histone displacement occurs occasionally as nucleosomes are

disrupted. Constraints on nucleosomes in a compacted chromatin fiber (i.e.,

'closed’ chromatin) would limit histone displacement.

with heterochromatlc -dOmalns from a range of organisms, has been studied in

greatest detail in Saccharomyces cerevisiae. Many of the cis- and trans-acting
factors necessary to establish and maintain the silent state at the telomeres
need for hypoaCetylated histones. Silencing is mediated by the multiprotein,
nucleosome binding SIR(1.49 complex, recruited by interaction with specific
DNA binding proteins. Sir3 and Sir4 interact specifically with the N-terminal
tails of histones H3 and H4 in the hypoacetylated state. While the N-terminal
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tails of the histones are not 'required 'indi‘vidually for growth in y‘east they do
bemg requ1red Certain sir3 alleles can suppress the sﬂencmg defect of hlstone

H4 tail mutatlons and Slr3 and Sird can bmd to the amino termml of hlstones

antlbodles a gamst dlfferent hlstone acetylated 1soforms 1nd10ate that hlstones
in the telomeric and HML/HMR heterochromatin are hypoacetylated at all
modification sites
HDAC inhibitors act on histone acetylation during the first 24 hr

10 after addition of the drug to the cell culture, usually peaking within the first
16 hr (the exact time depends on the cell line, the compound, etc.). This effect
may be reversed by growing the cells in fresh medium with no drug. Changes
in the gene expression profile also appear during the first 24 hr of treatment,
when histones become hyperacetylated. All the known HDAC inhibitors cause

15 an increase at both the mRNA and protein levels of the cyclin-dependent
kinase inhibitor p21WAF1 as well as cell-cycle arrest. Although they act by
similar mechanisms (e.g., by blocking access of acetyl-lysine residues to the
HDAC catalytic pocket, which is highly conserved in all HDACs), these
substances have markedly different effects: diverse patterns of gene expression

20 are found when observing the action of several compounds in the same cell line

and cell-cycle arrest can be produced at G2/M (most frequently) or at G/S.

In neuroendocrine tumors, as well as in undifferentiated epithelial tumors,
such as breast, prostate and colon carcinomas, somatostatin and/or dopamine

25  receptors are expressed at the tumor cell surface (Reubi, J.C. and Landolt,
A.M., 1989, J. Clin. Endocrinol. Metab. 68:844-850; Chanson, P. et al., 1993,
Ann. Intern. Med. 119:236-240; De Bruin, T.W.A., 1992, J. Clin. Endocrinol.
Met. 75:1310-1317; De Herder, W.W., 1994, Am. J. Med. 96:305-312; Reubi,
J.C. et al., 1990, Metabolism 39(Suppl. 2):78-81; Lamberts, S.W.J., 1991,

30 Endocr. Rev. 12:450-482; Lemmer, K. et al., 2002, Life Sci. 71:667-678). In
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patients with somatostatin and/or dopamine receptor positive tumors, these G-

protein coupled receptors would form a target for treatment With soma-tostatin

analogs and/ or dopamine agonists, respectlvely, since these would 1nh1b1t the

productlon of hormones and bioactive peptldes by the tumor cells resultmg in

- a better control of the related severe chmcal symptomatology Whlle

somatostatin analogs and dopamine agonists inhibit tumor cell growth in a

number of experimental models (Lamberts et al., 1991, supra; Schally, AV,

1988, Cancer Res. 48:6977-6985; Lamberts, S.J.W. et al., 1996, New. Eng. J.
Med. 334:246-254), such a tumor growth inhibitory effect is not, or only rarely

observed clinically (Hejna, M. et al. , 2002, "The clinical role of somatostatin
analogues as antineoplastic agents: much ado about nothing?" Annals of

Oncology 13: 6-53'668) If there is any effect, a d0p_amine agonist mostly causes

hlypophy.s._eal gland has been described (WO 00/75186; US 5,538,739), but

cessation of treatment, however, often leads to a rapid increase in tumor

volume, thus denying a potential growth inhibiting effect. Several possible

reasons have been provided why somatostatin analogs appear not to be

effective in humans (Lamberts, S.W.J. et al., 2002_,"T'rends Endocrinol.

Metabol. 1.3:451--457)': (1) most human cancers comprise a mixture of stromal

express somatostatin receptors (sst). This contrasts sharply with the most

monoclonal tumor models in animals, which, in most instances,

homogeneously express sst on all tumor cells; (i1) sst expression in parts of

human breast, prostate and colonic cancers often indicates loss of

differentiation of the tumors. In general, these undifferentiated tumors with

neuroendocrinologic cell differentiation have a poor prognosis at that stage of

development; (3) because of the nature of new clinical trials in oncology, often

it is mainly those patients who are late in the onset of their disease who are
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somatostatm analog, a dopamme agomst or a somatostatm-—dopamme chlmerlc-

molecule (which targets both a somatostatin and d.opamme D2 _r.ec.eptor .
simultaneously) with a demethylating agent .ox%ercomes the problems with the
therapeutic effectiveness of single treatments of somatostatin analogs and/or
dopamine agonists and that treatment with a combination of a somatostatin
analog, a dopamine agonist or a somatostatin-dopamine chimeric molecule
with a demethylating agent provides an effective therapy for tumors which
express somatostatin and/or dopamine receptors, respectively. Since e’pigénetic '
silencing is caused not only by DNA methylation but also by histon
deacetylation, comparable synergistic effects of a combination of a HDAC
inhibitor with a somatostatin analog and/or dopamine agonist, or with a
somatostatin-dopamine chimeric molecule, are envisaged.

The invention therefore comprises a pharmaceutical composition
comprising at least one demethylating agent or HDAC inhibitor and at least
one somatostatin analog or dopamine a gonist and use of said pharmac.eutical

dOpamme receptor.

Description of the Figures

Fig. 1. Panel A shows the effects of AZA (D.eci-tabine) octreotide and a
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Panel B shows the effects of these compounds on DNA fragmentation

(apoptosis) in BON cells.

Fig. 2. Same as Fig. 1 for AZA and cabergoline.

Fig. 3. Synergistic effect of AZA (5nM) and the somatostatin analogs BIM-
23926 (sst1-selective) and BIM-23206 (sst5-selective) (both 10 nM) on DNA

fragmentation of human BON carcinoid cells. Values represent the mean of 2

.inde_pendent experiments.

Fig. 4. Synergistic effect of AZA (5 nM) and the somatostatin-dopamin

chimera BIM-23A765 (10 nM; sst2+sst5+D2 selective agonist) on DNA
fragmentation of human BON carcinoid cells. Values represent the mean of 2

Detailed Description of the Invention

Due to the problems as described in the introductory part, many

attempts to use somatostatin analogs and/or dopamine agonists for the control

of tumor growth and development, have failed or were not as successful as
might have been expected. One of the hypotheses that have been tested by the
current inventors is that the failure to obtain proper tumor growth control

with these compounds was due to hypermethylation of tumor genes, especially

the genes involved in the tumor growth inhibitory effect via the activation of

somatostatin and/or dopamine receptors. The current inventors therefore have

set out experiments as reported in the experimental section and surprisingly
observed that combined treatment of a somatostatin analog and/or a dopamine
agonist, or a somatostatin-dopamine chimeric molecule with a demethylating

agent such as Decitabine dramatically increases the effectivity of the

somatostatin analog, dopamine agonist or somatostatin-dopamine chimeric

molecule. The observed potent synergistic tumor growth inhibitory effect is
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Several demethylating agents, which can be applied in the present

2'.deoxycitidine, of which 5-aza-2'-deoxycytidine (Decitabine) is currently the

most employed. The structural difference between decitabine and the natural

cytosine ring as compared to the carbon atom at this position. Two isomeric

forms of Decitabine can be distinguished, of which the B-anomer is the active

form. Decabitine possesses multiple pharmacological characteristics. At a

molecular level, it is S-phase dependent for incorporation into DNA. At a
cellular level, decitabine can induce cell differentiation and exert
hematological toxicity. Despite having a short half life in vivo, decitabine has
an excellent tissue distribution.

The most prominent function of decitabine is its ability to

specifically and potently inhibit DNA methylation. Inside the cell, decitabine is

first converted to its active form by deoxycytidine kinase which is primarily

synthesized during the S phase of the cell. After conversion to its triphosphate

form, decitabine is incorporated into replicating DNA at a rate similar to that

of the natural substrate, dCTP (Bouchard and Monparler, 1983, Mol.
Pharmacol. 24:109-114). The replacement of 5-methylcytosine with decitabine

at a specific site of methylation produces an irreversible inactivation of DNA
methyltransferase, presumably due to formation of a covalent bond between
the enzyme and decitabine. By specifically inhibiting DNA methyltransferase,
the enzyme required for DNA methylation, the aberrant methylation of the
tumor genes can be prevented.

The investigators have also found that treatment with a
demethylating agent increases the expression of somatostatin and dopamine

receptors on the surface of the tumor cells (data not shown).
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Naturally occurring and synthetic HDAC inhibitors are now of

interest to pharmaceutlcal compames because of thelr great potentlal use

agamst cancer and other human patholo gles The blochemlcal structure of

' HDAC 1nh1b1tors 1s extremely heterogeneous frorn sunplc compounds such as '

'-Valproate to more elaborate des1gns such as MS 275 (a benzamlde) Overall

HDAC mhlbltors mamfest a wide range of activity agalnst all HDACs '

although a few exceptlons are known. These compounds can be classﬁied

according to their chemical nature and mechanism of inhibition as follows.

1. Hydroxamic acids. This is probably the broadest set of HDAC

inhibitors. The general structure of these substances consists of a hydrophobic

linker that allows the hydroxamic acid moiety to chelate the cation at the

bottom of the HDAC catalytic pocket, while the bulky part of the molecule acts
as a cap for the tube. Most of the chemicals in this group are very potent
(functioning at nanomolar to micromolar concentrations in vitro) but reversible
inhibitors of class I/II HDACs. Among these compounds we find TSA
(trichostatin A), which is widely used as a reference in research in this field.
However, its toxicity to patients and lack of specificity for certain HDACs have

motivated the search for other substances. The design of many synthetic drugs

has been inspired by TSA structure: from the simplicity of SAHA

(suberoylanilide hydroxamic acid) or Scriptaid to the latest -drugs developed by

NVP-LAQ-82425 and PXD-101 there is huge scope for b‘ulldmg-block

combinations that have been tested (in vitro, in vivo and, in some instances, in

clinical trials) and shown to have an acceptable degree of success.

2. Carboxylic acids. There are only a few drugs in this group:

butanoic, valproic and 4-phenylbutanoic acids. Despite being much less potent

than the hydroxamic acids (inhibition occurs in vitro at millimolar
concentrations and at very high doses in vivo) and their pleiotropic effects,
these are currently among the best studied HDAC inhibitors: valproic acid and

phenylbutyrate have already been approved for use in treating epilepsy and
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some cancers, respectively, whereas butanoic acid (or its prodrug forms, such

as pivaloyloxymethylbutyrate) is undergoing clinical trials.

3. Benzamides. MS-275 and some of its dErivatives inhibit HDACSs in

| vitro at micromolar concentrations, but the mechamsm 1s not clearly

understood It i 1s belleved that the d1am1n0phenyl group 1s very 1mportant for

the 1nh1b1tory behavior; probably, both amino functlonahtles chelate the

clinical trials.

4. Epoxides. These chemicals are supposed to trap HDACs through
the reaction of the epoxide moiety with the zinc cation or an amino acid
(forming a covalent attachment) in the binding pocket. However, the lability of
the epoxide functionality prevents significant in vivo activity, which makes

them of little pharmacologic interest. The only HDAC inhibitors in this set of

~ compounds are a number of natural products with significant in vitro activity,

such as depeudecin, trapoxin A, etc. Trapoxins are cyclic tetrapeptides with at
least one nonproteinogenic amino acid, and their structures have been used as
models for the design of novel hydroxamic acid— based HDAC inhibitors.

5. Others. Like the benzamides in the previous group, depsipeptide
FK228 (a fungal metabolite) is also undergoing clinical trials, but the

mechanism by which it inhibits classical HDACs in vitro remains unknown.

One hypothesis proposes that the disulfide bridge is reduced inside the cell or

organism and the 4-mercapto-but-1-enyl residue then fits inside the HDAC
catalytic pocket, chelating Zn2* in a manner similar to that of other inhibitors.
In cultured cells, it is able to induce histone hyperacetylation and growth
arrest at nanomolar concentrations. Apicidin A is another fungal metabolite
that is able to inhibit HDACs in many organisms, from protozoa to humans, at
micromolar concentrations. Chemically, it is a cyclic tetrapeptide bearing an
alkylketone residue. The ketone group is supposed to chelate the catalytic
Zn?*, the aliphatic chain acts as a spacer and the rest of the peptide ring is the

“cap”. Apicidins B and C (also natural products) have the same structure,
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differing from apicidin A by a single residue. Indeed, the peptldm nature of
aplcldms allows the chemlcal synthes1s (1nclud1ng those employmg sohd phase

methodologles) of analogs to be demgned easﬂy by changmg the ammo amds

f.lmctlonahty_, WhICh makes 'the compound much le_s.s stable under p_hys.lologlc

conditions.

This probably means that hypermethylation and/or deacetylation

and thereby inactivation of tumor suppressing genes, that act as a result of

activation of the somatostatin receptor or dopamine receptor, prevents the

normal cascade of events which occurs by applying somatostatin, dopamine

and/or their analogs or agonists. In order to still be able to use these
compounds for anti-tumor therapies despite this hypermethylation and/or
deacetylation effect, very high doses of these compounds would be needed to

observe any activity at all. With the present invention, however, both for the

somatostatin analogs and/or dopamine agonists and the demethylating agents

and/or HDAC inhibitors lower doses can be used because of the ,str.ong

those compounds, which could have a negative effect on normal tissue. The
synergistic effect is even enhanced by the fact that it has appeared that
demethylating agents increase the expression of somatostatin and/or dopamine

receptors at the surface of tumor cells.

As discussed in the introductory part, a fair number of somatostatin
analogs are known in the art. These comprise derivatives of somatostatin itself
(such as somatostatin-14 and somatostatin-28) or of cortistatin (cortistatin-14,

cortistatin-17, cortistatin-29). Pharmaceutically preferable somatostatin



10

15

20

25

30

CA 02647986 2008-09-30

WO 2007/114697 PCT/NL2007/050136

13

analogs are octreotlde vapreotlde lanreotlde CH275 CH 288 BIM 23926

BIM-23206 IIM~23056 BIM 23268 BIM 23052 BIM- 23244 L and D- N
Tyr(S)CYN 154806 and the recently deveIOped non- peptlde agomsts L 77 9 97 6

'223A387 (Saveanu, A. et al., 2002, J. Clin. Endocrm. Metab. §_’Z_:5545-5552)-,

BIM-23A758, BIM-23A760, BIM-23A761 and BIM-23A765 (Jaquet, P. et al.,

2005, Eur. J. Endocrinol. 153: 13‘5-’141) which all show 'high affinity to both

4-9)5, which bind with high ..afﬁmty to most somatostatin receptor subtypes.
SOM-230 and KE-108 have suitable half-life characteristics. The dopamine-
.especlally preferable 1n the present invention.

The above mentioned compounds will normally be administered in

the way they are administered in single drug therapy. This means that they

can be administered as single dose or as repeated dosages in solid or fluid form

(as tablet, lozenge, granules, powder, sachet, capsule, suppository, emulsion,
solution, liniment, tincture, gel, etc.), or via a slow-release formulation (in or

on carriers such as lipids, liposomes or implants, in prodrug-form or in slowly

metabolizing derivatives, ete.).

For the dopamine agonists this means that they are preferably
administered in tablet form orally, although for the ease of combined
administration with other compounds used in the methods and composition of
the invention also other dosage forms (gels, liquids, sprays, injection fluids,

etc.) and other routes of administration ( subcutaneous, intramuscular,
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intragluteal, intravenous, via local delivery (for examplo by implanfS)v

transdermal etc. ). The protelnaceous somatostatm analogues are preferably

'admlmstered per 1n3 ect1on OCtreotlde 18 preferably glven as subcutaneous '

' preferably 1s admlmstered as mtramuscular or subcutaneous mj ectlon

(lanreotlde--autogel)

' Admmlstratlon route of HDACs depends on the sort of compound

‘that is used, and will preferably be oral or by injection. A similar approach is

feasible for the demethylating agents discussed above.

Doses which need to be applied can be derived from doses and dose

schemes which are used with the normal administration of the above drugs,
although, because of the synergistic effect of the combinations of the invention,

it is advised to start with lower amounts of the drug(s). Thus, for each of the

art and :ad.apted accordmg to the new synergistic effects as is suitable.

A typical dose for the dopamine agonist bromocriptine is 2.5-40 mg

daily by oral administration (tablet). Similarly for cabergoline oral doses of 0.5-

4.5 mg per week given in one or two doses is suitable. Octreotide is preferably

.subcutaneous injection every 8-12 hours or for Octreotide-LAR in doses of 10-

40 mg by deep intragluteal injection once every 4 weeks. The long active

lanreotide can be given by a 30 mg intramuscular injection every 1-2 weeks, or

for Lanreotide-autogel in doses of 60-120 mg through a deep subcutaneous

injection every 3-4 weeks. These are just non-limiting examples of the various
doses and administration routes that can be applied for a few of the
compounds which are usable in the invention. A person skilled in the art will

have the knowledge and skill to select suitable doses and administration

routes for these and other compounds mentioned above.

The demethylating agent and/or HDAC inhibitor can be given

simultaneously with the somatostatin analog and/or dopamine agonist, or they
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can be given separately. The wording 'pharmaceutical composition' as used
herein can have the conventional meaning of a composition of two or more of

the drugs as discussed above; however it is also meant to comprise dOSes for

treatments Whereln the drugs are administered separately, e. g at dlfferent

' therapeutlcal effect Smce especmlly the somatostatm analogs are glven

preferably as depot injections (which will be effective ,for several day_s to weeks)

a simultaneous oral dosage scheme of the demethylating ,.agent(S) and/or

release forrnulatlons, to minimize discomfort for and/or non-c.omphance by the

patient. Preferably, the demethylating agent and/or HDAC inhibitor are given

this way it is achieved that the cell machlnery (receptor.(S), -,s'lgn;ahng cascade,
etc.) which signals and exerts the effects of somatostatin and/or dopamine are

ready in functional form. The investigators have found that pre-treatment

with AZA (decitabine) for one day already induces a synergistic enhanced

activity with a somatostatin analog or a dopamine agonist or a somatostatin-

dopamine chimeric molecule on DNA fragmentation (apoptosis) or cell

proliferation.

The treatment according to the invention basically comprises two
components (one component selected from the group of demethylating agents
and HDAC inhibitors, the second component selected from the group ot
somatostatin analogs and dopamine agonists), but in a preferred embodiment

the composition or treatment .comprises three or four .components. In the three

agent, at least one HDAC inhibitor and at least one component selected 'from

the group of somatostatin analogs and dopamine agonists. In the two or three
component system, the component selected from the group of somatostatin
analogs and dopamine agonists advantageously is a somatostatin-dopamine

chimeric ligand, such as BIM-23A387, BIM-23A758, BIM-23A760, BIM-
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23A761 or BIM-23A7 65 or a universal somatostatin analog such as SOM-32.0
comprises at least one demethylatmg agent at least one HDAC 1nh1b1tor at
least one somatestatm analog and at least one dopamlne agomst '
Next to a composrttmn also a method of treatment as mentloned
above is part of the invention. As 1nd1cated such a method of treatment may

cornprlse simultaneous or sequentlal admlnlstratmn of at least one

administration of the other compounds. Preferably, treatment with the
demethylating agent and/or HDCA inhibitor is started several days (at least
one day) to maximal two weeks before the administration of the somatostatin

analog or dopamine agonist.

The compo.sitions of the invention can be used for the therapy of
dopamine receptor.s on its surface. Many tumors have been found to comprise

at least one of both receptors, and generally both receptors are expressed

together. Tumors which would be suitable for therapy with the compositions of

islet-cell tumor, insulinoma, carcinoid, pheochromocytoma, paragaglloma,
medullary thyroid cancer; adenocarcinomas, such as breast, kidney, colon,

hematologlcal malignancies, such as Hodgkin’s and non-Hodgkm S lymphoma

and acute and chronic leukemia; other malignancies like hepatocellular cancer,

and the compositions would also be useful in chronic immune diseases, such as

sarcoidosis and rheumatoid arthritis.
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Besides the advantage of combating tumor proliferation the

composmons of the 1nvent10n will also prevent excess hormonal secretlon from

excess that are expenenced by patlents with these tumors ' .

Example

Methods
10 Cell lines and culture conditions
Human pancreatic carcinoid BON cells were obtained from Dr
Townsend (The University of Texas Medical Branch, Galveston, Texas, USA).
The cells were cultured in a humidified incubator containing 5% COz at 37°C.
The culture medium consisted of a 1:1 mixture of Dulbecco’s modified Eagle’s
15 medium (DMEM) and F12K medium, supplemented with 10% FCS, penicillin
(1x105 UN), fungizone (0.5 mg/l) and 1l-glutamine (2 mmol/l). Periodically, cells
were confirmed as Mycoplasma-free. Cells were harvested with trypsin EDTA
10% and resuspended in medium. Before plating, cells were counted
microscopically using a standard hemocytometer. Trypan Blue staining was

20 used to assess cell -viability, which ,always exceeded 95%. Media and

The Netherlands).

Cell proliferation assay
25 After trypsinization, the cells were plated in 1 ml of medium in 24-
well plates at a density of 0.4-2x104 cells/well. The plates were then placed in
a 37°C, 5% COz incubator. Three days later the cell culture medium was
replaced with 1 ml/well medium containing 5-aza-2'-deoxycytidine at different
concentrations in the dose curve response experiment (0, 10-5M, 10-¢M, 10-"M,

30 10-8M and 10°M) or 5-aza-2'-deoxycytidine (6x10-8M) with or without the
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somatostatin analog octreotide ( 10-8M) or the dopamme agomst cabergolme

days were refreshed after 3 days and compounds were added agam

Quadruphcates of each treatment were performed Measurement of total DNA
contents, representatlve for the number of cells, was performed using the
bisbenzimide fluorescent dye (HoechstTM 33258) (Boehring Diagnostics, La
Jolla, CA), as previously described (Hofland LJ, van Koetsveld PM, Lamberts
SW. Percoll density gradient centrifugation of rat pituitary tumor cells: a
study of functional heterogeneity within and between tumors with respect to
growth rates, prolactin production and responsiveness to the somatostatin

analog SMS 201-995. Eur J Cancer 1990;26:37-44.).

Apoptosis assays (DNA fragmentation)
After trypsinization BON cells were plated in 24-well plates at a
density of 1.5-2x104 cells/well. These plates were placed in a 37°C, 5% COz

incubator. Three days later the medium was refreshed in the presence and

the do_s.e curve response experiment (1.0--5M, 10-6M, 10-’M, 10-8M and 10-°M) or

5-aza-2'-deoxycytidine (5x10-8M) with or without the somatostatin analog
octreotide (10-8M) or the dopamine agonist cabergoline (10-8M). In experiments
evaluating the combination of 5-aza-2'-deoxycytidine and octreotide,
cabergoline or novel somatostatin analogs BIM-23206, BIM-23926 and the
somatostatin-dopamine chimera BIM-23A765, a pre-treatment with 5-aza-2'-
deoxycytidine (6x10-8M) has been performed for 24 hours.

Quadruplicates of each treatment were performed. After an

additional incubation of 3 days, apoptosis was assessed using a commercially
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available ELISA kit (Cell Death Detection ELISAPlus, Roche 'Dia gnostic

enzyme- 1mmunoassay-pr1n(:1ple usmg mouse monoclonal antlbodles dlrected

agamst DNA and hlstones respectlvely ThlS allows the spemflc determmatlon '

of mono- and ohgo nucleosomes in the cytoplasmatlc fractlon of cell lysate
typical for apoptosis. The standard pr.otocol supplied by the manufacturer was

used. Brieﬂy, the medium was ca'refully removed by suction, Cells were

ELISAPlus :-assay) : After lysis of the cells the solution was incubated with anti-
DNA and anti-histone antibodies in a streptavidin-coated 96-well plate for 2
hours. After washing, the immunocomplex-bound peroxidase was probed with
2,2’-azino-di[3-ethylbenzthiazoline sulfonate] (a chromogenic substrate) for
spectrophotometric detection at 405 nm, to quantify the amount of
nucleosomes bound to the plate. Relative apoptosis was determined by a ratio

of the average absorbance of the treatment wells to the average absorbance of

the control wells.

Results

Effect of octreotide and cabergoline on cell proliferation.
During a 3 or 6 day incubation with octreotide (10-8M) or cabergoline

-(10“8M) there was no statistically ~signiﬁc.ant effect of both dr'u'gs on BON

cells. Figure 1A and 2A, each representing the mean + SEM of two

independent experiments, show the effects of octreotide or cabergoline after 6

days of incubation.
Effect of 5-aza-2'-deoxycytidine on cell proliferation.
During a 3 or 6 day incubation with 5-aza-2'-deoxycytidine

significantly inhibited BON carcinoid cell growth, in a time- and dose-
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dependent manner (data not shown). After 6 days of incubation, the 1C25

value of the tumor cell growth inhibitory effect of 5-aza-2'-deoxycytidine was

approximately 5x10-8M. Figure 1A and 2A show that a low dose of 5-aza-2'-

deoxycytidine (5x10-8M) significantly inhibited BON carcinoid cell growth
(P<0001 VS control_).. '

Effect of combination treatment with 5-aza-2'-deoxycytidine and

octreotide or cabergoline on cell proliferation.

After 6 days of incubation, the combined treatment with 5-aza-2'-

deoxycytidine and octreotide (10-8M) or cabergoline (10-8M) induced a

statistically significant higher inhibition of BON carcinoid cell growth on cell
proliferation, compared with the effect of 5-aza-2'-deoxycytidine alone (p<0.05

and p<0.01, respectively).

fragmentation).

During a 3 day incubation with octreotide (10-8M) or cabergoline (10-

8M), there was no statistically significant effect of both drugs on apoptosis,

measured as DNA fragmentation, in BON carcinoid cells. Figure 1B and 2B,

representing the mean + SEM of two independent experiments, show the
effects of octreotide or cabergoline on the induction of DNA fragmentation. A

similar result was obtained for treatment with the somatostatin analogs BIM-

23926 and BIM-23206 and the somatostatin-dopamine chimera BIM-23A765

alone.
Effect of 5-aza-2'-deoxycytidine on apoptosis (DNA-fragmentation).
A 3 day incubation with 5-aza-2'-deoxycytidine significantly induced
DNA fragmentation in BON carcinoid cells, in a dose-dependent manner (data
not shown). After 3 days of incubation, the EC25 value of the apoptosis
inducing effect of 5-aza-2'-deoxycytidine was approximately 5x10-8M. Figure

1B and 2B show that a low dose of 5-aza-2'-deoxycytidine (5x10-8M)
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carcinoid cells (p<0.001 vs control).

Effect of combination treatment with 5-aza-2'-deoxycytidine and
octreotide or cabergoline on apoptosis (DNA-fr.dgmentation). o
| Figure 1B and 2B show thét the combined treatment with 5-aza-2'-
deoxycytidine and octreotide (10-8M) or cabergoline (10-8M) induced a

statistically significant higher induction of DNA fragmentation in BON

carcinoid cells after 3 days, compared with the effect of 5-aza-2'-deoxycytidine
Effect of combination treatment with 5-aza-2'-deoxycytidine and
novel somatostatin analogs BIM-23926 and BIM-23206 on apoptosis.

Figure 3 shows that the somatostatin analogs when administered alone
have no effect on apoptosis (DNA fragmentation) of human BON carcinoid
cells. However, a dramatic increase was observed from the moderate effect of
AZA alone, when AZA was administered together with any of the new :aria-log‘s.

Effect of combination treatment with 5-aza-2'-deoxycytidine and the

somatostatin-dopamine chimera BIM-23A765 on apoptosis.

moderate effect of AZA alone, when AZA was administered together with BIM-

23A765.
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Claims

1. - Pharmaceutical composition comprising at least one demethylating

analog or dopamine agonist.

2. Pharmaceutical composition according to claim 1, comprising at
least one demethylating agent, at least one HDAC inhibitor and at least one

somatostatin analog or dopamine agonist.

3. Pharmaceutical composition according to claim 1 or 2, comprising at

least one demethylating agent, at least one HDAC inhibitor, at least one

somatostatin analog and at least one dopamine agonist.

3. Pharmaceutical composition according to any of claims 1-3, wherein

the at least one demethylating agent is selected from the group consisting of 5-

aza-2'-deoxycitidine (DAC, Decitabine), 5-azacytidine (5-azaC), arabinosyl-5-

azacytosine (fazarabine) and dihydro-5-azacytidine (DHACQC).

4. Pharmaceutical composition according to any of claims 1-3, wherein
the at least one HDAC inhibitor is selected from the group consisting of
hydroxaminic acids (such as trichostatin A, SAHA, NVP-LAQ-82425, PXD-
101), carboxylic acids (such as butanoic, valproic, 4-phenoxybutanoic acids),
benzamides (such as N-acetyldinaline, MS-275 and derivatives thereof),

epoxides (such as depeudicin, trapoxin A), FK228, apicidin A, B and C.

5. Pharmaceutical composition according to any of claims 1-4, wherein
at least one somatostatin analog is selected from the group consisting of
somatostatin-14, somatostatin-28, cortistatin-14, cortistatin-17, cortistatin-29,

octreotide, vapreotide, lanreotide, CH275, CH-288, BIM-23056, BIM-23206,
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BIM-23268, BIM-23926, BIM-23052, BIM-23244, BIM-23A758, BIM-23A760,

BIM-232A761, BIM-23A765, L- and D-Tyr(8)CYN154806, L-779,976, L-

803,087, L.-817,818, BIM23A387, SOM-320 and KE-108.

6. Pharmaceutical composition according to any of claims 1-5, wherein

the at least one dopamine agonist is selected from the group consisting of

ropinirole, pramiprexole, rasagiline, BIM23A387, BIM-23A758, BIM-23A760,

BIM-232A761 and BIM-23A765.

7. Use of a pharmaceutical composition according to any of claims 1-6

for the treatment of a tumor which expresses somatostatine and/or dopamine

receptors on its surface, or for the treatment of chronic immune diseases, such

as sarcoidosis, rheumatoid arthritis.

8. Use according to claim 7, wherein said tumor is a neuroendocrine

tumor; a brain tumor, such as meningioma; a hematological malignancy, such

as Hodgkin’s and non-Hodgkin’s lymphoma and acute and chronic leukemia;

other malignancies like hepatocellular cancer.

9. Use of a composition of at least one demethylating agent and at least
one somatostatin analog or dopamine agonist for the manufacture of a

medicament for the treatment of a tumor or a chronic immune disease..

10. Method for treating cancer by administration of a pharmaceutical

composition according to any of claims 1-6.
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Figure 3.

Figure 4.
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