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PHARMACEUTICAL COMPOSITIONS AND METHODS FOR THE
TREATMENT OF CANCER

FIELD OF THE INVENTION

This invention relates to pharmaceutical compositions and methods for the

treatment of cancer.

BACKGROUND OF THE INVENTION

The following references are considered to be relevant for an understanding of the

invention.
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Fer is an intracellular tyrosine kinase that resides in both the cytoplasm and
nucleus of mammalian cells and is activated by growth factors such as EGF and PDGF
in fibroblastic cells (Kim and Wong, 1998), and by occupation of the Fey receptor in
mast cells (Penhallow et al., 1995). Although present in a wide variety of tissues and
cells, the functional role of Fer has been elucidated mainly in cells which carry out
innate immune responses (Craig and Greer, 2002; Greer, 2002). Mice devoid of an
active Fer develop normally and the proliferation of fibroblasts derived from these mice
is not impaired in vitro (Craig et al., 2001).

Fer has been detected in all human malignant cell lines analyzed (Hao et
al., 1989; Orlovsky et al., 2000) and its levels in malignant prostate tumors are
significantly higher then those detected in benign prostate tumors (Allard et al., 2000).
Furthermore, down-regulation of Fer impaired the proliferation of prostate and breast
carcinoma cells (Pasder et al.,2006) and abolished the ability of prostate carcinoma PC3
cells to form colonies in soft agar (Allard et al., 2000). US Patent application
10/486,101 having Publication Number 20050063973 discloses short interfering RNA
(siRNA) molecules directed to sequences of the fer gene. These siRNA molecules were
found to inhibit the growth of PC3 cells and to arrest tumor growth in an animal model
(Pasder et al., 2007).

SUMMARY OF THE INVENTION

In its first aspect, the present invention provides pharmaceutical compositions. A
pharmaceutical composition according to the invention comprises as an active

component a compound of formula (I):
X

“ @

\\I

, (R1)n
X is selected from the following:
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wherein R; is independently selected from H, F, Cl, Br, I or a Cy_5 linear or branched
alkyl; nis 1, 2, 3, 4 or 5; Ry is N(R),, R being independently hydrogen or linear or
branched Cy.salkyl group; Rj is a linear or branched Cj_salkyl group; R, is a group of

ﬁ
~-Rs-C-Rg

Rs being a 5- or 6-membered aromatic or non-aromatic ring optionally having one, two

formula

or three heteroatoms selected from O, N or S; R¢ being a 5- or 6-membered aromatic or
non-aromatic ring optionally having one, two or three heteroatoms selected from O, N
or S optionally having one or two substituents independently selected from halogen and
a linear or branched C.salkyl group; Z is selected from O or S; Y is C-H or N; and A is
a 5- or 6-membered fused aromatic or non aromatic ring optionally being a heterocyclic

ring comprising 1 to 3 heteroatoms selected from O, N or S;
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and a physiological acceptable carrier.

Cy-s Linear or branched alkyl means a methyl, ethyl, propyl, isopropyl, n-butyl,
isobutyl, sec.-butyl, tert.-butyl, n-pentane, iso-pentane, sec.-pentane or tert.-pentane that
may optionally be partially substituted by halogen selected from F, Cl, Br, or L.

The invention is directed to a pharmaceutical composition comprising as an
active ingredient a compound of formula (I) as defined above, where R; is H, F, Cl,
CHs, CoHs or C3Hy; nis 1, 2 or 3; X is a compound selected from formulae {I) to (VD);
Rz is N(R)2, R being independently hydrogen or CHs, C,Hs or C3Hy; Rs is a linear or
branched Ci.salkyl group; Ry is a group of formula:

z
|
~Rs-C-Ry;

Rs being a 5- or 6-membered aromatic or non-aromatic ring optionally having one, two
or three heteroatoms selected from O, N or S; R being a 5- or 6-membered aromatic or
non-aromatic ring optionally having one, two or three heteroatoms selected from O, N
or S optionally having one or two substituents independently selected from halogen and
a linear or branched Cj_salkyl group; Z is selected from O or S; Y is C-H or N; and A is
a 5- or 6-membered fused aromatic or non aromatic ring optionally being a heterocyclic
ring comprising 1 to 3 heteroatoms selected from O, N or S.

In particular, the pharmaceutical compositions of the invention have been found
to inhibit the growth of cancer cells. Without wishing to be bound by a particular
theory, it is believed that the pharmaceutical compositions of the invention inhibit the
expression or the activity of Fer in the treated cells.

In one preferred embodiment, the pharmaceutical composition of the invention

comprises a compound, referred to herein as "compound 497", having chemical

formula C15H7C]_F5N302S and (VID):
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In another preferred embodiment, the pharmaceutical composition of the
invention comprises a compound, referred to herein as "compound 631", having the

chemical formula C;3H;,FN;S and (VII):

—d N F
HgC - S/L\‘N/

In yet another preferred embodiment, the pharmaceutical composition of the
invention comprises a compound, referred to herein as "compound 115", having the

chemical formula C;sH;,FN and (XIII):

In yet another preferred embodiment, the pharmaceutical composition of the
invention comprises a compound, referred to herein as "compound 540", having the

chemical formula C,;H,4N,0,S and (IX):
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HsC—O

N(CH2CH3)2
0
H3C/ \ S(0), \//:\>
N—" S

In still another preferred embodiment, the pharmaceutical composition of the

invention comprises a compound, referred to herein as "compound E626-0342", having

the chemical formula CpH,sN¢OS (X):-
HsC

\
”\)\S
=

0]

-

In its second aspect, the invention provides a method for treating cancer. In
accordance with this aspect of the invention, an individual in need of such treatment is
administered an effective amount of a pharmaceutical composition of the invention.

The invention further provides use of a compound of formula (I):
X

7 )

\\l

(R1 )n
X is selected from the following:
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wherein R; is independently selected from H, F, Cl, Br, I or a C;_5 linear or branched
alkyl; nis 1, 2, 3, 4 or 5; Ry is N(R)2, R being independently hydrogen or linear or
branched Ci.salkyl group; Rs is a linear or branched C;.salkyl group; Ry is 2 group of

formula

--R5-C-Rg
Rs being a 5- or 6-membered aromatic or non-aromatic ring optionally having one, two
or three heteroatoms selected from O, N or S; Ry being a 5- or 6-membered aromatic or
non-aromatic ring optionally having one, two or three heteroatoms selected from O,N
or S optionally having one or two substituents independently selected from halogen and
a linear or branched Cj.salkyl group; Z is selected from O or S; Yis C-Hor N; and A is
a 5- or 6-membered fused aromatic or non aromatic ring optionally being a heterocyclic

ring comprising 1 to 3 heteroatoms selected from O, N or S;



WO 2009/019708 PCT/IL2008/001099
-8-

for the preparation of a medicament for the treatment of cancer.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to understand the invention and to see how it may be carried out in
practice, embodiments will now be described, by way of non-limiting example only,
with reference to the accompanying drawings, in which:

Fig. 1 shows the effect of compound 497 on HT29 human colorectal
carcinoma cells;

Fig. 2 shows the effect of compound 497 on HCT116 human colorectal
carcinoma cells;

Fig. 3 shows the effect of compound 497 on FS 11 human fibroblastic
cells;

Fig. 4 shows the effect of compound 631 on HT29 colorectal carcinoma
cells;

Fig. 5 shows the effect of compound 631 on HcT116 colorectal carcinoma
cells;

Fig. 6 shows the effect of compound 631 on FS 11 human fibroblastic
cells;

Fig. 7 shows the effect of the compound E626-0342 on HT29 human colon
carcinoma cells;

Fig. 8 shows the effect of compound E626-0342 on HCT116 human colon
carcinoma cells;

Fig. 9 shows the effect of compound E626-0342 on FS 11 normal human
fibroblasts; , .

Fig. 10 shows inhibition of tyrosine kinase Fer activity by E626-0342;

Fig. 11 shows the effect of E626-0342 on the progression of Hi29 xenografts
in "nude" mice; and

Fig. 12 shows inhibition of the kinase activity of Fer in yeast cells by
compounds 497 and 631.



WO 2009/019708 PCT/IL2008/001099

EXAMPLES

Compounds 497, 631, 115 and 540

The effect of the four compounds 497, 631, 115 and 540 on the growth profile of
cancer cells which express Fer was tested. The cells that were tested were: the colon
cancer cell lines HT29 and HCT 116, the breast cancer cell lines MDA-MB-231 and
MCF-7, and the prostate cancer cell lines PC3 and DU145. The effect of each of the
four compounds on FS11 cells, a non malingnant fibroblastic cell line, was also studied.

The cells were seeded in 96 wells microplates and were left to grow untreated
overnight. Each of the three compounds was dissolved in DMSO and was then added to
each well in a dose dependent manner from 0.4 to 80pM. The concentration of DMSO
in each well was 0.4% v/v. Untreated cells and cells subjected to 0.4% DMSO alone,
served as controls. The number of viable cells in each well was determined 48, 72, 96
hours after compounds addition, using the XTT test (Berridge,M.V. et al, 2005). In
cases where complete inhibition of cell growth was observed in the presence of one of
the three compounds tested at one of the concentrations tested, the IC50 of the
compound on that cell line was determined.

Figs. 1 and 2 show the effect of compound 497 on the growth of the colorectal
cancer cell lines HT29 and HCT116, respectively. In Figs 1 and 2, it can be seen that
compound 497 caused a profound reduction in the number of viable cells in both cell
lines of treated cultures with an IC50 of 2uM for HT29 and HCT116 after 96h. Fig. 3
shows the effect of compound 497 on the non-malignant FS 11 cell line. 4

Figs. 4 and 5 show the effect of compound 631 on on the growth of the
colorectal cancer cell lines HT29 and HCT116, respectively. Fig. 6 shows the effect of
compound 631 on the non-malignant FS 11 cell line. Compound 631 also caused a
decrease in cell viability with an EC50 of 40pM for HT29 and 24pM for HCT116
(Figs. 7, 8 ). Compound 631 did not affect FS11 cells up to a concentration of 80uM
(Fig. 6).

Table 1 shows the EC50 in pM of the four compounds on the various cell lines
examined for those cases where an EC50 could be determined from the concentrations

of the compounds that were tested (up to 80uM).
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Table 1
Compound

Cell Line Compound | Compound | Compound | Compound
497 631 115 540
HT29 2 30 32 40
HCT116 2 24 32 40
MDA-MB-231 2 32 40 25
MCF-7 8 8 25
PC3 4 32 15
DU145 8 20
FS11 4 >80 40

To examine whether the above listed compounds affect the enzymatic activity of
Fer, the protein tyrosine phosphorylation profile in yeast cells which ectopically express
the murine Fer, was analyzed using the yeast system disclosed in W02007/107991.
Since the S. cerevisae yeast cells lack almost completely detectable, endogenous,
tyrosine phosphorylation activity, the detected tyrosine phosphrylation signals result
essentially from the kinase activity of the ectopic Fer. Furthermore, considering the
neglegible tyrosine-phosphrylation background in the cells, it is possible to specifically
track the tyrosine phosphorylation level of Fer in the treated yeast cells.

Yeast cells expressing an ectopic Fer were treated with 40 pM of one of the
compounds 497, 631, 115 and 540 for 48 h. Whole cell lysates were then prepared and
resolved in SDS-poly acrylamide gel. The expression levels of Fer and the tyrosine
phosphorylation profiles of the proteins before and after treatment with the compounds
were determined using a western-blot analysis. Fig. 12 shows a Western Blot in which
lane 4 of shows yeast cells containing the empty expression vector- pAES, lane 3 shows
yeast cells harboring the plasmid pAES-Fer and expressing an ectopic Fer, lane 2 shows
cells harboring pAES-Fer, expressing Fer and treated with compound 631 and lane 1
shows cells harboring pAES-Fer, expressing Fer and treated with compound 497. The
lower panel shows- membrane reacted with anti-phosphotyrosine antibody. The arrow
indicates the tyrosine phosphorylated Fer (pFer). The upper panel shows membrane

reacted with an anti-Fer antibody, thus representing the level of the Fer protein. The
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middle panel shows the level of the house-keeping protein actin, which served as a
control for protein loading quantities. This revealed a significant reduction in the
tyrosine phosphorylation level of the 94 kD band which represents the Fer protein, in A
cells treated with compounds 631 and 497 (Fig. 12). Thus, the compounds 631 and 497
significantly inhibit the Fer kinase autophosphorylation enzymatic activity.

Compound E626-0342

The effect of compound E626-0342 on the growth profile of cancer cells which
express Fer was tested. The compound was added to the growth media of FS11-normal
primary human fibroblasts and to two colon cancer cell lines, HCT116 and HT?29,
which express Fer.

Various cell lines were seeded in 96 wells microplates and were left to grow
untreated overnight. Compound E626-0342, dissolved in DMSO at a stock
concentration of 10mM was then added to each well in a dose dependent manner,
resulting in final concentrations extending from 0.5 to 15pM. The final concentration
of DMSO in each well was 1% v/v. Untreated cells and cells subjected to 1% DMSO
alone, served as controls. The number of viable cells in each well was determined 96
hours after addition of the compound, using the XTT test (Berridge,M.V. et al, 2005).

In Figures 7 and 8, it can be seen that compound E626-0342 caused a profound
reduction in the number of viable cells in the two colon cancer cell lines, to which it
was added. The compound exhibited an ECsy of 1uM for both HT29 and HCT116,
after 96h of treatment. - At a concentration of 10 uM, less then 10 % of viable cells
were left in each of the two treated colon cell lines.

Notably, E626-0342 did not affect normal human FS11 fibroblasts, up to a
concentration of 10uM (Fig. 9).

To examine whether E626-0342 affects the enzymatic activity of Fer, the
protein tyrosine phosphorylation profile in yeast cells which ectopically express the
murine Fer, was analyzed. Since the S. cerevisae yeast cells lack almost completely
detectable, endogenous, tyrosine phosphorylation activity, the detected tyrosine
phosphrylation signals result essentially from the kinase activity of the ectopic Fer.
Furthermore, considering the neglegible tyrosine-phosphrylation background in the
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cells, it is possible to specifically track the tyrosine phosphorylation level of Fer in the
treated yeast cells.

Yeast cells expressing an ectopic Fér were treated with 40 uM E626-0342
compound for 48 h. Whole cell lysates were then prepared and resolved in SDS-poly
acrylamide gel. The expression levels of Fer and the tyrosine phosphorylation profile of
the proteins before and after treatment with the compound were determined using a
western-blot analysis. This revealed a significant reduction in the tyrosine
phosphorylation level of a 94 kD band which represents the Fer protein (Fig. 10). Thus,
the E626-0342 compound significantly inhibits the Fer kinase autophosphorylation
enzymatic activity.

Referring now to Fig. 10 a Western Blot is shown. Lane 1 shows yeast cells
containing the empty expression vector- pAES, lane 2 shows yeast cells harboring the
plasmid pAES-Fer and expressing an ectopic Fer, and lane 3 shows cells harboring
PAES-Fer, expressing Fer and treated with E626-0342. The upper panel shows-
membrane reacted with anti-phosphotyrosine antibody. Arrow indicates the tyrosine
phosphorylated Fer (pFer). The lower panel shows membrane reacted with an anti-Fer
antibody and anti-actin antibody, which served as a control for protein loading
quantities. The upper arrow indicates the Fer protein, the lower arrow indicates actin.

As seen in Fig. 10, compound E626-0342 exhibited a significant dose dependent
growth restoring effect on the HA-Fer expressing yeasts cells. This indicated an effect
of this compound on the functioning of the tyrosine kinase Fer. This compound was not
toxic to yeast cells in concetrations up to 40pM. ‘

To test the effect of the E626-0342 compound on tumor progression in-vivo,
1x10° HT29 colon carcinoma cells were injected subcutaneously to immuno-
compromised "nude" mice. Xenografts were allowed to develop for 7 days in each
mouse, and then 50 pl of 10 pum E626-0342 dissolved in 2 % DMSO in Hank's
Balanced Salt Solution (HBSS) buffer (CaCl2 - 0.14 g/l, KCl - 0.4 g/, KH2PO4 - 0.06
g/l, MgCI2*6H20 - 0.1 g/l, MgS04*7H20 - 0.1 g/l, NaCl — 8 g/l, NaHCO3 - 0.35 g/l,
Na2HPO4*7H20 - 0.09 g/l and D-Glucose — 1 g/l ) were injected every other day into
the tumor of each of 12 mice. A 2 % DMSO solution in HBSS was injected to the tumor
of each of 15 mice that served as a control group. Tumor sizes were measured twice a

week and the differences in the size of each tumor were determined. The average
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difference in tumor size in each of the two groups was plotted after determining

standard error. In Figure 11 it can be seen that E626-0342 significantly attenuated the
progression of the HT29 xenografts.
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CLAIMS:
1. A pharmaceutical composition comprising as an active component a compound
of formula (I):
X
= | @
X
(Ridn

X is selected from the following:
R4

Rs
N
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wherein R; is independently selected from H, F, CL, Br, I or a Cy.5 linear or branched
alkyl; n is 1, 2, 3, 4 or 5; R, is N(R),, R being independently hydrogen or linear or
branched Ci.salkyl group; Rs is a linear or branched Cj.salkyl group; Ry is a group of

formula
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Rs being a 5- or 6-membered aromatic or non-aromatic ring optionally having one, two
or three heteroatoms selected from O, N or S; R¢ being a 5- or 6-membered aromatic or
non-aromatic ring optionally having one, two or three heteroatoms selected from O, N
or S optionally having one or two substituents independently selected from halogen and
a linear or branched C;.salkyl group; Z is selected from O or S; Y is C-H or N; and A is
a 5- or 6-membered fused aromatic or non aromatic ring optionally being a heterocyclic
ring comprising 1 to 3 heteroatoms selected from O, N or S;
and a physiological acceptable carrier.
2. A pharmaceutical composition according to claim 1, wherein R; is H, F, Cl,
CHs, CoHs or C3Hy; nis 1, 2 or 3; X is a compound selected from formulae (IT) to (VD;
R is N(R),, R being independently hydrogen or CHs, CoHs or CsHy; R; is a linear or
branched C,.salkyl group; Ry is a group of formula:

Z
|
~Rs-C-Rg,

Rs being a 5- or 6-membered aromatic or non-aromatic ring optionally having one, two
or three heteroatoms selected from O, N or S; Rg being a 5- or 6-membered aromatic or
non-aromatic ring optionally having one, two or three heteroatoms selected from O, N
or S optionally having one or two substituents independently selected from halogen and
a linear or branched Cj_salkyl group; Z is selected from O or S; Y is C-H or N; and A is
a 5- or 6-membered fused aromatic or non aromatic ring optionally being a heterocyclic
ring comprising 1 to 3 heteroatoms selected from O, N or S;
and a physiological acceptable carrier.

3. A pharmaceutical composition according to claim 1, wherein said compound is:
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4. A pharmaceutical composition according to claim 1, wherein said compound is:
H,C
3
=N
N N A F
5. A pharmaceutical composition according to claim 1, wherein said compound is:

H,C Ny ‘
7 N\ F
e AT

6. A pharmaceutical composition according to claim 1, wherein said compound is:
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7. A pharmaceutical composition according to claim 1 wherein said compound is:
HsC—O
(CH2CHg),
0
nd \ 7\
3 S(0)2
=— / —_
8. Use of a compound of formula (I):
X
= I @
\\

(R1)n
X is selected from the following:
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wherein R; is independently selected from H, F, Cl, Br, I or a C;.5 linear or branched
alkyl; nis 1, 2, 3, 4 or 5; Ry is N(R)», R being independently hydrogen or linear or
branched C.salkyl group; Rj is a linear or branched Ci.salkyl group; Ry is a group of

IZ’
~-R5-C-Rg

Rs being a 5- or 6-membered aromatic or non-aromatic ring optionally having one, two

formula

or three heteroatoms selected from O, N or S; Rg being a 5- or 6-membered aromatic or
non-aromatic ring optionally having one, two or three heteroatoms selected from O, N
or S optionally having one or two substituents independently selected from halogen and
a linear or branched C,.salkyl group; Z is selected from O or S; Y is C-H or N: and A is
a 5- or 6-membered fused aromatic or non aromatic ring optionally being a heterocyclic
ring comprising 1 to 3 heteroatoms selected from O, N or S;

for the preparation of a medicament for the treatment of cancer.

9. A method for treating cancer comprising administering to an individual in need
of such treatment an effective amount of a pharmaceutical composition according any

one of the previous claims.
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