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Description

FIELD OF INVENTION

[0001] The present invention relates to 2-cyclopenten-
1-one and its derivatives as inhibitors of the transcription
factor Nuclear Factor-kappaB (NF-kB). In particular the
invention relates to 2-cyclopenten-1-one and its deriva-
tives comprising the cyclopentenone nucleus as inhibi-
tors of the NF-kB factor with anti-inflammatory, antipro-
liferative, immuno-suppressive, cytoprotective and anti-
viral activity.

BACKGROUND OF THE INVENTION

[0002] NF-kB (Nuclear Factor - kB) is an eucariotic
transcription factor of the rel family, which is normally
located in the cytoplasm in an inactive complex, whose
predominant form is a heterodimer composed of p5o and
p65 subunits, bound to inhibitory proteins of the IkB fam-
ily, usually IkB-alpha (D. Thanos and T. Maniatis, and
Cell 80:529-532, 1995).
[0003] NF-kB is activated in response to different stim-
uli, among which phorbol esters, inflammatory cytokines,
UV radiation, bacterial and viral infections. Stimulation
triggers the release of NF-kB from IkB in consequence
of the phosphorylation and the following degradation of
the IkB-alpha protein (P.A. Baeuerle and T. Henkel, An-
nu. Rev. Immunol. 12: 141-179, 1994). Once it is activat-
ed, NF-kB translocates to the nucleus where it binds to
DNA at specific kB-sites and induces the transcription of
a variety of genes encoding proteins involved in control-
ling the immune and inflammatory responses, among
which a variety of interleukins, the tumor necrosis factor
alpha, the NO synthase and the cyclo-oxigenase 2 (S.
Grimm and P.A. Baeuerle, Biochem. J. 290: 297-308,
1993). Accordingly, NF-kB is considered an early medi-
ator of the immune and inflammatory responses and it is
involved in the control of cell proliferation and in the
pathogenesis of various human diseases, among which
rheumatoid arthritis (H. Beker et al., Clin. Exp. Immunol.
99: 325, 1995), ischemia (A. Salminen et al. Biochem.
Biophys. Res. Comm. 212: 939, 1995), arteriosclerosis
(A.S. Baldwin. Annals Rev. Immunol. 14: 649, 1996), as
well as in the pathogenesis of the acquired immunodefi-
ciency syndrome (AIDS), due to the enhanced human
immunodeficiency virus (HIV-1) transcription in the pres-
ence of activated NF-kB. The increase of HIV-1 virus
RNAs transcription by NF-kB is caused by the presence
of kB-sites in the (LTR) (Long Terminal Repeats) se-
quences of the virus genome (M.J. Lenardo and D. Bal-
timore, Cell 58: 227-229, 1989).
[0004] It is also known that prostaglandins (PGs) are
a class of naturally occurring cyclic 20-carbon fatty acids
that are synthetized by various types of eukaryotic cells
in response to external stimuli and play an important role
in a variety of physiological responses. Since their dis-
covery, PGs were shown to act as microenvironmental

hormones and intracellular signal mediators and to con-
trol a large number of physiological and pathological
processes, including cell proliferation and differentiation,
the immune response, inflammation, cytoprotection and
the febrile response. In particular, type A and J PGs,
which possess a cyclopentenonic structure, are strong
inhibitors of virus replication ("Stress Proteins: Induction
and Function" Schlesinger MJ, Garaci E., Santoro M.G.
ed.s, Springer-verlag, Heidelberg-Berlin, 27-44, 1990).
Particularly, it has been recently demonstrated that cy-
clopentenonic prostaglandins inhibit HIV-1 virus replica-
tion, by blocking the viral RNAs transcription (C. Rozera
et al. J. Clin. Invest. 97: 1795, 1996).
[0005] It is also known that the Heat Shock Proteins
(HSPs), also called stress proteins (Proc. Natl. Acad. Sci.
USA 86, 8407-8411. 1989), are a family of polypeptides
synthetized by eukaryotic and prokaryotic cells in re-
sponse to heat shock or other kinds of environmental
stresses. The HSPs are encoded by a cellular subgroup
of genes, identified as stress genes.
[0006] The authors have shown that the cyclopenten-
one prostaglandin PGA inhibits the activation of NF-kB
in human cells by inhibiting the phosphorylation and deg-
radation of the inhibitory IkB-alpha protein (A. Rossi, G.
Elia and M.G. Santoro, Cold Spring Harbour, New York
1-5 May, 1996, Abstract p. 255).
[0007] The authors have also recently shown that in-
hibition of NF-kB activation is one of the molecular mech-
anisms used by cyclopentenonic prostaglandins to cause
a selective and reversible block of HIV-1 virus RNAs tran-
scription.

SUMMARY OF THE INVENTION

[0008] It has now been found that 2-cyclopenten-1-
one, the structure constituting the center nucleus of PGA,
possesses an activity which is analogous to PGA, that
is, it is able to inhibit NF-kB activation, even though it
does not contain the corresponding acid function and
aliphatic lateral chains. Therefore it is found that the lat-
eral chains, which are present in the PGA with their sub-
stituents and double bonds, in particular the acid function,
which implies the fatty acid nature of prostaglandins, can
be eliminated without substantially modifying the herein
above described specific activity. It is also found that the
alpha,β-unsatured carbonyl group in the cyclopentenone
ring is the key structure necessary for NF-kB inhibition.
[0009] Furthermore it has been found that the inhibition
of NF-kB by the cyclopentenone group is related to the
ability to activate the HSF transcription factor (Heat
Shock Transcription Factor), which is responsible for the
synthesis of HSPs (Heat Shock Proteins).
[0010] In view of the fact that NF-kB inhibition is asso-
ciated with HSF activation, it is evident that molecules
containing the cyclopentenone nucleus, which is active
in inhibiting NF-kB, will be inducers of the HSF factor and
therefore they will be inducers of heat shock proteins. It
is therefore an object of the present invention the 2-cy-
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clopenten-1-one, and its substituted derivatives compris-
ing the cyclopentenone nucleus, as inhibitors of NF-kB.
the substituents being selected among the ones which
do not affect the NF-kB inhibitory activity.
[0011] Another object of the present invention is the 2-
cyclopenten-1-one and its pharmacologically acceptable
derivatives as inhibitors of NF-kB.
[0012] Another object of the invention is the 2-cy-
clopenten-1-one and its derivatives as inhibitors of NF-
kB with anti-inflammatory, antiproliferative, immuno-sup-
pressive, cytoprotective and antiviral activity.
[0013] A further object of the invention are pharmaceu-
tical compositions comprising 2-cyclopenten-1-one
and/or its pharmaceutically acceptable derivatives to
make medicaments with anti-inflammatory, antiprolifer-
ative, immuno-suppressive, cytoprotective and antiviral
activity. In particular with antiviral activity against the HIV-
1 virus and viruses whose transcription is controlled by
NF-kB, including herpesviruses.

BRIEF DESCRIPTION OF FIGURES

[0014]

Fig. 1A shows the dose-dependent inhibition of NF-
kB activation by 2-cyclopenten-1-one.
Fig. 1B shows the activation of the HSF factor (Heat
Shock Transcription Factor) by 2-cyclopenten-1-one
in association with NF-kB inhibition.
Fig. 1C shows the specificity of the chemical struc-
ture which is responsible for NF-kB inhibition.
Fig. 1D shows the specificity of the chemical struc-
ture which is responsible for HSF activation.

DETAILED DESCRIPTION OF THE INVENTION

[0015] The 2-cyclopenten-1-one is a known product,
which can be synthetized according to the process de-
scribed in Beilstein (Daene, Eder, A. 539 [1939] 207,
211).
[0016] According to the present invention 2-cy-
clopente-1-one, preferably in concentrations ranging be-
tween 100 and 500 uM, is able to inhibit NF-kB activation
in human cells (Fig. 1A) .
[0017] Inhibition tests have been carried out in type T
lymphoid human cells (Jurkat cell line), as well as in other
human cell lines. NF-kB activation was stimulated with
12-o-tetradecanoyl-phorbol-13-acetate (TPA). 2-Cy-
clopenten-1-one was also effective in inhibiting NF-kB
activation after other types of stimulation, including stim-
ulation by tumor necrosis factor alpha or viral infection,
and in different types of human cells (data not shown). It
is demonstrated that NF-kB inhibition is associated with
the activation of HSF factor (Fig. 1B).
[0018] It is also proved that the ability to inhibit the NF-
kB factor is specific for 2-cyclopenten-1-one, whereas
similar molecules, such as cyclopentanone and cy-
clopentene, do not inhibit NF-kB (Fig. 1C) and do not

activate HSF (Fig. 1D).
[0019] Based on these results it is possible to use 2-
cyclopenten-1-one, as well as its pharmaceutically ac-
ceptable derivatives, as active substances to produce
medicaments, in particular medicaments having activity
in inhibiting the NF-kB factor, and in particular:

- anti-inflammatory and immunosuppressive medica-
ments, in view of the role of NF-kB in stimulating the
inflammatory and immune responses;

- cytoprotective medicaments, in view of the role of
NF-kB in ischemia and oxidative damages;

- antiproliferative medicaments, in view of the role of
NF-kB in cell proliferation;

- antiviral medicaments, in view of the role of NF-kB
in activating the viral RNAs transcription.

[0020] The following examples are reported to illus-
trate the invention. They should be considered in any
case non limiting the scope of the invention itself.
[0021] The reagents used in the examples, including
2-cyclopenten-1-one, cyclopentene, cyclopentanone
and 12-o-tetradecanoyl-phorbol-13-acetate (TPA), were
products of Sigma Aldrich. 32 P e 35S were produced by
AMERSHAM. Fetal calf serum and cellular culture media
were produced by GIBCO.

EXAMPLE 1

[0022] The effect of the treatment with 2-cyclopenten-
1-one on NF-kB activation by TPA has been tested in
Jurkat cells by using the procedures described herein-
below and shown in Fig. 1.

Dose-response effect

[0023] The cells were prepared according to the meth-
od described in C. Amici et al. (Cancer Research 55,
4452-4457, 1995).
[0024] The cells were treated with 2-cyclopenten-1-
one at different concentrations (125-100uM) for 1 hour
and then were stimulated with TPA (25 ng/ml).
[0025] After 3 hours the whole-cell extracts were pre-
pared and subjected to EMSA (Electrophoretic Mobility
Shift Assay) as described for NF-kB in U- Zabel et al. (J.
Siol. Chem. 266: 242, 1991) and HSF in C. Amici et al.
(Cancer Res. 55: 4452, 1995), to determine NF-kB and
HSF activation respectively. The positions of the complex
NF-kB-DNA (NF-kB) and the non-specific binding (ns)
are indicated in Fig. 1A.
[0026] The positions of the complex HSF-DNA (HSF),
the HSF-DNA constitutive activity (CHBA) and the pro-
teins-DNA non-specific interactions (ns) are indicated in
Fig. 1B. The line "control" indicates the non-TPA-stimu-
lated cells as a control of non-activated NF-kB.
[0027] As evident, 2-cyclopenten-1-one is able to in-
hibit NF-kB activation by TPA even at the lower concen-
tration of 125 uM. At the concentration of 500 um the NF-
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kB band is absent (Fig. A). In correlation with NF-kB in-
hibition, in the same samples it is evident the activation
of HSF starting from the concentration of 125 uM (Fig.
1B).

Specificity of the inhibitory effect (Fig. 1C)

[0028] The cells were treated for 1 hour with the same
concentration (500 uM) of: 2-cyclopenten-1-one (line 3),
cyclopentanone (line 4) or cyclopentene (line 5), and then
were stimulated with TPA (25 ng/ml). C represents the
non-TPA-stimulated control. After 3 hours the whole-cell
extracts were prepared and subjected to EMSA to verify
the activation of NF-kB (Fig. 1C) and of HSF (Fig. 1D)
respectively.
[0029] As evident, (i) TPA activates NF-kB (line 2); (ii)
2-cyclopenten-1-one inhibits TPA-induced NF-kB activa-
tion (line 3); cyclopentanone (line 4) and cyclopentene
(line 5) do not inhibit NF-kB activation.
[0030] 3 In addition, as shown in Fig. 1D, in the same
samples inhibition of NF-kB, shown in Fig. 1C, is asso-
ciated with activation of HSF. These results clearly show
that the alpha,β-unsaturated carbonyl group is the key
structure trigging HSF activation and its presence is nec-
essary to inhibit NF-kB activation.

Claims

1. A composition comprising 2-cyclopenten-1-one or a
substituted derivative thereof comprising a cy-
clopentenonic nucleus, with the proviso that the de-
rivative is not a prostaglandin or a derivative present-
ing two adjacent aliphatic side chains in the cy-
clopentenonic nucleus, for use in treating a disorder
that can be treated using an inhibitor of NF-KB.

2. A composition as claimed in claim 1, wherein the
disorder is:

(a) a viral infectious disease;
(b) an inflammatory disorder;
(c) a disorder treatable with an immuno-suppre-
sive agent;
(d) a disorder involving cell proliferation;
(e) a disorder treatable with a cytoprotective
agent;
(f) ischemia;
(g) oxidative cell damage;
(h) arteriosclerosis;
(i) rheumatoid arthritis;
(j) AIDS; or
(k) a herpes virus infection.

3. A composition as claimed in either of the preceding
claims, wherein the 2-cyclopenten-1-one or substi-
tuted derivative is at a concentration of between 100
and 500 PM.

4. Use of 2-cyclopenten-1-one or a substituted deriva-
tive thereof comprising a cyclopentenonic nucleus
in the preparation of a medicament, with the proviso
that the derivative is not a prostaglandin or a deriv-
ative presenting two adjacent aliphatic side chains
in the cyclopentenonic nucleus, wherein the medi-
cament is for treating a disorder that can be treated
using an inhibitor of NF-KB, the disorder being:

(a) a viral infectious disease;
(b) an inflammatory disorder;
(c) a disorder treatable with an immuno-suppre-
sive agent;
(d) a disorder involving cell proliferation;
(e) a disorder treatable with a cytoprotective
agent;
(f) ischemia;
(g) oxidative cell damage;
(h) arteriosclerosis;
(i) rheumatoid arthritis;
(j) AIDS; or
(k) a herpes virus infection.

5. A use as claimed in claim4, wherein the 2-cyclopent-
en-1-one or substituted derivative is used at a con-
centration of between 100 and 500 PM.

Patentansprüche

1. Eine Mischung, die 2-Cyclopenten-1-one oder ein
substituiertes Derivat davon mit einem Cyclopen-
tenone-Kern enthält, mit der Bedingung, daß das De-
rivat nicht ein Prostaglandin oder ein Derivat mit ei-
nem Cyclopentenone-Kern mit zwei nebeneinander
liegenden aliphatische Seitenketten ist, für den Ge-
brauch zur Behandlung einer Erkrankung, die mit
einem Inhibitor von NF-KB behandelt werden kann.

2. Eine Mischung wie beansprucht in Anspruch 1, worin
die Erkrankung:

(a) eine ansteckende Virenkrankheit;
(b) eine Entzündung;
(c) eine mit einem immunosuppressiven Mittel
behandelbare Erkrankung;
(d) eine Erkrankung mit Zellenvermehrung;
(e) eine mit einem cytoprotectiven Mittel behan-
delbare Erkrankung;
(f) Ischemia;
(g) oxydierende Zellenbeschädigung;
(h) Arteriosklerose;
(i) rheumatische Arthritis;
(j) AIDS; oder
(k) eine Herpesvirusinfektion;

ist.
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3. Eine Mischung wie beansprucht in einem der vor-
ausgegangenen Ansprüche, worin das 2-Cyclopen-
ten-1-one oder das substituierte Derivat in einer Kon-
zentration von zwischen 100 und 500 PM vorliegt.

4. Gebrauch von 2-Cyclopenten-1-one oder einem
substituierten Derivat davon mit einem Cyclopen-
tenone-Kern, in der Herstellung eines Medikaments,
mit der Bedingung, daß das Derivat nicht ein Pros-
taglandin oder ein Derivat mit einem Cyclopenteno-
ne-Kern mit zwei nebeneinander liegenden aliphati-
sche Seitenketten ist, worin das Medikament für die
Behandlung einer Erkrankung ist, die mit einem In-
hibitor von NF-KB behandelt werden kann, worin die
Erkrankung:

(a) eine ansteckende Virenkrankheit;
(b) eine Entzündung;
(c) eine mit einem immunosuppressiven Mittel
behandelbare Erkrankung;
(d) eine Erkrankung mit Zellenvermehrung;
(e) eine mit einem cytoprotectiven Mittel behan-
delbare Erkrankung;
(f) Ischemia;
(g) oxydierende Zellenbeschädigung;
(h) Arteriosklerose;
(i) rheumatische Arthritis;
(j) AIDS; oder
(k) eine Herpesvirusinfektion;

ist.

5. Ein Gebrauch wie beansprucht in Anspruch 4, worin
das 2-Cyclopenten-1-one oder das substituierte De-
rivat in einer Konzentration von zwischen 100 und
500 PM benutzt wird.

Revendications

1. Composition qui comprend une 2-cyclopentène-1-
one ou un dérivé substitué de celle-ci comportant un
noyau cyclopentènone, à condition que ledit dérivé
ne soit pas une prostaglandine ni un dérivé ayant
deux chaînes aliphatiques latérales adjacentes dans
le noyau cyclopentènone, ladite composition étant
conçue pour être utilisée en traitement d’un état pa-
thologique qui peut être traité par un inhibiteur du
NF-KB.

2. Composition selon la revendication 1, ledit état pa-
thologique étant :

(a) une maladie infectieuse virale ;
(b) une maladie inflammatoire ;
(c) une maladie qui peut être traitée par un im-
munosuppresseur;
(d) une maladie qui met en jeu une prolifération

cellulaire ;
(e) une maladie traitable par un agent
cytoprotecteur ;
(f) une ischémie ;
(g) des lésions cellulaires oxydatives ;
(h) l’artériosclérose ;
(i) la polyarthrite rhumatoïde ;
(j) le SIDA ; ou
(k) une infection à herpèsvirus.

3. Composition selon l’une ou l’autre des revendica-
tions précédentes, où la 2-cyclopentène-1-one ou le
dérivé substitué de celle-ci est présent à une con-
centration comprise entre 100 et 500 PM.

4. Utilisation d’une 2-cyclopentène-1-one ou d’un dé-
rivé substitué de celle-ci comportant un noyau cy-
clopentènone dans la préparation d’un médicament,
à condition que ledit dérivé ne soit pas une prosta-
glandine ni un dérivé ayant deux chaînes aliphati-
ques latérales adjacentes dans le noyau cyclopen-
tènone, où ledit médicament est conçu pour traiter
un état pathologique qui peut être traité par un inhi-
biteur du NF-KB, ledit état pathologique étant :

(a) une maladie infectieuse virale ;
(b) une maladie inflammatoire ;
(c) une maladie qui peut être traitée par un im-
munosuppresseur;
(d) une maladie qui met en jeu une prolifération
cellulaire ;
(e) une maladie traitable par un agent
cytoprotecteur ;
(f) une ischémie ;
(g) des lésions cellulaires oxydatives ;
(h) l’artériosclérose ;
(i) la polyarthrite rhumatoïde ;
(j) le SIDA ; ou
(k) une infection à herpèsvirus.

5. Utilisation selon la revendication 4, où la 2-cyclopen-
tèn-1-one ou le dérivé substitué de celle-ci est utilisé
à une concentration comprise entre 100 et 500 PM.
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