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Therapeutic agents for the treatment of HMGB1-related pathologies

Description

The present invention relates to the use of synthetic double-stranded nucleic
acid or nucleic acid analogue molecules with a bent shape structure for the
prevention and treatment of pathologies induced directly or indirectly by the
HMGB1 protein.

Recent researches in the field of sepsis and inflammation have led to an
improved understanding of the pathogenic mechanisms and events
underlying their clinical onset and development. In the early stages of
sepsis, for instance, bacterial endotoxins stimulate cells of the innate
immune system which release pro-inflammatory cytokines (TNF, IL-1a and
IL-6) These early cytokines, in turn, induce the release of a later-acting
ddwnstream mediator - identiﬁed as the known protein HMGB1 - that
triggers the pathological sequelae mediated by the subsequent release of
cytokines like TNF, IL-1a, IL-1B, IL-1Ra, IL-6, IL-8, etc., leading to a
multisystem pathogenesis or to a lethal systemic inflammation (Andersson et
al., 2002).

The HMGB1 protein belongs to the family of high mobility group (HMG)
proteins. HMG proteins, so called due to their high electrophoretic mobility in
polyacrylamide gels, are the most ubiquitous non-histone proteins
associated with isolated chromatin in eukaryotic cells. These proteins play a
generalized ,architectural® role in DNA bending, looping, folding and
wrapping since they either distort, bend or modify DNA structures complex
with transcription factors or histones (Andersson et al., 2000; Agresti et al.,
2003; Degryse et al., 2003). The high mobility group 1 (HMGB1) protein is
usually a nuclear factor, in particular a transcriptional regulatory molecule
causing DNA bending and facilitating the binding of several transcriptional



10

15

20

25

30

WO 2006/002971 PCT/EP2005/007198

complexes.

Structurally, the HMGB1 protein is a ca. 25 kDa protein with a highly
conserved sequence among mammals, whereby 2 out of 214 amino acids
have conservative substitutions in all mammalian species. HMGB1 is
ubiquitously present in all vertebrate nuclei and, in particular, can be found
in fibroblasts, neurons, hepatocytes, glia and in cells derived from
hematopoietic stem cells, including monocytes/macrophages, neutrophils
and platelets.. The HMGB1 molecule has a tripartite structure composed of
three distinct domains: two DNA binding domains called HMG Box A and
Box B, and an acid carboxyl terminus, making it bipolarly charged.

The two HMGB boxes are involved in the protein's function as a non-
sequence-specific architectural DNA-binding element, conferring the ability
to bind DNA into recognised distorted DNA structures and which stabilize
nucleosome assembly, remodelling and sliding. Both the A- and B-HMG
boxes are made up of highly conserved 80 amino acid residues, are strongly
positively charged and are arranged in three a-helix having a similar L-
shaped fold. The long arm of the “L" contains the N-terminal extended strand
and helix Il (Andersson et al. 2002; Agresti et al., 2003; Thomas, J. O.
2001), while the short arm comprises helices | and Il. Structure-function
analysis reveals that the B-box of HMGB1 contains the proinflammatory

cytokine domain.

The third domain, the carboxyl terminus or acidic tail, is extremely negatively
charged since it contains 30 repetitive aspartic and glutamic acid residues,
and is linked to the boxes by a basic region of about 20 residues. Mouse
and rat HMGB1 differ from the human form by only two substitutions that are
located in this continuous C-terminal stretch.

HMGB1 binds rather weakly to the B-form variety of linear double-stranded
DNA with no sequence specificity, while it binds in the interior of the nucleus
with high affinity to supercoiled DNA, to unusual DNA structures like 4-way
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junctions (cruciform DNA), bulged DNA and bent DNA (Ferrari et al., 1992;
Pontiggia et al., 1993).

Besides its nuclear location and role as a transcription factor regulator,
HMGB1 has also been found in the extracellular medium, actively released
by activated cells of the immune systems (monocytes and macrophages) or
passively released by damaged or necrotic cells (Andersson et al., 2002;
Scaffidi et al., 2002; Bonaldi et a., 2002; Taniguchi et al., 2003; Palumbo et
al., 2004; Friedman et al., 2003).

Extracellularly released HMGB1 acts as a potent cytokine and as an
extremely potent macrophage-stimulating factor. HMGB1 acts directly by
binding to the cell membrane inducing signaling and chemotaxis, having a
chemokine-like function (Yang et al., 2001), and further acting indirectly by
up-regulating the expression and secretion of pro-inflammatory cytokines.
This makes extracellular HMGB1 protein a potent chemotactic and
immunoregulatory protein which promotes an effective inflammatory immune

response.

Furthermore, other proteins belonging to the family of HMG-proteins and
able o bend DNA are released together with HMGB1 in the extracellular
medium. These proteins are inter alia HMGB2, HMGB3, HMG-1L10, HMG-
4L and SP100-HMG. They share with HMGB1 highly homologous amino
acid sequences. Like HMGB1, they trigger/sustain inflammatory pathologies
interacting with the same receptors and leading to the same downstream

pathways of interaction.

In healthy cells, HMGB1 migrates to the cytoplasm both by passive and
active transport. However, all cultured cells and resting monocytes contain
the vast majority of HMGB1 in the nucleus, indicating that in baseline
conditions import is much more effective than export. Cells might transport
HMGB1 from the nucleus by acetylating lysine residues which are abundant
in HMGB1, thereby neutralizing their basic charge and rendering them
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unable to function as nuclear localization signals. Nuclear HMGB1
hyperacetylation determines the relocation of this protein from the nucleus
to the cytoplasm (in the fibroblasts, for example) or its accumulation into
secretory endolysosomes (in activated monocytes and macrophages, for
example) and subsequent redirection towards release through a non-
classical vesicle-mediated secretory pathway. HMGB1 secretion by already
activated monocytes is then triggered by bioactive lysophosphatidylcholine
(LPC), which is generated Ilater in the inflammation site from
phosphatidylcholine through the action of the secretory phospholipase
sPLA2, produced by monocytes several hours after activation. Therefore,
secretion of HMGB1 seems to be induced by two signals (Bonaldi et al.,
2003) and to take place through three steps: 1) at first, an inflammatory
signal promotes HMGB1 acetylation and its relocation from the nucleus to
the cytoplasm (step 1) and storage into cytoplasmic secretory vesicles (step
2); then, a secretion signal (extracellular ATP or lysophosphatidylcholine)
promotes exocytosis (third step) (Andersson et al., 2002; Scaffidi et al. 2002;
Bonaldi et al., 2003; Friedman et al., 2003; Gardella et al., 2002).

Released HMGB1 has been identified as one of the ligands binding to the
RAGE receptor. This receptor is expressed in most cell types, and at a high
level mainly in endothelial cells, in vascular smooth muscle cells, in
monocytes and monophages and in mononuclear phagocytes. Recognition
involves the C-terminal of HMGB1. The interaction of HMUGB1 and RAGE
triggers a sustained period of cellular-activation mediated by RAGE up-
regulation and receptor-dependent signaling. In particular, the interaction of
HMGB1 and RAGE activates several iniracellular signal transduction
pathways, including mitogen-activated protein kinases (MAPKs), Cdc-42,
p2iras, Rac and the nuclear translocation factor kB (NF-kB), the
transcription factor classically linked to inflammatory processes (Schmidt et
al., 2001).

According to several experimental evidences, released HMGB1 may also
interact with the receptors belonging to the family of the Toll-like receptors
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(TLR), e.g. with the subclasses TLR2, TLR4, TLR7, TLR8 or/and TLR9.

' Furthermore, HMGB1 may also interact with the functional N-terminal lectin-

like domain (D1) of thrombomodulin. Due to the ability of the functional D1
domain of thrombomodulin to intercept and bind circulating HMGB1, the
interaction of the HMGB1 with the RAGE-receptors and the Toll-like

receptors is prevented.

When released in vivo, HMGB1 is an extremely potent cytokine and a potent
macrophage-stimulating factor. In fact, like other cytokine mediators of
endotoxemia, HMGB1 activates in vitro a cascade of multiple pro-
inflammatory cytokines (TNF, IL-1q, IL-1B, IL-1Ra, IL-6, IL-8, MIP-1a and
MIP-1B) from human macrophages. Therefore, HMGB1 behaves as a late
mediator during acute inflammation and participates in an important way in
the pathogenesis of systemic inflammation, after the early mediator
response has been resolved.

The observed pro-inflammatory effects of HMGB1 in vitro and the correlation
between circulating HMGB1 levels and the development of the pathogenic
sequence of systemic inflammation in vivo indicate that therapeutically
targeting this cytokine-like molecule should be of relevant clinical value,
suggesting novel therapeutic approaches by a “late” administration of
(selective) antagonists/ inhibitors of the extracellular activities of HMGB1.

Therefore, several attempts were performed to block this extracellular
HMGB1 chemokine-protein. Several important approaches were addressed
to the administration of antibodies against HMGB1, of antibodies to RAGE,
of soluble RAGE (sRAGE), of HMGB1 fragments (for example HMGB1 A
Box) and of ethyl pyruvate (Czura et a., 2003; Lotze et al., 2003).

The passive immunization of mice with HMGB1-neutralizing antibodies
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conferred a highly significant, dose-dependent and lasting protection against
lethal doses of endotoxin, even when the first doses of antibodies were
given after the TNF peak had passed, suggesting that antagonizing HMGB1
activity late in the clinical course may be an effective treatment approach to

potentially lethal sepsis.

Another possibility is to administer mono- or oligoclonal antibodies against
the HMGB1 B-box, or its 20 amino acid relevant core which signals through
RAGE. Furthermore, HMGB1 A-box, one of the two DNA-binding domains in
HMGB1, has been identified as a specific antagonist of HMGB1: highly
purified recombinant A-box protected mice from lethal experimental sepsis
even when initial treatment was delayed for 24 hours after pathology
induction, further suggesting that HMGB1 antagonists may be administered
successfully in a clinically relevant window wider than that one used for other
known cytokines. Structural function analysis of HMGB1-truncated mutants
revealed that the A-box domain of HMGB1 competitively displaces'the
saturable binding of HMGB1 to macrophages, specifically antagonizing
HMGB1 activities. As already seen for the protective activity of anti-HMGB1
antibodies, the administration of the A-box rescues mice from sepsis even
when treatment initiated as late as 24 hours after surgical induction of
sepsis. HMGB1 antagonist or inhibitors selected from the group of
antibodies or antibody fragments that bind to an HMGB1 protein, HMGB1
gene antisense sequences and HMGB1 receptor antagonists are known
from US 6.468,533, WO 02/074337 and US 2003/0144201.

Moreover, saturation of circulating HMGB1 by the administration of SRAGE
leads to the block of its activities mediated by cellular RAGE, result which
can be also obtained by inhibiting RAGE itself with the administration of anti-
RAGE antibodies.

Finally, a similar protective response late in the course of sepsis has been
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observed by administering ethyl-pyruvate, a stable lipophilic derivative and
relatively non-toxic food additive, that attenuates the systemic inflammation
of ischemia/reperfusion tissue injury and lethal hemorrhagic shock. Ethyl-
pyruvate inhibited HMGB1 and TNF release in vitro from endotoxin-
stimulated murine macrophages, while in vivo protected mice from
peritonitis-induced lethal sepsis, again when dosing was begun 24 hours

after this pathology was experimentally induced.

The problem underlying the present invention is the provision of novel
agents for the treatment of HMGB1-related pathologies (also often referred
to herein as HMGB1-associated pathologies). The aim of the present
invention is to use the novel agents as selective HMGB1
antagonists/inhibitors, in order to inhibit in patients the broad spectrum of
pathological effects induced by the chemokine itself and/or by the cascade
of inflammatory cytokines caused by the extracellular release of the HMGB1

protein.

The solution to this problem is provided by the use of synthetic double-
stranded nucleic acid or nucleic acid analogue molecules with a bent shape
structure, comprising at least one structural bend, capable of binding to the
HMGB1 protein, particularly to an extracellular HMGB1 protein, for the
manufacture of a medicament for the prevention or treatment of HMGB1-
associated pathologies. It is further within the scope of the present invention,
that the synthetic double-stranded nucleic acid or nucleic acid analogue
molecules with a bent shape structure, are capable of binding to HMGB1
homologous proteins, in particular to the extracellular HMGB1 homologous
proteins.

In the context of the present invention, “HMGB1" includes the non-acetylated
form or/and the acetylated form of HMGB1. Likewise “HMGB1 homologous
proteins” include the non-acetylated form or/and the acetylated form of
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HMGB1 homologous proteins. Preferred HMGB1 homologous proteins are
HMGB2, HMGB3, HMG-1L10, HMG-4L or/and SP100-HMG.

A homologous protein of HMGB1 is defined in the context of the present
invention as a protein having an amino acid sequence which has an identity
on the amino acid level of at least 60%, preferably of at least 70%, more
preferably of at least 80% and even more preferably of at least 90%
compared to the amino acid sequence of the HMGB1 protein.

The term “identity” is understood within the context of the present invention
as a percentage value which results when one divides the number of
identical amino acids of two amino acid sequences which are to be
compared by the number of all the amino acids of one of the two sequences.

The capability of binding to HMGB1 is preferably defined by

(i) the spectrum change of the HMGB1 protein and/or of the synthetic
double-stranded nucleic acid/nucleic acid analogue molecules spectra, as
determined by the measurements of circular dichroism (CD) studies, as

shown for example hereinafter in Example 1, and/or

(ii) the capability of inhibiting the proliferation and/or migration of BAEC cells
and/or BASMC cells, whereby an ECs, value of < 100 nM, preferably of < 50
nM, more preferably of < 25 nM and even more preferably of £ 156 nM is
observed, as shown for example hereinafter in Example 2.

Therefore, in the use of the present invention, the synthetic double-stranded
nucleic acid or nucleic acid analogue molecules with a bent shape structure
capable of binding to the HMGB1 protein are preferably capable of binding
to the non-acetylated or/and to the acetylated form of HMGB1. Further, in
the use of the present invention, the synthetic double-stranded nucleic acid
or nucleic acid analogue molecules are preferably capable of binding
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HMGB1 homologous proteins, in particular HMGB2, HMGB3, HMG-1L10,
HMG-4L or/and SP100-HMG, including either the non-acetylated or/and the
acetylated forms thereof.

Further, in the context of the present invention, HMGB1-associated
pathologies include pathologies related to non-acetylated or/and to
acetylated form of HMGB1 or pathologies associated with HMGB1
homologous proteins as defined above, including the non-acetylated or/and
acetylated forms of HMGB1 homologous proteins, in particular HMGB2,
HMGB3, HMG-1L10, HMG-4L or/and SP100-HMG.

An HMGB1-associated pathology is a condition in a patient wherein an
increased concentration of the HMGB1 protein and/or of HMGB1
homologous proteins is present in the biological fluids and tissues,
compared to the concentration in normal subjects where these HMGB1
proteins are practically undetectable. The HMGB1-associated pathologies
and/or the pathologies associated with HMGB1 homologous proteins are
pathologies with a strong inflammatory basis or pathologies which result
from the stimulation of cytokine such as TNF-alpha, [L-1, IL-6 etc., or
pathologies which result from toxic events, such as intoxication, infection,
burn, etc.. In particular high concentrations of the HMGB1 protein and
homologous proteins have been found and determined in plasma of patients
with sepsis, in plasma and synovial fluid of rheumatoid arthritis patients, in
brains of Alzheimer's disease patients, in plasma and tissues of melanoma
patients, in plasma of systemic Ilupus erithematosus patients, in
atherosclerotic plaques of atherosclerotic patients, etc. The determination
and evidence of HMGB1 protein and/or homologous proteins in biologicél
fluids and tissues, may be detected by common diagnostic tools known by
the skilled person in the art, including for example detection by ELISA

assays etc.
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The synthetic double-stranded nucleic acid or nucleic acid analogue
molecules capable of binding to the HMGB1 protein, preferably capable of
binding to the non-acetylated or/and acetylated form of HMGB1, may be
administered to a patient in a therapeutically effective amount in a method of
treating a condition in the patient, which condition is a HMGB1-associated
pathology, including pathologies associated with HMGB1 homologous
proteins, preferably characterized by HMGB1 activation of an inflammatory
cytokine cascade. In the method of the present invention, the HMGB1-
associated pathology is preferably a pathology associated with the non-
acetylated or/and acetylated form of HMGB1 as well as with the non-
acetylated or/and acetylated form of HMGB1 homologous proteins, in
particular HMGB2, HMGB3, HMG-1L10, HMG-4L or/and SP100-HMG.

Surprisingly, it was found that synthetic short double-stranded nucleic acid
or nucleic acid analogue molecules with at least one structural bend could
compete or inhibit extracellular disease-associated HMGB1. Preferably, the
double-stranded nucleic acid or nucleic acid analogue molecules according
to the present invention have base-paired and unpaired portions. More
preferably, the nucleic acid or nucleic acid analogue molecules are selected
from the group consisting of bent nucleic acid molecules, cruciform nucleic
acid molecules or analogues and combinations thereof. In particular, the
bent nucleic acid molecules may, according to the present invention,
comprise one or more structural bends within the structure of the molecule.
Preferably, the nucleic acid or nucleic acid analogue molecules comprise 1-3
structural bends, more preferably one structural bend.

According to the preferred embodiments of the present invention, the nucleic
acid molecules are double-stranded DNA molecules, while the nucleic acid
analogue molecules are non-naturally occurring building blocks selected
from the group consisting of double-stranded PNA molecules, double-
stranded LNA molecules, double-stranded DNA/PNA hybrid molecules,
double-stranded DNA/LNA hybrid molecules, double-stranded PNA/LNA



WO 2006/002971 PCT/EP2005/007198

10

15

20

25

30

-11 -

hybrid molecules, double-stranded DNA/PNA chimera molecules, double-
stranded DNA/LNA chimera molecules, and double-stranded PNA/LNA
chimera molecules. Moreover, in a further preferred embodiment, the non-
naturally occurring building blocks of the present invention are double-
stranded nucleic acids containing at least one chemically modified
nucleotide building block, selected from sugar-, backbone- and/or
nucleobase-modified nucleotide building blocks. Preferred examples of such
building blocks are as shown in Figure 3. The LNA modification introduces a
2-0, 4’-C methylene bridge or a 2'-O, 5'-C methylene bridge in the sugar
moiety of a nucleotide or nucleotide analogue. In the context of the present
invention, an LNA is a nucleic acid or a nucleic acid analogue, comprising
one or more LNA modified nucleotides or LNA modified nucleotide

analogues.

The double-stranded nucleic acid or nucleic acid analogue molecule may be
conjugated preferably via a terminal position to at least one supplementary
moiety. This supplementary moiety may be a targeting moiety, a moiety
capable of modifying pharmacokinetic properties etc.. For example, the
moiety may be selecied from amino acids, peptides, polypeptides,
carbohydrates, lipids, hydrophilic or hydrophobic polymers, such as poly
(alkylene)glycols, e.g. polyethylene glycol, vitamins or combinations thereof.

The synthetic double-stranded nucleic acid molecule are most preferably
bent duplex nucleic acid molecules or analogues or a combination thereof.
The bent duplex molecules of the present invention consist of two
complementary nucleic acid strands and/or nucleic acid analogue strands.
Each strand has a length of from 4 to 80 nucleotide building blocks,
preferably from 6 to 40 nucleotide building blocks, most preferably from 8 to
20 nucleotide building blocks. The first complementary strand is preferably 1
to 10 nucleotide ‘building blocks longer than the second complementary
strand, forming at least one extruding loop of unpaired nucleotide or

nucleotide analogue building blocks.
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According to the present invention, the bent nucleic acid molecules or bent
nucleic acid analogue molecules used for binding the HMGB1 protein,
particularly the extracellular HMGB1 protein, are preferably represented by

the general formula I:

rZ1—Zr_\
3-(W)s-Y1....Yn Y. Yn (V)5
0o
5'-(W"s-Xs.... Xn === X'y, . X'm=(V')s-3'

wherein W, W', X, X, Y, Y', V, V' and Z are independently selected from
nucleotide building blocks or nucleotide analogue building blocks. In Formula
[, Xand Y, X' and Y', W and W' and V and V' respectively are each
complementary building blocks, preferably being matched according to the
Watson and Crick base pairing. Z — Z: represent the extruding loop defining
the angle of the bent DNA molecule and consisting of unpaired nucleotide
building blocks and/or unpaired nucleotide analogue building blocks. n, m,
n', and m' are integers from 2 to 20, preferably from 3 to 10; r is an integer
from 1to 10 (or canbe 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10), preferably from 2 to 8 or
from 4 to 8, and more preferably r = 2, 3, 4, 5 or 6; most preferred are r = 2
orr=6; and s and s' are in each case independently an integer from 0 to 10,
preferably from O to 5.

At the terminal positions of the compound of formula (1), nucleotide building
blocks or nucleotide analogue building blocks may form a bridged structure
which may prevent or reduce degradation, e.g. enzymatic degradation upon
administration to a subject in need thereof.

At the terminal positions of the compound of formula (l), one or more
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supplementary moieties as indicated above, e.g. amino acids, peptides,
hydrophilic or hydrophobic polymers etc. and combinations thereof, can be
added to the nucleotide building blocks or to the nucleotide analogue
building blocks. Depending on the specific supplementary moiety, this may
improve the solubility and the pharmacokinetic profile as well as

reduce/abrogate immunogenicity of the compound of formula (1).

W, W, X, X,Y, Y.V, V' and Z are preferably DNA building blocks, PNA
building blocks, LNA building blocks or sugar and/or backbone-modified
nucleic acid building blocks.

Preferably, Z, - Z; at least partially represent nucleotide building blocks with
an adenine base, more preferably each Z; — Z; is an adenine nucleotide
building block. In an especially preferred embodiment, the loop on the one
complementary strand of the bent nucleic acid molecule structure of the
present invention is a two adenine loop or a six adenine loop which extrudes

from the double helix.

In a further especially preferred embodiment of the present invention, the
bent nucleic acid analogue molecule consists of two chimera strands
consisting of 16-mer and 10-mer sequences, respectively, wherein on the 3'
end of each strand the last three nucleotides are PNA building blocks.
Therefore, a preferred nucleic acid molecule is represented by the general
formula (1), wherein W', X, X', Y, Y' and V are DNA nucleotide building blocks
or/and LNA nucleotide building blocks, Z is an adenine nucleotide or an
adenine LNA modified nucleotide, W and V' are PNA nucleotide building
blocks, n and m'are 2, n'and mare 5, ris 2 or 6, s is 0 and s' is 3 (as shown
in Figure 1D with r = 6 and Figure 9 with r = 2, CT406).

Preferred examples of bent nucleic acid molecules or nucleic acid analogue
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molecules according to the present invention are shown in Figures 1 and 9.

In a specific example, the compound of formula (1) is represented by a bent
duplex nucleic acid molecule (CT401) consisting of two DNA strands of the

sequences:
24 -mer 3'0H-GTTGCATTGAAAAAATTTCTTAGG-5' OH
18-mer 5'0H-CAACGTAAC------ AAAGAATCC-3'0OH

In another specific example, the compound of formula (1) is represented by a
bent duplex nucleic acid molecule (CT402) consisting of two DNA strands of

the sequences:

22-mer 3/0H-GTTGCATTGAAAATTTCTTAGG-5"OH
18-mer 5'OH-CAACGTAAC- - - -AAAGAATCC-3"'0OH

In yet another specific example, the compound of formula (1) is represented
by a bent duplex nucleic acid molecule (CT403) consisting of two DNA

strands of the sequences:

20-mer 3/0OH-GTTGCATTGAATTTCTTAGG-5' OH
18-mer 5'0OH-CAACGTAAC- -AAAGAATCC-3'0H

In a further specific example, the compound of formula (l) is represented by
a bent duplex nucleic acid molecule consisting of a DNA/PNA chimeric
duplex (CT405). The capital letters represent nucleotide building blocks
while the lower case letters represent PNA building blocks:
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24-mer COOH-gttGCATTGAAAAAATTTCTTAGG-5'0H

18-mer 5'0H-CAACGTAAC------ AAAGAAtcc-COOH

In yet another specific example, the compound of formula (l) is represented
by a bent duplex nucleic acid molecule consisting of a DNA/PNA chimeric
duplex (CT406). The capital letters represent nucleotide building blocks
while the lower case letters represent PNA building blocks:

20-mer COOH-gttGCATTGAATTTCTTAGG-5'0H

18-mer 5'0OH-CAACGTAAC- -AAAGAAtcc-COOH

According to the present invention, the cruciform nucleic acid molecule or
cruciform nucleic acid analogue molecule which binds to the HMGB1
protein, particularly the extracellular HMGB1 protein, consists of four nucleic
acid strands and/or nucleic acid analogue strands. These four strands have
complementary hybridising portions and, between the hybridising portions,
the single strands comprise 0 to 4, preferably 0 to 1, unpaired nucleotide
building blocks or nucleotide analogue building blocks. The four strands pair
to form a cruciform structure molecule. Preferred examples of cruciform
molecules according to the present invention are shown in Figure 2. In an
especially preferred embodiment of the present invention, the cruciform
structure comprises at least one non-naturally occurring nucleotide building
block, e.g. a cruciform chimera structure, in which each of the four strands is
a DNA sequence strand, wherein, on the 3' end and/or the 5' end of each
strand, at least one, preferably two or three, nucleotides are non-naturally
occurring, e.g. PNA building blocks.

In a specific example of the cruciform nucleic acid molecule used in the
present invention for binding the HMGB1 protein is represented by a
cruciform DNA molecule (CT400), consisting of four DNA strands of the
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sequences as shown below:

CC TCC GCC' CRG CTG
DD ¥OD ODD DID DYDY €10

oll AGC GCT CTC ACA CGG G G CGG ACG TTA ACC CC
DD DOY DUYD IDL DOD O D DPOD IDD YL IDD DD IATP INWTTR

YOV IDD IDL VYL DD

ol4 TCT ACC AGA TTA CC

oll: AGC GCT CTC ACA CGG GCC TCC GCC CAG CTG
ol3: CAG CTG GGC GGA GGG CGG ACG TTA ACC CC
allmut.dir: GG GGT TAA CGT CCG CGG TAA TCT GGT AGA

0l4: TCT ACC AGA TTA CCC CCG TGT GAG AGC GC

Surprisingly, the double-stranded nucleic acid molecules and nucleic acid
analogue molecules of the present invention exhibit a high capability for
binding the HMGB1 protein and/or to HMGB1 homologous proteins.

Therefore, the invention is directed to the use of the above-mentioned
nucleic acid compounds for the prevention or treatment of extracellular
HMGB1-related pathologies which are mediated by an inflammatory cytokine

cascade.

Non limiting examples of conditions which can be usefully treated using the
present invention include the broad spectrum of pathological conditions
induced by the HMGB1-chemokine and by the HMGB1-induced cascade of
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inflammatory cytokines grouped in the following categories: inflammatory
disease, autoimmune disease, systemic inflammatory response syndrome,
reperfusion injury after organ transplantation, cardiovascular affections,
obstetric and gynecologic disease, infectious disease, allergic and atopic
disease, solid and liquid tumor pathologies, transplant rejection diseases,
congenital diseases, dermatological diseases, neurological diseases,
cachexia, renal diseases, iatrogenic intoxication conditions, metabolic and

iodiopathic diseases, and ophthalmological disease.

In particular, the pathologies belonging to inflammatory and autoimmune
diseases include rheumatoid arthritis/seronegative  arthropathies,
osteoarthritis, inflammatory bowel disease, Crohn’s disease, systemic lupus
erythematosus, iridoeyelitis/uveitis, optic neuritis, idiopathic pulmonary
fibrosis, systemic vasculitis’'Wegener's granulomatosis, sarcoidosis,
orchitis/vasectomy reversal procedures. Systematic inflammatory response
includes sepsis syndrome (including gram positive sepsis, gram negative
sepsis, culture negative sepsis, fungal sepsis, neutropenic fever, urosepsis,
septic conjunctivitis), meningococcemia, trauma hemorrhage, hums, ionizing
radiation exposure, acute and chronic pancreatitis, adult respiratory distress
syndrome (ARDS), prostatitis. Reperfusion injury includes post-pump
syndrome and ischemia-reperfusion injury. Cardiovascular disease includes
atherosclerosis, intestinal infarction, cardiac stun syndrome, myocardial
infarction, congestive heart failure and restenosis. Obstetric and gynecologic
diseases include premature Ilabour, endometriosis, miscarriage and
infertility. Infectious diseases include HIV infection/HIV neuropathy, septic
meningitis, hepatitis B and C virus infection, herpes virus infection, septic
arthritis, peritonitis, pneumonia epiglottitis, E. coli 0157:H7, haemolytic
uremic syndrome/thrombolytic thrombocytopenic purpura, malaria, Dengue
hemorrhagic fever, leishmaniasis, leprosy, toxic shock syndrome,
streptococcal myositis, gas gangrene, mycobacterium tuberculosis,
mycobacterium avium intracellulare, pneumocystis carinii pneumonia, pelvic
inflammatory disease, orchitis/epidydimitis, legionella, Lyme disease,
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influenza A, Epstein-Barr Virus, Cytomegalovirus, viral associated
hemiaphagocytic syndrome, viral encephalitis/aseptic meningitis. Allergic
and atopic disease include asthma, allergic rhinitis, eczema, allergic contact
dermatitis, allergic conjunctivitis, hypersensitivity pneumonitis. Malignancies
(solid and liquid tumor pathologies) include neoplastic diseases, melanoma,
ALL, AML, CML, CLL, Hodgkin's disease, non Hodgkin's lymphoma,
Kaposi's sarcoma, colorectal carcinoma, nasopharyngeal carcinoma,
malignant histiocytosis and paraneoplastic syndrome/hypercalcemia of
malignancy. Transplant diseases include organ transplant rejection and
graft-versus-host disease. Congenital disease includes cystic fibrosis,
familial hematophagocytic lymphohistiocytosis and sickle cell anemia.
Dermatologic disease includes psoriasis, psoriatic arthritis and alopecia.
Neurologic disease includes neurodegenerative diseases, Alzheimer’s
Disease, Parkinson's Disease, multiple sclerosis, amyotrophic lateral
sclerosis, migraine headache, amyloid-associated pathologies, prion
diseases/Creutzfeld-Jacob disease, cerebral infarction and peripheral
neuropathies. Renal disease includes nephrotic syndrome, hemodialysis
and uremia. latrogenic intoxication condition includes OKT3 therapy, Anti-
CD3 therapy, Cytokine therapy, Chemotherapy, Radiation therapy and
chronic salicylate intoxication. Metabolic and idiopathic disease includes
Wilson’'s disease, hemachromatosis, alpha-1 antitrypsin deficiency,
diabetes, Hashimoto's thyroiditis, osteoporosis, hypothalamic-pituitary-
adrenal axis evaluation and primary biliary cirrhosis. Ophthalmological
disease includes glaucoma, retinopathies and dry eye.

Further, pathologies which can be usefully treated using the present
invention include further multiple organ dysfunction syndrome, muscular
dystrophy, septic meningitis, atherosclerosis, appendicitis, peptic, gastric or
duodenal ulcers, ulcerative pseudomembranous, acute or ischemic colitis,
diverticulitis, epiglottis, achalasia, cholangitis, cholecystitis, enteritis,
Whipple's disease, asthma, allergy, allergic rhinitis, anaphylactic shock,
immune complex disease, organ necrosis, hay fever, septicaemia, endotoxic
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shock, hyperpyrexia, eosinophilic granuloma, granulomatosis, sarcoidosis,
septic abortion, vaginitis, prostatitis, urethritis, emphysema, rhinitis,
alvealitis, bronchiolitis, pharyngitis,
pneumoultramicroscopicsilicovolcanoconiosis, pleurisy, sinusitis, influenza,
respiratory syncytial virus infection, disseminated bacteremia, candidiasis,
filariasis, amebiasis, hydatid cyst, dermatomyositis, burns, sunburn,
urticaria, warts, wheal, vasulitis, angiitis, endocarditis, pericarditis,
myocarditis, arteritis, thrombophlebitis, periarteritis nodosa, rheumatic fever,
celiac disease, encephalitis, cerebral embolism, Guillaume-Barre syndrome,
neuritis, neuralgia, spinal cord injury, paralysis, uveitis, arthriditis,
arthralgias, osteomyelitis, fasciitis, Paget's disease, gout, periodontal
disease, synovitis, myasthenia gravis, Goodpasture's syndrome, Babcet's
syndrome, ankylosing spondylitis, Barger's disease, Retier's syndrome,
bullous dermatitis (bullous pemphigoid), pemphigous and pemphigous
vulgaris, necrotizing enterocolitis.

In a further aspect of the invention the use of the nucleic acid or nucleic acid
analogue molecules described above is in combination with at least one
further agent capable of inhibiting an early mediator of the inflammatory
cytokine cascade. Preferably, this further agent is an antagonist or inhibitor
of a cytokine selected from the group consisting of TNF, IL-1a, IL-1B, IL-Ra,
IL-8, MIP-1a, MIF-1B, MIP-2, MIF and IL-6. For example, the further agent
used in combination with the nucleic acid molecules of the present invention
is preferably an antibody to RAGE, a nucleic acid or nucleic acid analogue
capable of inhibiting RAGE expression, e.g. an antisense molecule, a
ribozyme or a RNA interference molecule, or a small synthetic molecule
antagonist of the HMGB1 interaction with RAGE or a soluble RAGE
(sRAGE). The small synthetic molecule antagonist of the HMGB1 interaction
with RAGE preferably has a molecular weight of less than 1000 Dalton. The
small synthetic molecule antagonist preferably inhibits the interaction of
RAGE with the non-acetylated form or/and with the acetylated form of
HMGB1, and with the non-acetylated form or/and with the acetylated form of
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HMGB1 homologous proteins, in particular HMGB2, HMGBS3, HMG-1L10,
HMG-4L or/and SP100-HMG

In another embodiment, the further agent used in combination with the
nucleic acid or nucleic acid analogue of the present invention is an inhibitor
of the interaction of a Toll-ike (TLR) receptor, e.g. of TLR2, TLR4, TLRY7,
TLRS8 or/and TLR9, with HMGB1, which inhibitor may be, for example, a
monoclonal or polyclonal antibody, a nucleic acid or nucleic acid analogue
capable of inhibitihng TLR expression, e.g. an antisense molecule, a
ribozyme or a RNA interference molecule, or a synthetic molecule preferably
having a size of less than 1000 Dalton. The inhibitor may be a known
inhibitor of a Toll-like receptor (TLR), e.g. of TLR2, TLR4, TLR7, TLR8
or/and TLR9. The inhibitor preferably inhibits the interaction of the Toll-like
receptor with the non-acetylated form or/and the acetylated form of HMGB1
and with the non-acetylated form or/and with the acetylated form of HMGB1
homologous proteins, in particular HMGB2, HMGB3, HMG-11.10, HMG-4L
or/and SP100-HMG.

In still another embodiment, the further agent used in combination with the
nucleic acid or nucleic acid analogue of the present invention is the
functional N-terminal lectin-like domain (D1) of thrombomodulin. The D1
domain of thrombomodulin is able to intercept the non-acetylated form
and/or the acetylated form of released HMGB1 and of released HMGB1
homologous proteins, in particular HMGB2, HMGBS, HMG-1L10, HMG-4L
or/and SP100-HMG, preventing thus their interaction with RAGE and Toll-
like receptors. The D1 domain of thrombomodulin may be native or mutated
in order to make it resistant to proteases.

The double-stranded nucleic acid or nucleic acid analogue molecules of the
present invention are usually administered as a pharmaceutical composition.
The administration may be carried out by known methods, e.g. by injection,
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in particular by intravenous, intramuscular, subcutaneous or intraperitoneal
injection or by infusion, by oral, topical, nasal, inhalation, aerosol or rectal
application, etc. The administration may be local or systemic.

Therefore, the invention also relates to a pharmaceutical composition
containing as an active agent at least one of the double-stranded nucleic
acid or nucleic acid analogue molecules as described above, together with a
pharmaceutical carrier. The composition may be used for diagnostic or for
therapeutic applications. For diagnostic or therapeutic applications, the
composition may be in the form of a solution, e.g. an injectable solution, a
cream, ointment, tablet, suspension or the like. The carrier may be any
suitable pharmaceutical carrier.

The at least one of the double-stranded nucleic acid or nucleic acid
analogue molecules in the pharmaceutical composition of the present
invention is preferably capable of binding to the HMGB1 protein, more
preferably capable of binding to the non-acetylated or/and acetylated form of
HMGBH1.

The pharmaceutical composition of the present invention may also comprise
pharmaceutically acceptable salts of the at least one double-stranded
nucleic acid or nucleic acid analogue molecule, including salts of inorganic
acids, such as hydrochloric acid, hydrobromic acid, hydriodic acid, sulfuric
acid, phosphoric acid, metaphosphoric acid, nitric acid and the like, and
salts of organic acids, such as acetic acid, citric acid, tartaric acid, malic
acid, malonic acid, benzoic acid, sulfonic acid and the like. Furthermore, the
at least one double-stranded nucleic acid or nucleic acid analogue molecule
may form pharmaceutically acceptable salts with a pharmaceutically
acceptable cation, including alkali cations (e.g. lithium, sodium, or/and
potassium cations), earth alkali cations (e.g. magnesium, calcium or/and
barium cations), the ammonium cation and organic cations, such as
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ammonium cations substituted by aliphatic and aromatic residues. Further,
amino acids may form salts with the at least one double-stranded nucleic
acid or nucleic acid analogue molecule. The person skilled in the art knows
suitable pharmaceutically acceptable salts for preparation of the
pharmaceutical composition of the present invention.

The pharmaceutical composition of the present invention may further
comprise as excipients common auxiliary substances known by a person
skiled in the art, including macromolecular substances (e.g.
polyethyleneglycole ~ (PEG)), starch, gelatin, pectin, cellulose,
methylcellulose, hydroxypropylcellulose, ethylcellulose, polyvinylpyrrolidone,
polyvinyl alcohol, lipids, amino acids, cyclodextrins), sugars and sugar
alcohols (e.g. lactose, saccharose, glucose, mannitol, sorbitol), emulsifiers,

diluents and the like.

The present invention further relates to a kit for determining HMGB1 in body
fluids, preferably serum or/and plasma, obtained from a patient suspected to
be affected by an HMGB1-associated pathology, preferebly by an
inflammatory, cardiovascular, neurodegenerative, neoplastic or/and
autoimmune pathology, comprising at least one double-siranded nucleic
acid or nucleic acid analogue molecules as described above. The kit-may -
also comprise the pharmaceutical composition as described above.

The kit of the present invention preferably relates to the determination of the
non-acetylated or/and the acetylated form of HMGB1. Further, the kit of the
present invention may relate to the determination of the non-acetylated
or/and acetylated form of HMGB1 homologous proteins, in particular
HMGB2, HMGB3, HMG-1L10, HMG-4L or/and SP100-HMG.

Further, the double-stranded nucleic acid or nucleic acid analogue
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molecules of the present invention can be reversibly immobilised on the
surface of a medical device. The medical device can thus be reversibly
loaded with the molecules of the present invention, in particular by binding,
embedding and/or absorbing the nucleic acid or nucleic acid analogue
molecules onto the surface of the medical device or on a coating layer on
the surface of the medical device. After contacting the medical device with
body fluid, the reversibly immobilised compounds are liberated.
Consequently, the described medical devices act as drug delivery devices
eluting the molecules of the invention, whereby the drug delivery kinetics
can be controlled, providing a controlled or sustained drug delivery, for
example. The coating technologies of medical devices are well known to the

person skilled in the art.

-

Therefore, a further aspect of the present invention is the use of the
synthetic double-stranded nucleic acid or nucleic acid analogue molecules of
the present invention, wherein said molecules are reversibly immobilised on
the surface of medical devices. Preferably, said medical devices are surgical
instruments, implants, catheters or stents, e.g. stents for angioplasty. Most
preferably, the medical device according to the invention is a drug-eluting
stent (DES).

A still further aspect of the present invention is a medical device reversibly
coated with double-stranded nucleic acid or nucleic acid molecules

according to the present invention.

Further, the present invention is explained in more detail in the following

Figures and Examples.

Figure and Table Legends

Table 1 — Summary of the results of the example: ECs of bent DNA and
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DNA/PNA chimeras determined in HMGB1-induced cell migration and

proliferation.

Figure 1 - Examples of structures of bent nucleic acid molecules or bent
nucleic acid analogue molecules, according to the present invention. The
black capital letters represent the natural oligonucleotide sequence while the
red letters represent the PNA base sequence. (A): Bent DNA duplex; (B):
Bent PNA duplex; (C) and (D): Bent DNA/PNA chimera duplex; (E): Bent
DNA/PNA hybrid duplex.

Figure 2 - Examples of structures of cruciform nucleic acid molecules or
cruciform nucleic acid analogue molecules according to the present
invention. The black capital letters represent the natural oligonucleotide
sequence, while the red letters represent the PNA sequence. (A): cruciform
DNA, (B): cruciform PNA, (C): cruciform DNA/PNA chimera, (D): cruciform
DNA/PNA hybrid.

Figure 3 - Examples of non-naturally occurring chemically modified
nucleotide building blocks, wherein the letter “B” denotes a nucleotidic base.

Figure 4 - Circular dichroism spectra of 1) the bent duplex DNA with a
polyacienylic loop protruding from the duplex (CT401 dark blue), 2) the
HMGB1-bent DNA (CT 401) complex (COMP black) and 3) the normalized
sum of the spectra of HMGB1 and bent duplex DNA (CT 401) (SUM dashed
black).

Figure 5 — Graphic representation of the resuits of the proliferation assay
performed with the bent DNA CT401 of the present invention. The bent DNA
CT401 concentration-dependently inhibits/antagonizes the proliferation of
BAEC cells induced by HMGB1, while control linear duplex DNA (A) does
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not.

Figure 6 - Graphic representation of the results of the chemotaxis assay
performed with the bent DNA CT401 of the present invention. The bent DNA
CT401 concentration-dependently inhibits/antagonizes the migration of
BAEC cells induced by HMGB1 already in a nM range, while control duplex
DNA does not.

Figure 7 - Graphic representation of the results of the proliferation assay
performed with the cruciform DNA CT400 of the present invention. The
cruciform DNA CT400 concentration-dependently inhibits/antagonizes the
proliferation of BAEC cells induced by HMGB1, while control duplex DNAs'
(AZ and BZ) and single stranded DNA (SS) do not.

Figure 8 - Graphic representation of the results of the chemotaxis assay
performed with the cruciform DNA CT400 of the present invention. The
cruciform DNA CT400 concentration-dependently inhibits/antagonizes the
migration of BAEC cells induced by HMGB1 and its activity is already

present in a nM range.

Figure 9 — Structures of bent nucleic acid molecules CT401, CT402 and
CT403 or bent molecules CT405 and CT406 comprising nucleic acid
analogues. The linear duplexes CT404 and CT407 serve as controls. The
capital letters represent nucleotide building blocks while the lower case
letters represent PNA building blocks.

Figure 10 — Graphic representation of the results of a proliferation assay
performed with the bent DNA molecules CT401, CT402, and CT403 of the
present invention and control DNA CT404 without bending. The bent DNA
molecules CT401, CT402, and CT403 concentration-dependently



10

20

25

WO 2006/002971 PCT/EP2005/007198

-26 -

inhibits/antagonizes the proliferation of BAEC cells induced by HMGB1,
while control linear duplex DNA CT404 does not.

Figure 11 - Graphic representation of the results of a chemotaxis assay
performed with the bent DNA molecules CT401, CT402, and CT403 of the
present invention and control DNA CT404 without bending. The bent DNA
molecules CT401, CT402, and CT403 concentration-dependently
inhibits/antagonizes the migration of BAEC cells induced by HMGB1 already
in a nM range, while control duplex DNA CT404 does not. |

Figure 12 - Graphic representation of the results of a chemotaxis assay
performed with the bent DNA/PNA chimeric duplex CT405 and the bent DNA
molecule CT401 of the present invention and the chimeric linear duplex
CT407 as a control. The bent DNA/PNA chimeric duplex CT405 and the bent
DNA molecule CT401 concentration-dependently inhibits/antagonizes the
migration of BAEC cells induced by HMGB1 already in a nM range, while
control CT407 does not.

Figure 13 — Graphic representation of the stability of CT406 in human serum
at 31°C — CT406 shows a half life time of 9 h. After 12 h incubation time,
undiffered CT406 was still 41% of the total amount.

Figure 14 - Graphic representation of the results of LPS-induced
endotoxemia trials in mice with the bent DNA molecule CT406.
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Examples

Example 1

Protein Binding experiments by Circular Dichroism (CD).

To check for protein binding by the different bent and cruciform structures
object of the present invention, a CD study was performed. All CD spectra
were collected on a Jasco J710 spectropolarimeter equipped with a NesLab
RTE111 thermal controller unity, using a quartz cylindrical cuvette with a 1
cm path length (Jasco). We always used a scan speed of 20 nm/min, a-
bandwidth of 1 nm, a resolution of 1 nm. As an example of the experimental
conditions used, we will discuss the case of a bent DNA duplex binding to
HMGBH1.

In a first experiment, the bent .duplex nucleic acid molecule CT 401
described above was used. The duplex was prepared by adding to water an
equimolar amount of both strands, heating the resulting solution to 90 °C for
five minutes and cooling the solution at room temperature (R.T.). The CD
spectrum confirmed the formation of a DNA duplex with an adenine loop
extruding from the double helix as expected. A CD spectrum of the protein
HMGB1 was recorded, to check for its structural integrity. To this sample, an
excess of HMGB1 protein was added and the CD spectrum was recorded
again. The spectrum of the complex showed clearly the interaction of the
protein, which caused a small unstacking of the DNA bases revealed by a
decrease in the 280 nm band of the CD spectrum (possibly a small opening
of the double helical parts near to the adenine loop) and a strong change in
the structure of the adenine loop revealed by a corresponding change in the
220 nm positive band arising from the adenine loop (possibly caused by the
bend adopted by the DNA in presence of the protein). The effects observed
in the CD spectrum are most probably due to a strong HMGB1-DNA
interaction, since the spectrum of the protein+DNA sample is different from
the normalised sum of the spectra of HMGB1 and duplex DNA. Figure 4
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shows the circular dichroism spectra obtained, wherein the dark blue line
(indicated with CT401 in the legend of FigureA 4) represents the spectrum of
the DNA duplex compound, the black line (indicated with COMP in the
legend of Figure 4) represents the spectrum of the HMGB1-bent DNA
complex and the dashed black line (indicated with SUM in the legend of
Figure 4) represents the normalised sum of the spectra of HMGB1 protein

and duplex DNA compound.

Example 2

To investigate whether the synthetic molecules belonging to the above
structural classes are able to inhibit in vitro the HMGB1 induced proliferation
and migration activities of bovine aorta endothelial cells (BAEC), two
biological assays, the proliferation and the chemotaxis assays, were
performed in the presence or in the absence of CT401 (DNA bent derivative)
and of CT400 (DNA cruciform derivative).

Proliferation Assay

The proliferation assay was performed as described by Palumbo et al.,
(2004).

BAEC cells (bovine aorta endothelial cells) were seeded in 6-well plates (10°
cells/well) and grown in RPMI medium supplemented with 20% FCS. After
24 h, the medium was replaced with serum-free RPMI and cell were then
starved for 16 hours o synchronize the cell population. Vehicle (negative
control or basal proliferation) or 30 ng/ml (1 nM) of HMGB1 (bacterially
made) were added in the presence or in the absence of 10 or 100 nM of the
test compounds (dissolved and diluted in serum-free medium). The assay
performed with the bent DNA CT401 was also carried out with a control
linear oligo DNA (indicated as A in the legend of Figure 5), consisting of an
18mer strand and its complementary strand. Similarly, the assay performed
with cruciform DNA CT400 was also carried out with duplex DNA's (indicated
with AZ and BZ, respectively, in the legend of Figure 7), and with a single-
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stranded DNA (indicated as SS in the legend of Figure 7) as control
compound. Each experimental point represents the mean +/- standard
deviation (SD) of triplicate determinations. The experiment was repeated
three times. BAEC cell proliferation was determined by detaching the cells
from the plate at the indicated times, and counting the Trypan-blue excluding
cells under the microscope. The inhibition of the HMGB1-induced
proliferation activity of BAEC cells by the bent DNA compound and the
cruciform DNA compound of the present invention are shown in Figures 5

and 7, respectively.

In a further assay according to the protocol as described above, it was
demonstrated that the bent molecules CT401, CT402, CT403, CT405 and
CT406 concentration-dependently inhibit/antagonize the proliferation of
BAEC cells induced by HMGB1. The bent DNA molecules CT401, CT402
and CT403 exhibited an ECs of ~10nM, ~30nM and < 10nM, respectively,
while control linear duplex DNA CT404 does not (Figure 10/Table 1). The
bent DNA/PNA duplexes CT405 and CT406 showed an ECs of < 10 nM
while the control compound CT407 had no effect (see Table 1).

In a further experiment, proliferation of BASMC (bovine aorta smooth muscle
cells) in the presence of the specific compounds of the present invention
was tested (protocol described in Palumbo et al., 2004). BASMC cells were
seeded in 6-well plates (10° cells/well) and grown in RPMI medium
’supplemented with 20% FCS. After 24 h, the medium was replaced with
serum-free RPMI and cell were then starved for 16 hours to synchronize the
cell population. Vehicle (negative control or basal proliferation) or 25 ng/mi
(1 nM) of HMGB1 (bacterially made) were added in the presence or in the
absence of the compounds of the present invention dissolved as described
above. Each experimental point represents the mean +/- SD of friplicate
determinations. The experiment was repeated three times. BASMC cell
proliferation was determined by detaching the cells from the plate at the
indicated times (on days 1, 2, 3, and 4 of culturing) and counting the Trypan-
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blue excluding cells under the microscope. A concentration dependent
inhibition of proliferation of BASMC was observed in the bent molecules of
the present invention (ECs < 10 nM). The linear control compounds had no

effect.

Chemotaxis Assay

Chemotaxis assays were performed using well-known protocols, in particular
as described by Palumbo et al., (2004).

Modified Boyden chambers were used with filters having 5-8 pm pore size
and treated with gelatin type A from porcine skin 5 pg/ml). BAEC cells
(bovine aorta endothelial cells) were resuspended in serum-free DMEM and
a sample of 40,000 cells was added to the upper well of a Boyden chamber.
The molecules to be tested were dissolved and diluted in the same serum-
free medium and added to the lower well of the chamber, HMGB1
(bacterially made) concentration was 1 nM, test compounds were 10-100
nM. The assay performed with bent DNA CT401 was also carried out with a
linear duplex DNA as indicated above as control compound. Cell migration
was allowed at 37+/-0.5 °C for 4 hours, then cells were scraped off the upper
surface, and filters were fixed in ethanol and stained in a solution of modified
Giemsa stain (Accustain, Sigma). All experiments were performed at least
twice in triplicate. The inhibition of HMGB1-induced migration activity of
BAEC cells by the bent DNA compound and the cruciform DNA compound of
the present invention are shown in Figures 6 and 8, respectively. Results, as
shown in Figures 6 and 8, are the mean +/- SD of the number of cells
counted in 10 high-power fields per filter and expressed as folds over
control. Random cell migration, i.e. migration in the absence of
chemoattractant, was given the arbitrary value of 100%. Statistical analysis
was performed using Student’s t test for pairwise comparisons of treatment,
or an ANOVA model for the evaluation of treatments with increasing

concentrations of a reagent.
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in a further assay according to the protocol as described above, it was
demonstrated that the bent molecules CT401, CT402, CT403, CT405 and
CT406 concentration-dependently inhibit/antagonize the migration of BAEC
cells induced by HMGB1 already in a nM range, while control duplex DNA
CT404 does not. The bent DNA molecule CT401 exhibited an ECs of ~3 nM.
The ECs, of CT402 and CT403 were < 3 nM (Figure 11/Table 1). Moreover,
a concentration-dependent inhibitory/antagonistic effect on the migration of
BAEC cells induced by HMGB1 could be observed in the bent DNA/PNA
chimeric duplexes CT405 and CT406 of the present invention in the
nanomolar range, while the chimeric linear duplex CT407 serving as a
control does not show an inhibitory/antagonistic effect (Figure 12). The ECso
value of CT405 is ~5 nM. The ECs, value of CT406 is 3 nM (see Table 1).

In a further experiment, chemotaxis of BASMC (bovine aorta smooth muscle
cells) in the presence of the specific compounds of the present invention
was tested (protocol described in Palumbo et al., 2004). Modified Boyden
chambers were used with filters having 5-8 ym pore size and treated with
collagen | (100 ug/ml in 0.5 M acetic acid) and fibronectin (10 ug/ml,
Roche). BASMC (bovine aorta smooth muscle cells) were cultured in
serum-free DMEM and a sample of 20,000-40,000 cells was added to the
upper well of a Boyden chamber.

The compounds were dissolved as described above. HMGB-1 (from calf
thymus) concentration was 25 ng/ml, that one of fMLP was 0,1 uM.
Overnight cell migration was allowed at 37+/-0.5 °C, then cells were scraped
off and filters were fixed in methanol and stained in a solution of 10% crystal
violet in 20% methanol. All experiments were performed at least twice in
triplicate. Results are the mean +/- SD of the number of cells counted in 10
high power fields per filters and expressed as folds over control. Random
cell migration, i.e. migration in the absence of chemoatiractant, was given
the arbitrary value of 100%. Statistical analysis was performed using
Student's t test for pairwise comparisons of treatment, or an ANOVA model
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for the evaluation of treatments with increasing concentrations of a reagent.
A concentration dependent inhibition of migration of BASMC was observed
in the bent molecules of the present invention (ECs < 3 nM). The linear
control molecules had no effect.

Example 3

Stability of bent Nucleic Acids and Nucleic Acid Analogues in Human Serum
at 37°C

The stability of CT406, a double-stranded DNA-PNA chimera molecule
according to the invention (see Fig. 9) was tested in human serum in
comparison with CT403, a double-siranded DNA corresponding to the
sequence of CT406 (see Fig. 9).

7uM CT406 (checked by UV detection) was incubated at 37°C in pure
human serum. To follow the degradation of CT406, the diminution of the
area of the HPLC peak corresponding to the undegraded molecule was
checked after different incubation times in serum. To avoid inaccuracies due
to different injection volumes, the peak area was expressed as percentage
of the total HPLC profile area.

The non-linear regression analysis curve (R = 0.99) of CT406 gave, by
interpolation, a 50% degradation time of 9 h. After 12 h at 37°C, the
undigested CT406 was still the 41% of the total (see Fig. 13).

In contrast, CT403 has a 40 min half-life, and was completely degraded after
1h 35 min.

Example 4

Reversal of LPS-induced endotoxemia in mice

Thirty six male 7 to 8-week-old BALB/c mice were purchased from Charles
River (Calco, Italy) and allowed to acclimate for a few days before use. The
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day of the experiment, all mice were given an LDz.e dose (10 mg/kg i.p. in
the right inguinal region) of lipopolysaccharide (LPS from Escherichia coli,
strain 0111:B4, dissolved in 0.9% sterile saline). Twelve and 20 h after LPS
injection, 18 mice received CT406 (2.73 mg/kg i.p., 10 ml/kg, in the left
inguinal region) dissolved in phosphate buffered saline, while the remaining
18 mice received the same volume of vehicle (controls). The selected dose
of CT406 corresponds only to 25 times its in vitro ICs (~ 10 nM) against the
HMGB1-induced proliferation of BAEC (bovine aorta endothelial cells) cells.
Mortality was monitored and recorded twice a day for up to 48 h.

Results are shown in Fig. 14. At the end of the observation period (48 h), 7
out of 18 mice administered CT406 were still alive, while only 3 out of the 18

control mice were surviving.
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Claims

Use of synthetic double-stranded nucleic acid or nucleic acid analogue
molecules with a bent shape structure, capable of binding to the
HMGB1 protein or to HMGB1 homologous proteins for the manufacture
of a medicament for the prevention or treatment of HMGB1-associated
pathologies or pathologies associated with HMGB1 homologous
proteins.

The use of claim 1, wherein the synthetic double-stranded nucleic acid
or nucleic acid analogue molecules with a bent shape structure are
capable of binding to the non-acetylated or/and acetylated form of
HMGBA1.

The use of claim 1, wherein the synthetic double-stranded nucleic acid
or nucleic acid analogue molepules with a bent shape structure are
capable of binding to HMGB2, HMGB3, HMG-1L10, HMG-4L and
SP100-HMG.

The use of claims 1 to 3, wherein the double-stranded nucleic acid or
nucleic acid analogue molecules have base-paired and unpaired

portions.

The use of claim 4, wherein the double-stranded nucleic acid or nucleic
acid analogue molecules have a bent DNA or a cruciform DNA
structure.

The use of claim 4, wherein the bent shape structure comprises at least
one structural bend, preferably one structural bend.

The use of any one of claims 1 to 6, wherein the medicament comprises
a nucleic acid analogue with at least one non-naturally occurring
nucleotide building block.
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The use of claim 7, wherein the non-naturally occurring building block is
selected from backbone-, sugar- and nucleobase-modified building

blocks and cbmbinations thereof.

The use of claim 8, wherein the non-naturally occurring building block is
selected from PNA building blocks and building blocks as shown in
Figure 3.

The use of any one of claims 1 to 9, wherein the acid analogue
molecule is a double-stranded DNA/PNA hybrid molecule, a double-
stranded DNA/LNA hybrid molecule, a double-stranded LNA/PNA hybrid
molecule, a double-stranded DNA/PNA chimera molecule, a double-
stranded DNA/LNA chimera molecule, or/and a double-stranded
LNA/PNA chimera molecule.

The use of any one of claims 1 to 10, wherein the nucleic acid or nucleic
acid analogue molecule is a molecule represented by general formula

(1):

440
3-(W)s-Y1.... Yn Y. . Y'm (V)5
- T T = = = 0
5"(W')s"x1. o Ky mmmmm X, X'm"(vl)s"‘3'

wherein

W, wW, X X,Y Y,V V and Z are independently selected from
nucleotide building blocks or nucleotide analogue building blocks;
Xand Y, X and Y', W and W' and V and V', respectively, are each
complementary building blocks, preferably matched according to the
Watson and Crick base pairing;

Zy to Z: represent an extruding loop of unpaired nucleotide building
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blocks or unpaired nucleotide analogue building blocks;
n, m, n', m' are integers from 2 to 20;

r is an integer from 1 to 10; and

s and s' are each independently an integer from 0 to 10.

The use of claim 11, wherein W, W', X, X, Y, Y, V, V' and Z are
independently selected from DNA nucleotide building blocks, LNA
nucleotide building blocks or PNA nucleotide analogue building blocks
or sugar-, backbone- and/or nucleobase-modified nucleotide building
blocks.

The use of claims 11 or 12, wherein Z is an adenine nucleotide or an
adenine nucleotide analogue and ris 2 orr = 6.

The use of claims 11 or 12, wherein W', X, X, Y, Y' and V are DNA
nucleotide building blocks or/and LNA nucleotide building blocks,

W and V' are PNA nucleotide building blocks,

n and m' are 2; |

n'and m arey5;

ris 2 or 6;

sisOands'is 3.

The use of any one of claims 1 to 14, wherein the HMGB1-associated
pathologies and the pathologies associated with HMGB1 homologous
proteins are pathological conditions mediated by activation of the
inflammatory cytokine cascade.

The use of claim 15, wherein the pathological conditions are selected
from the group consisting of inflammatory disease, autoimmune
disease, systemic inflammatory response syndrome, reperfusion injury
after organ transplantation, cardiovascular affections, obstetric and
gynecologic disease, infectious disease, allergic and atopic disease,
solid and liquid tumor pathologies, transplant rejection diseases,
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congenital diseases, dermatological diseases, neurological diseases,
cachexia, renal diseases, iatrogenic intoxication conditions, metabolic
and iodiopathic diseases, and ophthalmological diseases.

The use of any one of claims 1 to 16 in combination with at least one
further agent capable of inhibiting an early mediator of the inflammatory
cytokine cascade.

The use of claim 17, wherein the further agent is an antagonist or
inhibitor of a cytokine selected from the group consisting of TNF, IL-1a,
IL-1B, IL-R,, IL-8, MIP-1a, MIF-1B, MIP-2, MIF and IL-6.

The use of claim 17, wherein the further agent is an antibody to RAGE,
a nucleic acid or nucleic acid analogue capable of inhibiting RAGE
expression, e.g. an antisense molecule, a ribozyme or a RNA
interference molecule, or a small synthetic molecule antagonist of the
HMGB1 interaction with RAGE.

The use of claim 17, wherein the further agent is soluble RAGE
(sRAGE).

The use of any of claims 1 to 16 in combination with a further agent
which is an inhibitor of the interaction of a Toll-like receptor (TLR), in
particular of TLR2, TLR4, TLR7, TLR8 or/and TLR9, with HMGBH1,
preferably a monoclonal or polyclonal antibody, a nucleic acid or nucleic
acid analogue capable of inhibiting TLR expression, e.g. an antisense
molecule, a ribozyme or a RNA interference molecule, or a synthetic
molecule having a size of less than 1000 Dalton.

The use of claim 21, wherein the further agent is a known inhibitor of a
Toll-like receptor (TLR), in particular of TLR2, TLR4, TLRY, TLR8 or/and
TLR9, in particular a nucleic acid or nucleic acid analogue capable of
inhibiting TLR expression, e.g. an antisense molecule, a ribozyme or a
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RNA interference molecule.

The use of any of claims 1 to 16 wherein the further agent is the N-
terminal lectin-like domain (D1) of thrombomodulin.

A pharmaceutical composition comprising an effective amount of at
least one double-stranded nucleic acid or nucleic acid analogue
molecules of any one of claims 1 to 14 as an active agent and optionally
a pharmaceutically acceptable carrier.

The composition of claim 24 comprising a pharmaceutically acceptable
salt of the at least one double-stranded nucleic acid or nucleic acid
analogue molecule selected from salts of inorganic acids, salts of
organic acids and cationic salts, and optionally comprising an auxiliary

substance.

The composition of claims 24 or 25, wherein the double-stranded
nucleic acid or nucleic acid analogue molecules are in combination with
at least one further agent capable of inhibiting an early mediator of the
inflammatory cytokine cascade as defined in claims 17 to 20, or/and
with a further agent as defined in claims 21 or 23.

The composition of claims 24 or 25 for diagnostic applications.

The composition of claim 27 which is a kit for determining HMGB1 in
body fluids, preferably serum or/and plasma, obtained from a patient
suspected to be affected by an HMGB1-associated pathology,
preferably by an inflammatory, cardiovascular, neurodegenerative,
neoplastic or/and autoimmune pathology.

The composition of any of the claims 24 to 26 for therapeutic

applications.
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A method of treating a condition in a patient, characterized by HMGB1-
activation of an inflammatory cytokine cascade, comprising
administering to the patient an effective amount of synthetic double-
stranded nucleic acid or nucleic acid analogue molecules of any one of
claims 1 to 14, which are capable of binding to the HMGB1 protein.

The method of claim 30, wherein the synthetic double-stranded nucleic
acid or nucleic acid analogue molecules are capable of binding to the
non-acetylated or/and acetylated form of HMGB1.

The use of synthetic double-stranded nucleic acid or nucleic acid
analogue molecules according to any one of claims 1 to 14, wherein
said molecules are reversibly immobilised on the surface of medical
devices. |

The use of claim 32, wherein said medical devices are surgical
instruments, implants, catheters or stents.

Medical device reversibly coated with synthetic double-stranded nucleic
acid or nucleic acid analogue molecules according to any one of claims
1 to 14.

Medical device of claim 34, wherein the medical device is selected from

surgical instruments, implants, catheters or stents.

A kit for determining HMGB1 in body fluids, preferably serum or/and
plasma, obtained from a patient suspected to be affected by an
HMGB1-associated pathology, preferably by an inflammatory,
cardiovascular, neurodegenerative, neoplastic or/and autoimmune
pathology, comprising at least one double-stranded nucleic acid or
nucleic acid analogue molecules of any one of claims 1 to 14.
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37. Kit of claim 37, wherein the non-acetylated or/and the acetylated form of
HMGB1 or/and of HMGB1 homologous proteins is determined.
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SUMMARY OF RESULTS: EC50 OF BENT DNA AND
DNA/PNA CHIMERAS DETERMINED IN HMGB1
INDUCED CELL MIGRATION AND PROLIFERATION.
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Figure 13
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