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HMGB1 PROTEIN INHIBITORS AND/OR ANTAGONISTS FOR THE
TREATMENT OF VASCULAR DISEASES.

The present invention concerns the field of
molecular bioclogy and more particularly HMGBL protein
inhibitors and HMGBl antagonists to be used for the
treatment of vascular diseases, including those due to
angibplasty.

HMGB1 protein (known, before 2001, as HMG; Bustin,
2001, Trends Biochem. S8ci., 26, 152-153) 4is the
archetypal protein of the HMG-box family, which is
characterised by the presence of DNA binding domains,
called HMé boxes. HMG1 is a small 25-kD protein, of 215
amino acids, with a highly conserved sequence among
mammals. The HMGBL molecule is organised into three
domains: two DNA binding domains, HMG Box A and Box B,
which are Iollowed by an acidic COOH terminus composed
of 30 glutamic and aspartic residues. The two HMG
boxeg, box A and box B, are §0 amino acid segments (29%
identical, 65% gimilar), having an L-shaped
tridimensional structure (Hardman et al., 1995,
Biochemigtry, 34:165%6-16607; Read et al., 1933,
Nuclelc Acids Res., 21:3427-3436; Weir et al., 1993,
EMBO J., 12:1311“13‘19) .

HMGB1 has originally been identified as a ubiquitously
expressed, abundant muclear protein. It is present in
more than 1 million copies per single nucleus and binds
double stranded DNA without sequence specificity.

Instead, HMGBL binds with high affinity to spscific DNA
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structures like kinked or bent DNA and four~ﬁay
junctions. However, HMGB1 can be recruited to double
stranded DNA by interaction with several different DNA-
binding proteins. When bound to double stranded DNA, it
induces structure distortion, allowing the formation of
nucleoprotein complexes where several DNA-binding
proteins can contact each other while bound to their
reaspective DNA cognate sites (Miiller et al., 2001, EMRBO
J., 16: 4337-4340 and other references cited
herewithin). The phenotype of Hmgbhl -/- mice is in
agreement with this model (Calogerc et al., 1399, Nat.
Genet., 22:276-280).

Recently, an additional role for HMGBl outside the cell
nucleus has come into focus: HMGR1 works as late
mediator of endotoxin-induced lethality as well as
acute lung inflammation in mice; as well the elevated
serum level of HMGBRL in geptic patients is a prognosis
marker (international patent application No. WO
00/47104) . HMGERL can be secreted by macrophages and
pituicytes in culture in response to cytokines and
bacterial endotoxin (Abraham et al., 2000, J. Immunol. ,
165: 2950-2954; Wang et al., 1999, Surgery (St. Luis),
126:389-392; Wang et al., 1999, Science, 285:248-251) .
The release of HMGBl from murine erythroleukemia cells
is correlated with cell differentiation and the protein
can be found in z plasma membrane-associated form in
these cells (Passalacqua et al., 1997, TERS Tett.,
400:275-279; Sparatore et al:, 1996, Biochem. J.,
320:253-256) . A protein called amphoterin, identical in

seéquence to HMGBL, has been described in the brain,
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where it is found in the nucleus and cytoplasm of
neuronal cells as well as in the extracellular space.
If exogenously added, HMGBL mediates outgrowth of
neurites, and laminin-dependent migration of
neurcblastoma and glioma cells {8 inhibited by
antibodies against HMGBlL (Fages et al., 2000, J. Cell
Soi., 113:611-620; Merenmies et al., 1991, J. Biol.
Chem., 266:16722-16729; Parkkinen et al., 1993, J.
Biol. Chem., 268:18725:19738; Rauvala et al., 1988, J.
Cell Biol., 107:2293-2305). Interactions between HMGBI
and the plasminogen activation system, in partlcular t-
PA (tissue-type plasminogen activator), vesults in
enhanced plasmin formation (Parkkinen and Rauvala,
1991, J. Biol. Chem., 266: 16730-16735). Degradation of
extracellular matrix proteins is an important step in
the cell migration process, and HMGBl-promoted increase
of extracellular protease activity might enable the
cells to migrate.

HMGBi has been identified as one of the ligands
binding to the RAGE receptor (Receptor for advanced
glycation endproducts) (Hori et al., 1995, J. Biol.
Chem., 270: 25752-25761). RAGE 1is a wmultiligand
receptor of the immunoglobulin superfamily and is
expressed in many cell types, including endothelial
cells, smooth muscle cellg, mononuclear phagocytes, and
neurons (Brett et al., 1993, Am. J. Phathol., 143:
1699-1712; Neeper et zl., 1992, J. Biol. Chem., 267:
14998-15004) . It is implicated in several different
pathological processes, such as diabetes, amyloicdoses,

and atherosclerosis (Schmidt et al., 1999, Circ. Res.,

5.
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84: 489-497). Interaction of HMZB1 and RAGE induces
neurite outgrowth, and the two proteins colocalize at
the leading edge of advancing neurites during embryonic
development (Huttunen ct al., 1889, J. Bicl. Cher.,
274:19919-19924) . 'he Dblock  of  tuwour  growth  and
metastasis 1s observed preventing the intsractions
between HMGB1 and RAGE; moreover, inhibition of this
interaction suppressss activation of mitogsn-zctivated
protein {MAP) kinases and the expression of matrix
metalloproteinases, molecules importantly linked to
tumour proliferation and invasion (Taguchi et al.,
2000, Nature, 405: 354-360).

Moreover, it is already known that inhibitors of
HMGBL  (i.e. Glicyrrhizin) can be wusad as anti-

inflammatory agents (Sakamoto et al., 2001, Biol.

Pharm. Rull., 24(8) 906-811; Yoh ot al., 2002, Dig.
Dis. Sci., 47(8), 1775-1781).
The inventors of the vresent invention,

demonstrated that HMGB1 has a potent bioclegical effect
on smooth wuscle cells (SMC), one of the cell types
where RAGE is expressed on the surface. Vascular SMC
cells are the most predominant cells of the larger
blood vessels; they are located in the tunica media
where are embedded in the extracellular mwa=rix. In
intact vessels, SMC cells are in a ccntractiic state
and show a phenotype characterised by the absence of
cell division and migration responsible for vesssl wall

rigidity and elasticity maintenance and blood Dressure

control,
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When the endothelium is damaged, either after
mechanical or inflammatory injurieé, SMC celis switch
to a synthetic phenotype and underge cell division and
cell migration. The migration of SMC cells from the
tunica media to the tunica intima, resulting in intimal

thickening, plays an important role in the
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pathophysiology of meny vascular disorders, such as
atherosclerosis and restenosis after coronary
angioplasty. In the synthetic state, SMC cells also
produce higher amounts of extracellular proteinases,

growth factors, and cytokines and secreke a fibrous
extracellular matrix. After vessel wall injury, the
release of several . growth factors and/oxr
chemoattractants either by circulating wmonocytes,

macrophages and platelets, or by damaged endothelial
cells can induce SMC cells switch from the contractile
to the synthetic phenotypes and it can direct the
migration of 8MC cells towards the vessel intima. Among
these factors, DbFGF appears to be one of the wmost
important, but howsver, SMC cells can also start
migration in response to angiogenic stimulil(Schwartz,

1997, J. Clin. 1Invest., 99:2814-2816; Van Leeuwen,

1996, Fibrinolysis, 10:59-74).

Trying to definé the effect and the mechanism by which-
HMGR1  induces RSMC cell migration, the inventors
demonstrated that HMGBL is a strong chemoattractant and
it induces their cell shape changes, and cytoskeleton
reorganisation. These events are inhibited by addition
of an anti-RAGE eantibody and by pertussis toxin,

underlining that boeth RAGE and a Gi/o protein migﬁt he
involved in the pathway. Furthermore, the evidence that
HMGBl promotes the translocation of phosphorylated ERK
1 and 2 proteins 'into the nucleus, indicateg the
involvement of the MAP kinase pathway. Then, it has

been demonstrated that HMGBL 1ig released by damage or
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necrosis of a variety of cell types, including
endothelial cells.

Therefore, HMGBL has all the halimarks of a wmolecule
that can promote atherosclerosis and restenosis after
vagcular damage.

The inventors alsc demonstrated  that HMGB1
fragments, corresponding to HMG Dboxes, are more
afficacious than the entire full-length molecule and
even HMG box domains of other proteins of the HMG-box
family can induce the same effects.

Consequently, every kind of wmolecules able to block
the interaction between HMGB1 and its RAGE reccptor
(i.e. all the molecules belonging to the inhibitors
class: antibodies or antibodies fragments, fourway DNA;
and all the molecules belonging to the HMG box-
antagonist class: HMGB1 fragments molecules containing
the HMG box domain) can efficiently be used for the
production of pharmaéological preparation in oxder to
avoid, retard or inhibit atherogclerosis and restenosis
after vasgcular epithelium damage even due to
angioplasty.

HMGEL-binding moleculeg or HMGBL inhibitors can be
injected or released by instruments wused for
angioplastic surgery, or said wolecules can be bound to
the ingtruments’ surface.

Object of the present invention is the use of
molecules able to block the interaction between HMGB1
and RAGE for the preparztion of therapeutic agents for

the treatment of vascular diseases.

-9-
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Thus, in accordance with a first embodiment of the
invention, there 1is provided a method of treating vascular
diseases excluding the consequences of diabetes, said method
comprising administering to a subject an HMG box-binding

molecule.

In a second embodiment, the invention provides a method of
treating vascular diseases excluding the consequences of
diabetes, said method comprising administering to a subject an
antagonist molecule having sequence homology with HMG box, not
including sRAGE, and being able to bind the functional HMG box

binding domain of RAGE receptor.

In a third embodiment, the invention provides a method of
promoting connective tissues remodelling, said method comprising
administering to a subject an HMGBl1 and/or HMGBl fragment
corresponding to HMG box, an HMG box domain of any other protein
belonging to HMG-box family, or any other protein of the HMG-box
family.

In a fourth embodiment, the invention provides a method of
treating wounds, burns or bedsores, or any combination thereof,
said method comprising administering to a subject an HMG box-

binding molecule.

In a fifth embodiment, the invention provides a method of
reducing connective tissues remodelling, said method comprising
administering to a subject an antagonist molecule having sequence
homology with HMG box and being able to bind the functional HMG

box binding domain of RAGE receptor.

-10-
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In a preferred embodiment of the invention said
molecules  are released by catheters, surgical
instruments or stents for angioplasty, during or after
said operation.

Further features and advantages of the invention will
be mwore readily apparent from the following detailed
description with reference to the accompanying
drawings.

In the drawings:

Ficure 1 shows HMGB1 chemotactic’activity on RSMC
in chemotaxis assays performed using wodified Boyden
chambers. The wvalue of 100% corresponds to the number
of cells migrating in the absence of any stimulator
v(random‘cell migration). The data represent the mean +
5D (n=3). Figure 1-A shows concentration-dependent
migratory response of RSMC to HMGBLl purified from calf
thymus. Figure 1-B shows the comparison of the
chemotactic effect of HMGBl proteins, either purified
from calf thymus or expressed in yeast, with those of
chemoattractants fMLP and bFGF. Figure 1-C shows the
effect of anti-HMGBL antibodies on £MLP- and HMGB1-
induced migration. The aglterisk (%) indicates
treatments where the migratoxry regponse was
statistically different from the control beyond the
»=0.0001 limit in Student’s test. Figure 1-D shows the
concentration-dependent migratory response of RSMC to
HMGB1 expreassed in yeast (Pichia pastoris).

Figure 2_‘shows the effect of HMGBL on RSMC
morphology and cytoskeleton organization. Figure 2-A

shows the effect of HMGBl purified from calf thymus or
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expressed in yeast or in E. coli on subconfluent
cultures of RSMC. Actin filaments were visualised using
TRIC-phalloidin. Figure 2-B shows how anti-HMGBL rabbit
antibodies inhibit HMGB1-stimulated cytoskeleton
reorganizatiorn. Resting cells (state 1) exhibit
numerous stress fibers. Nonresting cells (state 2) show
a reorganization of actin cytoskeleton.

Figure 3 shows the chemotactic response of RSMC to
the HMG box domains of HMGBl. Figure 3-A shows the
concentration-dependent response to Box A e Box B, both
expressed in E. coli. Random cell migration is referred
to as 100% migration. The data represent the mean + SD
(n=3) . The statistical significance of the result is
p<0.0001 in a ANOVA model, for both Box A and Box B.
Figure 3-B shows the effects of full-length HMGB1
expressed in E. coli, Box A+B, Box A or Box B on actin
cytoskeleton organization. Actin filaments were .
vigualized uging TRIC-phalloidin.

Figure 4 shows the effects of HMGB1L and its HMG
boxes on RSMC migration into a wound. The value of 100%
corresponds to the number of cells migrating in the
absence of any stimulator (basal migration). The data
repregent the mean + SD (n=5). Statistical significance
is 0.05<p<0.01 for the treatwent with bFGF and full-
length Dbacteria-made HMGBL, 0.01<p<0.001 for the
treatment with Box A and Box B and 0.061<p<0.0001 for
the treatment with calf thymus HMGB1.

Figure 5 shows how HMGBL binds to the surface of
RSMC and stimulates cell motility through RRGE. Figure
5-A shows that large amounts of HMGB1 bind to the

12-
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gurface of RMSC. In figure 5-B RSMC expressing RAGE are
shown. Figure 5-C shows how anti-RAGE antibody inhibite
HMGB1-induced RSMC migration., Statistical significance
is 0.001<p<0.0001 for treatment with HMGBl1 and HMGB1
plus unspecific antibody.

Figure & shows how pertussisg toxin (PT) inhibits
HMGER1-induced RSMC migration and actin cytoskeleton
reorganization. In figure 6-A chemictaxis assays
performed using modified Boyden chambers are shown. The
value of 100% ccrresponds to basal cell migration in
the absence of any stimulator; the data represent the
mean + SD. Figurs 6-B shaows eviaent cytoskeleton
reorganization, actin filaments were visualised using
conjugated TRITC-phalloidin.

Figure 7 demostrates that the MAP kinase pathway is
involved in HMGB1l signaling. Cells dre stained wilth
gpecific antibody against phosphorylated ERK1/2 and
DARPI, and a separate sample of cells is stained with
YRITC-phalloidin to visualize the reorganization of the
cytoskeleton.

Figure 8 shows that FMGBL is released by necrotic
and damaged cells. Figure 8-A shows the wresults of

Western-nlot analysis of proteins released by necrotic

Jor permeabilized HeLa; HMGBlL presence is evident in

line 1 and line 3. Figure 8-B shows the results of
immunofluorescence assays performed on necrotic and
living HeLa.

"Figure 9 shows that HMGBL is present in the nucled
of endothelial cells, but not in those of vascular SMC.

In figure 9-A and in figure 9-B it is shown that HMGB1

13-
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is present in the nuclei of endothelial cells but it is
not detectable in the nuclei of vascular smooth muscle
cell of a section of human pancreatic artery stained
with —anti-HMGBL antibody and counterstained with
ematoxylin, ab low (A) and high (B) magnification. The
red ffames indicate the location of the area shown  in
figure B and the arrows point to the nuclei of SMC. In
figure 9-C Western blot analysis shows expression level
of HMGB1 in RSMC in compsrison to Hela cells.

Figure 10 shows the chemotactic effect of HMGRI on
mouse embryonic fibroblasts in chemotaxis assays
performed wusing modified Boyden chambers, in the
presence or in the absence of anti-RACE antibodies
(1000 ng/ml). The value of 100% corresponds to the
number of cells wigrating in the absence of any
stimulator (random cell migration). The data represent

the mean + 8D (n=3).

Expression and purification of HMGB1 and derivates

In the first step, it has been necesgary to express
and purify IIMGBl and derivales.

Expression of full-length HMGR1 was performed in E.
Coli transformed with pT7-7-rHMGLom plasmid (kind gift
of Prof. J.0.  Thomas, Cambridge University) and
purification was performed following a well-known
protocol (Miller et al., 2001, Biochewmistry, 40: 10254-
10261) .

Expression and purification of full-length HMGB1 in

yeast Pichia Pastoris were performed following a well-
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known prolocol (Mistry et al., 1997, Biotechniques,
22:718-729) .

The well-known plasmids pRNHMG1/M1-V176, pT7HMG1bA
and pT7HMGIbB were used for the expression and
purification of BoxA + BoxB, BoxA and BoxB respectively
following well-known procedures of purification of the
singie and double boxes (Bianchi et al., 1992, EMBO J.,
11: 1055-1063) .

To demonstrate cheémotactic effect of HMGRB1, three
independent cell migration agsays were performed:
chemotaxis assay, chemokinesis assay and in vitro
wounding assay. The functional relationship between
HMGBLl-induced cell migration and morphological changes
(i.e. actin fibers reorganization, cell elongation and
cell’'s shape polarization) of nonresting cells wasg

investigated.

Chemotaxis agsay

Chemotaxis assays were performed using wei]—known
protovols (Degryse et al., 2999, Blood, 94:649-662) .
Modified Boyden chambers were used with filters having
0.5 pm pors size (Corning, Acton, MA) and treated with
collagen I (100 pug/ml din 0.5 M acstic acid) e
fibronectin (10 pg/ml) (Roche). RSMC cells (kind gift
of Dr. bMarco Bertulli, Bayer Resgearch Laboratories,
Milan) were cultured in DMEM serum-free and a sample of
20.000-40.000 celils was added to the upper well of
Boyden.chamber. The molecules to be tested were diluted

in the same serum-free medium and added to the lower
well.
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nifferent HMGB1 preparations were used: HMGBL
purified from calf thymus (kind gift of J. Bernués,
c.8.1.C., Barcelona, Spain) , E. colli expressed
recombinant ~-HMGB1, and a lightly modified HMGB1 form
(containing BAEAYVEF aminoacids bound to the N-
terminus) produced in yeast Pichia pastoris (Mistry et
al., 1997, Biotechniques, 22:718-729). ‘

If necessary, the polyclonal rabbit anti-HMGBIL
(Pharmingen BD, Torrey Pines, CA), the pertussis Loxin
(dT) from Eqrdetella percussig (kind gift of Dr. M.G.
Pizza, I.R.1.S., Siena) or the inhibitors were added in
both wells.

overnight cell migration was allowed at 37°C, then
cells remaining on the upper surface of filters 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 lcast twice
in triplicate.

Results, as shown in figure 1-A, 1-B, 1-C, 1-D, are the
mean + SD of the number of cells countad in 10 high
power fields per filter and expressed as £old over
control. To random cell migration (i.e., wmigration in
the absence of chemoattractant) was given ‘the arbitrary
value of 100%.

Statistical a}nalysis was periormed using Student’s t
test for pairwise comparisons of treatments, or an
ANOVA wmodel for the evaluation of treatments with
increasing doses of a reagent.

HMGBL from calf thymus stimulates migration of RSMC

in a concentration-dependent manner, starting at doses

-16-
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as low as 0.1 ng/ml and with a 2.5-fold maximal
regponse at 100 ng/ml (Figure 1-A), The effect of HMGB1
is comparable in amplitude to the effects of the well-
characterised attractants fMLP and bFGF (Figure 1-B).
Polyclonal antibodies against  HMGB1, but nok
nonspecific control antibodies, totally block the
migratory response (Figure 1C), showing that this is
specifically due to HMGBl. These antibodies fail to
alter the effect of the chemoattractant peptide  fMLP
used as positive control. Similar results are obtained.
with recombinant HMGBl produced in yeast P. pastoris

(Figure 1-D).

Immunofluorescence agsgay

Samples of 15.000-20.000 RSMC, 20-40% confluence,
were seeded on glass coverslips in 2 cm2 wells and
cultured for 24 hours in DMEM plus 10% FCS, washed with
PBS, and cultured for another 24 hours in DMEM without
FC8., RSMC were stimulated with HMGRI 100 ng/wl for
increasing time intervals, from 5 to 120 minutes at
37°C. After stimulation, RSMC were fixed for 20 minutes
at room terﬁperature with a solution of 3%
paraformaldehyde, 2% sucrose in PBS, pH 7.5, Followed
by three washes with PBS-BSA  0.2%. Cells were
permesbilized with 20 mM Hepes pH 7.4, 200 wM
saccharose, 50 wM NaCl, 3 mM MgCl,, 0.5% (v/v) Triton
X-100 for 3 minutes at 4°C, and washed again three
times with PBS-BSA 0.2%. Then, RSMC were incubated with
PBS-BSA 2% for .15 minutes at 37°C, with primary

antibodies for 30 minutes at 37°C, washed three times
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with PBS-BSA 0.2%, and further incubated with PBS-BSA
2% for 15 minutes. At the end, cells were stained with
secondary antibodies and/or phalloidin conjugated with
rodamin for visualization of filamentous actin; in some
cases, DAPI (4',6-diamidino-2-phenilindolo, Roche) was

uged to label the nucleus.

‘After all the subsequent incubation, éoverslips were

washed three times with PBS-BSA 0.2%, twice with
distilled water, mounted with 20% Mowiol in PBS and
analysed on a Axiophot microscope [(Carl Zeiss).
Fluorescence photographs were taken either on T-Max 400
or EPH P1600X film (Eastman Kodak) using Zeiss 40 and
100 neofluar lenses.

Low magnification pictures, in figure 2-A, show
that stress fibers content, cell ghape and size, and
cytoskeleton organization change within 30 minutes, but
reverse after 120 minutes. Higher wmagnification
pictures (figure 2-B) show that before stimulation are
well-visible numerous stress fibers and the cell shape
is a nonpolarized. Within 15-30 minutes, a complete
changs of morpholocy and cytoskeléton organization
occurs: RSMC show an elongated, polarized morphology
that refiected the gpatlal rearrangement of the actin
cytoskeleton. The =affects of HMGBlL slowly decrease:
After 1-2 hours, the stress fiber content increases
back to the initial level and cell morphoiogy returns
eimilar to that of unstimulated control cells.

In certain experiments cells were overnight
pretreated with antibodies c¢r PT or inhibitors. As

shown in figure 2-B, antibodies against HMGBl totally
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inhibit the cytoskeletal <reorganization and the
morphological change of RSMC induced by HMGBL. Control
antibodies are not able to inhibit HMG1 effects.

Finally, to determine whether the obszserved effects
of HMGBl on RSMC actually reflect a dynamic transition
from resting to motile stétes, the proportion of cellsg
in each different state was quantified. Low
magnification pictures were taken and the cells were
clasgified in two states:

- state 1, where cells show the appearance typical
of unstimulated cells characterized by a high number of
stress fibers and a nonpolarized cell shape;

- state 2, where RSMC exhibiting a low stress
fibers content, mewmbrane ruffling, actin semi-rings, ot
an elongated shape.

It is clearly shown in figure 2-C that in

‘unstimulated cultures 60% of the cells are in state 1

and 40% in state 2; within 5 minutes after stimulation,
the proportion of cells in state 2 increases to 60%,
and rose to 80% after 15-30 winutes. One hour after
stimulatior with HMGBI, these proportiong reverse back
to the values of umstimulabted cultures, with 60% of
REMC in state 1 and 40% in state 2. These dats
demonstrate that HMGBlL effects are Lransient and
represent the change from a resting to a migrating
state, these data confirm chemotaxis results: HMGBL is

a chemoattractant for RSMC.

In vitro wounding assay
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Confluent cultures of RSMC, grown on glass coverslips
in 2-om? wells, were washed once with PBS and PFCS-
starved forl 24 hours in serum-free DMEM. Then to
simulate the wound, a single line was made with the tip
of a pipette in the central recion of the monol ayers.,
The so treated monolayers, were washed once with PBRg
and are allowed to recover for 48 hours in serum-free
medium supplemented or not with HMGB1 {100ng/ml) . Then
cells were fixed and stained with TRITC-phalloidin.
Quantification of the wigration was made by taking

photographs at lower magnification and by counting the

‘space. The data represent the mean + SD and the value

100% corresponds to the number of cells migrating in
the absence of any stimulator (basal migration).

As shown in figure 4, HMGB1 stimulation increases
the number of migrating cells by 5-2-fold. Box A and
Box B (10 ng/ml) were also Lested and both stimulate
cell migration 1.8-fold. Finally, the comparison with
bFGF (50 ng/ml] underlines ths: the above mentioned
molecules are more effective. It is possible -“o assume
that wound healing is bzsed on the same gignzling

pathway of chemotaxig and chemokynesis.

Signaling pathway

Afterwards, signaling pathway has been detected.

To act as a migratory signal, HMGBl must arrive to
the membrane of responsive cells and bind to a
receptor. To test whether HMGB1 bhinds to the surface of

RSMC, one million cells were trypsinized and incubated
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for 20 minutes at 4°C in PBS containing 800 ng of the
Box A+B peptide and % pug BSA. The BoxA+BoxB pdlypeptide
is slightly smaller than the endogenous full-length
HMGB1 and can thus be distinguished easily on SDS-PAGE
gels. Then, cells were pelleted and the supernatant was
saved; after two washesg in 500 pl cold PBS, cells were
resuspended in SDS-PAGE sample buffer, heated for &
minutes at 100°C and loaded on 12% tricine-8DS §el
(line P), adjacent to 20 pl of supernatant (line S).
Then, the gel was blotted to a Immobilon filter, which
was stained with India ink.

In figure 5-A a SDS-PAGE gel is shown, from which
the amount of Box A+B recovered in the cell pellet and
in the supernatant can be calculated, and it can be
estimated that more than 500 000 Box A+R molecules bind
to a single RSMC. This result demonstrates that
extracellular IMGBL can bind to RSMC, but most Likely
does mnot reflect the actual receptor number. Indeed,
HMGB1 has already been shown to bind to heparin and
proteoglycans (Bianchi, 1988, EMBC J., 7: 843-849; Nair
and Jungalwala, 1997, J. Neurochem., 68: 1286-1297;
Salmivirta et al., 1992, Exp. Cell Res., 200: 444-451);
thus, HMGBL might also be associated with the
extracellular matrix procduced by RSMC, as already
demonstrated by the inventors in Hele, where only small
amounts of HMGEB1L bind to. cells pecause these cells
produce little extracellular matrix.

HMGB1 has been reported to bind to RAGE that ig
expressed by a vast range of cell types. To demonstrate

that RAGE is present on RSMC mewbrane, one million RSMC
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vere 1yseﬁ in a plate containing SDS-PAGE sample buffer
(50 mM Tris pH 6.8, 2% 2-mercaptoethanol, 4% SDS, 12%
glicerol, 0.05% bromophenol blue), denaturated for 5
minutes at 100°C and separated on 12 % acrylamide.
Separated proteins wers blotted on Immobilon
(Millipore) membrane using a tankblot system 25 mM Tris
pH 7.5, 0.192 M glycine, 20% methanol. The blot was
blocked for one hour at room 'temperature in 5% skim
milk/TBST (20 mM Tris, pH 7.5, 137 mM NaCl, 0.1% Tween
20), three time washed in TBST, and incubated with
anti-HMGRL antibody in TBST-0.01% BSA. Incubation with
secondary antibody was conducted after washing with
TBST-0.01% BSA. Proteins were detected with ECL system
(Amersham) . The presence of RAGE was detected using
anti-RAGE antibody (kind glft of Dr. A.M. Schmidt,
Columbia University, NY). Results shown in figure 5-B
demonstrate that RAGE is present on RS8MC. Furthermore,
HMEB1-induced chemolaxis is not only inhibited by anti-
HMGB1 antibodies but also by anti-RAGE antibodies, as
shown in figure 5-C. Anti-RAGE antibodies block
cytoskeletal reorcanization and morphological changes
of "RSMC in ©response to HMGBL migratory signal;
irrelevant antibodies ara not able to block
cytoskeleton reorganization.

These data indicate that the RAGE receptor is
regquired for the HMGBl-induced responses of RSMC.

Knowing that many chemoattractants act via membrane
receptors associated to heterotrimeric GTP binding
proteins (G proteins), whether G proteins could be

implicated in HMGBl signaling was tested. The pextussis
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toxin (PT) was used because it inhibits a specific
subclass of G proteins, the Gi/o proteins, and it
reveals their invelvement in the signaling pathway
(Baggiolini et ~al., 1994, Adv. Immunol., 55:97-179;
Haribabu et al., 1999, J. Biol. Chem., 274:37087-
37092). mPT, an inactive mutant of PT, was used as a
control., RSMC were pre—treated with PT or with mPT (50
ng/ml) for 6 hours, thus stimulated with HMGR1 (100
ng/ml), BoxA or BoxB (10 ng/ml) for 30 minutes.
Chemotaxis assays were performed as previously
described. The data represent the mean + 8D and the
value of 100% corresponds to basal migration in the
absence of any stimulator. In figure 6-A the inhibitory
effect of PT on HMGBl-induced chemotaxis is shown.
These data suggest the involvement of Gi/o proteins in
the signaling pathway controlled by HMGBL. In figqure 6-
B the cytoskeleton reorganization is shown, actin
filaments were visualised as previously desgcribed.
Afterwards, whether the HMGB1 -induced signaling
involves the MAP kinase pathway, was investigated; in
fact, it is known that these proteins are activated by
RAGE, and they have & direct role in the regulation of
the intracellular motility machinery. RSMC were pre-
treated with PD98053 (50 mM) for one hour or were not
pre-treated, stimulated for 20 minutes with HMGBL from
calf thymus (100 ng/ml}) and etained with specific
antibodies against phosphorylated ERK1/2 (New England
Biolabs, Beverly, MA) and DAPL. A separate sample of
cells was stained with TRITC-phalloidin teo visualize

the reorganization of cytoskeleton. In figure 7 is
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shown how, within 30 minutes, HMGBLl stimulation induces
the activation of ERKL/2 proteins in RSMC and induces
their nuclear translocation; in contrast,
vhogphorylated ERK proteins are hardly detectable and
located in the cytoplasm, in unatimulated RSMC.
Moreover, PD98059, the selective inhibiﬁor of MEK, the
upstream regulator of ERK, inhibits HMGBl-induced ERK
phosphorylation and nuclear translocation, as well as
RSMC  migration and citoskeleton  reorganization.
Consecuently, thase data show that the MAP kinase

pathway plays an essential role in HMGBl-induced cell

migration.

Induction of cell damage

Considering the state of the art, has been detected
whether damaged cells or cells undergoing necrosis
could release IMGBl in the extracdellular medium.

HeLa cells and HUVEC were induced to undergo
necrogis by treatment with 5 pM ionomycin (Sigma) and
20 pM CCCP, or mM deoxyglucosz and 10 mM sodium azide.
After 16 hours a: a 27°C, the nuuwber of cells
undergoing necrosis was scored morphologically, and
when it approached 50% the supsrnatant was collected.

For Western blot analysis, the medium from treated
and untreated cells was collected and concentrated 50-
fold using Amicon Ultralree-MC fillers; the cells were
dissolved in Lhe SDS-PAGE sample buffer.

For dimmunoflucrescence analysis, the cells were
fixed withl 4% APFA, incubated with an anti-HMGB1

antibody, and stained with secondary antibody and DAPI.
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The permeabilization of cells was performed with using
0.1% NP-40 in PBS. '

In figure B—A,VWestern~blot analysis of protein in
supernatantg (S) and cell pellets (P} is represented,
HMGB1 was recovered in the supernatant of both necrotic
cells and “damaged cells. In figure 8-3
immunofluorescence assays performed on single living
and necrotic HelLa ig shown, HMGBl is not associated to
the remnants of necrotic cells,

In figure 9 the results of immunohistochemistry
assays are shown, these data confirm that HMGBl is
contained in the nuclei of endothelial cells that line
human arteries but not in the nuclei of RSMC (figure 9-
A low magnification; figure 9-B high magnification), in
fact, most muaclei of smooth wmuscle cells contain
undetectable amounts of HMGBL (frame in Figure 9-B). In
figure 9-C, Western-blot analysis shows the expression
level of HMGR1 in RSMC in comparison to HeLa cells, and
it demonslralbes that in vitro cultures of RSMC contain
low amounts of HMGRI in comparison to HeLa cellg.

Altogether, these data suggest that the HVERL
molecules that signal to wvascular smooth muscle calls
may originate simply by necrosis or mechanical damages
of ‘nearby cells.

In conclusion, the above mentioned experimental
data, foundations of the present invention, demonstrate
that nuclear HMGBL protein is a strong wmediator of
vascular remodeling occurring after mechanical damage
and/or inflammation and can be passively released by

damaged or necrotic cells.
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In particular these data suggest whal follows:

HMGB1 ACT AS N CHEMOATTRACTANT

HMGBLl ie a potent chemcattractant as hFGF or f£MLP
in chemotaxis agsays and wounding assays, and promotes
changes of cell shape and of cytoskeleton organization
similar- to those observed with pro-urokinase; these
effects are specifically due “to HMGBlL and not to
potential contaminants. In addition, antibodies
directed against HMGBL inhibit its effects on cell

migration, whereas nonspecific control antibodies are

unable to do so.

BINDING TO RAGE INITIATES THE HMGB1 SIGNALING PATWAY TN
RSMC

The above reported experiments show tnat RAGE is
expressed in RSMC, and anti-RAGE antibodies inhibit the
effect of HMGB1 on RSMC.

Tt was confirmed that MAP kinases are involved in
HMGB1-induced cell migration of RSMC, since ERKL1/2 are
phosphorylated and translocated to the cell nucleus
upon: HMGB1 stimuiation, and the MEK inhibitor PD3E059
iz able to block EMGBIl-induced cell migration. Data
also indicate that a Gifo protein is involved in the
process which 1s activated by HMGBL, since HMGBL-
induced cell migraticn can be blocked by Bordetslla
pertussis toxin. G protein are usually associated to
seven~trasmembrane—elix receptors (7TM), but so far no
dirsct association between RAGE and G protein has been

described. Up to now, it is unknown if HOMGBL need ro
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bind a 7TM receptor/G proteiln receptor in addition to
RAGE, or if a G protein is involved downstream tc RAGE,

or in a feedback mechanism.

HMGBL PARACRINE FUNCTION

HMGBl is released in a unregulated manner, which means
upon stimulation with cytokines or lipopolysaccharide,
when cells are mechanically damaged or undergo
necrosis. Thus, HMGBL can signal the damage or
destruction of an individuel cell to the neighbouring
cell in a paracrine wanner. The cells that respond to
extracellular HMGBLl appear to contain Very little HMGBL
themselves, and almost none in the nucleus. RSMC
contain very little HMMGBL cowpared with HeLa cells or
endothelial cells, and what little HMGB1 they contain
is mainly located in the cytoplasm. Migrating RSMC tend
to concentrate HMGBL on their surface at the leading
edge of the cell. It can be supposed that HMGRI-
responsive cells could contain little HMGB1 to reduce
the chance of inapproprizte responses to their own
ﬁMGBl. Concentration of HMGBL at the leading edge of
migrating cells might evoke HMGBL-induced reégponges in
neighbouring celle: relocation of molecules involved in
cell migration, such as integrins, “he urokinase
receptor, or c¢-Src, 1is a feature of motile RSMC.
Migration also involves the activation of extracellular
proteases, and the interaction between HMGBL and the
plasminogen activation system might facilitate cell

migration within the extracellular matrix.
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ROLE OF HMGB1l IN VASCULOPATHIES

The responsiveness of smooth muscle cells to HMGB1,
the observation that endothelial cells contain high
amounts of HMGB1 while wvascular SMC contain little, and
the release of HMGBL from cells undergoing mechanical
damage, all the above results point to a possible role
of. HMGBR1 during the tissue remodeling occurring in
atherosclerosis and restenosis.

The above specified experimental results permitted
to identify the molecules, object of the invention,
able to inhibit the interaction between HMGBL and RAGE
receptor; these molecules are classified, considering
their structural and functional characteristics, as
follows:

1. IMGB1l antagonists: HMGBL fragments, HMG  box
analoguesg, which can be more effective than the entire
full-length molecule, and proteins containing EMG box
domaing, the last two are both able to bhind to RAGE
receptor.

2. UMGB1 inhibitors: woleculeg, ag antibodies or
antibody fragmente and four-way DNA, which bind to HMG
box domain and avoid HMGBL1 binding to RAGE.

These molecules are acivéntageously used for
pharmaéo]_ogical preparation which prevent, retard or
minimise atherosclerosis and/or restenosis after
vascular epithelium damages, including those events
that occur after angioplasty.

Furthermore, the inventors of the present invention
demonstrated that HMGBL hzs a strong biological effect

on mouse enbryonic fibroblasts. It is well known that

-28-




WO 02/074337 PCT/IT02/00153

10

15

20

25

30

ra
wh

fibroblasts are the main cellular components of
connective tissues and they are responsible For the
synthesis and upkeeping of the commective extracellular
matrix. More particularly, HMGBL acts in vitro as a
potent chemoattractant for fibroblasts and anti-RACGE
antibodies block said effect.

Consequently, every kind of molecules haviﬁg
homology with HMGB1 can be used, as the entire full-
length protein, for the preparation of pharmacological
agents which positively regulate, thus facilitate
and/or induce cellular migration of fibroblasts. In the
game way, every kind of molecules able to block the
interaction between HMGB1 and its RAGE receptor (i.e.
all the molecules belonging to the inhibitors group:
antibodies or antibodies fragments, four-way DNA; ana
all the molecules belonging to the HMG box-antagonists
group: HMGBl fragments, molecules containing the HMG
box domain) can efficiently be usged for the production
of pharmacological agents in order to avoid, retard or
reduce connective tissues regeneration.

An additional aim of the present invention ig the
use of HMGBL, HMGBL fragments corresponding to HMG box,
HMG box domains of other proteins helonging to the HMG-
box family and other proteins of the HMG-box family,
for the preparation ocf therapeutic agents which
facilitate and/or induce fibroblasts migration and
consequently positively regulate connective tissues
regeneration.

Tts is an integral part of the present invention

the use of all the wmoleculesg, antagonists and/or
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inhibitors, which inhibit the interaction between HMGBL
and RAGE receptor, for the preparation of therapeutic
agents which reduce, retard, and avoid connective

tissues regeneration, as focused by the following

experiments.

Chemotaxis assay on fibroblasts

Chemotaxis assays were performed using well-known
protocols (Degryse et al., 1999, Blood, 94:649-662) ,
Modified Boyden chambers were used with filters having
0.5 pm pore size (Corning, Acton, MA) and treated with
collagen I (100 pg/ml din 0.5 M acetic acid) and
fibronectin (10  pug/ml) (Roche) . Mouse embryonic
fibroblasts were cultured following well-known
protocols (Calcgero et al., 1999, Nat. Genet,, 22:276~
280) and after 24 hours of serum starvation, a sample
of 20.000-40.000 cells was added to the upper well of
Boydenychambér. E. Coli expressed recombinant-HMGBL was
diluted in the same serum-free medium and added to the
lower well.

Anti-RAGE antibodies (1000 ng/ml) (kind gift of Dr.
AM. Schimdt, Columbia University, N¥) were added in
both wells.

Overnight cell migration was allowed at 3'7°C, then
cells remaining on the upper surface of filters were
scraped off and filters wesre fixed in methanol and
stained in a solution of 10% crystal violet in 20%
methanol. All experiments were performed at least twice

in triplicate.
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Results, as shown in figure 10 are the mean + 8D of
the number of cells counted in 10 high power fields per
filter and expressed as fold over untreated control. To
random cell migration (i.e. migration in absence of
chemoattractant) was given the arbitrary value of 100%.
Statistical analysis was performed using an ANOVA model
for the evaluation of treatments with increasing doses
of a reagent.

E. Coli expressed recombinant-HMGBl stimulates
fibroblasts migration in a concentraticn-dependent
manner, starting at doses as low as 0,1 ng/ml and with
a maximal response at 100 ng/ml, at higher doses (1000
ng/ml) the response is lower than the control. Anti-
RAGE antibodies (1000 ng/ml) totally block the
migratory response (right side of the graphic of figure

10} showing that this is specifically due to HMGBIL.

ROLE OF HMGB1 IN THE REGULATION OF CONNECTIVE
TISSUE REGENERATION.

The responsiveness of fibroblasts to HMGBL points
out to a possible role of HMEBL during connective
tissues remodelling occurring afier damages due to
traumstic eventg or surgery. Moreover, the fact that
anti-RAGE antibodies block said response demonstrates
that the interaction between HMGBL and RAGE receptor on
cellular surface 1is the basic event leading to
fibroblast sensitiveness to HMGR1.

In conclusion:

- HMGBl and/or HMGBL fragments corresponding to HMG

box, HMG box domains of other proteins belonging to
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HMG-box family and other proteins of the HMG-box family
are advantageously usged for pharmacological
preparations which positively regulate, i.e. facilitate
and/or induce connective tissues regeneration.

- every kind of molecules able tc inhibit the
interaction between FMGR1 and RAGE, belonging to the
antagonists group, {(able to bond to RAGE reéeptor), anc
belonging to the inhibitors groun, (i.e. able to bound
the HMG box domain blocking HMGBL bounding to RAGE
receptor) are advantageously used for pharmacological
preparations which regatively regulate, i.e. bhlock,

retard or reduce connective tissues regeneration.

-32-




27 Feb 2008

2002247977

10

15

20

25

29

The claims defining the invention are as follows:

1. A method of treating vascular diseases excluding the
consequences of diabetes, said method comprising administering

to a subject an HMG box-binding molecule.

2. The method according to claim 1, wherein said molecule is
selected from an antibody, an antibody fragment, an inhibitor

or four-way DNA, but is not sRAGE.

3. A method of treating vascular diseases excluding the
consequences of diabetes, said method comprising administering
to a subject an antagonist molecule having sequence homology
with HMG box, not including sRAGE, and being able to bind the

functional HMG box binding domain of RAGE receptor.

4. The method according to any one of the preceding claims,
wherein said vascular disease comprises atherosclerosis and/or

restenosis that occurs during angioplasty.

5. The method according to any one of the preceding claims,
wherein said molecule is released by a catheter, a surgical

instrument or a stent for angioplasty.

6. A method of promoting connective tissues remodelling, said
method comprising administering to a subject an HMGBl and/or
HMGB1 fragment corresponding to HMG box, an HMG box domain of
any other protein belonging to HMG-box family, or any other

protein of the HMG-box family.

7. A method of treating wounds, burns or bedsores, or any
combination thereof, said method comprising administering to a

subject an HMG box-binding molecule.

8. The method according to claim 7, wherein said molecule is
selected from an antibody, an antibody fragment, an inhibitor

or four-way DNA.
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9. A method of reducing connective tissues remodelling, said
method comprising administering to a subject an antagonist
molecule having sequence homology with HMG box and being able

to bind the functional HMG box binding domain of RAGE receptor.

Dated: 27 February 2008
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