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Long pentraxin PTX3 functional derivatives for preparing an
autologous vaccine for the treatment of tumours

The invention described herein relates to analogues of the long
pentraxin PTX3 (PTX3) and their use for the preparation of a vaccine for
the treatment of tumours.

The spontaneous activation of a response of the immune system
against a tumour is often ineffective. The tumour, in fact, is capable of
concealing itself from host’s immune system through reduced expression
of its own antigens or through the ineffective presentation of said
antigens. It is known that both the class I major histocompatibility
complex (MHC I) and molecules with co-stimulatory activity such as
CD80 and CD86 are poorly or not all expressed by tumour cells. The
tumour, moreover, is capable of secreting cytokines with an
immunosuppressive activity such as IL-10 and TGFB, the function of
which is to de-energise lymphocytes activated against associated tumour
antigens. On the whole, the tumour induces a state of immunological
tolerance in the host. The aim of vaccine therapy for cancer is to disrupt
this state of tolerance and activate an immune response against the
tumour.

The methods of cancer vaccine therapy involve the use of tumour
cells modified, for example, by cytokines, by co-stimulatory molecules,
bacteria or toxins, for the purposes of modifying the tumour cells and
making them recognisable or capable of being processed by the immune

system.
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PTX3 is a protein which is expressed in various cell types (Bottazzi
et al.,, J. Biol Chem; 272: 32817-32823, 1997) particularly in
mononuclear phagocytes and endothelial cells, after exposure to the
inflammatory cytokines, Interleukin 1 beta (IL-1 beta) and Tumour
Necrosis Factor alpha (TNF-alpha).

This protein consists of two structural domains, an N-terminal
unrelated to any known molecule, and a C-terminal similar to the short
pentraxins such as C-reactive protein (CRP).

The PTX3 gene is located on mouse chromosome 3, in a region
similar to the human region 3q (q24-28), in agreement with the
documented 106ation of hPTX3 in the region 3q 25.

In addition, mouse PTX3 (mPTX3) (Introna M. et al.,, Blood 87
(1996, 1862-1872) is very similar to hPTX3 on the basis of its
organisation, location and sequence (Breviario F. et al., J. Biol. Chem.
267:22190, 1992).

In particular, the degree of identity between the sequences is 82%
between the human gene and the mouse gene, and as much as 92% if
the conservative substitutions are considered.

The high degree of similarity between the sequence of hPTX3 and
that of mPTX3 is a sign of the high degree of conservation of the
pentraxins during evolution (Pepys M.B., Baltz M.L., Adv. Immunol:
34:141, 1983).

For a review of the pentraxins, see H. Gewurz et al., Current Opinion

in Immunology, 1995, 7:54-64.

Previous uses of PTX3 are already known.
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In W099/32516, filed in the name of the applicant, the use of long
pentraxin PTX3 is described for the therapy of diseases of an infectious,
inflammatory or tumoral type. In WO99/32516 a gene therapy method is

described in which the anticancer activity of PTX3 is described.

US patent 5767252 describes a growth factor of neuronal cells
belonging to the pentraxin family (see also the literature cited therein). This

patent refers to the neurobiology sector.

To date the use of PTX3, or its analogues, for the preparation of a
vaccine for the treatment of tumours has never been described.

It is well known in the medical field that there is a need for the
availability of new vaccines for the treatment of tumours.

It has now been found that the derivatives of the long pentraxin
PTX3 lend themselves to use for preparing a vaccine for the treatment of

tumours.

The object of the invention described herein is therefore a derivative of
murine PTX3 with amino-acid sequence Seq. Id. No. 1.

A further object of the invention described herein is a derivative of
murine PTX3 with amino-acid sequence Seq. Id. No. 2.

A further object of the invention described herein is a derivative of
human PTX3 with amino-acid sequence Seq. Id. No. 3.

A further object of the invention described herein is a derivative of
human PTX3 with amino-acid sequence Seq. Id. No. 4.

A further object of the invention described herein is a derivative of
murine PTX3 biotinylated at random, with 1-100 molecules of biotin per

single protein of PTX3, with amino-acid sequence Seq. Id. No. 5.
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A further object of the invention described herein is a derivative of
human PTX3 biotinylated at random, with 1-100 molecules of biotin per
single protein of PTX3, with amino-acid sequence Seq. Id. No. 6.

A further object of the invention described herein is a Murine PTX3
cDNA having sequence Seq. Id. No. 7.

A further object of the invention described herein is a Murine PTX3
cDNA having sequence Seq. Id. No. 8.

A further object of the invention described herein is an autologous
vaccine containing inactivated tumour cells of a solid or haematological
tumour, bearing on their surface a derivative of PTX3 with amino-acid
sequence Seq. Id. No. 1-6, and possibly an adjuvant.

A further object of the invention described herein is a procedure for
preparing an autologous vaccine, consisting of the following stages:

- taking tumour cells, by means of known methods, from a
patient suffering from a solid or haematological tumours;

- inactivation, in vitro, of the tumour cells by means of
known methods, e.g. radiation, in order to inhibit their proliferative
ability;

- treatment of the inactivated tumour cells with liposomes
of the lipid chelating agent NTA-DOGS, as described in the
experimental part here below;

- further treatment of the tumour cells with a derivative of PTX3
with amino-acid sequence Seq. Id. No. 1, 2, 3 or 4, in order to bind
said derivative of PTX3 to the membranes of said tumour cells, which

are used for the therapeutic vaccination.
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A further object of the invention described herein is a process for
preparing an autologous vaccine consisting of the following stages:

- taking tumour cells from a patient suffering from a solid
or haematological tumour;

- inactivation, in vitro, of the tumour cells by means of
known methods, e.g. radiation, in order to inhibit their proliferative
ability;

- biotinylation of the inactivated tumour cells and
incubation of said cells with avidin, as described in the
experimental part here below;

- binding of a derivative of biotinylated PTX3, with amino-
acid sequence Seq. Id. No. 5 or 6, to the membranes of the
tumour cells in the previous stage, which are used for the
therapeutic vaccination.

A further object of the invention described herein is the use of a
vaccine prepared with the procedures outlined above for the preparation of
a medicine which can be administered, for instance, by the subcutaneous,
intravenous or intra-lymph-nodal routes for the treatment of tumours.

A further object of the invention described herein is the use of a
derivative of PTX3 with amino-acid sequence Seq. Id. No. 1-6, bound to the
surface of the inactivated tumour cells of a solid or haematological tumour,
for the preparation of an autologous vaccine which can be administered by
the subcutaneous, intravenous or intra-lymph-nodal or other routes for the

treatment of tumours.
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A further object of the invention described herein is the use of a
vaccine, prepared with a derivative of PTX3 with amino-acid sequence Seq.
Id. No. 1-6, in which said derivative is bound to the surface of the
inactivated tumour cells of a solid tumour, for the preparation of a
medicine which can be administered by the subcutaneous, intravenous,

intra-lymph-nodal or other routes for the treatment of tumours.

The tumour vaccine according to the invention described herein
may contain one or more adjuvants that induce a non-specific immune
response.

Examples of adjuvants are Freund’s complete adjuvant, Freund’s
incomplete adjuvant, bacterial preparations such as, for example, BCG,
preparations of bacterial components such as tuberculin, naturally-
occurring macromolecular substances such as mannan yeast, alum,
synthetic adjuvants such as “Titer Max Gold” and the like.

Other adjuvants can obviously also be used.

The vaccine according to the invention can be inoculated in either

the presence or absence of the adjuvant.

The following examples further illustrate the invention.

Engineering of PTX3 cDNA for the production of recombinant

protein containing a 6 histidine domain.

Murine PTX3 cDNA (Introna M. et al., Blood 87 (1996) 1862-1872)
was modified by the introduction of a sequence of 18 nucleotides coding for
6 histidines between the signal peptide and the N-terminal domain of PTX3.
The insertion of the 18 nucleotides in the open reading frame (ORF) of PTX3

was obtained using the recombinant PCR techniques described in
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Recombinant PCR (Russel Higuchi, PCR Protocols, edited by M. Innis, D.H.
Gelfand, J.J. Sninsky, T.J. White, 1990, San Diego USA) (Figure 1).

Murine PTX3 c¢DNA thus modified (Seq. Id. No. 7) was cloned in the
plasmid expression vector pcDNA 3.1 (Invitrogen) using the EcoRI and Xbal
restriction sites (Ausubel F.M. et al., 1987, Current Protocols in Molecular
Biology, Wiley Interscience, New York). This plasmid vector was called
pPTX3/hisl.

Similar PCR techniques to those mentioned above were used to
introduce the 18 nucleotides coding for 6 histidine at the C-Terminal end
of murine PTX3 cDNA (Figure 1). The murine PTX3 cDNA thus modified
(Seq. Id. No. 8) was cloned in the plasmid expression vector pcDNA 3.1
(Invitrogen) using the restriction sites EcoRI e Notl. The plasmid vector

was called pPTX3 /his2.

Production and purification of derivatives PTX3/hisl and
PTX3/his2

The plasmid vectors pPTX3/hisl and pPTX3/his2 were used for the
transfection of COS7 cells with lipofectamine 2000 (Invitrogen) (Ciccarone
et al., 1999 FOCUS 21, 54). After transfection with one of the two plasmids,
these cells release an amino-acid sequence of the murine recombinant
PTX3 into the culture medium (DMEM GIBCO) (the plasmid vector
pPTX3/hisl codes for Seq. Id. No. 1, while plasmid vector pPTX3/his2
codes for Seq. Id. No. 2) recognised both by anti-PTX3 antibodies and by
anti-histidine antibodies (Quiagen) (Figure 2). In the transfections of COS7
cells with the plasmid pPTX3/hisl, the protein produced (Seq. Id. No. 1)

was called PTX3hisl. Likewise, in the transfections of COS7 cells with
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plasmid pPTX3/his2, the protein produced (Seq. Id. No. 2) was called
PTX3his?2.

PTX3hisl and PTX3his2 were purified by affinity chromatography,
using Amersham Pharmacia Biotech columns (Histrap Kit). The passage of
the dialysed supernatant of COS-7 cells transfected with one of the two
vectors and the subsequent elution of the protein with a discontinuous
gradient of imidazole from these columns, permits the recovery of
approximately 60-80% of the recombinant PTX3 produced.

The protein PTX3his1 shows an ability to decamerise (Figure 3a) and
bind Clq (Figure 3b) in a similar way to that described for the naturally
occurring protein of PTX3.

Likewise it is possible to prepare human recombinant PTX3
(sequences Seq. Id. Nos. 3 and 4), starting from cDNA of human PTX3
(Breviario F. et al., J. Biol. Chem. 267:22190, 1992).

Production and purification of naturally occurring murine PTX3

to be used for biotinylation.

Murine PTX3 cDNA (Introna M. et al., Blood 87 (1996) 1862-1872)
was subcloned in the expression vector pcDNA 3.1 (Invitrogen) e
subsequently transfected in COS7 cells using lipofectamine 2000
(Invitrogen) (Ciccarone et al., 1999 FOCUS 21, 54).

The recombinant protein thus obtained was purified from the
culture supernatant of the COS7 cells by means of affinity
chromatography, using an anti-PTX3 monoclonal antibody conjugated to
protein G, with the procedure described by Bottazzi et al., J. Biol. Chem.
272(52):32817-32823, 1997.



10

15

25

WO 03/072603 PCT/IT03/00104
9

Likewise, it is possible to prepare the human recombinant PTX3
protein starting from the expression of human cDNA in COS7 cells
(Breviario F. et al., J. Biol. Chem. 267:22190, 1992).

Biotinylation of naturally occurring PTX3 protein and the
membrane proteins of tumour cells

Biotin is a 244-dalton molecule capable of binding avidin and
streptoavidin molecules with high affinity. Biotin was bound to amino-acid
residues of human and mouse PTX3, or proteins of cell membranes of
inactivated tumour cells using the chemical derivative NHS-LC-Biotin
(PIERCE) (Altin et al., Anal Biochem 224: 382-389, 1995). The binding of
biotin molecules both to the membranes of tumour cells and to
recombinant PTX3 protein makes it possible to anchor PTX3 to the tumour
cell. The molecules of avidin added to the mixture of PTX3 and tumour cells
act as a molecular bridge between the biotins present on the cell membrane
and those bound to the PTX3 amino acids.

Modification of the P815 tumour cell membrane with liposomes
of the lipid chelating agent NTA-DOGS.

The lipid chelating agent NTA-DOGS (Avanti Polar Lipids Inc.) was
prepared as a liposomal supension with liposomes with a mean diameter of
approximately 500 nm. As a result of the fusion of the liposomes with the
cell membranes of murine P815 mastocytoma cells, NTA-DOGS is
intercalated in the lipid bilayer via its hydrophobic portion and exposes, on
the cell surface, the polar head of nitrolotriacetic acid capable of binding
any peptide or protein containing 6 histidine domains (Broekhoven et al..

2000 J. Immunology 164: 2433-2443). The efficiency of incorporation of the
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lipid chelating agent in the bilayer of the membrane of the P815 tumour
cell line was measured using a 6-histidine peptide conjugated to a biotin
molecule. FACS (fluorescence activated cell sorter) analysis of the P815
cells treated with liposomes of NTA-DOGS (P815-NTA), with the biotinylated
peptide and lastly with fluorescinated streptoavidin, revealed an
approximately 100-fold increase in the fluorescent signal compared to
controls (P815 treated with the biotinylated peptide alone).

The protein PTX3/hisl is capable of binding to the membrane
surface of tumour cells treated with liposomes of the lipid chelating
agent NTA-DOGS.

The protein PTX3/his 1 purified from the supernatant of COS-7
cells and incubated with P815-NTA cells is capable of binding to their
membrane surface. FACS analysis of P815-NTA cells using anti-PTX3
antibodies revealed a 10-fold greater fluorescent signal than P815
controls not treated with the recombinant protein (Figure 4). This result
confirms that binding of PTX3/hisl to the P815 cell membrane has

taken place.
EXAMPLE 1

Preparation of an autologous anticancer vaccine by means of

the use of a derivative of PTX3 with amino-acid sequence Seq. Id. No.

1, 2, 3 or 4, bound to tumour cells

A) Tumour cells (10-100 million) are taken, by means of

known methods, from a patient suffering from a solid tumour.



WO 03/072603 PCT/IT03/00104
11

B) These tumour cells are inactivated with known methods,
in vitro, in order to inhibit their proliferative ability, for example by
radiation.

C) The inactivated tumour cells are treated with liposomes of

5 the lipid chelating agent NTA-DOGS (50-250 pM).

D) The tumour cells are further treated with a derivative of
PTX3 (50-500 pg/ml) with amino-acid sequence Seq. Id. No. 1, 2, 3
or 4, in order to bind said derivative of PTX3 to the membranes of
said tumour cells.

10 E) An aliquot of tumour cells thus modified is subjected to
FACS analysis to verify the presence of the PTX3 derivative on
their membranes.

F) The modified tumour cells, with the PTX3 derivative
bound to the membranes, are inoculated into the patient from

15 whom they have come (autologous vaccine) by means of
administration via the subcutaneous, intravenous, intra-lymph-
nodal or other routes.

EXAMPLE 2

Preparation of an autologous anticancer vaccine by means of

20 the use of a PTX3 derivative with amino-acid sequence Seq. Id. No. 5

or 6, bound to tumour cells

a) The tumour cells (10-100 million) are taken, by means of

known methods, from a patient suffering from a tumour.
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b) These tumour cells are inactivated, by means of known
methods, in vitro, in order to inhibit their proliferative activity, for
example, by radiation.

c) The inactivated tumour cells are subjected to
biotinylation (100-1000 biotins/cell).

d) The biotinylated tumour cells are incubated with avidin
(10-100 pg/ml).

e) To the cell membrane of the tumour cells incubated with
avidin (as in para. “d”) is bound a biotinylated PTX3 derivative (50-
500 pg/ml) with amino-acid sequence Seq. Id. No. 5 or 6.

f) The modified tumour cells with the PTX3 bound to the
membranes (as in para. “€”) are inoculated into the patient from
whom they have come (autologous vaccine) by means of
administration via the subcutaneous, intravenous, intra-lymph-
nodal or other routes.

EXAMPLE 3

The subcutaneous inoculation, in syngenic mice, of P815 cells
modified ex-vivo with PTX3 on the cell membranes induces a significant
reduction in the tumour growth rate.

As a model for the in-vivo study, the murine mastocytoma P815 line
was used, to which the modified PTX3 was bound. The aim of the
experiment was to assess the frequency of rejection or any reduction in the
growth rate of the modified tumour compared to controls not treated with

PTX3/hisl.
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Syngenic DBA2J mice were inoculated subcutaneously with 1 x 105
P815 cells bearing the protein PTX3/his1 on the cell membranes.

The results obtained, reported in Table 1, show that the tumour cells
modified by the presence of the PTX3/his]1 protein on their membranes, in
DBA2J mice, grow more slowly than untreated parental cells or parental
cells treated only with the lipid chelating agent NTA-DOGS.

Preliminary data obtained in further experiments show that the
vaccine according to the present invention stimulates an immunogenic

response against the tumour which the modified cells come from.
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Animal 13 days |15 days 17 days 20 days 22 days N. of
groups mean * mean * mean + mean + mean * animals/
sd (mm?3) |sd (mm3) |sd(mms) |sd(mm3) |sd(mm?3) group
P815 330.2 +/-1599.5 +/-|956.8 +/-|1422.8 +/-12325.1 +/-|10
182.5 278.7 391.4 530.8 1056.0
PS15+NTA- | 355.9+/- |420.4+/- |626.8+/- [851.7+/- |967.1+/- 9
DOGS+PTX [222.8 362.4 434.2 590.5 519.4
3hisl
P815+NTA- |379.1+/- |628.9+/- |1198.3+/- |1644.7+/- |2122.9+/- 7
DOGS 207.2 291.6 436.4 893.6 581.8
Legend to Tablel

DBA2J mice were inoculated subcutaneously with 1x105 murine P815
tumour cells. One group of animals (n = 7) was inoculated with P815 cells
modified by treatment with liposomes of NTA-DOGS (P815 + NTA-DOGS). A
second group of animals (n = 9) was inoculated with P815 cells treated with
the lipid chelating agent and with PTX3/hisl (20 ug/ml) (P815 + NTA-
DOGS + PTX3/hisl). A third group of animals (n = 10) was treated with
parental P815 cells (P815). Tumour sizes were measured in the three weeks
following inoculation of the cells on the days indicated in the table, by
direct measurement with a Vernier calliper. The calculation of tumour size
in mm3 was done using the formula [(width? x length)/2].
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CLAIMS

Derivative of murine PTX3 with amino-acid sequence Seq. Id. No. 1.
Derivative of murine PTX3 with amino-acid sequence Seq. Id. No. 2.
Derivative of human PTX3 with amino-acid sequence Seq. Id. No. 3.
Derivative of human PTX3 with amino-acid sequence Seq. Id. No. 4.
Biotinylated derivative of murine PTX3 with amino-acid sequence Seq.
Id. No. 5.

Biotinylated derivative of human PTX3 with amino-acid sequence Seq.
Id. No. 6.

Murine PTX3 cDNA having sequence Seq. Id. No. 7.

Murine PTX3 cDNA having sequence Seq. Id. No. 8.

Autologous vaccine containing inactivated tumour cells of a solid or
haematological tumour, bearing on their surface a derivative of PTX3

according to claims 1-6.

10) Vaccine according to claim 9, which additionally contains an adjuvant.

11) Procedure for the preparation of an autologous vaccine, consisting of

the stages of:
- taking samples of tumour cells (10-100 million) from a patient
suffering from a solid or haematological tumour;
- inactivation, in vitro, of the tumour cells, for example, by radiation,
in order to inhibit their proliferative ability;
- treatment of the inactivated tumour cells with liposomes of the lipid

chelating agent NTA-DOGS;
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- further treatment of the tumour cells with a derivative of PTX3 (50-
500 pg/ml) with amino-acid sequence Seq. Id. No. 1, 2, 3 or 4, in
order to bind said derivative of PTX3 to the membranes of said
tumour cells.

Procedure for preparing an autologous vaccine, consisting of the stages

of:

- taking samples of tumour cells (10-100 million) from a patient
suffering from a solid or haematological tumour;

- inactivation, in vitro, of the tumour cells by means of known
methods, for example, radiation, in order to inhibit their ability to
proliferate;

- biotinylation of the inactivated tumour cells with 100-1000
biotins/cell, and incubation thereof with avidin;

- binding of a derivative of biotinylated PTX3 (50-500 pug/ml) with

amino-acid sequence Seq. Id. No. 5 or 6, to the membranes of tumour

cells from the previous stage.

Use of a derivative according to claims 1-6, bound to the surface of

inactivated tumour cells of a solid or haematological tumour, for the

preparation of an autologous vaccine which can be administered by
the subcutaneous, intravenous, intra-lymph-nodal or other routes, for
the treatment of tumours.

Use of the vaccine according to claim 9 or 10, for the preparation of a

medicine which can be administered by the subcutaneous,

intravenous, intra-lymph-nodal or other routes, for the treatment of

tumours.
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Use of the vaccine obtained with the procedure according to claim 11
or 12, for the preparation of a medicine which can be administered by
the subcutaneous, intravenous or intra-lymph-nodal routes, for the

treatment of tumours.
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Figure 1
PTX3/his1
sp G6Hys N-terminal C-terminal Xbal
<
. — é————b > q
C
PTX3/his2
sp N-terminal C-terminal 6 His| g

Legend to Figure 1:

Representation of murine PTX3 cDNA modified by the insertion of a
DNA fragment of 18 nucleotides coding for 6 histidines repeated. In
PTX3/his1 the DNA coding for 6 histidines (6 His) was inserted between the
region of PTX3 cDNA coding for the signal peptide (SP) and that coding for
the N-terminal domain. The molecular construction of this derivative of
PTX3 cDNA was realised using PCR techniques. For the construction of
PTX3/his] the following primers were used :

a) cta gaa ttc gga tca ctg tag agt ctc gc

b) ctc gta gtc atc cga ggt ctc atg atg gtg atg gtg atg agce cac tac tgc aga
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c) gag acc tcg gat gac tac gag

d) ctc tct aga tta aga aac ata ctg ggc tcc

In PTX3/his2 the region coding for 6 histidines was inserted, using
PCR techniques, at the C-terminal end of PTX3 cDNA. The following
primers were used:

e) cta gaa ttc cta cc atg cac ctc cct geg

f) ctc geg gee ge tta atg atg atg atg atg atg aga aac ata ctg ggc

Both PTX3/hisl and, alternatively, PTX3/his2 were cloned in the
expression vector pcDNA 3.1 (Invitrogen) using the restriction sites

indicated at the ends of the two cDNAs.
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Figure 2

Anti PTX3 Anti 6His

Campioni 1 2 3 4 1 34
: 5 -«
1: mPTX3
2: MPTX3
3: WPTX3/hi
4: 9IPTX3/hi
S daw

Legend to Figure 2

Western blot analysis of the supernatant of COS-7 cells transfected
with:

1) a plasmid vector coding for murine PTX3 (pmPTX3 +), 2) a plasmid
vector in which the murine PTX3 cDNA was cloned in the anti-sense
position (pmPTX3 - ), 3) a plasmid vector containing PTX3/hisl cDNA
(pPIX3/hisl) 4) a plasmid vector containing PTX3/his2 cDNA
(pPTX3/ his2). The supernatants were analysed alternatively with an anti-
PTX3 antibody and with an anti-6 histidine antibody (Quiagen). The
results obtained in this Western blot analysis confirm that the vectors,
pPTX3/hisl e pPTX3/his2, code for a protein recognised by an anti-PTX3

antibody. The use of the anti-6 histidine antibody for the analysis of the
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supernatant of COS-7 cells transfected with the vectors indicated in the
fisure confirms that both the vector pPTX3/hisl and the vector

pPTX3/his2 allow expression of a PTX3 characterised by a domain of 6

histidines repeated.
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Legend to Figure 3

3a: Western blot analysis of chromatographic fractions of the protein
PTX3/hisl in the course of purification of the supernatant of COS-7 cells
transfected with the vector pPTX3/hisl. The fractions were analysed with
an anti-PTX3 antibody in both reducing conditions (+SH) and in non-
reducing conditions (-SH). FT, Flow through, 1) purified human PTXS3, 2)
st fraction of PTX3/hisl bound to the column eluted with imidazole, 3)
2nd fraction of PTX3/hisl bound to the column eluted with imidazole, 4)
3rd fraction of PTX3/hisl bound to the column eluted with imidazole.

The increase in molecular weight of the purified protein when
analysing samples run in non-reducing conditions is consistent with
decamerisation of the protein. The lack of a band in the FT sample confirms
the efficiency with which the column is capable of retaining PTX3/his1

3b: Comparison of the binding to the protein Clq adsorbed on plate
of the human PTX3 protein (positive control) and PTX3/hisl. Human
recombinant Clq (CALBIOCHEM) is absorbed for 12 hours on 96-well
plates (NUN MAXISORP). The recombinant PTX3, at the concentrations
indicated, is left for 1 hour in contact with the Clq. After washing, the
amount of PTX3 bound to the Clq is measured using an anti-PTX3
monoclonal antibody and a mouse anti-IgG antibody conjugated with the
enzyme peroxidase. The trends of the two curves show that PTX3/hisl is
also capable of binding Clq and that it is capable of doing so in a dose-

dependent manner.
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The presence of a domain of 6 histidines repeated at the N -terminal
end of PTX3 produces no negative effects either on the decamerisation or

on the ability to bind Clq.
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Figure 4

Key

bt P815 .

— P815 + NTA-DOGS + 6His biotina
------ P815 + 6His biotina

------- P815+NTA-DOGS + PTX3/hisl

Legend to Figure 4

FACS analysis of murine P815 tumour cells treated with liposomes of
NTA-DOGS and PTX3/hisl. Approximately 1 x 106 cells/ml are
resuspended in PBS (phosphate buffer sterile solution, GIBCO) containing
liposomes of NTA-DOGS at a concentration of the lipid chelating agent of
100 uM and maintained at 37°C for 40 min. After washing, the same cells
were incubated in 1 ml of PBS containing 20ug of PTX3/his1 in ice for 30
min. As a control of the efficacy of incorporation of the lipid chelating agent
in the cell membrane after treatment with liposomes of NTA-DOGS they

were incubated with a biotinylated peptide of 6 histidines.
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The cells were then subjected to FACS analysis using a biotinylated
anti-PTX3 antibody and/or streptoavidin-FITC (Pharmingen).

On the x-axis is the intensity of the fluorescence emitted by the cells
in various treatment conditions, and on the Y-axis the cell numbers of the
fluorescence. The fluorescence emitted by the cells treated with the lipid
chelating agent and the biotinylated peptide (P815 + NTA-DOGS + 6His
biotin) is approximately a hundred times greater than that of the controls,
indicating effective incorporation of the NTA-DOGS in the P815 cell
membranes. The cells treated with PTX3/his1(P815 + NTA-DOGS +
PTX3/his1) also show a significant ten-fold greater increase in fluorescence
emitted than the controls. The result is consistent with binding of PTX3 to

the membrane of these tumour cells.
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<110> Sigma Tau Industrie Farmaceutiche Riunite S.p.A.

<120> Title

<130> 007-8
<140>
<141>

<150> RM200

<151> 2002~

<160> 8

<170> Paten

<210> 1

<211> 387

<212> PRT
<213>
17-24
<400> Seq.
mhlpaillca
ewdklfimle
ralepllges
lpagcetaif
eiglylssgs
emakshsvpe
eschirgnvv

PCT/IT03/00104

Functional derivatives of the long pentraxin PTX3 for the
preparation of an autologous vaccine for the treatment of tumours

T-02-PCT

2R000109

28-02

tIn Ver. 3.

Id. No. 1

lwsavvahhh
nsgmregmll
rdaslrlarl
fpurskkifg
lvlvvggken
ggllgiggek
gwgvteigah

1

hhhetsddye
gatddvlrge
edaearrpea
svhpvrpmkl
klaadtvvsl
ngccvgggfd
ggaqyvs

Imyvnldnei
lgrlraelgr
tvpglgavle
esfstciwvk
grwshlcgtw
eslafsgrit

dnglhptedp
laggmarpca
elrrtradls
atdvlinktil
sseggsmslw
gfniwdrvls

tpcdcrgehs
aggpadarlv
avgswvarhw
Esygtkwnpy
angelvattv
eeelrasggv

Amino acid sequence of murine PTX3 modified in the N-terminal position
{bold face) by the addition of 6 histidines

60
120
180
240
300
360
387
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<210> 2

<211> 387

<212> PRT

<213> Amino acid sequence of murine PTX3 modified in the C-terminal end (bold

2/5

face) by the addition of 6 histidines

<400> Seq.
mhlpaillca
imlensgmre
lgesrdaslr
taiffpmrsk
ssqgslvlvvg
svpeggllqga

gnvvgwgvte

<210> 3
<211> 387

<212> PRT

<213> Amino acid sequence of human PTX3 modified in the C-terminal end (bold

Id. No. 2

lwsavvaets
gmllgatddv
larledaear
kifgsvhpvr
gkenklaadt
ggekngccvyg

igahggaqyv

ddyelmyvnl
lrgelgrlra
rpeatvpglg
pmklesfstc
vvslgrwshl
ggfdeslafs

shhhhhh

dneidnglhp
elgrlaggma
avleelrrtr
iwvkatdvln
cgtwsseqggs

gritgfniwd

tedptpcder
rpcaaggpad
adlsavgswv
ktilfsygtk
mslwangelv

rvlseeeira

SEQUENCE 3/8

face) by the addition of 6 histidines

<400> Seq.

mhllailfca
imlensgmre
lgatrdagrr
tailfpmrsk
sygsivivvg
ivpeggilagi
gnivgwgvte

Id. No. 3

lwsavlaens
rmllgatddv
larmegaeaq
kifgsvhpvr
geenklvaea
ggekngeccvg
igphggaqyv

ddydlmyvnl
lrgelgrlre
rpeeagrala
pmrlesfsac
mvslgrwthl
ggfdetlafs
shhhhhh

dneidnglhp
elgrlaesla
avleelrgtr
iwvkatdvln
cgtwnseegl
gritgfniwd

tedptpcdeg
rpcapgapae
adlhavggwa
ktilfsygtk
tslwvngela
svlsneeire

PCT/IT03/00104

gehsewdklf
arlvralepl
arhwlpagce
wnpyeiglyl
attvemaksh

sggveschir

gehsewdklf
arltsaldel
arswlpagce
rnpyeiqglyl
attvematgh
tggaeschir

60

120

180

240

300

360

387

60
120
180
240
300
360
387
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<210> 4

<211> 387

<212> PRT

<213> Amino acid sequence of the human protein PTX3 modified in the N-

terminal position 17-24 (bold face) by the addition of 6 histidines

<400> Seq.

mhllailfca
ewdklfimle
saldellqgat
lpagcetail
eiglylsygs
ematghivpe
eschirgniv

<210> 5
<211> 381

<212> PRT

Id. No. 4

lwsavlahhh
nsgmrermll
rdagrrlarm
fpmrskkifg
ivfvvggeen
ggilgigagek
gwgvteigph

hhhensddyd
gatddvlrge
egaeaqgrpee
svhpvrpmrl
klvaeamvsl
ngccevgggfd
ggaqyvs

3/5

Imyvnldned
lgrlreelgr
agralaavle
esfsaciwvk
grwthlcgtw
etlafsgrlt

dnglhptedp
laeslarpca
elrgtradlh
atdvlinktil
nseegltslw
gfniwdsvls

SEQUENCE 5/8

PCT/IT03/00104

tpcdeggehs
pgapaearlt
avqgwaarsw
fsygtkrnpy
vngelaattv
neeliretgga

60
120
180
240
300
360
387

<213> Aminoacid sequence of murine PTX3 biotinylated randomly with 1-100

biotins
<400> Seq.

mhlpaillca
imlensqgmre
lgesrdaslr
taiffpmrsk
ssgslvlvvg
svpeggllqgi
gnvvgwgvte

Id. No. 5

lwsavvaets
gnllgatddv
larledaear
kifgsvhpvr
gkenklaadt
ggekngccvg
igahggaqgyv

ddyelmyvnl
lrgelgrlra
rpeatvpglg
pmklesfstc
vvslgrwshl
ggfdeslafs
s

dneidnglhp
elgrlaggma
avleelrrtr
iwvkatdvln
cgtwsseqgs
gritgfniwd

tedptpcdcr
rpcaaggpad
adlsavgswv
ktilfsygtk
mslwangelv
rvlseeeira

gehsewdklf
arlvralepl
arhwlpagce
wnpyeiqglyl
attvemaksh
sggveschir

60
120
180
240
300
360
381
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<210> 6

<211> 381

<212> PRT

4/5

PCT/IT03/00104

<213> Amino acild sequence of human PTX3 biotinylated randomly with 1-100

biotins
<400> Seq.

mhllailfca
imlensgmre
lgatrdagrx
tailfpmrsk
syqgsivEivvg
ivpeggilgl
gnivgwgvte

<210> 7
<211> 1244

<212> DNA

Id. No. 6

lwsavlaens
rmllgatddyv
larmegaeaq
kifgsvhpvr
geenklvaea
ggekngcecvg
igphggaqyv

ddydimyvnl
lrgelqgrlre
rpeeagrala
pmrlesfsac
mvslgrwthl
ggfdetlafs
5

dneidnglhp
elgrlaesla
avleelrgtr
iwvkatdvln
cgtwnseegl
grltgfniwd

tedptpcdcg
rpcapgapae
adlhavggwa
ktilfsygtk
tslwvngela
svlsneeire

SEQUENCE 7/8

gehsewdklf
arltsaldel
arswlpagce
rnpyeiqglyl
attvematgh
tggaeschir

60
120
180
240
300
360
381

<213> nucleotide sequence of murine cDNA of PTX3 modified in the 122-140

position by the presence of 18 nucleotides (in the sequence indicate in bold

face) coding for 6 histidines

<400> Seq.

ctaggattcg
cctcectecage
ctcatcaceca
acaacgaaat
aggagcactc
gcatgetgtt
agctggggeg
ccaggcectggt
tggcgegect
ctgtgctgga
ccecgecactyg
agatttttgg
tttgggtcaa
ggaaccccta
gaaaggagaa
gtggcacctg
ctaccactgt
gccaagaaaa
gaagaatcac
gtggaggagt
ttcaggcgea

Id. No. 7

gatcactgta
aatgcacctc
tcaccatcat
agacaatgga
ggagtgggac
gcaggccace
gctggeggge
gcgggegetyg
ggaggacgcg
ggaactgcgg
gctgececgea
aagcgtgcat
agccacagat
tgagattcag
caagctggcet
gagttcagag
agagatggcee
gaatggttgc
aggcttcaat
cgaatcctgt

cggaggagcc

gagtctcget
cctgcgatce
gagacctcgg
cttcatccca
aagctgttca
gacgacgtce
ggcatggcga
gagccgcetge
gaggcgcegge
cggacgcgeyg
ggttgtgaaa
cctgtgagac
gtattaaaca
ctgtacctca
gcagacactg
caggggagcea
aaaagtcact
tgtgtaggtg
atctgggatc
cacatccggg
cagtatgttt

tctteccetg
tgctttgtge
atgactacga
ccgaggacce
tcatgctgga
tcegtggaga
ggcegtgege
tgcaggagag
gacccgaggce
ccgacctgag
cagcaatttt
caatgaagcet
aaaccatcct
gttcccagte
tggtgtccct
tgtccctgtg
ctgttcctga
ggggctttga
gggttctcag
gaaatgtcgt
cttaatctag

cggctgcgaa
tctetggtet
gctcatgtat
cacgccatge
gaactcgcag
gctgcagcegg
agceggtgge
ccgtgacgceg
gacagtgcct
cgccgtgecag
cttcccaatg
tgaatctttt
gttttcttat
cctagtgttg
ggggaggtygg
ggcaaacggd
gggtggactc
cgaatcatta
cgaggaggag
cgggtgggga
agag

cgaaatttcg
gcagtagtgg
gtgaatttgg
gactgccgee
atgcgggagg
ctgcgggeag
cccgecagacg
agcctcagge
ggcctaggceg
agctgggteg
cgttcgaaga
agtacttgea
ggcacaaagt
gtggtgggtyg
tceccacctgt
gagctggtgg
ctacagattg
gcattttctg
atacgggcca
gtcacagaga

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1244
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<212> DNA

<213>

5/5

PCT/IT03/00104

nucleotide sequence of murine cDNA of PTX3 modified at the C-terminal

end by the presence of 18 nucleotides (in the sequence inddicated in bold

face)

<400> Seq.

ctagaattcc
tggctgagac
atggacttca
gggacaagct
ccaccgacga
cgggcggeat
cgctggagec
acgcggaggce
tgcggeggac
ccgcaggttg
tgcatcctgt
cagatgtatt
ttcagctgta
tggctgcaga
cagagcaggg
tggccaaaag
gttgctgtgt
tcaatatctg
cctgtcacat
gagcccagta

Id. No. 8

taccatgcac
ctcggatgac
tccecaccgag
gttcatcatg
cgtccteegt
ggcgaggcecg
gctgetgeag
gcggcgaccce
gcgcgecgac
tgaaacagca
gagaccaatg
aaacaaaacc
cctcagttce
cactgtggtyg
gagcatgtce
tcactetgtt
aggtggggge
ggatcgggtt
ccggggaaat
tgtttcteat

coding for 6 histidines

ctccetgega
tacgagctca
gaccccacgce
ctggagaact
ggagagctge
tgcgcagecg
gagagccgtyg
gaggcgacag
ctgagcgeeg
attttcttee
aagcttgaat
atcctgtttt
cagtccctag
tcectgggga
ctgtgggcaa
cctgagggtyg
tttgacgaat
ctcagcgagg
gtcgtegggt
catcatcatc

tcetgetttg
tgtatgtgaa
catgcgactg
cgcagatgcg
agcggcectgeg
gtggcceceege
acgcgagect
tgcctggect
tgcagagctg
caatgcgttce
cttttagtac
cttatggcac
tgttggtggt
ggtggtccca
acggggagcet
gactcctaca
cattagcatt
aggagatacg
ggggagtcac
atcattaagc

tgctctetgg
tttggacaac
ccgeccaggag
ggagggcatg
ggcagagctg
agacgccagg
caggctggeyg
aggcegetgtg
ggtecgcecege
gaagaagatt
ttgcatttgg
aaagtggaac
gggtggaaag
cctgtgtgge
ggtggctace
gattggccaa
ttctggaaga
ggccagtgga
agagattcag
ggcecgegag

tctgcagtag
gaaatagaca
cactcggagt
ctgttgcagg
gggcggctgg
ctggtgcggy
cgectggagyg
ctggaggaac
cactggctge
tttggaagcg
gtcaaagcca
ccctatgaga
gagaacaagc
acctggagtt
actgtagaga
gaaaagaatg
atcacaggct
ggagtcgaat
gcgecacggag

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1189
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