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DESCRIPTION

“IMPROVED BONE IMPLANT MATRIX COMPRISING PROLINE-RICH PEPTIDE
AND METHOD OF PREPARING THE SAME”

Technical field of the invention
The present invention relates to implant matrixes to be used generally in at least one of the following fields: bone re-
constructive surgery, bone regeneration surgery, regenerative surgery, skull and maxillo-facial bone reconstructive
surgery, oncologic surgery, paediatric cases surgery, oral surgery, dental surgery, orthopaedic surgery, spine sur-
gery, traumatology and implantology, and all of these for the paediatric cases, such as bone reconstructive surgery,
bone regeneration surgery, regenerative surgery, skull and maxillo-facial bone reconstructive surgery, oncologic sur-
gery, oral surgery, dental surgery, orthopaedic surgery, spine surgery, traumatology and implantology.
State of the art
A frequently used method to treat bone defects is the use of bone grafts to promote tissue regeneration. This as it
provides an osteocconductive, osteoinductive andfor osteogenic environment that promotes bone repair and healing
[Y. Fillingham, J. Jacobs, Bone grafts and their substitutes, The bone & joint journal 98(1_Supple_A) (2016) 6-9].
Currently autografting, the transplantation of tissue from one site of the patient’'s body to another, represent the gold
standard [L.. Roseti, V. Parisi, M. Petretta, C. Cavallo, G. Desando, |. Bartolotti, B. Grigolo, Scaffolds for Bone Tissue
Engineering: State of the art and new perspectives, Mater Sci Eng C 78 (2017) 1248-1262]. However, this method
has drawbacks such as limited supply and the risk of donor site morbidity (R. Agarwal, A.J. Garcia, Biomaterial strat-
egies for engineering implants for enhanced osseointegration and bone repair, Adv Drug Deliver Rev 94 (2015) 53-
62.]. Moreover, there has been reported that 31% of patients experiences persistent pain at the donor site 2 years
after operation [D.L.. Skaggs, M.A. Samuelson, J.M. Hale, R.M. Kay, V.T. Tolo, Complications of posterior iliac crest
bone grafting in spine surgery in children, Spine 25(18) (2000) 2400-2402). This has motivated the search for alterna-
tive bone graft sources, where particularly synthetic grafts of biopolymers, bioceramics, and their composites have
received a lot of research focus lately [B. Huang, G. Caetano, C. Vyas, J.J. Blaker, C. Diver, P. Bartolo, Polymer-
Ceramic Composite Scaffolds: The Effect of Hydroxyapatite and B-tri-Calcium Phosphate, Materials 11(1) (2018) 129;
M. Domingos, A. Gloria, J. Coelho, P. Bartolo, J. Ciurana, Three-dimensional printed bone scaffolds: The role of
nano/micro-hydroxyapatite particles on the adhesion and differentiation of human mesenchymal stem cells, Proceed-
ings of the Institution of Mechanical Engineers, Part H: Journal of Engineering in Medicine 231(6) (2017) 555-564).
However the synthetic grafts traditionally tends to lag behind on the biological performance compared to autografts,
allografts and xenografts [G. Hannink, J.C. Arts, Bioresorbability, porosity and mechanical strength of bone substi-
tutes: what is optimal for bone regeneration?, Injury 42 (2011) S22-825; S. Corbella, S. Taschieri, R. Weinstein, M.
Del Fabbro, Histomorphometric outcomes after lateral sinus floor elevation procedure: a systematic review of the lit-
erature and meta-analysis, Clin Oral Implan Res 27(2) (2016) 1106-1122). When that's said, a former study compar-
ing sinus floor augmentation with anorganic bovine bone (Bio-Oss®, Geistlich AG, Woalhusen, Switzerland) and bi-
phasic calcium phosphate (Straumann® BoneCeramic, Institute Straumann AG, Basel, Switzerland) showed no sta-
tistical difference between the bone formation for the two groups [L. Cordaro, D.D. Bosshardt, P. Palattella, W. Rao,
G. Serino, M. Chiapasco, Maxillary sinus grafting with Bio-Oss® or Straumann® Bone Ceramic: histomorphometric
results from a randomized controlled multicenter clinical trial, Clin Oral Implan Res 19(8) (2008) 796-803), illustrating
that commercial research on synthetic bone grafts are catching up.
Again, looking at the academic research environment, many of the cited studies uses additive manufacturing systems
to produce their grafts. Although 3D printing has a promising potential, particularly when it comes to customized im-
plants, the implementation is still limited by high production cost and long production time [A. Aldaadaa, N. Owji, J.
Knowles, Three-dimensional Printing in Maxillofacial Surgery: Hype versus Reality, Journal of tissue engineering 9
(2018) 2041731418770909]. The current commercial market for bone grafts primarily consists of devices based on
the refinement of bovine mineral matrix. A selective set of examples for treatment of orthopaedic defects are Smart-
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Bone®w (18I-5A, Switzerland), Bio-Oss® (Geistlich, Switzerland) and maxgrafi® (Biotiss, Germany — Processed hu-

man allograft). Treatment of a larger bone block does generally have a higher productivity and lower cost than 3D
printing scaffolds.

Even though there are many commercially available bone graft substitutes, there are none particularly addressing the
paediatric market. There has been stable reports of that fractures represents 20-30% of all diagnosis for children [P.-
E. Fournier, R. Rizzoli, D.O. Slosman, G. Theintz, J.-P. Bonjour, Asynchrony between the rates of standing height
gain and bone mass accumulation during puberty, Osteoporosis Int 7(6) (1997) 525-532). This means that there is an
increasing treatment demand with increased population size. The paediatric market is unique as the skeletal immatu-
rity of the patients is linked to considerable further bone growth [N.E. Picardo, G.W. Blunn, A.S. Shekkeris, ..
Meswania, W.J. Aston, R.C. Pollock, J.A. Skinner, S.R. Cannon, T.W. Briggs, The medium-term results of the
Stanmore non-invasive extendible endoprosthesis in the treatment of paediatric bone tumours, The Journal of Bone
and Joint Surgery. British volume 94-B(3) (2012) 425-430.], inducing very high performance requirements to medical
devices. During puberty, the human body experiences a very high increase in physical dimensions, however the in-
crease in bone mass seems to lag behind [P.-E. Fournier, R. Rizzoli, D.Q. Slosman, G. Theintz, J.P. Bonjour, Asyn-
chrony between the rates of standing height gain and bone mass accumulation during puberty, Osteoporosis Int 7(6)
(1997) 525-532). Thus, the growth mechanism the bone graft should mimic is very complex. This means that there is
necessary to develop a device that regulates the bone regeneration in a manner that stimulates biomineralization at a
high rate, but only when necessary. Moreover, the long-term effects of bone morphogenic proteins (BMP), the most
abundantly used growth factor for bone tissue regeneration, are not clearly identified, which prevents it from being
FDA-approved for paediatric treatment {K.M. Emara, R.A. Diab, A.K. Emara, Recent biological irends in management
of fracture non-union, World journal of orthopedics 6(8) (2015) 623; S. Boraiah, O. Paul, D. Hawkes, M. Wickham,
B.G. Lorich, Complications of recombinant human BMP-2 for treating complex tibial plateau fractures: a preliminary
report, Clinical Orthopaedics and Related Research® 467(12) (2009) 3257-3262]. This leads to the demand for a
new type of growth factor with improved properties and biocompatibility.

Lately there has been observed that intrinsically disordered proteins (IDP) plays a crucial role in biomineralization,
particularly through signalling and regutation of the direction and extend of crystal growth [L. Kalmar, D. Homola, G.
Varga, P. Tompa, Structural disorder in proteins brings order to crystal growth in biomineralization, Bone 51(3) (2012)
528-534]. This by affecting chemical and cellular events such as cell signalling, macromolecular self-assembly, pro-
tein removal, and crystal nucleation and growth [M. Wojtas, P. Dobryszycki, A. Ozyhar, Intrinsically disordered pro-
teins in biomineralization, Advanced Topics in Biomineralization, InTech2012]. IDPs are recognized by that they are
in whole or in part heterogeneously ensembled of flexible molecules, in an unorganized manner, causing its 3D struc-
ture to be undefined [M. Wojtas, P. Dobryszycki, A. Ozyhar, Intrinsically disordered proteins in biomineralization, Ad-
vanced Topics in Biomineralization, InTech2012; J. Habchi, P. Tompa, 8. Longhi, V.N. Uversky, Introducing protein
intrinsic disorder, Chemical reviews 114(13} (2014) 6561-6588]. This makes them highly flexible molecules and re-
cent results suggests that IDPs with tuned disorder-order ratio can be used to program the mineralization process,
yielding growth of aligned nanocrystals into hierarchical mineralized structures [Elsharkawy, M. Al-Jawad, M.F. Pan-
tano, E. Tejeda-Montes, K. Mehta, H. Jamal, S. Agarwal, K. Shuturminska, A. Rice, N.V. Tarakina, Protein disorder—
order interplay to guide the growth of hierarchical mineralized structures, Nature communications 9(1) (2018) 2145).
Some of these peptides has already been used commercially in medical biomineralization. For instance, does Strau-
mann AG (Basel, Switzerland) produce and sell the Straumann® Emdogain® (EMD), a gel-coating primarily based on
amelogenin for enamel regeneration. Although some IDPs have been used commercially, the lack of any commer-
cially available bone grafts particularly for the paediatric market denotes that there is the need, in the field of regener-
ative bone surgery, to find new bone implant matrixes, which have satisfactory characteristics to be used, in particular
as a paediatric bone graft, for clinical categories of defects such as Trauma induced skull bone loss, skull bone de-
fects or oncology required bone segment removal (tumour treatment).
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Summary of the invention

Object of the present invention is a matrix for bone implant, comprising a base matrix, which is selected from the

group comprising:

- acellularized or acellularized non-demineralised bone matrix of any souice, i.e. acellularized or acellularized

non-demineralised human-derived bone matrix, acellularized or aceliularized non-demineralised xeno-derived bone

matrix, such as acellularized or acellularized non-demineralised bovine-bone matrix, acellularized or acellularized

non-demineralised equine-bone matrix, acellularized or acellularized non-demineralised porcine-bone matrix;

- matrix of natural mineral sources like mother of pearl, coral, nacre;

- synthetic bioceramics matrix such as hydroxyl-apatites, calcium carbonates, calcium phosphates, silicon ox-
ides, titanium oxides, aluminium oxides, zirconia oxides, graphites, bioglasses,

or combinations of the above, the surface of said base matrix is coated with an statistically homogeneous composi-
tion which is a reinforcing mixture containing at least a polymer, at least a substance, which is able to promote the
cell-rooting and the cell growth, by stimulating cell proliferation and tissue integration (“friendliness to cell”) and at
least an artificial Proline-Rich Peptide, also defined as PRP (Proline-Rich Peptide) according to the present invention.

Preferred embodiments of the bone implant matrix are defined in claims from 2 to 20.

The bone implant matrix object of the present invention is suitable to be used in the bone reconstructive surgery field
in general, in orthopaedics, in traumatology, in oncology, in spine surgery and in the oral surgery, in the maxillo-facial
and dental implantology, or more in general for use in human or veterinary treatment.

Accordingly, it is a further object of the present invention a bone implant matrix herewith disclosed for use in at least
one of the following fields: bone reconstructive surgery, in maxillo-facial bone reconstructive surgery, in oral surgery,
dental surgery, orthopaedic surgery and implantology, more in general for use in human or veterinary treatment.

It is a further object of the present invention a method for preparing a bone implant matrix herewith disclosed, said
method comprising the steps of:

a) preparing a solution of a reinforcing mixture containing at least a soluble polymer, at least a substance, which is
able to promote the cell-rooting and the cell growth, by stimulating cel! proliferation and tissue integration (“friendli-
ness to cell’) and at least an artificial Proline-Rich Peptide also defined as PRP according to the present invention,

b) immersing a base matrix into said reinforcing mixture solution,

¢) drying and optionally degassing the matrix for removing possible solvent residues;

d) optionally immerse the dried and optionally degassed, again, in said solution of reinforcing matrix.

List of figures

Particular embodiments of the invention are described in detail herein below, as a way of example and not limited to,
with reference to the attached figures, wherein:

- Figure 1: Mass Release profile in pg of SB with SEQ ID 8+FITC in 2 ml saline water versus time in days;

- Figure 2: Released mass of SB with SEQ ID 8 and 4 with FITC on N and C terminal in pg versus time in days for
PRP P2 and P5 in 10 ml purified water. triangle: P2 (SEQ ID 4), circle: P5 (SEQ ID 8). Black filled circle and triangle:
FITC attached to C-terminal, non-filled triangle and circle: FITC attached to N-terminal. Fluorescein isothiocyanate
(FITC} is a fluorochrome from the derivative of fluorescein. FITC has excitation and emission spectrum peak wave-
lengths of approximately 495 nm and 519 nm and it is here used as fluorescent label only.

- Figure 3: SEM analysis of random points on the external surface of the SBP. A: SEM photo and C: EDS analysis of
bone phase (base matrix). B: SEM photo and D: EDS analysis of polymer phase (reinforcing mixture);

- Figure 4: SEM analysis of random points on the external surface of the SBP. A: SEM photo and C: EDS analysis of
bone phase (base matrix}. B: SEM photo and D: EDS analysis of polymer phase (reinforcing mixture);

- Figure 5: SEM visualization of MC3T3-E1 cells growing on the surface of samples for 2 and 14 days. Images pre-
sented are from a representative superficial area;

- Figure 6: Confocal micrographs of MC3T3-E1 cells cultured for 2 and 14 days on SBP samples. Cells were stained
with Phalloidin-FITC (stains actin filaments, elongated fibres) and DAPI (stains nucleus, round structures). The upper
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row ot each day shows depth projection micrographs, images are 2D reconstructions of sections acquired repeatedly

in sequential steps along the z-axis. The greyscale code on these rows corresponds to the z-axis depth of DAPI-
stained nucleus, coded from dark at 0 um and light at 60pm depth.

- Figure 7: Cytotoxicity levels for the SBP variants with P2 (SBP2), P5 (SBP5) and P6 (SBP6). The results showed no
toxicity towards the pre-osteobtastic cell line. Values represent mean + SEM. No statistical difference between
groups;

- Figure 8: Metabolic activity for SBP2, SBP5 and SBP6 after 2 (2d), 6 (6d) and 14 (14d) days in cell culture; values
represent mean + SEM. No statistical difference between the groups;

- Figure 9: ALP activity for the different groups after 14 days in cell culture. Values represent mean * SEM,;

- Figure 10: RT-PCR analysis of mRNA levels for PRP P2 (-H: high; -M: medium; -L: low, concentration), P5, P6 as
SBP2H, SBP2M, SBP2L, SBPS5, SBP6 respectively and EMD (Straumann Emdogain®) as a percentage of the control
value from day 1 (C). COL1A1: Collagen type 1 Alpha 1 chain; ALP: alkaline phosphate; OC: osteocalcin; VEGFA:
vascular endothelial growth factor A. Values represent mean + SEM. The data shows enhance bone cell responses
to the added peptides sequences.

- Figure 11: Cone Beam Computer Tomography (CBCT) image of a pig skull after 8 weeks. The round circles shows
the positive and negative control. SBP variants with SEQ ID 4 (SBP2) and SEQ ID 9 (SBP6). The CBCT images
show enhanced bone growth around the defects with the peptide sequences 4 and 9 (SBP8:;, black box right , SBP2:
black box left, empty (negative control): circle right and Smartbone® (positive control): circle

- Figure 12: micre Computer Tomography of a skull defect with SBP variants with SEQ 1D 4 (SBP2) showing ingrowth
of bone into the defect.

Definitions

In the present context, an "artificial peplide" refers to a peptide that is a non-natural peptide in the sense that it does
not normally oceur in nature but is the product of amino acids put together and selected in an order, amount and
manner generating peptides suitable for use in the context of the present invention. An "artificial peptide” is still a pep-
tide embraced by the present invention even though it might encompass parts of or a whole peptide which happens
to be present in nature. "Artificial” may be used interchangeably with terms such as "synthetic” or "non-natural”.

In the present context "Pro" denotes the amino acid proline.

In the present context "X" denotes a hydrophobic amino acid. A hydrophobic amino acid is, in the present context,
defined as an amino acid selecled from the group consisting of: Ala, Ile, Leu, Met, Phe, Trp and Val.

In the present context "Y" denotes a polar amino acid.

A polar ("hydrophilic") amino acid is, in the present context, defined as an amino acid selected from the group con-
sisting of: Asn, Cys, Gln, Ser, Thr and Tyr.

In the present context, common nomenclature is used for denoting amino acids. Therefore, for example, A is Ala (hy-
drophobic), C is Cys (polar), F is Phe (hydrophobic), H is His, | is lle (hydrophobic), L is Leu (hydrophobic}), M is Met
(hydrophobic), N is Asn {polar), Q is GIn (polar), S is Ser (polar), T is Thr {polar), V is Val {hydrophobic), W is Trp
(hydrophobic), Y is Tyr (polar}

In the present context "subject” relates to any vertebrate animal, such as bird, reptiles, mammals, primates and hu-
mans.

In the present context “PRP” relates to the artificial Proline-Rich Peptide selected from: an artificial peptide compris-
ing the amino acid sequence of Pro-X-X-Pro-Y-Y-Y-Pro-X-X-Pro-Y-Y-Pro-X-X-Pro-X-Pro-Y-Y-Y-Y-Y-Y-Pro-Y-Y-Y-Y-
Y-Y-Pro-X-X-Pro-X-Pro-Y-Y-Y-Pro-Y-Y-Pro-Y- Pro-X-X-Pro -Y-Pro- Y-Y-Pro-X-X-Pro-Y-Y-Pro-X-X-Pro-Y-Y -Pro-X-X -
Pro-Y-Pro-Pro-X-Pro-Pro -X-X-X-X-X-X-X-X-Pro-X-X-Pro-X-X-X-X (8EQ ID NO 1), wherein:

a) Pro is proline;

b) X is an amino acid independently selected from the group consisting of Ala, lle, Leu, Met, Phe, Trp and Val, pref-
erably lle, Leu, Val and Met;

¢) Y, is an amino acid independently selected from the group consisting of Ash, Cys, GIn, Ser, Thr and Tyr, preferably
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Ser and GIn.

or

an artificial peptide comprising the amino acid sequence of Pro-X-X-Pro-Y-Y-Pro-X-X-Pro-Y-Y- Pro-X-X-Pro-Y-Y-Pro-
Y-Pro-Pro-X-Pro-Pro (SEQ ID NO 2), wherein:

a) Pro is proline;

b) X is an amino acid independently selected from the group consisting of Ala, lle, Leu, Met, Phe, Trp and Val;

¢} Y is an amino acid independently selected from the group consisting of Asn, Cys, GIn, Ser, Thr and Tyr.

Detailed description of the invention

A bone implant matrix, according to an embodiment of the invention, comprises:

a base matrix the surface thereof is coated with a statistically homogeneous composition which is a reinforcing mix-
ture containing at least a soluble polymer, at least a substance, which is able to promote the cell-rooting and the cell
growth, by stimulating cell proliferation and tissue integration (“friendliness to cell’) and at least an artificial Proline-
Rich Peptide wherein the base matrix is selected from the group comprising:

- acellularized or acellularized non-demineralised bone matrix of any source, i.e. acellularized or acellularized
non-demineralised human-derived bone malrix, acellularized or acellularized non-demineralised xeno-derived bone
matrix, such as acellularized or acellularized non-demineralised bovine-bone matrix, acellularized or acellularized
non-demineralised equine-bone matrix, acellularized or acellularized non-demineralised porcine-bone matrix;

- matrix of natural mineral sources like mother of pearl, coral, nacre;

- synthetic bioceramics matrix such as hydroxyl-apatites, calcium carbonates, calcium phosphates, silicon ox-
ides, titanium oxides, aluminium oxides, zirconia oxides, graphites, bioglasses;,

or combinations of the above, the soluble polymer of the reinforcing mixture is a biodegradable polyester or co-
polymer thereof, the “friendliness to cell” is selected from the group consisting of gelatine, such as bovine and/or
porcine gelatine, hydrolysed gelatine, such as bovine and/or porcine hydrolysed gelatine and the artificial Proline-
Rich Peptide belonging to Intrinsic Disorder Protein (IDP), also defined as PRP, according to the present invention, is
selected from:

an artificial peptide comprising the amino acid sequence of Pro-X-X-Pro-Y-Y-Y-Pro-X-X-Pro-Y-Y-Pro-X-X-Pro-X-Pro-
YoY-Y-Y-Y-Y-Pro-Y-Y-Y-Y-Y-Y-Pro-X-X-Pro-X-Pro-Y-Y-Y-Pro-Y-Y-Pro-Y- Pro-X-X-Pro -Y-Pro- Y-Y-Pro-X-X-Pro-Y-Y-
Pro-X-X-Pro-Y-Y -Pro-X-X -Pro-Y-Pro-Pro-X-Pro-Pra -X-X-X-X-X-X-X-X-Pro-X-X-Pro-X-X-X-X (SEQ ID NO 1}, where-
in:

a) Pro is proline;

b) X is an amino acid independently selected from the group consisting of Ala, lle, Leu, Met, Phe, Trp and Val, pref-
erably lle, Leu, Val and Met;

c) Y, is an amino acid independently selected from the group consisting of Asn, Cys, Gln, Ser, Thr and Tyr, preferably
Ser and Gln.
or

an artificial peptide comprising the amino acid sequence of Pro-X-X-Pro-Y-Y-Pro-X-X-Pro-Y-Y- Pro-X-X-Pro-Y-Y-Pro-
Y-Pro-Pro-X-Pro-Pro (SEQ {D NO 2), wherein:

a) Pro is proling;

b) X is an amino acid independently selected from the group consisting of Ala, lle, Leu, Met, Phe, Trp and Val;
c) Y is an amino acid independently selected from the group consisting of Asn, Cys, GIn, Ser, Thr and Tyr,
Accordingly, the present invention deals with a bane implant matrix comprising a base matrix selected from the group
comprising:

- acellularized or acellularized non-demineralised bone matrix of any source, i.e. acellularized or acellularized
non-demineralised human-derived bone matrix, acellularized or acellutarized non-demineralised xeno-derived bone
matiix, such as acellularized or acellularized non-demineralised bovine-bone matrix, acellularized or acellularized

non-demineralised equine-bone matrix, acellularized or acellularized non-demineralised porcine-bone matrix;
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- matrix of natural mineral sources like mother of pearl, coral, nacre;

- synthetic bioceramics matrix such as hydroxyl-apatites, calcium carbonates, calcium phosphates, silicon ox-
ides, titanium oxides, aluminium oxides, zirconia oxides, graphites, bioglasses;

or combinations of the above; wherein the surface of said base matrix is coated with an statistically homogeneous
composition which is a reinforcing mixture containing at least a bio-degradable polyester or co-polymer thereof, at
least a gelatine or hydrolysed gelatine and at least an artificial Proline-Rich Peptide, also defined as PRP, according
to the present invention, said bone implant matrix identified also as “SBP”.

BASE MATRIX.

By the expression "base matrix" a substantially solid tri-dimensional body is meant, intended, typically po-
rous, after a treatment described herein below, to be implanted in bone cavities.

The base matrix according to the present invention is a base matrix selected from the group comprising:

- acellularized or acellularized non-demineralised bone matrix of any source, i.e. acellularized or
acellularized non-demineralised human-derived bone matrix, acellularized or acellularized non-demineralised xeno-
derived bone matrix, such as acellutarized or acellufarized non-demineralised bovine-bone matrix, acellularized or
acellularized non-demineralised equine-bone matrix, acellularized or acellularized non-demineralised porcine-bone
matrix;

- matrix of natural mineral sources like mother of pearl, coral, nacre;

- synthetic bioceramics matrix such as hydroxyl-apatites, calcium carbonates, calcium phosphates,
silicon oxides, titanium oxides, aluminium oxides, zirconia oxides, graphites, bioglasses,,
or combinations of the above.

The base matrix according to the present invention is, in particular, an acellularized or acellularized non-
demineralised bone matrix of any source; preferably an acellutarized or acellularized non-demineralised human-
derived bone matrix or an acellularized or acellularized non-demineralised xeno-derived bone matrix; more preferably
an acellularized or acellularized non-demineralised xeno-derived bone matrix selected from the group comprising
acellularized or acellularized non-demineralised bovine-bone matrix, acellularized or acellularized non-demineralised
equine-bone matrix, acellularized or acellularized non-demineralised porcine-bone matrix; most preferably an acellu-
larized or acellularized non-demineralised bovine-bone matrix.

As it is known, the acellularised bone matrixes are most commonly non-demineralised matrixes completely (or sub-
stantially) devoid of the donor's cellular material: i.e. acellularised or acellularised non-demineralised bone matrix of
any source.

The bone implant matrixes according to the present invention may have different shapes and dimensions, such as to
be adapted according to the shape and the dimensions of the bone cavities, where said matrixes can be implanted.
For example, such bone matrixes may be parallelepiped-shaped, in particular cube-shaped.

The dimensions of the bone implant matrixes, for example, can vary from a few mm till some dm of maximum length.
Basic matrixes are usually porous.

The base matrix and the polymer(s) of the reinforcing mixture are advantageously bio-compatible.

Furthermore, the base matrix and/or the polymer of the reinforcing mixture are preferably bio-integrable, in order to
better assist the growth of the new bone integrated with the surrounding tissue,

REINFORCING MIXTURE

Moreover by the expression “reinforcing mixture” it is meant a mixture comprising at least a polymer, i.e. which com-
prises only one polymer or, alternatively, it may be multi-polymeric, i.e. may comprise more than one polymer at the
same time, in combination with at least a substance, which is able to promote the cell-rooting and the cell growth, by
stimulating cell proliferation and tissue integration (“friendliness to cell") and at least an artificial Proline-Rich Peptide,
as described above.

In particular, by the expression reinforcing mixture it is meant a mixture, wherein the synthetic or natural, and advan-

tageously bio-compatible, polymer or polymers, are finely dispersed.
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The reinforcing mixture according to the present invention is obtained starting from two solutions, one of them made

of a soluble polymer: a biodegradable polyester or co-polymer thereof, the other one made of a “friendliness to cell™:
gelatine or hydrolysed gelatine and an artificial Proline-Rich Peptide according to the present invention, added to the
same solvent, said two solutions immiscible to each other, but made partially miscible by adding an alcohol or anoth-
er proper solvent in each of them; in order to obtain a fine and homogeneous molecular dispersion of the at least
three components of the reinforcing mixture. Said dispersion during the solvent evaporation step creates a statistical-
ly homogeneous coating composition, finely dispersed on the surface of the porous bone matrix, i.e. coating it also in
the inner cavities, without closing them, though.
SOLUBLE POLYMER/S
The solvents used to prepare the reinforcing mixture are among those commonly known in the state of the art to be
used according to the identified nature of the components of the reinforcing mixture and may be, for instance, water,
dichloromethane, tetrahydrofuran, isopropanal, etc., and their specific use results from the kind of polymer/s, gelatine
or hydrolysed gelatine, an artificial Proline-Rich Peptide according to the present invention, used, in view of the well-
known laws of chemistry.
The polymer of the reinforcing mixture may be selected, for example, from the group comprising biodegradable poly-
mers, polyesters are preferred, in particular polylactic acid (PLA}, polyglycolic acid (PGA), polycaprolactone (PCL})
and co-polymers thereof, such as for example polycaprotactone-polylactic (PLA/PCL) co-polymers, poly(L-laclide-co-
caprolactone) co-polymers also known as poly{L-lactide-co-g-caprolactone} co-polymers.
Moreover, the polymer may be selected from the group comprising starch, poly(caprolactones), poly(L-lactide},
poly(D,L-lactide-co-glycolide), poly{L-lactide-co-D,L-lactide}, their enantiomers, their co-polymers and mixtures there-
of. The most preferred polymer/s and or co-polymers are polycaprolactone-polylactic copolymer (PLA/PCL) or poly(L-
lactide-co-caprolactone) co-polymers also known as poly(L-lactide-co-g-caprolactone) co-polymer.
According 1o the invention, the reinforcing mixture may comprise, beside the polymer or the polymers: such as at
least a biodegradable polyester or co-polymer thereof, at least an artificial Proline-Rich Peptide, and at least a “friend-
liness to cell”.
FRIENDLINESS TO CELL
By the expression “friendliness to cell” it is meant a substance, which is able to promote the cell-rooting and the cell
growth, by stimulating cell proliferation and tissue integration.
According to the present invention the “friendliness to cell” are selected from gelatine, hydrolysed gelatine, in particu-
lar porcine or bovine or of any other natural origin gelatine and/or porcine or bovine or of any other natural origin hy-
drolysed gelatine as "friendliness to cell” is particularly preferred. The presence of at least one “friendliness to cell’
assists the cell rooting and growth, since the cell proliferation and the tissue integration are promoted and this is an
important advantage in respect to the prior art.
THE ARTIFICIAL PROLINE-RICH PEPTIDE
In a preferred embodiment of the present invention, the artificial Proline-Rich Peptide is an artificial peptide compris-
ing the amino acid sequence selected from the group comprising:

PLV PSY PLV PSY PLV PSY PYP PLPP (SEQ ID NO 3),

PLV PSQ PLV PSQ PLV PSQ PQP PLPP (SEQ ID NO 4),

PLV PCC PLV PCC PLV PCC PCP PLPP (SEQ ID NO 5),

PMM PSY PMM PSY PMM PSY PYP PMPP (SEQ ID NO 6),

PLV PSS PLV PSS PLV PSS PSP PLPP (SEQ ID NO 7),

PLV PSS PLV PCC PLV PCC PSP PLPP (SEQ ID NO 8},

PHQ PMQ PQP PVH PMQ PLP PQP PLPP (SEQ ID NO 9)
or a combination thereof,
wherein C is Cys, L is Leu, M is Met, Q is Gin, S is Ser, V is Val, Y is Tyr, H is His, P is Pro; more preferably the artifi-
cial Proline-Rich Peptide is an artificial peptide SEQUENCE (N-terminus to C-terminus) selected from the group
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comprising the amine acid sequence of;

PLV PSQ PLV PSQ PLY PSQ PQP PLPP (SEQ ID NO 4),

PLV PSS PLV PCC PLV PCC PSP PLPP (SEQ ID NO 8),

PHQ PMQ PQP PVH PMQ PLP PQP PLPP (SEQ ID NQ 9)
or a combination of the amino acid sequence of:

PLV PSQ PLV PSQ PLV PSQ PQ PPLPP (SEQ ID NO 4) and

PLV PSS PLY PCC PLV PCC PSP PLPP (SEQ ID NO 8),

PLV PSQ PLV PSQ PLV PSQ PQP PLPP (SEQ ID NO 4} and

PHQ PMQ PQP PVH PMQ PLP PQP PLPP (SEQID NC 9),

PLV PSS PLV PCC PLV PCC PSP PLPP (SEQ ID NO 8) and

PHGQ PMQ PQP PVH PMQ PLP PQP PLPP {SEQ [D NC 9},
wherein C is Cys, L is Leu, M is Met, Q is GIn, S is Ser, V is Val, Y is Tyr, H is His, P is Pro; the most preferred artifi-
cial Proline-Rich Peptide is an artificial peptide SEQUENCE {N-terminus to C-terminus) comprising the amino acid
sequence of (P6) PHQ PMQ PQP PVH PMQ PLP PQP PLPP (SEQ ID NO 9)
wherein L is Leu, M is Met, Q is GIn, Vis Val, Y is Tyr, His His, P is Pro.
PREFERRED EMBODIMENTS
Among the preferred embodiment of the bone implant matrix according to the present invention there are:
1) A bone implant matrix comprising:
a base matrix the surface thereof is coated with a statistically homogeneous composition which is a reinforcing mix-
ture containing at least a soluble polymer, at ieast a substance, which is able to promote the cell-rooting and the cell
growth, by stimulating cell proliferation and tissue integration (“friendliness to cell”) and at least one artificial Proline-
Rich Peptide wherein the base matrix is selected from the group comprising:
- acellularized or acellularized non-demineralised bone matrix of any source,
- matrix of natural mineral sources,
- synthetic bioceramics matrix,
or mixtures thereof,
the soluble polymer of the reinforcing mixture is a biodegradable polyester or co-polymer thereof, the “friendliness to
cell" is selected from the group consisting of gelatine, hydrolysed gelatine and the artificial Proline-Rich Peptide is se-
lected from:
an artificial peptide comprising the amino acid sequence of Pro-X-X-Pro-Y-Y-Y-Pro-X-X-Pro-Y-Y-Pro-X-X-Pro-X-Pro-
Y-Y-Y-Y-Y-Y-Pro-Y-Y-Y-Y-Y-Y-Pro-X-X-Pro-X-Pro-Y-Y-Y-Pro-Y-Y-Pro-Y- Pro-X-X-Pro -Y-Pro- Y-Y-Pro-X-X-Pro-Y-Y-
Pro-X-X-Pro-Y-Y -Pro-X-X -Pro-Y-Pro-Pro-X-Pro-Pro -X-X-X-X-X-X-X-X-Pro-X-X-Pro-X-X-X-X (SEQ 1D NO 1), where-
in:
a) Pro is proline;
b) X is an amino acid selected from the group consisting of Ala, lle, Leu, Met, Phe, Trp and Val, preferably ile, Leu,
Val and Met;
¢} Y, is an amino acid selected from the group consisting of Asn, Cys, Gln, Ser, Thr and Tyr, preferably Ser and Gin.
or
an artificial peptide comprising the amino acid sequence of Pro-X-X-Pro-Y-Y-Pro-X-X-Pro-Y-Y- Pro-X-X-Pro-Y-Y-Pro-
Y-Pro-Pro-X-Pro-Pro (SEQ ID NO 2), wherein:
a) Pro is proline;
b} X is an amino acid selected from the group consisting of Ala, lle, Leu, Met, Phe, Trp and Val;
¢) Y is an amino acid selected from the group consisting of Asn, Cys, Gln, Ser, Thr and Tyr.
2} A bone implant matrix according to embodiment 1, wherein the bio-degradable polyester or copolymer thereof is
selected from the group consisting of polylactic acid (PLA), polyglycolic acid (PGA), polycaprolactone (PCL) and co-
polymers thereof comprising polycaprolactone-polylactic (PLA/PCL) co-polymers, poly{L-lactide-co-caprolactone) co-
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polymers also known as poly(L-lactide-co-e-caprolactone) co-polymers, poly(L-lactide), poly(D,L-lactide-co-glycolide),

poly{L-lactide-co-D,L-lactide}, their enantiomers, their co-polymers and mixtures thereof.
3) A bone implant matrix according to embodiment 1), wherein the biodegradable polyester or co-polymer thereof is
selected from the group consisting of poly{caprolactones), poly({L-lactide), poly(D L-lactide-co-glycolide), poly(L-
lactide-co-D,L-lactide), their enantiomers, their co-polymers and mixtures thereof.
4) A bone implant matrix according to embodiment 1), wherein the biodegradable polyester or co-polymer thereof is
selected from the group consisting of polycaprolactone-polylactic copolymer (PLA/PCL) or poly(L-lactide-co-
caprolactone) co-polymer also known as poly(L-lactide-co-g-caprolactone) co-polymer.
5) A bone implant matrix according to embadiment 1), wherein the artificial Proline-Rich Peptide is an artificial peptide
comprising the amino acid sequence selected from the group comprising:

PLV PSY PLV PSY PLV PSY PYP PLPP (SEQ ID NO 3},

PLV PSQ PLV PSQ PLV PSQ PQP PLPP (SEQ ID NO 4),

PLV PCC PLV PCC PLV PCC PCP PLPP (SEQ ID NO 5),

PMM PSY PMM PSY PMM PSY PYP PMPP (SEQ ID NO 6),

PLV PSS PLV PSS PLV PSS PSP PLPP (SEQ ID NO 7),

PLV PSS PLV PCC PLV PCC PSP PLPP (SEQ ID NO 8),

PHQ PMQ PQP PVH PMQ PLP PQP PLPP (SEQ ID NC 9)
or a combination thereof.
6) A bone implant matrix according to embodiment 1), wherein the arificial Proline-Rich Peptide is an artificial peptide
comprising the amino acid sequence selected from the group comprising:

PLV PSQ PLV PSQ PLV PSQ PQ PPLPP (SEQ ID NO 4),

PLV PSS PLV PCC PLV PCC PSP PLPP (SEQ ID NO 8),

PHQ PMQ PQP PVH PMQ PLP PQ PPLPP (SEQ ID NO 9)
or a combination of the amino acid sequence of:

PLV PSQ PLV PSQ PLV PSQ PQP PLPP (SEQ ID NO 4) and

PLV PSS PLV PCC PLV PCC PSP PLPP (SEQ |ID NO 8},

PLV PSQ PLV PSQ PLV PSQ PQP PLPP (SEQ ID NO 4) and

PHQ PMQ PQP PVH PMQ PLP PQP PLPP (SEQ ID NO 9),

PLV PSS PLV PCC PLVY PCC PSP PLPP (SEQ ID NO 8) and

PHQ PMQ PQP PVH PMQ PLP PQP PLPP (SEQ ID NC 9).
7) A bone implant matrix according to embodiment 1), wherein the artificial Proline-Rich Peptide is an artificial peptide
comprising the amino acid sequence of:

PHQ PMQ PQP PVH PMQ PLP PQP PLPP (SEG ID NO 9).
8) A bone implant matrix according to embodiment 1), wherein the artificial Proline-Rich Peptide is an artificial peptide
comprising the amino acid sequence of:

PLV PSQ PLV PSQ PLV PSQ PQP PLPP (SEQ ID NO 4).
9) A bone implant matrix according to embodiment 1), wherein the artificial Proline-Rich Peptide is a combination of
the amino acid sequence of:

PLV PSQ PLV PSQ PLV PSQ PQP PLPP (SEQ ID NO 4) and

PHQ PMQ PQP PVH PMQ PLP PQP PLPP (SEQ ID NO 9).
10) A bone implant matrix according to embodiment 1), wherein the acellularized or acellularized non-demineralised
bone matrix of any source is elected from the group comprising:

- acellularized or acellularized non-demineralised human-derived bone matrix,

- acellularized or acellularized non-demineralised xeno-derived bone matrix, such as acellularized or acellu-

larized non-demineralised bovine-bone matrix, acellularized or acellularized non-demineralised equine-bone

matrix, acellularized or acellularized non-demineralised porcine-bone matrix.
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11) A bone implant matrix according to embodiment 1), wherein the matrix of natural mineral sources is selected trom

the group comprising mother of pearl, coral, nacre.
12) A bone implant matrix according to embodiment 1), wherein the synthetic bioceramics matrix is selected from the
group comprising hydroxyl-apatites, calcium carbonates, calcium phosphates, silicon oxides, titanium oxides, alumin-
ium oxides, zirconia oxides, graphites, bioglasses.
13) A bone implant matrix according to embodiment 1), comprising an acellularised bovine bone matrix, coated with a
reinforcing mixture comprising a biodegradable polyester-based copolymer, hydrolysed gelatine, such as bovine or
porcine hydrolysed gelatine, or gelatine, such as bovine or porcine gelatine and an artificial Proline-Rich Peptide
which is an artificial peptide comprising the amino acid sequence selected from the group comprising:

PLV PSY PLV PSY PLV PSY PYP PLPP (SEQ ID NO 3),

PLV PSQ PLV PSQ PLV PSQ PQP PLPP (SEQ ID NO 4),

PLV PCC PLV PCC PLV PCC PCP PLPP (SEQ ID NO 5),

PMM PSY PMM PSY PMM PSY PYP PMPP (SEQ ID NO 6),

PLV PSS PLV PSS PLV PSS PSP PLPP (SEQ ID NO 7),

PLV PSS PLV PCC PLV PCC PSP PLPP (SEQ ID NO 8),

PHQ PMQ PQP PVH PMQ PLP PQP PLPP (SEQ ID NO 9)
or a combination thereof.
14) A bone implant matrix according to embodiment 1), comprising an acellularised non-demineralised bovine bone
matrix, coated with a reinforcing mixture comprising a biodegradable polyester-based copolymer, hydrolysed gela-
tine, such as bovine or porcine hydrolysed gelatine, or gelatine, such as bovine or porcine gelatine and an artificial
Proline-Rich Peptide which is an artificial peptide comprising the amino acid sequence selected form the group com-
prising:

PLV PSY PLV PSY PLV PSY PYP PLPP (SEQ ID NO 3),

PLV PSQ PLV PSQ PLV PSQ PQP PLPP (SEQ ID NO 4),

PLV PCC PLV PCC PLV PCC PCP PLPP (SEQ ID NO 5),

PMM PSY PMM PSY PMM PSY PYP PMPP (SEQ ID NO 86),

PLV PSS PLV PSS PLV PSS PSP PLPP (SEQ ID NO 7},

PLV PSS PLV PCC PLV PCC PSP PLPP (SEQ ID NOC 8),

PHQ PMQ PGP PVH PMQ PLP PQP PLPP (SEQ ID NO 9)
or a combination thereof.
15) A beone implant matrix according to embodiments 13-14), wherein the biodegradable polyester-based co-polymer
is a polycaprolactone-polylactic copolymer (PLA/PCLY).
16) A bone implant matrix according to embodiments 13-14), wherein the biodegradable polyester-based co-polymer
is a poly(L-lactide-co-caprolactone) co-polymer also known as poly(L-lactide-co-e-caprolactone) co-polymer.
17) A bone implant matrix according to embodiments 13-14), wherein the artificial Proline-Rich Peptide is an artificial
peplide comprising the amino acid sequence selected from the group comprising:

PLV PSQ PLV PSQ PLV PSQ PQP PLPP (SEQ ID NO 4),

PLV PSS PLV PCC PLV PCC PSP PLPP (SEQ ID NO 8),

PHQ PMQ PQP PVH PMQ PLP PQP PLPP (SEQ ID NO 9)
or a combination of the amino acid sequence of:

PLV PSQ PLV PSQ PLV PSQ PQP PLPP (SEQ ID NO 4) and

PLV PSS PLV PCC PLV PCC PSP PLPP {(SEQ ID NO 8),

PLV PSQ PLV PSQ PLV PSQ PQP PLPP (SEQ ID NO 4} and

PHQ PMQ PQP PVH PMQ PLP PQP PLPP (SEQ ID NOC 9),

PLV PSS PLV PCC PLV PCC PSP PLPP (SEQ 1D NO 8) and

PHQ PMQ PQP PVH PMQ PLP PQP PLPP (SEQ ID NO 9).
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18) A bone implant matrix according to embodiments 13-14), wherein the artificial Proline-Rich Peptide is an artificial

peptide comprising the amino acid sequence of:

PHQ PMQ PQP PVH PMQ PLP PQP PLPP (SEQ ID NO 9).
19) A bone implant matrix according to embodiment 1), comprising an acellularised bovine bone matrix coated with a
reinforcing mixture comprising a biodegradable polyester-based co-polymer selected from the group comprising: pol-
ycaprolactone-polylactic copolymer (PLA/PCL) or poly(L-lactide-co-caprolactone) co-polymer also known as poly(L-
lactide-co-e-caprolactone) co-polymer, hydrolysed gelatine, such as bovine or porcine hydrolysed gelatine, or gela-
tine, such as bovine or porcine gelatine and an artificial Proline-Rich Peptide which is an artificial peptide comprising
the amino acid sequence of:

PLV PSY PLV PSY PLV PSY PYP PLPP (SEQ ID NO 3},
20) A bone implant matrix according to embodiment 1), comprising an aceflularised bovine bone matrix coated with a
reinforcing mixture comprising a biodegradable polyester-based co-polymer selected from the group comprising: pol-
ycaprolactone-polylactic copolymer (PLA/PCL) or poly{(L-lactide-co-caprolactone) co-polymer also known as poly(L-
lactide-co-e-caprolactone) co-polymer, hydrolysed gelatine, such as bovine or porcine hydrolysed gelatine, or gela-
tine, such as bovine or porcine gelatine and an artificial Proline-Rich Peptide which is an artificial peptide comprising
the amino acid sequence of:

PLV PSQ PLV PSQ PLV PSQ PQP PLPP (SEQ ID NO 4).
21) A bone implant matrix according to embodiment 1), comprising an acellularised bovine bone matrix coated with a
reinforcing mixture comprising a biodegradable polyester-based co-polymer selected from the group comprising: pol-
ycaprolactone-polylactic capolymer (PLA/PCL) or poly(L-lactide-co-caprolactone) co-polymer also known as poly(L-
lactide-co-e-caprolactone) co-polymer, hydrolysed gelatine, such as bovine or porcine hydrolysed gelatine, or gela-
tine, such as bovine or porcine gelatine and an artificial Proline-Rich Peptide which is an artificial peptide comprising
the amine acid sequence of:

PLV PCC PLV PCC PLV PCC PCP PLPP (SEQ ID NO 5).
22) A bone implant matrix according to embodiment 1), comprising an acellularised bovine bone matrix coated with a
reinforcing mixture comprising a biodegradable polyester-based co-polymer selected from the group comprising: pol-
ycaprolactone-polylactic copolymer (PLA/PCL) or poly(L-lactide-co-caprolactone) co-polymer also known as poly(L-
lactide-co-¢-caprolactone) co-polymer, hydrolysed gelatine, such as bovine or porcine hydrolysed gelatine, or gela-
tine, such as bovine or porcine gelatine and an artificial Proline-Rich Peptide which is an artificial peptide comprising
the amino acid sequence of:

PMM PSY PMM PSY PMM PSY PYP PMPP (SEQ ID NO 6).
23) A bone implant matrix according to embodiment 1), comprising an acellularised bovine bone matrix coated with a
reinforcing mixture comprising a biodegradable polyester-based co-polymer selected from the group comprising: pal-
ycaprolactone-polylactic copolymer (PLA/PCL) or poly(L-lactide-co-caprolactone) co-polymer also known as poly(L-
lactide-co--caprolactone) co-polymer, hydrolysed gelatine, such as bovine or porcine hydrolysed gelatine, or gela-
tine, such as bovine or porcine gelatine and an artificial Proline-Rich Peptide which is an artificial peptide comprising
the amino acid sequence of:

PLV PSS PLV PSS PLV PSS PSP PLPP (SEQ ID NO 7).
24) A bone implant matrix according to embodiment 1), comprising an acellularised bovine bone matrix coated with a
reinforcing mixture comprising a biodegradable polyester-based co-polymer selected from the group comprising: pol-
yeaprolactone-polylactic copolymer (PLA/PCL) or poly(L-lactide-co-caprolactone) co-polymer also known as poly(L-
lactide-co-e-caprolactone) co-polymer, hydrolysed gelatine, such as bovine or porcine hydrolysed gelatine, or gela-
tine, such as bovine or porcine gelatine and an artificial Proline-Rich Peptide which is an artificial peptide comprising
the amino acid sequence of:

PLV PSS PLV PCC PLV PCC PSP PLPP (SEQ ID NO 8).
25) A bone implant matrix according to embodiment 1), comprising an acellularised bovine bone matrix coated with a
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reinforcing mixture comprising a biodegradable polyester-based co-polymer selected from the group comprising: pol-

ycaprolactone-polylactic copolymer (PLA/PCL) or poly(L-lactide-co-caprolactone) co-polymer also known as poly(L-
lactide-co-g-caprolactone) co-polymer, hydrolysed gelatine, such as bovine or porcine hydrolysed gelatine, or gela-
tine, such as hovine or porcine gelatine and an artificial Proline-Rich Peptide which is an artificial peptide compyising
the amino acid sequence of:

PHQ PMQ PQP PVH PMQ PLP PQP PLPP (SEQ ID NO 9).
26) A bone implant matrix according to embediment 1), comprising an acellularised bovine bone matrix coated with a
reinforcing mixture comprising a biodegradable polyester-based co-polymer selected from the group comprising: pol-
ycaprolactone-polylactic copolymer (PLA/PCL) or poly(L-lactide-co-caprolactone) co-polymer also known as poly(L-
lactide-co-g-caprolactone) co-polymer, hydrolysed gelatine, such as bovine or porcine hydrolysed gelatine, or gela-
tine, such as bovine or porcine gelatine and an artificial Proline-Rich Peptide which is an artificial peptide comprising
a combination of the amino acid sequence of:

PLV PSQ PLV PSQ PLV PSQ PQP PLPP (SEQ ID NO 4) and

PLV PSS PLV PCC PLV PCC PSP PLPP (SEQ ID NO 8).
27) A bone implant matrix according to embodiment 1), comprising an acellularised bovine bone matrix coated with a
reinforcing mixture comprising a biodegradable polyester-based co-polymer selected from the group comprising: pol-
ycaprolactone-polylactic copolymer (PLA/PCL) or poly(L-lactide-co-caprolactone) co-polymer also known as poly(L-
lactide-co-e-caprolactone) co-polymer, hydrolysed gelatine, such as bovine or porcine hydrolysed gelatine, or gela-
tine, such as bovine or porcine gelatine and an artificial Proline-Rich Peptide which is an artificial peptide comprising
a combination of the amino acid sequence of;

PLV PSQ PLV PSQ PLV PSQ PQP PLPP (SEQ ID NO 4) and

PHQ PMQ PQP PVH PMQ PLP PQP PLPP (SEQ ID NO 9).
28) A bone implant matrix according to embodiment 1), comprising an acellularised bovine bone matrix coated with a
reinforcing mixture comprising a biodegradable polyester-based co-polymer selected from the group comprising: pol-
ycaprolactone-polylactic copolymer (PLA/PCL) or poly(L-lactide-co-caprolactone) co-polymer also known as poly(L-
lactide-co-g-caprolactone) co-polymer, hydrolysed gelatine, such as bovine or porcine hydrolysed gelatine, or gela-
tine, such as bovine or porcine gelatine and an artificial Proline-Rich Peptide which is an artificial peptide comprising
a combination of the amino acid sequence of:

PLV PSS PLV PCC PLV PCC PSP PLPP (SEQ ID NO 8) and

PHQ PMQ PQP PVH PMQ PLP PQP PLPP (SEQ ID NO 9).
29) A bone implant matrix according to embodiment 1), comprising an acellularised non-demineralised bovine bone
matrix coated with a reinforcing mixture comprising a biodegradable pol-yester-based co-polymer selected from the
group com-prising: polycaprolactone-polylactic copolymer (PLA/PCL) or poly(L-lactide-co-caprolactone) co-polymer
also known as poly(L-lactide-co-e-caprolactone) co-polymer, hydrolysed gelatine, such as bovine or porcine hydro-
lysed gelatine, or gelatine, such as bovine or porcine gelatine and an artificial Proline-Rich Peptide which is an artifi-
cial peptide comprising the amino acid sequence of:

PLV PSY PLV PSY PLV PSY PYP PLPP (SEQ ID NO 3).
30} A bone implant matrix according to embaodiment 1), comprising an acellularised non-demineralised bovine bone
matrix coated with a reinforcing mixture comprising a biodegradable polyester-based co-polymer selected from the
group comprising: polycaprolactone-polylactic copolymer (PLA/PCL) or poly{L-lactide-co-caprolactone) co-polymer
also known as poly(L-lactide-co-s-caprolactone) co-polymer, hydrolysed gelatine, such as bovine or porcine hydro-
lysed gelatine, or gelatine, such as bovine or porcine gelatine and an artificial Proline-Rich Peptide which is an artifi-
cial peptide comprising the amino acid sequence of:

PLV PSQ PLV PSQ PLV PSQ PQP PLPP (SEQ ID NO 4).
31) A bone implant matrix according to embodiment 1), comprising an acellularised non-demineralised bovine bone
matrix coated with a reinforcing mixture comprising a biodegradable pol-yester-based co-polymer selected from the
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group com-prising: polycaprolactone-polylactic copolymer (PLA/PCL) or poly(L-lactide-co-caprolactone) co-polymer

also known as poly(L-lactide-co-¢-caprolactone) co-polymer, hydrolysed gelatine, such as bovine or porcine hydro-
lysed gelatine, or gelatine, such as bovine or porcine gelatine and an artificial Proline-Rich Peptide which is an artifi-
cial peptide comprising the amino acid sequence of:

PLV PCC PLV PCC PLV PCC PCP PLPP (SEQ ID NO 5).
32) A bone implant matrix according to embodiment 1), comprising an acellutarised non-demineralised bovine bone
matrix coated with a reinforcing mixture comprising a biodegradable polyester-based co-polymer selected from the
group com-prising: polycaprolactone-palylactic copolymer (PLA/PCL) or poly(L-lactide-co-caprolactone) co-polymer
also known as poly(L-lactide-co-e-caprolactone) co-polymer, hydrolysed gelaling, such as bovine or porcine hydro-
lysed gelatine, or gelatine, such as bovine or porcine gelatine and an artificial Proline-Rich Peptide which is an artifi-
cial peptide comprising the amine acid sequence of:

PMM PSY PMM PSY PMM PSY PYP PMPP (SEQ ID NO 6).
33) A bone implant matrix according to embodiment 1), comprising an acellularised non-demineralised bovine bone
matrix coated with a reinforcing mixture comprising a biodegradable polyester-based co-polymer selected from the
group com-prising: polycaprolactone-polylactic copolymer (PLA/PCL) or poly(L-lactide-co-caprolactone} co-polymer
also known as poly(L-lactide-co-e-caprolactone) co-polymer, hydrolysed gelatine, such as bovine or porcine hydro-
lysed gelatine, or gelatine, such as bovine or porcine gelatine and an artificial Proline-Rich Peptide which is an artifi-
cial peptide comprising the amino acid sequence of:

PLV PSS PLV PSS PLV PSS PSP PLPP (SEQ ID NO 7).
34) A bone implant matrix according to embodiment 1), com-prising an acellularised non-demineralised bovine bone
matrix coated with a reinforcing mixture comprising a biodegradable polyester-based co-polymer selected from the
group com-prising: polycaprolactone-polylactic copolymer (PLA/PCL) or poly(L-lactide-co-caprolactone) co-polymers
also known as poly(L-lactide-co-e-caprolactone) co-polymer, hydrolysed gelatine, such as bovine or porcine hydro-
lysed gelatine, or gelatine, such as bovine or porcine gelatine and an artificial Proline-Rich Peptide which is an artifi-
cial peptide comprising the amino acid sequence of:

PLV PSS PLV PCC PLV PCC PSP PLPP (SEQ ID NO 8).
35) A bone implant matrix according to embodiment 1), com-prising an acellularised non-demineralised bovine bone
matrix coated with a reinforcing mixture comprising a biodegradable polyester-based co-polymer selected from the
group com-prising: polycaprolactone-polylactic copolymer (PLA/PCL) or poly(L-lactide-co-caprolactone) co-polymer
also known as poly(L-lactide-co-e-caprolactone) co-polymer, hydrolysed gelatine, such as bovine or porcine hydro-
lysed gelatine, or gelatine, such as bovine or porcine gelatine and an artificial Proline-Rich Peptide which is an artifi-
cial peptide comprising the amino acid sequence of:

PHQ PMQ PQP PVH PMQ PLP PQP PLPP (SEQ ID NC 9).
36) A bone implant matrix according to embodiment 1), comprising an acellularised non-demineralised bovine bone
matrix coated with a reinforcing mixture comprising a biodegradable polyester-based co-polymer selected from the
group comprising: polycaprolactone-polylactic copolymer (PLA/PCL) or poly(L-lactide-co-caprolactone) co-polymer
also known as poly{L-lactide-co-e-caprolactone) co-polymer, hydrolysed gelatine, such as bovine or porcine hydro-
lysed gelatine, or gelatine, such as bovine or porcine gelatine and an artificial Proline-Rich Peptide which is an artifi-
cial peptide comprising a combination of the amino acid sequence of:

PLV PSQ PLV PSQ PLV PSQ PQP PLPP (SEQ ID NO 4) and

PLV PSS PLV PCC PLY PCC PSP PLPP (SEQ ID NO 8).
37) A bone implant matrix according to embodiment 1), comprising an acellularised non-demineralised bovine bone
malrix coated with a reinforcing mixture comprising a biodegradable polyester-based co-polymer selected from the
group comprising: polycaprolactone-polylactic copolymer (PLA/PCL} or poly(L-lactide-co-caprolactone) co-polymer
also known as poly(L-lactide-co-e-caprolactone) co-polymer, hydrolysed gelatine, such as bovine or porcine hydro-

lysed gelatine, or gelatine, such as bovine or porcine gelatine and an artificial Proline-Rich Peptide which is an artifi-
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cial peptide compnising a combination of the amino acid sequence of:

PLV PSQ PLV PSQ PLV PSQ PQP PLPP (SEQ ID NO 4) and

PHQ PMQ PQP PVYH PMQ PLP PQP PLPP (SEQ ID NO 9).
38) A bone implant matrix according to embodiment 1), com-prising an acellularised non-demineralised bovine bone
matrix coated with a reinforcing mixture comprising a biodegradable pol-yester-based co-polymer selected from the
group com-prising: polycaprolactone-polylactic copolymer (PLA/PCL) or poly(L-lactide-co-caprolactone) co-polymer
also known as poly(L-lactide-co-e-caprolactone) co-polymer, hydrolysed gelatine, such as bovine or porcine hydro-
lysed gelatine, or gelatine, such as bovine or porcine gelatine and an artificial Proline-Rich Peptide belonging to In-
trinsic Disorder Protein (IDP) which is an artificial peplide comprising a combination of the amino acid sequence of:

PLV PSS PLV PCC PLV PCC PSP PLPP (SEQ ID NO 8) and

PHQ PMQ PQP PVH PMQ PLP PQP PLPP (SEQ ID NO 9).
39) A bone implant matrix according to embodiment 1), for use in at least one of the following fields: bone reconstruc-
tive surgery, in bone regeneration surgery, in regenerative surgery, in skull and maxillo-facial bone reconstructive
surgery, in oncologic surgery, pediatric cases, in oral surgery, dental surgery, orthopaedic surgery, spine surgery,
traumatology and implantology.
40} A bone implant matrix according to embodiment 1), for use in human or veterinary treatment.

As further preferred embodiments of the present invention there are:
1) a bone implant matrix comprising an acellularised bovine bone matrix the surface thereof is coated with a statisti-
cally homogeneous composition which is a reinforcing mixture comprising a biodegradable polyester-based co-
polymer, preferably polycaprolactone-polylactic copolymer (PLA/PCL) or poly{L-lactide-co-caprolactone) co-polymer
also known as poly{L-lactide-co-£-caprolactone} co-polymer, hydrolysed gelatine, such as bovine or porcine hydro-
lysed gelatine, or gelatine, such as bovine or porcine gelatine, and an artificial Proline-Rich Peptide which is an artifi-
cial peptide comprising the amino acid sequence selected from the group comprising:

PLV PSY PLV PSY PLV PSY PYP PLPP (SEQ ID NO 3},

PLV PSQ PLV PSQ PLV PSQ PQP PLPP (SEQ ID NO 4},

PLV PCC PLV PCC PLV PCC PCP PLPP (SEQ ID NO 5),

PMM PSY PMM PSY PMM PSY PYP PMPP (SEQ ID NO 86),

PLV PSS PLV PSS PLV PSS PSP PLPP (SEQ ID NO 7),

PLV PSS PLV PCC PLV PCC PSP PLPP (SEQ ID NO 8),

PHQ PMQ PQP PVH PMQ PLP PQP PLPP (SEQ ID NO 8),

preferably an artificial Proline-Rich Peptide which is an artificial peptide comprising the amino acid sequence
selected from the group comprising:

PLV PSQ PLV PSQ PLV PSQ PQP PLPP (SEQ 1D NO 4),

PLV PSS PLV PCC PLV PCC PSP PLPP (SEQ ID NO 8),

PHQ PMQ PQP PVH PMQ PLP PQP PLPP (SEQ ID NO 9)
or a combination of the amino acid sequence of:

PLV PSQ PLV PSQ PLV PSQ PQP PLPP (SEQ ID NO 4) and

PLV PSS PLV PCC PLV PCC PSP PLPP (SEQ ID NO 8),

PLV PSQ PLV PSQ PLV PSQ PQP PLPP (SEQ ID NO 4) and

PHQ PMQ PQP PVH PMQ PLP PQP PLPP (SEQ ID NO 9),

PLV PSS PLV PCC PLV PCC PSP PLPP (SEQ 1D NO 8) and

PHQ PMQ PQP PVH PMQ PLP PQP PLPP (SEQ ID NO 9},
more preferably the artificial Proline-Rich Peptide is an artificial peptide comprising the amino acid sequence of;

PHQ PMQ PQP PVH PMQ PLP PQP PLFPP (SEG ID NO 9).
I} a bone implant matrix comprising an acellularised non-demineralised bovine bone matrix the surface thereof is
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coaled with a statistically homogeneous composition which is a reinforcing mixture comprising a biodegradable poly-

ester-based co-polymer, preferably polycaprolactone-polylactic copolymer (PLA/PCL) or poly(L-lactide-co-
caprolactone) co-polymer also known as poly(L-lactide-co-e-caprolactone) co-polymer, hydrolysed gelatine, such as
bovine or porcine hydrolysed gelatine, or gelating, such as bovine or porcine gelatine, and an artificial Proline-Rich
Peptide which is an artificial peptide comprising the amino acid sequence selected from the group comprising:

PLV PSY PLV PSY PLV PSY PYP PLPP (SEQ ID NQO 3},

PLV PSQ PLV PSQ PLV PSQ PQP PLPP (SEQ ID NO 4),

PLV PCC PLV PCC PLV PCC PCP PLPP (SEQ ID NO 5},

PMM PSY PMM PSY PMM PSY PYP PMPP (SEQ ID NO 6),

PLV PSS PLV PSS PLV PSS PSP PLPP (SEQ ID NO 7),

PLV PSS PLV PCC PLV PCC PSP PLPP (SEQ ID NO 8),

PHQ PMQ PQP PVH PMQ PLP PQP PLPP (SEQ ID NO 9},

preferably an artificial Proline-Rich Peptide which is an artificial peptide comprising the amino acid sequence
selected from the group comprising:

PLV PSQ PLV PSQ PLV PSQ PQP PLPP (SEQ ID NGO 4),

PLV PSS PLV PCC PLV PCC PSP PLPP (SEQ ID NO 8),

PHQ PMQ PQP PVH PMQ PLP PQP PLPP (SEQ ID NO 9)

or a comhination of the amino acid sequence of:

PLV PSQ PLV PSQ PLV PSQ PQP PLPP (SEQ ID NO 4} and

PLV PSS PLV PCC PLV PCC PSP PLPP (SEQ ID NO 8},

PLV PSQ PLV PSQ PLV PSQ PQP PLPP {(SEQ ID NO 4) and

PHQ PMQ PQP PVH PMQ PLP PQP PLPP (SEQ ID NO 8),

PLV PSS PLV PCC PLV PCC PSP PLPP (SEQ ID NO 8) and

PHQ PMQ PQP PVH PMQ PLP PQP PLPP (SEQ ID NO 9),
more preferably the artificial Proline-Rich Peptide is an artificial peptide comprising the amino acid sequence of:

PHQ PMQ PQP PVH PMQ PLP PQP PLPP (SEQ ID NO 8).

The bone implant matrixes described above may be used in orthopedic, oncologic, pediatric, spine and oral surgery,
in neurosurgery related lo skull bones, in bone reconstructive surgery in general and in implantology.

Said bone implant matrixes are particularly suitable to be used in all bone reconstructive surgery, in particular to re-
construct and missing bone structures due e.g. to trauma-related defects, oncologic resection and/or cureltage pro-
cedures of bone cysts of different origins, any bone loss due to either external or internal causes or pathologies or
any metabolic disorders.

According to a preferred usage, said bone implant matrixes are particularly suitable in the bone reconstructive sur-
gery, following the resection of pathologic bone segments, curettage of bone cysts.

Additionally, said bone implant matrixes may be used also in oral and dental applications, dentistry, as bone “chips”,
as support matrixes for cell housing and in cellular therapies.

The bone implant matrixes may be used for both human and veterinary use.

1t is a further object of the present invention a bone implant matrix herewith disclosed, for use in at least one of the
following fields: bone reconstructive surgery, bone regeneration surgery, regenerative surgery, skull and maxillo-
facial bone reconstructive surgery, oncologic surgery, pedialric cases surgery, oral surgery, dental surgery, ortho-
paedic surgery, spine surgery, traumatology and implantology.

It is a further object of the present invention a bone implant matrix herewith disclosed, for use in in human or veteri-
nary treatment.

According to the present invention, a bone implant matrix herewith disclosed may be used for the in vivo induction

and/or stimulation of biomineralization, such as in vivo induction of bone, cartilage, cementum and/or dental tissue
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formation and/or regeneration.

The present invention also relates to a method for the in vivo induction and/or stimulation of biomineralization, such
as in vivo induction of bone, andfor regeneration, of a bone implant matrix in a subject, for bone reconstructive sur-
gery, in bone regeneration surgery, in regenerative surgery, in maxillo-facial bone reconstructive surgery, in oral sur-
gery, dental surgery, orthopaedic surgery, spine surgery, traumatology, oncological bone reconstructive surgeries
and implantology, said method comprising the steps of:

1} providing a bone implant matrix which comprises:

a base matrix the surface thereof is coated with a statistically homogeneous composition which is a reinforcing mix-
ture containing at least a polymer, at least a substance, which is able to promote the cell-rooting and the celi growth,
by stimulating cell proliferation and tissue integration (“friendliness to cell’) and at least an artificial Proline-Rich Pep-
tide wherein the base matrix is selected from the group comprising:

- acellularized or acellularized non-demineralised bone matrix of any source,

- acellularized or acellularized non-demineralised bone matrix of xeno-origin;

- matrix of natural mineral sources,

- synthetic bioceramics matrix,

or mixtures therecf,

the polymer of the reinforcing mixture is a biodegradable polyester or co-polymer thereof, the “friendliness to cell’ is
selected from the group consisting of gelatine, hydrolysed gelatine and the artificial Proline-Rich Peptide is selected
from: an artificial peptide comprising the amino acid sequence of Pro-X-X-Pro-Y-Y-Y-Pro-X-X-Pro-Y-Y-Pro-X-X-Pro-
X-Pro-Y-Y-Y-Y-Y-Y-Pro-Y-Y-Y-Y-Y-Y-Pro-X-X-Pro-X-Pro-Y-Y-Y-Pro-Y-Y-Pro-Y- Pro-X-X-Pro -Y-Pro- Y-Y-Pro-X-X-
Pro-Y-Y-Pro-X-X-Pro-Y-Y -Pro-X-X -Pro-Y-Pro-Pro-X-Pro-Pro -X-X-X-X-X-X-X-X-Pro-X-X-Pro-X-X-X-X (SEQ ID NO
1), wherein:

a) Pro is proline;

b} X is an amino acid selected from the group consisting of Ala, lle, Leu, Met, Phe, Trp and Val, preferably lle, Leu,
Val and Met;

¢) Y, is an amino acid selected from the group consisting of Asn, Cys, GIn, Ser, Thr and Tyr, preferably Ser and Gin.
or

an artificial peptide comprising the amino acid sequence of Pro-X-X-Pro-Y-Y-Pro-X-X-Pro-Y-Y- Pro-X-X-Pro-Y-Y-Pro-
Y-Pro-Pro-X-Pro-Pro (S8EQ ID NO 2}, wherein:

a) Pro is proline;

b) X is an amino acid selected from the group consisting of Ala, lle, Leu, Met, Phe, Trp and Val
c) Y is an amino acid selected from the group consisting of Asn, Cys, GIn, Ser, Thr and Tyr;
I) implanting said bone implant matrix into said subject.

In order to achieve this, a bone implant matrix according to the invention is administered to the tissue of interest. The
bone implant matrix may be administered in any suitable way depending on the intended use. When the bone implant
matrix of the invention is administered to a tissue it may induce biomineralization and further bone formation. Exam-
ples of tissue of interest in the present context include bone, cartilage, cementum and teeth. Examples of conditions
that may lead to bone fractures include, but are not limited to, bone resection, e.g. at trauma, tumours, cysts, and in-
fections or inlammations, such as periodentitis, periimplantitis or ostitis. The bone implant matrix according to the in-
vention may be administered to a subject in need thereof suffering from such a condition.

It is a further object of the present invention a method for the in vivo induction of bone, cartilage, cementum and/or
dental tissue formation comprising the administration of a bone implant matrix comprising:

a base matrix the surface thereof is coated with a statistically homogengous composition which is a reinforcing mix-
ture containing at least a soluble polymer, at least a substance, which is able to promote the cell-rooting and the cell
growth, by stimulating cell proliferation and tissue integration (“friendliness to cell’y and at least an artificial Proline-
Rich Peptide wherein the base matrix is selected from the group comprising:



10

15

20

25

30

35

40

45

17
WO 2020/193285 PCT/EP2020/057281
- acellularized or acellularized non-demineralised bone matrix of any source,

- acellularized or acellularized non-demineralised bone matrix of xeno-origin;

- matrix of natural mineral sources,

- synthetic bioceramics matrix,

or mixtures thereof,

the soluble polymer of the reinforcing mixture is a biodegradable polyester or co-polymer thereof, the "friendliness to
cell” is selected from the group consisting of gelatine, hydrolysed gelatine and the artificial Proline-Rich Peptide is
selected from: an artificial peptide comprising the amino acid sequence of Pro-X-X-Pro-Y-Y-Y-Pro-X-X-Pro-Y-Y-Pro-
X-X-Pro-X-Pro-Y-Y-Y-Y-Y-Y-Pro-Y-Y-Y-Y-Y-Y-Pro-X-X-Pro-X-Pro-Y-Y-Y-Pro-Y-Y-Pro-Y- Pro-X-X-Pro -Y-Pro- Y-Y-
Pro-X-X-Pro-Y-Y-Pro-X-X-Pro-Y-Y -Pro-X-X -Pro-Y-Pro-Pro-X-Pro-Pro -X-X-X-X-X-X-X-X-Pro-X-X-Pro-X-X-X-X (SEQ
1D NG 1), wherein:

a) Pro is proline;

b) X is an amino acid selected from the group consisting of Ala, lte, Leu, Met, Phe, Trp and Val, preferably lle, Leu,
Val and Met;

¢) Y, is an amino acid selected from the group consisting of Asn, Cys, Gln, Ser, Thr and Tyr, preferably Ser and GIn.
or

an artificial peptide comprising the amino acid sequence of Pro-X-X-Pro-Y-Y-Pro-X-X-Pro-Y-Y- Pro-X-X-Pro-Y-Y-Pro-
Y-Pro-Pro-X-Pra-Pro {SEQ 1D NO 2}, wherein:

a) Pro is proline,

b) X is an amino acid selected from the group consisting of Ala, lle, Leu, Met, Phe, Trp and Val,
¢} Y is an amino acid selected from the group consisting of Asn, Cys, Gln, Ser, Thr and Tyr,
to a subject in need thereof.

A method for preparing the bone implant matrixes is be described herein below, which comprises the following sleps:

a) preparing a solution of a reinforcing mixture containing at least a soluble polymer, at least a substance, which is
able to promote the cell-rooting and the cell growth, by stimulating cell proliferation and tissue integration (“friendli-
ness to cell’) and at least an artificial Proline-Rich Peptide, as described above,

b) immersing a base matrix, according to the present invention, into the reinforcing mixture made according to step
a

¢) drying and degassing the matrix made according to step b), preferably in a vacuum furnace at 37°C (x2°C) for 24
hours, for removing possible solvent residues (for example in air or preferably in a vacuum furnace).

Drying and degassing the bone implant matrix usually take place contemporarily.

Such a method may optionally be followed by a post-treatment step, which comprises for example heating, condition-
ing in an inert atmosphere the bone implant matrixes and degassing to remove completely the possible residues of
solvents used in the preparation process.

Moreover, the bone implant matrix preparation process may be followed by a packaging method which comprises the
steps of:

d) packaging in a sterile and inert atmosphere,

e) sterilization (preferably through ethylene oxide or beta-ray irradiation).

The matrixes known in the state of the art and commonly used in the orthopaedic surgery have poor mechanical re-
sistance, poor fixing resistance, fragility and little ductility characteristics.

The Applicant has surprisingly found that, by treating a base matrix, according to the present invention, with a rein-
forcing mixture containing at least a soluble polymer, at feast a substance, which is able to promote the cell-rooting
and the cell growth, by stimulating cell proliferation and tissue integration (“friendliness to cell”) and at least an artifi-
cial Proline-Rich Peptide, as described above, it is possible to obtain bone implant matrixes, which have

The following, not limitative, examples describe embodiments of the invention.

EXAMPLES
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EMB&J(I)MI:NIé ACCORDING TO THE INVENTION 1 /

In order to show the feasibility, reproducibility and efficacy of the bone implant matrix “SBP” according to the present
invention, different types of base matrixes, soluble polymers, “friendliness to cel!" and artificial Proline-rich peptides,
also defined as "PRP", according to the present invention, have been combined according to the following examples
2A — 2E and the corresponding efficacy have been tested, ideally targeting a 1pg of peptide per 1cc of base matrix.
Example 1: Preparation of peptide solutions

For each of the three peptide: PLV PSQ PLV PSQ PLY PSQ PQP PLPP (SEQ ID NO 4), PLV PSS PLV PCC PLV
PCC PSP PLPP (SEQ ID NO 8) and PHQ PMQ PQP PVH PMQ PLP PQ PPLPP (SEQ ID NO 9) were prepared the
corresponding stock solutions at 4 mM in 0.1% whw acetic acid (in water — sterile filtered. Make aliquots and store at -
20°C.

Example 2A: Method for preparing a bone implant matrix with artificial Proline-rich Peptide PHQ PMQ PQP
PVH PMQ PLP PQ PPLPP (SEQ ID NO 9)

Bring into solution 1 g of poly(l.-lactide-co-caprolactone) co-polymer also known as poly{L-lactide-co-¢-caprolactone)
co-polymer (PLCL) in 20 m! of dichloromethane. Keep under stirring with a magnetic stirrer for at least 45 minutes at
room temperature, in order to obtain a solution having a very homogeneous dispersion.

Prepare 20 ml of 1.5% wiw aqueous solution of hydrolysed porcine gelatine. Pour water, preferably by injection, and
gently stirring, add the hydrolysed porcine gelatine. Keep under stirring for at least 1 hour at 37°C ( 3°C), in order to
obtain a solution characterised by a very homogeneous dispersion.

Add 10 ml of isopropanol to the poly(L-lactide-co-e-caprolactone) co-polymeric solution in dichloromethane previously
prepared.

Keep the obtained polymeric solution under stirring for 15 minutes.

Add to the hydrolysed porcine gelatine aqueous solution, previously prepared, the peptide PHQ PMQ PQP PVH
PMQ PLP PQ PPLPP (SEQ ID NO 9} adding the solution thereof in order to achieve a final concentration not less
than 0.025 pM of said peptide.

Add the hydrolysed porcine gelatine/peptide solution, previously prepared, to the co-polymeric solution.

Keep the final co-polymeric solution so obtained well stirred for 10 minutes at room temperature, in order to abtain a
stable, well homogeneous and nano-dispersed solution of all the compounds used.

Immerse the non-demineralised, acellularized bovine bone matrix into the polymeric solution and keep immersed for
at least 30 minutes under stirring.

At the end, insert the product in the vacuum furnace for 24 hours at 37°C (+ 3°C) in order to remove the solvents.
Example 2B. Method for preparing a bone implant matrix with artificial Proline-rich Peptide PLV PSQ PLV
PSQ PLV PSQ PQP PLPP (SEQ ID NO 4) identified as P2 with High concentration thereof: SBP2H

Bring into solution 1 g of poly(L-lactide-co-caprolactone) co-polymer also known as poly(L-lactide-co-¢-caprolactone)
co-polymer (PLCL) in 20 m! of dichloro-methane. Keep under stirring with a magnetic stirrer for at least 45 minutes at
room temperature, in order to obtain a sclution characterised by a very homogeneous dispersion.

Prepare 20 ml of 1.6% w/w aqueous solution of hydrolysed porcine gelatine. Pour water, preferably by injection, and
gently stirring, add the hydrolysed porcine gelatine. Keep under stirring for at least 1 hour at 37°C (£ 3°C), in order to
obtain a solution characterised by a very homogeneous dispersion.

Add 10 ml of isopropanol to the poly(L-lactide-co-g-caprolactone) co-polymeric solution in dichloro-methane previous-
ly prepared.

Keep the obtained polymeric solution under stir-ring for 15 minutes.

Add to the hydrolysed porcine gelatine aqueous solution, previously prepared, the peptide PLV PSQ PLV PSQ PLV
PSQ PQP PLPP (SEQ ID NO 4) adding the solution thereof in order to achieve a final concentration not less than
0.025 uM of said peptide.

Add the hydrolysed porcine gelatine/peptide solution, previously prepared, to the co-polymeric solution,

Keep the final co-polymeric solution so obtained well stirred for 10 minutes at room temperature, in order to obtain a
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stable, well homogeneous and nano-dispersed solution of all the com-pounds used.

Immerse the non-demineralised, acellularized bovine bone matrix into the polymeric solution and keep immersed for
at least 30 minutes under stirring.

At the end, insert the product in the vacuum furnace for 24 hours at 37°C (+ 3°C) in order to remove the solvents.
Example 2C. Method for preparing a bone implant matrix with artificial Proline-rich Peptide PLV PSQ PLV
PSQ PLV PSQ PQP PLPP (SEQID NO 4) identified as P2 with medium concentration thereof: SBP2M

Bring into solution 1 g of PLA/PCL co-polymer in 20 ml of dichloro-methane. Keep under stirring with a magnetic stir-
rer for at least 45 minules at room temperature, in order to obtain a solution characterised by a very homogeneous
dispersion.

Prepare 20 ml of 1.5% w/w aqueous solution of hydrolysed bovine gelatine. Pour water, preferably by injection, and
gently stirring, add the hydrolysed bovine gelatine. Keep under stirring for at least 1 hour at 37°C {+ 3°C), in order to
obtain a solution characterised by a very homogeneous dispersion.

Add 10 ml of isopropano! to the PLA/PCL co-polymeric solution in dichloro-methane previously prepared.

Keep the obtained polymeric solution under stir-ring for 15 minutes.

Add to the hydrolysed bovine gelatine aqueous solution, previously prepared, the peptide PLV PSQ PLV PSQ PLV
PSQ PQP PLPP (SEQ ID NO 4) adding the solution thereof in order to achieve a final concentration not higher than
0.025 uM of said peptide.

Add the hydrolysed bovine gelatine/peptide solution, previously prepared, to the co-polymeric solution.

Keep the final co-polymeric solution so obtained well stirred for 10 minutes at room temperature, in order to obtain a
stable, well homogeneous and nano-dispersed solution of all the com-pounds used.

Immerse the non-demineralised, acellularized bovine bone matrix into the polymeric solution and keep immersed for
at least 30 minutes under stirring.

At the end, insert the product in the vacuum furnace for 24 hours at 37°C (¢ 3°C) in order to remove the solvents.
Example 2D, Method for preparing a bone implant matrix with artificial Proline-rich Peptide PLV PSQ PLV
PSQ PLV PSQ PQP PLPP (SEQ ID NO 4) identified as P2 with Low concentration thereof: SBP2L

Bring into solution 1 g of P(L,DL)LA [poly{70L-lactide-co-30DL-lactide)] co-polymer in 20 mi of dichloromethane. Keep
under stirring with a magnelic stirrer for at least 45 minutes at room temperature, in order to obtain a solution having
a very homogeneous dispersion.

Prepare 20 ml of 1.5% wiw aqueous solution of porcine gelatine. Pour water, preferably by injection, and gently stir-
ring, add the porcine gelatine. Keep under stirring for at least 1 hour at 37°C (+ 3°C}), in order to obtain a solution
characterised by a very homogeneous dispersion.

Add 10 m! of isopropanol to the PLA/PCL co-polymeric solution in dichloro-methane previously prepared.

Keep the obtained polymeric solution under stirring for 15 minutes.

Add to the porcine gelatine aqueous solution, previously prepared, the peptide PLV PSQ PLV PSQ PLV PSQ PQP
PLPP (SEQ ID NO 4) identified as P2 adding the solution thereof in order to achieve a final concentration not higher
than 2.5 nM of said peptide.

Add the porcine gelatine/peptide solution, previously prepared, to the co-polymeric solution.

Keep the final co-polymeric solution so obtained well stirred for 10 minutes at room temperature, in order to obtain a
stable, well homogeneous and nano-dispersed solution of all the compounds used.

Immerse the acellularized bovine bone matrix into the polymeric solution and keep immersed for at least 30 minutes
under stirring.

At the end, insert the product in the vacuum furnace for 24 hours at 37°C (¢ 3°C) in order to remove the solvents.
Example 2E. Method for preparing a bone implant matrix with artificial Proline-rich Peptide PLV PSS PLV
PCC PLV PCC PSP PLPP (SEQID NO 8)

Bring into solution 1 g of PLA/PCL co-polymer in 20 ml of dichloro-methane. Keep under stirring with a magnetic stir-
rer for at least 45 minutes at room temperature, in order to obtain a solution characterised by a very homogeneous
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dispersion.

Prepare 20 ml of 1.5% w/w aqueous solution of porcine gelatine. Pour water, preferably by injection, and gently stir-
ring, add the porcine gelatine. Keep under stirring for at least 1 hour at 37°C (+ 3°C), in order to obtain a solution
characterised by a very homogeneous dispersion.

Add 10 ml of isopropanol to the PLA/PCL co-polymeric solution in dichloro-methane previously prepared.

Keep the obtained polymeric solution under stir-ring for 15 minutes.

Add to the porcine gelatine aqueous solution, previously prepared, the peptide PLV PSQ PLV PSQ PLV PSQ PQP
PLPP (SEQ ID NO 4) identified as P2 adding the solution thereof in order to a final concentration not less than 0.025
KM of said peptide.

Add the porcine gelatine/peptide solution, previously prepared, to the co-polymeric solution.

Keep the final co-polymeric solution so obtained well stirred for 10 minutes at room temperature, in order to obtain a
stable, well homogeneous and nano-dispersed solution of all the com-pounds used.

Immerse the non-demineralised, acellularized bovine bone matrix into the polymeric solution and keep immersed for
at least 30 minutes under stirring.

Atthe end, insert the product in the vacuum furnace for 24 hours at 37°C ( 3°C) in order to remove the solvents.
COMPARATIVE EMBODIMENTS

For comparative purposes, in order to verify the efficacy of the bone implant matrix “SBP” according to the present
invention, a bone implant matrix, identified as “SB”, according to the PCT application no. PCT/IB2009/007759 has
been reproduced (example 3) and tested.

EXAMPLE 3. Method for preparing a bone implant matrix without artificial Proline-rich Peptide: bone graft
substitute or 8B (not according to the invention).

Bring into solution 1 g poly(L-lactide-co-caprolactone) co-polymer also known as poly{L-lactide-co-e-caprolactone) co-
polymer (PLCL) in 20 ml of dichloromethane. Keep under stirfing for at least 45 minutes at room temperature in order
to obtain a solution having a very homogeneous dispersion.

Prepare 20 ml of 1.5% solution of hydrolysed porcine gelatine. Pour water, preferably by injection, and gently stirring,
add the hydrolysed porcine gelatine. Keep under stirring for at least 1 hour at 37°C (+ 3°C), in order to obtain a solu-
tion characterized by a very homogeneous dispersion.

Add 10 mi of isopropanol to the poly({L-lactide-co-g-caprolactone) (PLCL) co-polymeric solution in dichloromethane
previously prepared.

Keep the so obtained co-polymeric solution under stirring for 20 minutes.

Add the hydrolysed porcine gelatine solution, previously prepared, to the co-polymeric solution.

Keep the co-polymeric solution so obtained well stirred for 10 minutes at room temperature, in order to obtain a sta-
ble, well homogeneous and nano-dispersed solution of all the compounds used.

Immerse the bovine non-demineralised, acellularized bone matrix into the polymeric solution and keep immersed for
at least 30 minutes under stirring.

At the end, insert the product in the vacuum furnace for 24 hours at 37°C (= 3°C) in order to remove the solvents.
Example 4. Comparative peptide: EMD

A gel-coating primarily based on amelogenin for enamel regeneration produce and sell by Straumann® Emdogain®
(EMD) as peptides already used in medical biomineralization, has been used for comparison. Prepare a stock solu-
tion at 10 mg/ml in 0.1% w/w acetic acid (in water — sterile filtered). Make aliquots and store at -20°C.

Example5. Experimental tests

Release profile

To obtain the FITC release profile, 10x10x10 mm? FITC- bone implant matrix “SBP” blocks, according to the present
invention (such as those according to examples 2A — 2E), were immerged in 2 ml purified water, For 4 days the solu-
tion was analysed every 24 h using UV-vis, then 48 h after, and finally 30 days after. The water was changed every

time to better simulate in vivo conditions, maximizing the drive force. Having a FITC+H20 calibration curve, the ab-
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sorbance could be related to the concentration. Using a known quantity of water, the mass released could be derived

from the measured concentration.

For a proper FITC release profile, also samples of bone implant matrix, identified as "SB”, reproduced according to
example 3 were studied, since other components of the “SB” is likely to be released, the blank used for the spectros-
copy was based on a water + “SB” solution. The same method was used for making the release profile of the proper
“SBP”, such as those according to examples 2A — 2E, except for that 10ml purified water was used instead of 2ml. To
identify the presence of "PRP" in the aqueous solution, FITC molecules were either attached to the C- or N-terminal
of the peptide before loading.

Graft characterization

The grafts were characterized using analytical methods in correspondence with standard methods adopted from liter-
ature [G. Perale, P. Arosio, D. Moscatelli, V. Barri, M. Mller, 8. MacCagnan, M. Masi, A new model of resorbable
device degradation and drug release: transient 1-dimension diffusional model, Journal of Controlled Release 136(3)
(2009) 196-205]. The analytical analysis consisted of extended pressure microscopy (environmental SEM, E/SEM)
and with energy dispersicn spectroscopy (EDX) pointing at random sports on the graft. The used machine was JEOL
6010-L.A SEM using 15kV, at x100 mag. with EDS (Tokyo, Japan). External and internal surfaces were investigated.
To obtain photos of the internal surfaces the scaffolds were cut info pieces using a scalpel.

As the peptides composition in the coating, i.e. the reinforcing mixture according to the present invention, is very low
[Ca. 0.0005% wt.], the mechanical properties of the bone implant matrix *SBP” according to the present invention, is
highly likely to be identical to the bone implant matrix, identified as "SB", as reproduced according to Example 3.

In vitro cell trials

The biocompatibility, cytotoxicity and bioactivily of the bone implant matrix “SBP” according to the present invention
(such as those according to examples 2A — 2E) was performed through in vitro analysis of LDH activity, metabolic
activity and mineralization. Discs of 16 mm in diameter and 3 mm in height of the bone implant matrix “SBP” accord-
ing to the present invention (such as those according to examples 2A — 2E) were used for the studies. Discs had 3
different codes: SBP2, SBP5 and SBPS related to the different treatments with synthetic peptides according to the
examples 2A — 2E and control surfaces and studies were performed blinded.

The cells assessed was murine pre-osteoblastic cell line (MC3T3-E1) obtained from the German Collection of Micro-
organisms and Cell Cultures (DSMC, Braunschweig, Germany). MC3T3-E1 cells were routinely cultured at 37 °C in a
humidified atmosphere of 5% CO2, and maintained in «-MEM supplemented with 10% foetal calf serum (FCS) and
antibiotics (50 U penicillin/mi and 50 pg streptomycin/ml). Cells were subcultured 1:4 before reaching confluence us-
ing PBS and trypsin/EDTA. All experiments were performed in the same passage of the MC3T3-E1 cells.

To test the different surfaces and treatments of the bone implant matrix “SBP” according to the present invention
(such as those according to examples 2A — 2E), the discs were placed in a 12-well plate and 2x10° cells were seeded
on each disc. In order to guarantee a homogenous cell distribution inside the bone implant matrix “SBP” according to
the present invention (such as those according to examples 2A — 2E), an agitated seeding method was used [M.
Gomez-Florit, M. Rubert, J.M. Ramis, H.J. Haugen, H. Tiainen, $.P. Lyngstadaas, M. Monjo, TiO2 Scaffolds Sustain
Differentiation of MC3T3-E1 Cells, J Biomater Tiss Eng 2(4) (2012) 336-344.). Briefly after adding 1ml of cell suspen-
sion to the bone implant matrix “SBP” according to the present invention, plates were agitated on an orbital shaker
(Unitron, Infors HT, Basel, Switzerland) for 6h at 180rpm at 37 °C and in humidity conditions. Then, cells were main-
tained static at 37 °C in a humidified atmosphere of 5% CO:2 for up to 14 days. The same number of cells were cul-
tured in parallel in plastic in all the experiments.

For the experiments, MC3T3-E1 cells were maintained for 48h (Toxicity, metabolic activity, gene expression, scan-
ning electron microscopy and confocal microscopy) and 2 weeks (gene expression analyses, ALP activity, SEM and
confocal microscopy) on the bone implant matrix “SBP” according to the present invention, in «-MEM supplemented
with 10% FCS and antibiotics.

Cytotoxicity test:
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Lactate dehydrogenase (LDH) activity, an indicator of cytotoxicity, was measured in culture media after 48 h of incu-

bation with the test samples and controls. A L.DH-kit was used. Low control (0% toxicity) was obtained from culture
media of MC3T3-E1 cells seeded on plastic (TCP). High control (100 % toxicity) was obtained from culture media of
MC3T3-E1 cells seeded on TCP and treated with 1% SDS. The percentage cytotoxicity was found using the equa-
tion:

Cytotoxicity (%)=(Exp.value-low control)/(high control-low controf) .
Metabolic activity:
Total metabolic activity was determined at 2, 6, 14 days of MC3T3-E1 cell culture, using Presto Blue reagent {Life
Technologies, Carlsbad, CA). The bone implant matrix “SBP” according to the present invention (such as those ac-
cording to examples 2A — 2E) with cells were transferred to new tissue culture plates and 100 ul of Presto Blue was
added to cells with 1000 ! of culture media. The absorbance of the media was read at 570 and 600nm after 1h of
reagent incubation at 37 °C, following manufacturer's protocol.
Immunoflourescence:
Cells grown for 48h or 14 days on the bone implant matrix “SBP” according to the present invention, were fixed for 15
min with 4 % formaldehyde in PBS at room temperature. For actin cytoskeleton visualization, cells were stained with
phalloidin-flucrescein isothiocyanate (phalloidin-FITC) 5 pg/mL (Sigma, St. Louis, MO, USA) in PBS with Triton X-100
0.2 % for 30 min. Then, a drop of Fluoroshield™ with DAPI (Sigma, St. Louis, MO, USA) was added and cover glass-
es were mounted on the samples.
Two samples of each group were used to perform the experiment and two images of each sample are taken with the
confocal microscope (L.eica DMI 4000B equipped with Leica TCS SPE laser system).
Scanning Electron Microscopy:
A visual representation of the seeded cells on superficial surfaces was made using SEM (Hitachi S-3400N, Hitachi
High-Technologies Europe GmbH, Krefeld, Germany) at 10kV, 40 Pa, 48h and 14 days after seeding. The cells were
fixed with glutaraldehyde in PBS for 2 h. The fixation solution was removed, and the cells were washed with distilled
water two times. At 30 min intervals, the cells were dehydrated by the addition of 50%, 70%, 90% and 100% ethanol
solutions. Finally, the ethanol was removed, and the cells were left at room temperature to evaporate the remaining
ethanol prior to analysis. Samples were cut in half to evaluate cellular invasion in the bone implant matrix "SBP" ma-
terial according to the present invention. Two samples of each group were used to perform the experiment and two
images of each samples were taken with the SEM.
Real-time PCL analysis:
Total RNA was isolated with Tripure (Roche Diagnostics) and RNA was quantified using a spectrophotometer set at
260 nm. Real-time PCR was performed for two reference genes and several target gene (Table)
The same amount of total RNA from each sample (370 ng) was reverse transcribed to ¢cDNA at 37 *C for 60 minin a
final volume of 20 pl, using High Capacity RNA to cDNA kit {Applied Biosystems). Each ¢cDNA was diluted 1/7 and
these dilutions are used to camry on the quantitative PCR.
Real-time PCR was performed in the Lightcycler 4802 (Roche Diagnostics, Germany) using SYBR green detection.
For each reaction, 7 ul of Lightcycler-FastStart DNA MasterPLUS SYBR Green |, 0.5 uM of sense and antisense
specific primer and 3 ul of the ¢cDNA dilution in a final volume of 10 ul was added. The normal amplification program
consisted of a preincubation step for denaturation of the template ¢cDNA (95 °C), followed by 45 cycles consisting of a
denaturation step (95 °C), an annealing step (60 °C, for all expect for ALP and osterix, which were 65 °C and 68 °C
respectively) and an extension step (72 °C). Realtime efficiencies were calculated from the given slopes in the
LightCycler 480 software using serial dilutions.
Relative quantification after PCRWas calculated by dividing the concentration of the target gene in each sample by
the mean of the concentration of the two reference genes (Housekeeping genes) in the same sample using the ad-
vanced relative quantification method provided by the LightCycler 480 analysis software version 1.5 {(Roche Diagnos-
tics, Mannheim, Germany).



10

15

20

25

30

35

40

45

WO 2020/193285 23 PCT/EP2020/057281
Alkaline Phosphate Activity
ALP activity was determined from cells after 14 days of cell culture. Cells were washed twice in PBS, solubilized with
0.1% Triton X-100. Then, samples were incubated with an assay mixture of p-Nitrophenyl Phosphate (pNFPP). Cleav-
age of pNPP (Sigma, Saint Louis, Missouri, USA) in a soluble yellow end product which absorb at 405 nm was used
to assess ALP activity. In parallel to the samples, a standard curve with calf intestinal alkaline phosphatase (CIAP)
(Promega, Madison, USA) was constructed; 1pl from the stock CIAP was mixed with 5 ml of alkaline phosphatase
buffer (1:5000 dilution), and subsequently diluted 1:5.
Analytical investigation
Release profile:
Calibration was used to derive the concentration of FITC released in the water solution at the given time points. With
a known quantity of waler used at a given time, the mass released can be derived.
It may be observed Figure 1 that the initial mass release rate is very high (approx. 6ug the first 24h), before it is
quickly dropping. After 36 days, the release rate has dropped significantly indicating that most of the coating has
been released. A logarithmic best-fit plot was made to describe the trend, a R? value of 0.956 suggests that the equa-
tion 1.2 is a goed fit:

Released mass = 0.7836+ In(t) + 6.2617 g 1.2
Where 't is the time in days.
Similar analysis was done for the PRP (version P2 and P5, with FITC attached on the C or the N terminals). The ex-
perimental data is presented in Figure 2. It may observe that -C and -N groups, of both the two peptide versions, has
almost identical release. Only divergence from this trend is after 14 days where the P2N has a jump in release rate,
contradictory to the decreasing rate trend. It may also be noticed that the P2 groups has a higher initial release than
P35, but the rate drops quicker as well.
Best fit plots where made using the inbuild best-fit function of Graph (Software) assuming both a logarithmic and
power function. In general, the logarithmic functions were more accurate {R?-values closer to 1).
Graft characterization:
SEM photos and EDS analysis for the given points are found in Figure 3 and 4. When comparing to results from pre-
vious literature [G. Pertici, F. Rossi, T. Casalini, G. Perale, Composite polymer-coated mineral grafts for bone regen-
eration: material characterisation and model study, Annals of Oral & Maxillofacial Surgery 2(1) (2014)], the ESEM
study confirmed an identical microstructure for bone implant matrix, identified as "SB”, reproduced according to ex-
ample 3 and the bone implant matrix “SBP" according to the present invention (such as those according to examples
2A — 2E). The polymer phase of the reinforcing mixture is recognized by the very high carbon content (Derived from
EDS) compared to the bone phase, the base matrix (approx. 4-5 times as high atom count). Likewise, the bone
phase has approx. 10-20 times as much calcium and phosphorous content as the polymer phase. Bone largely con-
sists of crystalline apatite [K. Chatzipanagis, M. lafisco, T. Roncal-Herrero, M. Bilton, A. Tampieri, R. Kréger, J.M.
Delgado-Lépez, Crystallization of citrate-slabilized amorphous calcium phosphate to nanocrystalline apatite: a sur-
face-mediated transformation, CrystEngGomm 18(18) (20186) 3170-3173 ], which has a molecular structure consisting
both of calcium and phosphorous. This confirms that the reinforcing mixture was successfully applied.
From Figure 3 and 4 it may be observed equivalent results on the internal surfaces as the external, indicating a good
distribution of the reinforcing mixture coating.
In vitro results
The MC3T3-E1 was successfully seeded on the "SBP” bone graft substitutes, i.e. the bone implant matrix “SBP" ac-
cording to the present invention (such as those according to examples 2A — 2E). This is visually represented through
the SEM photos in Fig 5. There it may be observed considerable morphological changes of the seeded cells on the
surface of the graft. After two days the ceils are barely observable on the graft surface, however after 14 days there
has been excellent cell growth for all groups, and particularly for SBP2.

Additionally, cell invasion was investigated using confocal microscopy of stained samples (Figure 6). After two days
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of cullure, although few cells were observed on the SEM images, confocal microscopy contirmed their presence and

penetration through the SBP. This was probably due to the attachment and growth of the cells onto the polymer of
the reinforcing mixture of the "SBP" samples, i.e. the bone implant matrix "SBP" according to the present invention
(such as those according to examples 2A — 2E), which impairs their visualization under the SEM. After 14 days of cul-
ture, cells grew well onto the surface of all the "SBP” groups, but few cells could be observed inside the scaffolds by
SEM analysis. However, confocal images confirmed the presence of cells through at least 60um in depth showing
that cells seeded on the SBP2 group penetrated more deeply (pink nuclei can be observed both at 2 and 14 days)
compared to SBP5 and SBP6 {no pink nuclei can be observed). These results agree with the increased metabolic
activity observed in the SBP2 group, based on the reduction of resazurin to resorufin by metabolically active cells,
which correlates with cell proliferation.

Cytotoxicity:

The biocompatibility of the different groups of SBP was first evaluated quantitatively utilizing LDH activity (Figure 7).
The LDH assay detects the amount of LDH that leaks out through the plasma membrane of damaged cells, as a
marker of cytotoxicity. The tests show low or even negative percentage LDH-levels compared to the controls. This
could be translated that none of the "SBP" groups, i.e. the groups of the bone implant matrix "SBP” according to the
present invention (such as those according to examples 2A — 2E) had toxicity towards MC3T3-E1 cells after 48h.
SBP2 showed the highest level of cytotoxicity, but the mean was still well below 20%. SBP8 showed barely a few
percent, meanwhile SBPS had a negative result. Although One-way ANOVA and Bonferroni post-hoc analyses were
performed, there was observed no statistical differences among the 3 groups. Hence, all had simifar or lower levels
than the control (0% toxicity). All groups of the bene implant matrix “SBP” according to the present invention (such as
those according to examples 2A — 2E), had toxicity below 30%, which is the maximum value accepted for cytotoxicity
of medical devices according to 1ISO-10993:5.

Metabolic Activity:

The metabolic activity was measured 2, 6 and 14 days after seeding, using SBP2 at day 2 as the basis for the com-
parison (Figure 8). A higher metabolic activity is an indication of better cell proliferation. After two days, SBP2 had a
higher metabolic activity than SBP5 and SBPS6. Particularly SBP6 was a lot lower. After 6 days the metabolic activity
was much of the same, however after 14 days did SBP2 showed a higher activity again.

Cell Proliferation:

Alkaline phosphate levels were used as indication of cell proliferation. As seen in Figure 9 does SBP6 EMD and, to
part, SBP2M have a lower ALP activity, thus a lower proliferation than the remaining groups. The control group has
the highest ALP activity, however P2L’s level is almost identical and P2H is slightly lower. There was no statistical
difference between the groups, meaning that there is a goed cell proliferation for all groups.

Gene Expression:

The effect of the peptides and EMD on the mRNA levels of different osteogenic markers was measured by real-time
PCR after 1, 3, 7 and 14 days in the cell culture. Four different markers were analysed (Figure 10), including collagen
type 1 Alpha 1 chain (COL1A1), alkaline phosphate (ALP), osteccalcin (OC)} and vascular endothelial growth factor A
(VEGFA). All groups showed better mRNA levels, for all gene expressions, than the control group, with exception for
the OC levels after one day. This indicates that they all improve biclogical performance.

For the first few days, the groups all showed similar COL1A1 mRNA levels, before the levels of P6 and particularly
EMD raised significantly after 14 days. Simultaneously did the level of P2H, P2M, P5 and the control drop.

The ALP levels of the peptides followed a similar trend to the control group, although here did the P2 groups show
the highest levels of the groups, meanwhile EMD had a significantly lower level. Also for this gene expression did
P2L have the improved performance. This along with the ALP activity test suggests that the synthetic peptides have
better cell proliferation than the amelogenin derived EDM.

A common bene formation marker is osteocalcin, released by the osteoblast cells during osteoid synthesis; however,
it is also reported to rapidly degrade both in vivo and in vitro. [ J.P. Brown, C. Albert, B.A. Nassar, J.D. Adachi, D.
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Cole, K.S. Davison, K.C. Dooley, A. Don-Wauchope, P. Douville, D.A. Hanley, $.A. Jamal, R. Josse, S. Kaiser, J.

Krahn, R. Krause, R. Kremer, R. Lepage, E. Letendre, S. Morin, D.S. Qoi, A. Papaioaonnou, L.-G. Ste-Marie, Bone
turnover markers in the management of postmenopausal osteoporosis, Clinical Biochemistry 42(10) (2009) 929-
942 ]. For P2H, P2M, P6 and EMD is the OC level the highest after 7 days before it drops for the second week. This
suggest a high early osteoblast activity for these groups. For P2L and control the max is reached after 14 days,
meanwhile P5 is fairly stable.

In terms of VEGFA did the peptides initially have a better performance than the control group, however after 7 and 14
days did the control group show better levels than the remaining groups. Although P2L followed some of the same
trend as the control-group.

Example 6. In vivo experiments

Animal experiment was conducted with 18 hybrid pig, Age: 3-4 months and quarantine for 28 days prior to surgery.
All the experiments was be carried out in accordance with the national legislation following the community guidelines
after the authorization of the competent autonomous authority in the facilities available to the Rof Codina Foundation
for this purpose. All procedures was be performed using general anaesthesia according to standard protocols. The
material for testing is the as stated in example 2a. A longitudinal incision was made at the level of the frontal bones
and the muscles was reflected. Then, 4 perforations of 2 mm in diameter was made at the level of the bone plate un-
der continuous irrigation with sterile saline. Said perforations was sealed with the use of different tests or controls and
will close muscular, subcutaneous and skin plane, allowing to heal for 4 weeks. Four defects with 16 mm in diameter
was made with a specialized burr. The positive control was Smartbone®, a bone implant matrix, reproducing the
technology according to the PCT application no. PCT/IB2009/007759, corresponding to the comparative embodiment
of Example 3 of the present application, and negative control empty space sham. The defects, except sham, had a
bovine pericardium membrane (Tutopatch, Tissue Matrix, Tutogen Medical GmbH) except sham. Defects were creat-
ed in the middle line at the level of the frontal and parietal bones and was filled with the material to be tested. Antibi-
otic prophylaxis was administered for one week using amoxicillin (20 mg / kg / s.i.d. / s.c.). There was two timepoint 8
week and 16 weeks. 9 animals was sacrificed by an overdose of pentobarbital (40-60 mg / kg /i.v.) after previous se-
dation after 8 weeks and 9 animals after 16 weeks. The skulls was dissected and the bone blocks with the defects
under study was obtained, fixing them in a 10% buffered formaldehyde solution for 4-7 days at 4°C. A cone beam and
microtomographic study was performed of the defects and their percentage of regeneration was carried out. The re-
sults (Figure 11: the CBCT images of $SBP variants with SEQ 1D 4 (SBP2) and SEQ ID 9 (SBP6) show enhanced
bone growth around the defects with the peptide sequences 4 and 9 (SBP6:, black box right , SBP2: black box left,
emply (negative control): circle right and Smartbone® (positive control): circle left, respectively and Figure 12: a skull
defect with SBP variants with SEQ ID 4 (SBP2) showing ingrowth of bone into the defect) showed enhanced bone
formation and faster closure of the defects when both compared to negative and positive controls. All defects with the
peptide sequences had significantly thicker and more bone formation in the defects when compared to sham.
Discussion

It has already been established that the bone implant matrix, identified as "SB”, according to the PCT application no.
PCT/IB2009/007759, herewith reproduced according to the example 3 had a microstructure similar to healthy iliac
bones with an average of 27% porosity, and that that the rigged structure of the said “SB" ensures better osteointe-
gration than just a bovine based xenograft [G. Pertici, F. Rossi, T. Casalini, G. Perale, Composite polymer-coated
mineral grafts for bone regeneration: material characterisation and model study, Annals of Oral & Maxillofacial Sur-
gery 2(1) (2014)]. By analysing the reinforcing mixture coating of the bone implant matrix “SBP” according to the pre-
sent invention (such as those according to examples 2A — 2E), it has been confirmed that the microstructure is
equivalent to that of the above cited “SB” and there was a homogenous distribution of the peplide in the reinforcing
mixture coating. This is a fairly basic coating structure, as natural tissue doesn't have a homogenous structure [J.
Leijten, Y.C. Chai, |. Papantoniou, L. Geris, J. Schrooten, F. Luyten, Cell based advanced therapeutic medicinal
products for bone repair: keep it simple?, Adv Drug Deliver Rev 84 (2015) 30-44.]. Ideally, growth factors should
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promote lissue growth and mineralization such that the regenerated tissue has similar structure to the native tissue

environment. This may be difficult with homogenous distribution of conventional growth factors such as BMP or EDM,
however “PRP” has been designed to have an automatic biclogical on-and-off function. This allows the "“PRP" to be
active only when required.

Bone require its composite cells to be at different stages of proliferation, differentiation and maturation in a multi-
layered organised structure to promote successful lissue growth [D. Tang, R.S. Tare, L.Y. Yang, D.F. Williams, K.L.
Ou, R.O.C. Oreffo, Biofabrication of bone tissue: approaches, challenges and translation for bone regeneration, Bio-
materials 83 (2016) 363-382.]. Therefore, it is important to tune the peptide release rate such that there is a high ear-
ly growth, but also reassure stage diversity for the cells. The target release for the peptide availability was 1pg (per cc
“SBP") per day for one week, as experimentally proven. This should give a release of 10ug in 14 days with a peak in
the first 2 days. As seen in the results, both Seq. ID 4 and Seq. ID 8 had its highest release rate the two first days
and after 14 days was the release of Seq. ID 4 around 11.75-14.01pg and 8.75-9.90ug for Seq. ID 8. This confirms
that the release was as designed. Hence the bone implant matrix “SBP” according to the present invention {(such as
those according to examples 2A — 2E), has a peptide release rate which is very adequate to paediatric bone regen-
eration.

Considering the mRNA level for the “PRP” and ALP activity it is strong indications of that the peptide presents higher
osteoblast differentiation and promotes osteogenesis. Moreover, the significantly higher ALP activity for “PRP" than
the amelogenin derived EMD illustrates the enormous potential of IDP when it comes to the clinical success of tissue
regeneration. Particularly poor osseointegration and tissue formation has of current available graft is driving the need
for enhanced growth and improved yield of newly formed bone [D. Tang, R.S. Tare, L.Y. Yang, D.F. Williams, K.L.
Ou, R.0.C. Oreffo, Biofabrication of bone tissue: approaches, challenges and translation for bone regeneration, Bio-
materials 83 (2016) 363-382]. Therefore, the presence of “PRP” in the reinforcing mixture coating of the bone implant
matrix “SBP" according to the present invention (such as those according to examples 2A — 2E} is a good step in the

right direction.
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CLAIMS

1. A bone implant matrix comprising:
a base matrix the surface thereof is coated with a statistically homogeneous composition which is a reinforcing mix-
ture containing at least a soluble polymer, at least a substance, which is able to promote the cell-rooting and the cell
growth, by stimutating cell proliferation and tissue integration (*friendliness to cell”) and at least one artificial Proline-
Rich Peptide wherein the base matrix is selected from the group comprising:

- acellularized or acellularized non-demineralised bone matrix of any source,

- matrix of natural mineral sources,

- synthetic bioceramics matrix,

or mixtures thereof,
the soluble polymer of the reinforcing mixture is a biodegradable polyester or co-polymer thereof, the “friendliness to
cell” is selected from the group consisting of gelatine, hydrolysed gelatine and the artificial Proline-Rich Peptide is se-
lected from: an artificial peptide comprising the amino acid sequence of Pro-X-X-Pro-Y-Y-Y-Pro-X-X-Pro-Y-Y-Pro-X-
X-Pro-X-Pro-Y-Y-Y-Y-Y-Y-Pro-Y-Y-Y-Y-Y-Y-Pro-X-X-Pro-X-Pro-Y-Y-Y-Pro-Y-Y-Pro-Y- Pro-X-X-Pro -Y-Pro- Y-Y-Pro-
X-X-Pro-Y-Y-Pro-X-X-Pro-Y-Y -Pro-X-X -Pro-Y-Pro-Pro-X-Pro-Pro -X-X-X-X-X-X-X-X-Pro-X-X-Pro-X-X-X-X (SEQ ID
NO 1), wherein:
a) Pro is proline;
b) X is an amino acid independently selected from the group consisting of Ala, lle, Leu, Met, Phe, Trp and Val, pref-
erably lle, Leu, Val and Met;
¢} Y, is an amino acid independently selected from the group consisting of Asn, Cys, GIn, Ser, Thr and Tyr, preferably
Ser and GIn.
or
an artificial peptide comprising the amino acid sequence of Pro-X-X-Pro-Y-Y-Pro-X-X-Pro-Y-Y- Pro-X-X-Pro-Y-Y-Pro-
Y-Pro-Pro-X-Pro-Pro (SEQ ID NO 2), wherein:
a} Pro is proline;
b} X is an amino acid independently selected from the group consisting of Ala, lle, Leu, Met, Phe, Trp and Val;
¢) Y is an amino acid independently selected from the group consisting of Asn, Cys, Gin, Ser, Thr and Tyr.
2. A bone implant matrix according to claim 1, wherein the bic-degradable polyester or copolymer thereof is selected
from the group consisting of polylactic acid (PLA), polyglycolic acid {(PGA), polycaprolactone (PCL) and co-polymers
thereof comprising polycaprolactone-polylactic (PLA/PCL) co-polymers, poly(L-lactide-co--caprolactone) co-polymers,
poly{L-lactide), poly(D,L-lactide-co-glycolide), poly(L-lactide-co-D,L-lactide), their enantiomers, their co-polymers and
mixtures thereof.
3. A bone implant matrix according to claim 1, wherein the biodegradable polyester or co-polymer thereof is selected
from the group consisting of poly{caprolactones), poly(L-factide), poly(D L-lactide-co-glycolide), poly(L-lactide-co-D,L-
lactide), their enantiomers, their co-polymers and mixtures thereof.
4. A bone implant matrix according to claim 1, wherein the biodegradable polyester or co-polymer thereof is selected
from the group consisting of polycaprolactone-polylactic copolymer (PLA/PCL) or poly{L-lactide-co--caprolactone) co-
polymer.
5. A bone implant matrix according to claim 1, wherein the artificial Proline-Rich Peptide is an artificial peptide com-
prising the amino acid sequence selected from the group comprising:

PLV PSY PLV PSY PLV PSY PYP PLPP (SEQ 10 NO 3),

PLV PSGQ PLV PSQ PLV PSQ PQP PLPP (SEQ ID NO 4),

PLV PCC PLV PCC PLV PCC PCP PLPP (SEQ ID NO 5),

PMM PSY PMM PSY PMM PSY PYP PMPP (SEQ ID NO 6),

PLV PSS PLV PSS PLV PSS PSP PLPP (SEQ ID NO 7),

PLV PSS PLV PCC PLV PCC PSP PLPP (SEQ ID NO 8},
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WOHHL.! P/IVIU PUP PVH PMQ PLP PQP PLPP (SEQ ID NO 9)

or a combination thereof.
6. A bone implant matrix according to claim 1, wherein the artificial Proline-Rich Peptide is an artificial peptide com-
prising the amino acid sequence selected from the group comprising:

PLV PSQ PLV PSQ PLV PSQ PQP PLPP (SEQ ID NO 4),

PLV PSS PLV PCC PLV PCC PSP PLPP (SEQ ID NO 8),

PHQ PMQ PQP PVH PMQ PLP PQP PLPP (SEQ ID NO 9)

or a combination of the amino acid sequence of:

PLVP SQ PLV PSQ PLV PSQ PQP PLPP (SEQ ID NO 4) and

PLV PSS PLV PCC PLV PCC PSP PLPP (SEQ ID NO 8),

PLV PSQ PLV PSQ PLV PSQ PQP PLPP (SEQ ID NO 4) and

PHQ PMQ PQP PVH PMQ PLP PQP PLPP (SEQ ID NO 9),

PLV PSS PLV PCC PLV PCC PSP PLPP (SEQ ID NO 8) and

PHQ PMQ PQP PVH PMQ PLP PQP PLPP (SEQ ID NQ 9).
7. A bone implant matrix according to claim 1, wherein the artificial Proline-Rich Peptide is an artificial peptide com-
prising the amino acid sequence of:

PHQ PMQ PQP PVH PMQ PLP PQP PLPP (SEQ ID NO 9).
8. A bone implant matrix according to claim 1, wherein the artificial Proline-Rich Peptide is an artificial peptide com-
prising the amino acid sequence of:

PLV PSQ PLV PSQ PLV PSQ PQP PLPP (SEQ ID NO 4).
9. A bone implant matrix according to claim 1, wherein the artificial Proline-Rich Peptide is a combination of the ami-
no acid sequence of:

PLV PSQ PLV PSQ PLV PSQ PQP PLPP (SEQ ID NG 4) and

PHQ PMQ PQP PVH PMQ PLP PQP PLPP (SEQ ID NO 9).
10. A bone implant matrix according to claim 1, wherein the acellularized or acellularized non-demineralised bone
matrix of any source is elected from the group comprising:

- acellularized or acellularized non-demineralised human-derived bone matrix,

- acellularized or acellularized non-demineralised xeno-derived bone matrix, such as acellularized or acellu-

larized non-demineralised bovine-bone matrix, acellularized or acellularized non-demineralised equine-bone

matrix, acellularized or acellularized non-demineralised porcine-bone matrix.
11. A bone implant matrix according to claim 1, wherein the matrix of natural mineral sources is selected from the
group comprising mother of pearl, coral, nacre.
12. A bone implant matrix according to claim 1, wherein the synthetic bioceramics matrix is selected from the group
comprising hydroxyl-apatites, calcium carbonates, calcium phosphates, silicon oxides, titanium oxides, aluminium ox-
ides, zirconia oxides, graphites, bioglasses.
13. A bone implant matrix according to claim 1, comprising an acellularised bovine bone matrix, coated with a rein-
forcing mixture comprising a biodegradable polyester-based copolymer, hydrolysed gelatine/gelatine and an artificial
Praline-Rich Peptide which is an artificial peptide comprising the amino acid sequence selected from the group com-
prising:

PLV PSY PLV PSY PLV PSY PYP PLPP (SEQ ID NO 3),

PLV PSQ PLV PSQ PLV PSQ PQP PLPP (SEQ ID NO 4},

PLV PCC PLV PCC PLV PCC PCP PLPP (SEQ ID NO 5),

PMM PSY PMM PSY PMM PSY PYP PMPP (SEQ ID NO 6),

PLV PSS PLV PSS PLV PSS PSP PLPP (SEQ ID NO 7),

PLV PSS PLV PCC PLV PCC PSP PLPP (SEQ ID NO 8),

PHQ PMQ PQP PVH PMQ PLP PQP PLPP (SEQ ID NO 9)
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or a combination thereof.

14. A bone implant matrix according to claim 1, comprising an acellularised non-demineralised bovine bone matrix,
coated with a reinforcing mixture comprising a biodegradable polyester-based copolymer, hydrolysed gela-
tine/gelatine and an artificial Proline-Rich Peptide which is an arificial peptide comprising the amino acid sequence
selected form the group comprising:

PLV PSY PLV PSY PLV PSY PYP PLPP (SEQ ID NO 3),

PLV PSQ PLV PSQ PLV PSQ PQP PLPP (SEQ ID NO 4),

PLV PCC PLV PCC PLV PCC PCP PLPP (SEQ ID NO 5),

PMM PSY PMM PSY PMM PSY PYP PMPP (SEQ 1D NO 6},

PLV PSS PLV PSS PLV PSS PSP PLPP (SEQ ID NO 7},

PLV PSS PLV PCC PLV PCC PSP PLPP (SEQ ID NO 8),

PHQ PMQ PQP PVH PMQ PLP PQP PLPP (SEQ ID NO 9)

or a combination thereof.
15. A bone implant matrix according to claims 13-14, wherein the biodegradable polyester-based co-polymer is a pol-
ycaprolactone-polylactic copolymer (PLA/PCL).
16. A bone implant matrix according to claims 13-14, wherein the biodegradable polyester-based co-polymer is a
poly(L-lactide-co--caprolactone) co-polymer.
17. A bone implant matrix according to claims 13-14, wherein the artificial Proline-Rich Peptide is an artificial peptide
comprising the amino acid sequence selected from the group comprising:

PLV PSQ PLV PSQ PLV PSQ PQP PLPP (SEQ ID NO 4),

PLV PSS PLV PCC PLV PCC PSP PLPP (SEQ 1D NO 8),

PHQ PMQ PQP PVH PMQ PLP PQP PLPP (SEQ ID NO 9)

or a combination of the amino acid sequence of:

PLV PSQ PLV PSQ PLV PSQ PQP PLPP (SEQ ID NO 4) and

PLV PSS PLV PCC PLV PCC PSP PLPP (SEQ ID NO 8),

PLV PSQ PLV PSQ PLV PSQ PQP PLPP (SEQ ID NO 4) and

PHQ PMQ PQP PVH PMQ PLP PQP PLPP (SEQ ID NO 9),

PLV PSS PLV PCC PLV PCC PSP PLPP (SEQ ID NO 8) and

PHQ PMQ PQP PVH PMQ PLP PQP PLPP (SEQ ID NO 9).
18. A bone implant matrix according to claims 13-14, wherein the artificial Proline-Rich Peptide is an artificial peptide
comprising the amino acid sequence of:

PHQ PMQ PQP PVH PMQ PLP PQP PLPP (SEQ ID NO 9).
19. A bone implant matrix according to claim 1, for use in at least one of the following fields: bone reconstructive sur-
gery, in bone regeneration surgery, in regenerative surgery, in skull and maxillo-facial bone reconstructive surgery, in
oncologic surgery, pediatric cases, in oral surgery, dental surgery, orthopaedic surgery, spine surgery, traumatology
and implantology.

20. A bone implant matrix according to claim 1, for use in human or veterinary treatment.



