WO 20111000820PCT1EP20101059183 1 BIOLOGICAL MATERIAL SUITABLE FOR THE THERAPY
OF OSTEOARTHROSIS, LIGAMENT DAMAGE AND FOR THE TREATMENT OF JOINT

DISORDERS$% ki 43d¥s THE INVENTION  The present invention reggsgs gpailagisasmaterial in
viscous liquid form suitable for the therapy of osteoarthrosis, tendons, ligaments damage, for the 10

treatment of joint and connective tissues disorders in general, and damaged skin. PRIOR ART  The
joint cartilage is particularly suitable to resist against compression, it neither has blood supply 15 nor
lymphatic drainage and it is entirely free of nerve endings. This implies that it is not capable of
self-regeneratidit {5-6mMpehsatdla Bukfake lesioh] TESS the'GiderlJing subdhamddral layer is not
involved. Thus, if the cartilage lesion is not deep, there will 20 be no regenerative response. On the

contrary, if the darfegeNsteepland pefrétaids inbhesubtforidtal dotte, FEHGG¥EL'a sEff-reparative
process hence the hone marrow stem cells start a chondrocyte differentiation process which may lead
to partial repargt?ow of the 28t ag%saged cartilage. Symptoms, such as pain and swelling of the joint
(such as for example the knee), may be the result of a damaged cartilage and the progressive
degeneration of the same may develop osteoarthritis. 5This type of lesion may frequently occur in

5 FIELD OF THE INVENTION

The present invention regards a biological material
in wviscous ligquid form suitable for the therapy of
osteoarthrosis, tendons, ligaments damage, for the

10 treatment of Jjoint and connective tissues disorders in
general, and damaged skin.

PRIOR ART

The Jjoint cartilage 1is particularly suitable to
resist against compression, it neither has blood supply

I5 nor lymphatic drainage and it is entirely free of nerve
endings. This implies that it is not capable of self-
regeneration to compensate a surface lesion, unless the
underlying subchondral layer is not involved.

Thus, 1f the cartilage lesion is not deep, there will

20 be no regenerative response. On the contrary, if the
damage is deep and penetrates into the subchondral bone,
it triggers a self-reparative process hence the Dbone
marrow sStem cells start a chondrocyte differentiation
process which may lead to partial reparation of the

25 damaged cartilage.



professional athletes (in that they are more subjected to trauma), or in elderly patients, due to joint
trauma and postural defects, or to the normal wear of the cartilage related to the age of the subject.

10Actually, iRyig8shensal lesions of the knee joint, non-surgical treatmentsqf tpis, fylasoy¥ich include
physiotherapy and medication, do not allow complete healing of the cartilage defect which instead was

attained, with good percentages of success, after the 15 performance of particularly innovative
intra-articular surgical implantation operations.  The main surgical cartilage repair techniques known
in the prior art are: 1.autologous chondrocyte implantation through at 20 least two different surgical
procedures in sequebicerthenfirst, lesstinvasives providesdor thie tbliection fby theans of arthroscopy)

of a normal cartilage tissue of the patient from other non-injured areas of the joint, or from a

non-articular caffiligje. The ESfectetP8arhpletis 25%RES Senttda 1aBoratsty F615H Vitra’delldlar WO
20111000820PCT1EP20101059183 3

damaged cartilage and the progressive degeneration of the
same may develop osteoarthritis.

5 This type of lesion may frequently occur in
professional athletes (in that they are more subjected to
trauma), or in elderly patients, due to joint trauma and
postural defects, or to the normal wear of the cartilage
related to the age of the subject.

10 Actually, in the chondral lesions of the knee joint,

non—-surgical treatments of this type which include

physiotherapy and medication, do not allow complete
healing of the cartilage defect which instead was
attained, with good percentages of success, after the
15 performance of particularly innovative intra-articular
surgical implantation operations.
The main surgical cartilage repair techniques known
in the prior art are:
1. autologous chondrocyte implantation through at
20 least two different surgical procedures in sequence: the
first, less invasive, provides for the collection (by
means of arthroscopy) of a normal cartilage tissue of the
patient from other non-injured areas of the Jjoint, or
from a non-articular cartilage. The collected sample is

25 thus sent to a laboratory for in vitro cellular



expansion. Once the chondrocytes multiply, there follows the actual surgical operation consisting in
grafting, directly in the lesion site, the produced chondrocytes (vehicled in saline solutions) which may

be possibly Sy §pRethifogids’ With autologous periosteal tissue. This process jg-Expsipi¢RYpeENSive in
that it requires 2 surgical operations and the processyfor in vitro growth of the chondrocytes. Thus, this

entails the double admission of the patient in hospital, hence the patient 10 being subjected twice to
anaesthesia and twice to pharmacological treatment. 2. A second simpler method consists in
performing perforations on the joint surface to reach the subchondral tissue of the injured area and
thus allow the Exforntsition.of Gnmesémchypialiflood glot sapaile iof ¥eacHihg tise cartilagyesdefect
surface, where the cells may partly differentiate into chondrocytes. However, the newly formed
cartilage tissue'W&s rainRAfbrotis and pdn-RyalieHike the iittat Tatitdge dhd Hhas fit Bfall 20 not
have the same physical and mechanical characteristics of the native joint. 3. Known for the

treatment of os elorcea?ﬁ!%tﬁi%&s Ie&fons, 3§ &' in§ettion of Sirgidar iHpiaRtafiGRe gF ocytes _
B oS SR el s e e el
polysaccharide-such-as, for example, . derivative 0fdhe s periosteal tissue. This
process 1s extremely expensive in that 1t requires 2
surgical operations and the process for in wvitro growth
of the chondrocytes. Thus, this entails the double
admission of the patient in hospital, hence the patient
10 being subjected twice to anaesthesia and twice to
pharmacological treatment.

2. A second simpler method consists in performing
perforations on the joint surface to reach the
subchondral tissue of the injured area and thus allow the

15 formation of a mesenchymal blood clot capable of reaching
the cartilage defect surface, where the cells may partly
differentiate into chondrocytes. However, the newly
formed <cartilage tissue was mainly fibrous and non-
hyaline 1like the initial cartilage and, thus, it shall

20 not have the same physical and mechanical characteristics
of the native joint.

3. Known for the treatment of osteocartilaginous
lesions, 1is the insertion of surgical implantations or
polymer scaffolds containing chondrocytes and/or

25 mesenchymal stem cells. In this case, the material which



hyaluronic acid'’, or consist in collagen matrices. Even this procedure was particularly expensive and
required 5 double admission of patient in hospital and a double operation, as described previously.

Anotherverygpgunpmsyageflesionand/or inflammation of the connective tisspef isihR (RSB of
ligaments or tendons, and in particular that of the 104Achilles tendon, especially among professional

athletes, generally treated (in its most serious forms) even surgically due to the need of partial or total
reconstruction of the injured tissue. Up to date, the surgical techniques used to repair ligaments were
based 15 on the graft of tissues and on synthetic prostheses, which however have a limited efficiency
over time. Recentrstidritificgsublications havedhdtead provenyvthe capacitysfithe stérhaells to
reconstruct the tissue of the damaged tendons and ligaments: mesenchymal cells 20 collected from
the same stemRelg fitrodicetFintoitelinfifed ARRilleS t8RdGH, Were i t4& traffsfetinelifto tenocytes
(typical cells of the tendon). The tendon was thus repaired due to an increase of production of collagen

which makes the’ figath8htsfIekibie antl 25 reSidAnt WO 1heBEs 0P T 101639183 5
Recently, both J'Crhrinsaxil}!grfg g} and bone ?'ﬂ%@%%x?f%?ﬁ? (%&%GSRQV%S")A%*‘%%O nectiye tissues

pigal
surgery (and particular in the reconstruction/regeneration of tendons/ligaments and skin , the use of
platelet-rich hemsdetivativeshasi on of patient in hospital and a double

operation, as described previously.

Another very common type of lesion and/or
inflammation of the connective tissues is the lesion of
ligaments or tendons, and 1n particular that of the

10 Achilles tendon, especially among professional athletes,
generally treated (in its most serious forms) even
surgically due to the need of partial or total
reconstruction of the injured tissue. Up to date, the
surgical techniques used to repair ligaments were based

15 on the graft of tissues and on synthetic prostheses,
which however have a limited efficiency over time. Recent
scientific publications have instead proven the capacity
of the stem cells to reconstruct the tissue of the
damaged tendons and ligaments: mesenchymal cells

20 collected from the same stem cells introduced into the
injured Achilles tendon, were in fact transformed into
tenocytes (typical cells of the tendon). The tendon was
thus repaired due to an increase of production of
collagen which  makes the ligaments flexible and

25 resistant.



become more and more common, in that this type of materialisrichintrophicfactorssuchas
AGF(Autologous growth factor concentrate),and in particular PDGF-AB and TGFr3 etc 10These
hemo-derivalygsy g didast used for stimulating the reparative processes of thg:famagskskin
following to the presence of venous ulcers, mainly insdiabetic patients. The stimulation is
normally triggered with different 15 methodologies, as for example: a) mechanical stimulation, b) local
application of growth factors, c) local application of tissue engineering products. The mechanical
stimulation consists in the abrasion 20 of the bottom and edges of the lesion with a dry sterile gauze or
with a bistoury up toRsteedingyThedlotal application bf gfewtiefactenditiparptateler oemcentrate
dissolved in plasma allows the release of PDGF (with mitogen and angiogenetic action), TGF-B (for
fibroblasts 25 stifulafid®) EGF#E6r epiderfal ahd medénchiyifial CARNFGIVe tissues
20111000820PCT1EP20101059183

surgery (and particular in the
reconstruction/regeneration of tendons/ligaments and

5 skin), the use of platelet-rich hemo-derivatives has

become more and more common, 1in that this type of

material is rich in trophic factors such as
AGF (Autologous growth factor concentrate), and in
particular PDGF-AB and TGFB etc )%,

10 These hemo-derivatives are in fact used for

stimulating the reparative processes of the damaged skin
following to the presence of venous ulcers, mainly in
diabetic patients.
The stimulation is normally triggered with different
15 methodologies, as for example:
a) mechanical stimulation,
b) local application of growth factors,
c) local application of tissue engineering products.
The mechanical stimulation consists in the abrasion
20 of the bottom and edges of the lesion with a dry sterile
gauze or with a Dbistoury up to Dbleeding. The 1local
application of growth factor with a platelet concentrate
dissolved in plasma allows the release of PDGF (with
mitogen and angiogenetic action), TGF-B (for fibroblasts

25 stimulation) EGF (for epidermal and mesenchymal cells



6 stimulation)andICF(aspromoterofcellular duplication). The experimentation has demonstrated an
increase in tissue vascularization although these hemo- derivatives are difficult to be handled and their

5 permanenggdnsithhiase@ very short duration.  The tissue engineering prqALSis Gi8o7aqre recent
and are in the form of heterologous fibroblasts and kgratinocytes on a biocompatible support or in the

form of autologous fibroblasts on a hyaluronic acid support. 10 This entails the use of surgical practice
to take the cells from the patient in order to grow them in vitro before loading them on the support.
Considering the previously described state of the art, both regarding the intra-articular or intradermal
15 administratisit oftherteliular componenti&fd thelreatmentonwitle platelef prodigcts ubfithe injured
regions of tendons/ligaments or skin (both cellular components and platelet rich hemo-derivative being
administered b fRdans6fspecial SytfhgeSiPietd\arises 20ntheliieed SFProviding & tarfdr that is

sufficiently fluid, but also capable of simultaneously ensurin - a.good phﬁcal/mechanical

consistency, tolafﬂ%Wﬁw%eabjo@eﬁéﬁﬁ&ﬁed@&rﬁﬁﬁ&‘f&foantggﬁg&&r NG e Vitafits theMarphology of
;hoeliig‘ggg%iﬁé%ﬁgf%% ggfgisggg%i% ”';%f?%‘%'é‘&?% capacity of proliferation angd WO, 1. ;

5 permanence in situ has a very short duration.

The tissue engineering products are more recent and
are in the form of  heterologous fibroblasts and
keratinocytes on a biocompatible support or in the form
of autologous fibroblasts on a hyaluronic acid support.

10 This entails the use of surgical practice to take the
cells from the patient in order to grow them in vitro
before loading them on the support.

Considering the previously described state of the
art, both regarding the intra-articular or intradermal

15 administration of the <cellular component and the
treatment - with platelet products - of the injured
regions of tendons/ligaments or skin (both cellular
components and platelet rich hemo-derivative being
administered by means of special syringes), there arises

20 the need of providing a “carrier” that 1is sufficiently

fluid but also capable of simultaneously ensuring:

- a good physical/mechanical consistency, to allow

the abovementioned administration safeguarding the
vitality, the morphology of the cellular membranes and,

25 simultaneously, the capacity of ©proliferation and



differentiation of the \ehicled cells, but which, in addition,
cells in the lesion site without requiring further fixing needing 5 subsequent suturing and medications.
Due to similak fpasqngedbés necessary to provide a "carrier” capable of safgguyarghgen e iggearity of the
platelet hemo-derivatives to be used, in order to guayantee all biochemical and enzymatic properties of
the 10 proteins(i.e.the abovementioned trophic factors) contained therein and which, above all, allows
maintaining administered active ingredients in the lesion site. SUMMARY OF THE INVENTION.
15Now, the applicant has discovered that it is possible to overcome the abovementioned drawbacks of
the prior art by #iddrereftheddiological imatérial actoidihgdo the presenbinventiohch,
the biological material according to 20 the present invention comprises: a)a liquid carrier comprising a
viscous solutiof €dhtaififg at least one natural and/or semisynthetic polysaccharide, and having a
Dynamic viscosity measured at 20C and at shear rate of 0-350 s,comprised between 25 100 and 250

cPoise and/or a Kinematic 9i&odif/ Comprsdy ©he abovementiored "cells in the

10

15

20

25

lesion site without requiring further fixing needing

subsequent suturing and medications.

Due to similar reasons, it 1is necessary to provide a
“carrier” capable of safeguarding the integrity of the
platelet hemo-derivatives to Dbe used, in order to
guarantee all biochemical and enzymatic properties of the
proteins (i.e. the abovementioned trophic factors)
contained therein and which, above all, allows

maintaining administered active ingredients in the lesion

SUMMARY OF THE INVENTION.

Now, the applicant has discovered that it is possible
to overcome the abovementioned drawbacks of the prior art
by means of the Dbiological material according to the
present invention.

In particular, the biological material according to
the present invention comprises:

a)a liquid carrier comprising a wviscous solution
containing at least one natural and/or semisynthetic
polysaccharide, and having a Dynamic viscosity measured
at 20°C and at shear rate of D=350 s}, comprised between

100 and 250 cPoise and/or a Kinematic viscosity comprised

- allows maintaining the abovementioned

ifn particular,



WO 20111000820PCT1EP20101059183 8 between 99 and 248cSt (measured at the same
conditions); b) a culture or an extemporaneous preparation of mesenchymal stem cells, and/or c)a

platelet-rich Remadaidyaddve. SThis type of material is suitable for the thergpyafRsigRasigsosis,
cartilage damage, tendon damage (in particular the Achilles tendon damage), ligaments and,

generally, in the joints and connective tissues disorders in general and damaged skin. 10In addition,
the present invention further relates to pharmaceutical compositions comprising the biological material
of the present invention, in particular suitable for intra-articular, intradermal administration, but also for
direct applicatigre irvrerle8idnagid. 2 58ESTAIUEER DESCRIPTION: CRTHEINVENTION) ;. Relating to
the present invention, the term viscous solution is used herein to indicate a homogeneous mixture of
two or more comportehts preSBALIATFhichs & 8ol ft& T &M e AR Eand/o? ReRASyRetie ™
polysaccharide 20 entirely dissolved in a solvent usRJaIIy water, where the term "water" is used to

indicate water foF TjBSEABIE preparitidits: saling&olition, etc. This type of solution should not be

confused with the SO'?%g%dl%%le rel%y_drogﬁl ihee. IQOS_%@iSOHQ {Q,QL}CL whose 25 components do not

. . C r1 riv
dissolve in the solvent, but remain

5 This type of material is suitable for the therapy of
osteoarthrosis, cartilage damage, tendon damage (in
particular the Achilles tendon damage), ligaments and,
generally, in the joints and connective tissues disorders
in general and damaged skin.

10 In addition, the present invention further relates to
pharmaceutical compositions comprising the biological
material of the present invention, in particular suitable
for intra-articular, intradermal administration, but also
for direct application in the lesion site.

15 DETAILED DESCRIPTION OF THE INVENTION.

Relating to the present invention, the term viscous
solution is used herein to indicate a homogeneous mixture
of two or more components present in which is a solute
i.e. the natural and/or semisynthetic polysaccharide

20 entirely dissolved in a solvent usually water, where the
term “water” 1is used to indicate water for injectable
preparations, saline solution, etc.

This type of solution should not be confused with the
so—called gel or hydrogel i.e. a semisolid product, whose

25 components do not dissolve in the solvent, but remain



WO 20111000820PCT1EP20101059183 9 suspended therein and it is generally made of material
which is obtained through the creation of three-dimensional bonds (the so-called crosslinking) of the
covalent cheisahfyBsus3onydrogen bond or Van der Waals 5 bond betweeg-fippsaiined ggmponents
of the gel and/or solvent.  The carrier in liquid forng (a) in the biological material according to the
present invention is preferably the viscous solution containing the natural and/or 10 semisynthetic
polysaccharide.  According to an even more preferred embodiment of the present invention, the
carrier (a) in liquid form is the viscous solution essentially consisting of a polysaccharide of natural
and/or semisyntheticcorigiet ahtdsSwaterand Regardingatheqresent imesttion fthev@kprassion
"essentially consisting of " is used to indicate that a possible third component is present in
concentrations €onitised HetWed67528nd 6100195 6n thé fotal WEGRt-6120 the visdoizSsolution.
The polysaccharide of natural ori%iln is preferably selected from hyaluraonic acid (H)?A%, cellulose, gellan,

chitin, chitosan® pa&tiie" 8P Bépti€ ddith adardse, afyific adid: afghiates, Sstardh bolgmanmans, 25
polyalycans, whase molecuyiie eioht a5 well a5t iype WO 20441000890PCTIERRO101059183 10
of the molecule, is such as to a\ﬁ(ow guarglg)tee the formation of a viscous solution fan not a gel)
having a Dynamig.er Kipematic viseesity comprised i ihe-abauemenptioned rapgesang /or

solvent.

The carrier in liquid form (a) in the Dbiological
material according to the present invention is preferably
the viscous solution containing the natural and/or

10 semisynthetic polysaccharide.

According to an even more preferred embodiment of the
present invention, the carrier (a) in liquid form is the
viscous solution egsentially consisting of a
polysaccharide of natural and/or semisynthetic origin and

15 water.

Regarding the present invention, the expression
“egsentially consisting of ” 1is used to indicate that a
possible third component 1is present 1n concentrations
comprised between 0.9 and 0.001% on the total weight of

20 the viscous solution.

The polysaccharide of natural origin is preferably
selected from hyaluronic acid (HA), cellulose, gellan,
chitin, chitosan, ©pectine or ©peptic acid, agarose,
alginic acid, alginates, starch, polymannans,

25 polyglycans, whose molecular weight as well as the type



5The polysaccharide of semisynthetic origin is preferably selected fromhyaluronic acid derivatives
already known to the man skilled in the art such as, for example, the benzyl esters of hyaluronic acid

described in B £4946uReifS octyl, octadecyl, dodecyl and hexadecyl PCT/EP2010/059183
10amide(EP1095064),andcelluloseesters,suchas carfpoxymethylcellulose (CMC) andcollagen

derivatives. In any case,thesenaturaland semisynthetic polysaccharides must have a molecular weight
such that the viscosity thereof is comprised in the abovementioned 15 ranges, in addition they must
exhibitmolecular/ physicalchemicalcharacteristicsleading tothe formation of a viscous solution and not
agel. Only this typecof viséesitylallows ebtaining a formulation suitalsleutoyen2@ injettes

intra-articularly or in the lesion . . .
formation of a wviscous solution (and not a gel) having a

Dynamic or Kinematic viscosity comprised in the
abovementioned ranges.

5 The polysaccharide of semisynthetic origin is
preferably selected from hyaluronic acid derivatives
already known to the man skilled in the art such as, for
example, the benzyl esters of hyaluronic acid described
in EP 216453, its octyl, octadecyl, dodecyl and hexadecyl

10 amide (EP1095064), and cellulose esters, such as
carboxymethylcellulose (CMC) and collagen derivatives.
In any case, these natural and semisynthetic
polysaccharides must have a molecular weight such that
the viscosity thereof is comprised in the abovementioned

15 ranges, 1n addition they must exhibit molecular/
physical chemical characteristics leading to the
formation of a viscous solution and not a gel.

Only this type o0of viscosity allows obtaining a
formulation suitable to be

20 ®¢ injected intra-articularly or in the 1lesion

sites of tendons and/or ligaments,
® intradermally administered in case of cutaneous
lesions,
capable both of ensuring the highest wvitality of the

25 cells therein contained, as well as maintaining integer



sites of tendons and/or ligaments, intradermally administered in case of cutaneous lesions,

capable both of ensuring the highest vitality of the 25 cells therein contained, as well as maintaining
integer WO gQyl30h9@R3§PCT1EP20101059183 11 all the biochemical angl-gnzsa@lRdsgrerties of
the trophic factors contained in the platelet-rich hempderivatives , possibly present. Used
according to a particularly preferred form of 5 realization of the invention, are: a hyaluronic acid or a
pharmaceutically acceptable salt thereof, preferably sodium salt, with average molecular weight
comprised between 450 and 730 kDa (medium molecular weight (MW) HA); the concentration 10 shall
be comprised between!B and dGrhginilcmbre préferabByiGrhgtml. ca hyalurorie acid or ehe
pharmaceutically acceptable salt thereof, preferably sodium salt, with average molecular weight
comprised betW&&P 2000 dmFiSOT KR 15 Measured aftér Steriidatich! Hight AidlectialWeight (MW)

HA); the concentration shall be comprised between 2 and 12mg/ml, more preferably between 6 and 8

mg/ml. THE b famite o hyalirohic - dcili” pretéfably with medium molecular weight(MW),
therefore a hyaluronj id Vj g an average malecular weightco P ised | t|f”l %foregaid range
between 450 and 73{38%[%{& %ﬁueg §6?%er%[ra%8n%? tﬁi%ratnl]i%% s%rgllgbe%crcr)gméﬁsrgcﬁt])et\fgvgen Tand

10mg/ml, morepreferably;bgtween:2 and 3rg/mlcn, ardhe hexadecylamide of hyaluronic acid,
preferably 25 with medium molecular weight(MW) therefore a hyaluronic

¢ a hyaluronic acid or a pharmaceutically acceptable
salt thereof, preferably sodium salt, with average
molecular weight comprised between 450 and 730 kDa

(medium molecular weight (MW) HA); the concentration

10 shall be comprised between 5 and 15mg/ml, more preferably
10mg/ml.

¢ a hyaluronic acid or a pharmaceutically acceptable

salt thereof, preferably sodium salt, with average

molecular weight comprised between 1000 and 1800 KDa

15 measured after sterilisation (high molecular weight (MW)

HA); the concentration shall be comprised between 2 and
12mg/ml, more preferably between 6 and 8 mg/ml.
¢ The octylamide of hyaluronic acid, preferably with
medium molecular weight (MW), therefore a hyaluronic acid
20 having an average molecular weight comprised in the
aforesaid range between 450 and 730 kDa; the
concentration of this amide shall be comprised between 1
and 10mg/ml, more preferably between 2 and 3mg/ml.
¢ The hexadecylamide of hyaluronic acid, preferably

25 with medium molecular weight (MW) therefore a hyaluronic



WO 20111000820PCT1EP20101059183 12 acid having an average molecular weight comprised in
the aforesaid range between 450 and 730 kDa; the concentration of this amide shall be comprised

between 0,2 girhd; Pragésgl. more preferably between 0,5 and Img/ml. 5 Geflai;idhg faRegptration shall
be comprised between 2 and 8mg/ml, more preferahty 4mg/ml. CMC,; the concentration shall be

comprised between 15 and 40mg/ml, more preferably 25mg/ml. Mesenchymal stem cells may be of
the autologous and 10 heterologous type and they are preferably those coming from the bone marrow,
peripheral blood, periosteum, umbilical cord or adipose tissue. For the scope ofthe present invention,
the expression pldtéletaichriterao-derivativesisasedud s indicald all platelet-sieth hembiderivatives,
for example, platelet-rich plasma (PRP), i.e. the supernatant liquid coming from the centrifugation of
the venous bloéd CtheSitatélet coHtEntrate TPESSe. thé Heavierifuid Eﬁlgse dofing frdmthe
centrifugation of the (%)Iatelet-rich 20 plasma, and |astly the platelet gel, i.e. the platelet concentrate

C

which - due to e SO 6 the bretipitation a&gﬁgf}suéﬁﬁg%orb&al%%%ﬁﬁﬁ% iny < i¢'FaRsformed
o LR SRS L 3ol st
5 * Gellan; the concentration shall be comprised
between 2 and 8mg/ml, more preferably 4mg/ml.
¢ CMC; the concentration shall be comprised between
15 and 40mg/ml, more preferably 25mg/ml.
Mesenchymal stem cells may be of the autologous and
10 heterologous type and they are preferably those coming
from the bone marrow, peripheral Dblood, periosteum,
umbilical cord or adipose tissue.
For the scope of the ©present invention, the
expression platelet-rich hemo-derivatives is used to
15 indicate all platelet-rich hemo-derivatives, for example,

platelet-rich plasma (PRP), i.e. the supernatant liquid

coming from the centrifugation of the venous blood, the

platelet concentrate (PC), i.e. the heavier liquid phase

coming from the centrifugation of the platelet-rich

20 plasma, and lastly the platelet gel, i.e. the platelet

concentrate which - due to the action of the
precipitation agents(such as for example thrombin) - is
transformed into gel”’.

Depending on the intended use and the type of lesion,

25 it 1is possible to select the type of platelet-rich hemo-



13 derivative. As a matter of fact, the three products are rich in the abovementioned trophic factors.
The biological material according to the present invention contains components (a) and (b) or (a) and

(c), 5or the tRyeeeAMRRAENtS (a),(b) and (c).  Furthermore, it is preferabjefa:sifl daSoagstologous

component (c) to the biological material comprising {g) and (b): the abovementioned platelet-rich
hemo-derivative comes from the same patient and this product may even be 10 prepared shortly
before the patient is subjected to the abovementioned intra-articular injection or intradermal
administration, or before the abovementioned material is applied directly onto the lesion site. The
pharmaceuticaleorhpoesitivas aécordingad the 15 preésent inventiont taa therefole Besusedkin orthopedy
in the (mainly extemporaneous)treatment of cartilage and bone defects (including local use in
odontoiatry to fav6tir the PlaRtsgtip)car i Ear etitecty injecletihdhé fesion site of damaged tendons
and/or ligaments or 20 can be used in dermatology both as injectable compasitions for an intradermal

administration or for t8fical’dSe ?@rﬁﬁ%%oc&atfeeéi nt o?%ﬁ? r?elc{h% glE@rs/ﬁé&on%raEfﬁi%Bﬁ to
e SIS LS T LRSS ol BT P o,
5 or the three components (a), (b) and (c).

Furthermore, it 1is preferable to add the autologous
component (c) to the biological material comprising (a)
and (b): the abovementioned platelet-rich hemo-derivative
comes from the same patient and this product may even be

10 prepared shortly before the patient is subjected to the
abovementioned intra-articular injection or intradermal
administration, or before the abovementioned material is
applied directly onto the lesion site.

The pharmaceutical compositions according to the

15 present invention can therefore be used in orthopedy in
the (mainly extemporaneous)treatment of cartilage and
bone defects (including 1local wuse 1in odontoiatry to
favour the plants grip) and can be directly injected in
the lesion site of damaged tendons and/or ligaments or

20 can Dbe used in dermatology both as injectable
compositions for an intradermal administration or for
topical use for the local treatment of cutaneous ulcers/
lesions difficult to heal/recover.

Example 1

25 Preparation of a viscous solution containing medium




1st stage: hydration ~ An amount of the HA sodium salt polysaccharide (500- 730KDa MW) equalto
100mg is weighed to prepare a 5 viscous solution with a final concentration of 10mg/ml. The powders

are hydratedywthy2 996085 ¢he required final volume (5m1) using a 0.9% salgergabsien & sodium
chloride, phosphate buffer or water for injectable prgparations, to obtain the desired final

concentration. 102nd stage: solubilisation ~ The product obtained as described in stage 1, is
subjected to magnetic stirring at ambient temperature for at least 1 hr. The remaining volume (5m1l) is
subsequently added to 15 reach the established final concentration, and left under stirring for at least 2
hrs up to completé elissbiutioredfthe gowders. Thesolutionthusobtainedissubjectedto sterilisation by
means of an autoclave or UV radiation 20 and, thus, subjected to the measurement of the Dynamic
viscosity by means df a HAAKE RS150HRHEGmeter, at 20C, at shear rate of D-350  The Dynamic
viscosity obtained was of 155c9, thus the product shall have a Kinematic viscosicti\(/%of(%%%.f_s cSt.

25Example 2 WO 2071 T850820PCTIEP20T0108918% 1831t Polysacchari

730KDa MW) equal to 100mg is weighed to prepare a
5 wviscous solution with a final concentration of 10mg/ml.
The powders are hydrated with 50% of the required final
volume (5ml) wusing a 0.9% saline solution of Sodium
chloride, phosphate buffer or water for injectable
preparations, to obtain the desired final concentration.
10 2™ stage: solubilisation
The product obtained as described in stage 1, 1is
subjected to magnetic stirring at ambient temperature for
at least 1 hr.
The remaining volume (5ml) is subsequently added to
15 reach the established final concentration, and left under
stirring for at least 2 hrs up to complete dissolution of
the powders.
The solution thus obtained is subjected to
sterilisation by means of an autoclave or UV radiation
20 and, thus, subjected to the measurement of the Dynamic
viscosity by means of a HAAKE RS150 Rheometer, at 20°C,
at shear rate of D=350 s .
The Dynamic viscosity obtained was of 155cP, thus the

product shall have a Kinematic viscosity of 153.6 cSt.

25 Example 2



Preparation of a viscous solution containing high molecular weight HA The process is performed
like in example 1 starting from high molecular weight powders of HA to prepare two 5 viscous solutions
with a final cgngsptiatignef 6mg/ml and 8 mg/ml in WFI grade water  Theppi3ingdssedytions are
sterilised and thus subjected to the measurement ofjthe Dynamic viscosity by means of HAAKE R5150
Rheometer, at 2000, at shear rate of 10D=350s  The Dynamic viscosities obtained were
respectively: 158cP and 246¢P. Example 3 Preparation of a viscous solution containing gellan 15

The process is performed like in example 1 starting from the powders of gellan to prepare a viscous
solution with a final ¢ormentrationrof Arhg/ml inisalimessolsitiont 1 oThecsoltition tmgs obigihed is
sterilised and then subjected to the measurement of the Dynamic viscosity by 20 means of a HAAKE
RS150 RheomBfetEaf3@E sty rife of D-350 s | The Dynamic viscosity obtained was of 110cP,

Example 4 Preparation of a viscous solution containing CMC 25The frocess is performed like in
example 1 starting he process 1s performed “like 1n example 1 starting

from high molecular weight powders of HA to prepare two
5 wviscous solutions with a final concentration of 6mg/ml
and 8 mg/ml in WFI grade water
The obtained solutions are sterilised and thus
subjected to the measurement of the Dynamic viscosity by
means of HAAKE RS150 Rheometer, at 20°C, at shear rate of
10 D=350 s .
The Dynamic viscosities obtained were respectively:
158cP and 246c¢P.
Example 3

Preparation of a viscous solution containing gellan

15 The process 1is performed like in example 1 starting
from the powders of gellan to prepare a viscous solution
with a final concentration of 4mg/ml in saline solution.

The solution thus obtained 1s sterilised and then
subjected to the measurement of the Dynamic viscosity by

20 means of a HAAKE RS150 Rheometer, at 20°C, at shear rate
of D=350 s’

The Dynamic viscosity obtained was of 110cP,
Example 4

Preparation of a viscous solution containing CMC

25 The process 1s performed like in example 1 starting



WO 20111000820PCT1EP20101059183 16 from the powders of CMC to prepare a viscous solution
with a final concentration of 25mg/m1 in phosphate buffer. The solution thus obtained is sterilised and

then 5 subjegigphiqthsgpgasurement of the Dynamic viscosity by means of @R a0
Rheometer, at 20C, at shear rate of D=350 s 1 The Rynamic viscosity obtained was of 220cP,

Example 5  Preparation of a viscous solution containing the octylamide or the hexadecylamide of
HA with medium molecular weight (MW) The process is performed like in example 1 starting from
the powders of the octylamide (or from the 15 hexadecylamide) of medium molecular weight HA, to
prepare two vistoos selutiornsowitk asfinalfcopentitatiom ot 2argm e and Saw/ml, forloftd,5mg/m1 and
1mg/m1 for the hexadecylamide) in saline solution of sodium chloride 0.9%. 20The solutions thus

obtained (after &terilisafion)fdreidubjEcieats thé rieasureient oF BYRamid ViscBBiy By #i€ans of a
HAAKE RS150 Rheometer, at 20C, at shear rate of D=350 s11. The Dynamic viscosities
obtained were Pe%%%%ﬁVely: 25 143cP and 220cP for the octylamide, and 160cP and 230cP WO

20111000820FN3T1%%%019%9%%}%%' thus obtained 1s sterilised and then

5 subjected to the measurement of the Dynamic viscosity by
means of a HAAKE RS150 Rheometer, at 20°C, at shear rate
of D=350 s’
The Dynamic viscosity obtained was of 220cP,
Example 5

10 Preparation of a wviscous solution containing the

octylamide or the hexadecylamide of HA with medium

molecular weight (MW)

The process is performed like in example 1 starting

from the powders of the octylamide (or from the

15 hexadecylamide) of medium molecular weight HA, to
prepare two viscous solutions with a final concentration

of 2mg/ml and 3mg/ml, (or of 0,5mg/ml and 1lmg/ml for the
hexadecylamide) 1in saline solution of sodium chloride

0.9

o

20 The solutions thus obtained (after sterilisation) are
subjected to the measurement of Dynamic viscosity by
means of a HAAKE RS150 Rheometer, at 20°C, at shear rate
of D=350 s .

The Dynamic viscosities obtained were respectively:

25 143¢cP and 220cP for the octylamide, and 160cP and 230cP



17 for the hexadeclilamide of HA. Cited bibliography: ' )JEP 0863776; (2PFattori di crescita autologhi
nella chirurgia 5 ossea ricostruttiva dopo infezione" Carlo R. Romanon et al, Unita operativa Chlrurgla

delle Compligayzg, Psipagrticolari Settiche (C.O.S., Istituto Ortopedico Gagi@pgiinbnédidRifferent
preparation methods to obtain components 10 as a gpurce of growth factors for local applications” R.
Zimmermann et al., Transfusion 2001;41:1217-1224. () Platelet-rich plasma preparation using
three devices: Implications for platelet growth factor release" P.A.M. Everts et al., Growth Factors,
September 2006; 1524(3):165-171. r'US 6,841,170 WO 20111000820PCT1EP20101059183 18
CLAIMS for the hexadecylamide of HA.
Cited bibliography:
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5 ossea ricostruttiva dopo infezione” Carlo R. Romandn et
al, Unita operativa Chirurgia delle Complicanze
Osteocarticolari Settiche (C.0.S., Istituto Ortopedico
Gaetano Pini).
(lupifferent preparation methods to obtain components
10 as a source of growth factors for local applications” R.
Zimmermann et al., Transfusion 2001;41:1217-1224.
“V"platelet-rich plasma preparation using three
devices: Implications for platelet growth factor release”
P.A.M. Everts et al., Growth Factors, September 2006;

IS 24(3):165-171.
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1. A biological material comprising: a) a liquid carrier comprising a viscous solution containing at
least one natural and/or semisynthetic 5 polysaccharide, and having a Dynamic viscosity measured at

20C and at sliep40alsod9=350 s-1, comprised between 100 and 250 cPoigg R4 pisigmatic
viscosity comprised between 99 and 248cSt (measurgd at the same conditions); b) a culture or

an extemporaneous preparation of 10 mesenchymal stem cells,and/or c)a platelet-rich
hemo-derivative. 2. The biological material according to claim 1, wherein the carrier in liquid form
(a) is a viscous solution comprising the natural and/or semisynthetic 15 polysaccharide. 3. The
biological material according to claim 2, wherein S&ii\iscous solution consists essentially of the
polysaccharide and water. 4. The biological material according to any one of 20 claims 1-3, wherein
the polysaccharide of naturat ofigftis seldcte 8 Fromt the BRass ToSisting of: hyaluronic acid, gellan,
cellulose, chitin, chitosan, pectine or peptic acid, agarose, alggigic acid, alginates, starch,cpnolymannans,

and polyglycans. 258/ The biotGyics) mca%ﬁéﬂeércc raifg tjo“f’é one of u.s SOlUt_l -
IR A i i s s ot o
derivativess  o1ysaccharide, and having a Dynamic viscosity measured
at 20°C and at shear rate of D=350 s !, comprised between
100 and 250 cPoise and/or a Kinematic viscosity comprised
between 99 and 248c¢cSt (measured at the same conditions);
b) a culture or an extemporaneous preparation of
10 mesenchymal stem cells,and/or

c)a platelet-rich hemo-derivative.

2. The Dbiological material according to claim 1,
wherein the carrier in liquid form (a) 1is a wviscous
solution comprising the natural and/or semisynthetic

15 polysaccharide.

3. The biological material according to claim 2,
wherein said viscous solution consists essentially of the
polysaccharide and water.

4. The biological material according to any one of

20 claims 1-3, wherein the polysaccharide of natural origin
is selected from the class consisting of: hyaluronic
acid, gellan, cellulose, chitin, chitosan, pectine or
peptic acid, agarose, alginic acid, alginates, starch,
polymannans, and polyglycans.

25 5. The biological material according to any one of



56. The biological material according to claim 4, wherein the component (a) is hyaluronic acid or a
pharmaceutically acceptable salt thereof, with average molecular weight comprised between 450 and

730 kDa.  we bhahigkagical material according to claim 5, 10 wherein thg cpgRengitbig) is the
hexadecylamide or the octylamide of hyaluronic aciddaving a medium molecular weight (MW). 8.

The biological material according to any one of claims 1-7, wherein the mesenchymal stem cells are of
15 the autologous type and they are selected from the class consisting of bone marrow mesenchymal
stem cells, peripheral blood mesenchymal stem cells, periosteum mesenchymal stem cells, umbilical
cord mesenchymalistemlcells orithe eells oftthe aeigoseatissiuer 209. The bivldgizaltiaterial according
to any one of claims 1-8, wherein the platelet-rich hemo-derivatives are selected from among
platelet-rich pla&fid Platelet cortehfrate hnd pfatBlet §8E  CLaPs The Didldgicarfatetial according
to any one of 25 claims 1-9, for the therapy, of osteoarthrosis, cartilage. WO

20111000820PETLERS0T41059163 20 Fahiage ¥idon 88%1]3%%%@&%8&1 JahmagESn j6Rt disorders,

skin lesions oriélg l‘i%@e delrll%je blgloglcal material according to claim 10, wherein the tendon

T
damage is the es tendon damaglev

6. The biological material according to claim 4,
wherein the component (a) is hyaluronic acid or a
pharmaceutically acceptable salt thereof, with average
molecular weight comprised between 450 and 730 kDa.

7. The biological material according to claim 5,

10 wherein the component (a) is the hexadecylamide or the
octylamide of hyaluronic acid having a medium molecular
weight (MW) .

8. The Dbiological material according to any one of
claims 1-7, wherein the mesenchymal stem cells are of

15 the autologous type and they are selected from the class
consisting of Dbone marrow mesenchymal stem <cells,
peripheral blood mesenchymal stem cells, periosteum
mesenchymal stem cells, umbilical cord mesenchymal stem
cells or the cells of the adipose tissue.

20 9. The biological material according to any one of
claims 1-8, wherein the platelet-rich hemo-derivatives
are selected from among platelet-rich plasma, platelet
concentrate, and platelet gel.

10. The biological material according to any one of

25 claims 1-9, for the therapy of osteoarthrosis, cartilage



512. The biological material according to any one of claims 1-11, selected from the class consisting of:
biological material containing component (a) and (b), biological material containing component (a) and

(c), biologicalypalfkiahaagtaining the three components (a), 10(b) and (C). pc1/EP2010/059183
13.Pharmaceuticalcompositionscomprising the biologjcal material according to any one of claims 1-12,

suitable for intra-articular administration, intra-dermal administration, or applied directly in the lesion
site. 15 14. Pharmaceutical compositions according to claim 13, wherein the platelet-rich
hemo-derivative and/or mesenchymal stem cells are autologous.  15. The pharmaceutical
compositions adevrdily to dnyonerof cldime dS,and 14 forcthe tredementof 20icartilaginedus and bone

defects, damaged tendon, damaged ligament or damaged skin.
disorders, skin lesions or skin ulcers.

11. The Dbiological material according to claim 10,

wherein the tendon damage is the Achilles tendon damage.
5 12. The biological material according to any one of
claims 1-11, selected from the class consisting of:

biological material containing component (a) and (b),
biological material containing component (a) and (c),
biological material containing the three components (a),

10 (b) and (c).

13. Pharmaceutical compositions comprising the
biological material according to any one of claims 1-12,
suitable for intra-articular administration, intra-dermal
administration, or applied directly in the lesion site.

15 14. Pharmaceutical compositions according to claim
13, wherein the platelet-rich hemo-derivative and/or
mesenchymal stem cells are autologous.

15. The pharmaceutical compositions according to
anyone of claims 13 and 14, for the treatment of

20 cartilagineous and bone defects, damaged tendon, damaged

ligament or damaged skin.



