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SUPPLEMENTED MATRICES FOR THE REPAIR OF BONE FRACTURES 

Field of the Inveufiou 

The present application relates to supplemented mature and uses thoreoffor the repair and 

healing of bone fractures. 

Backgroaad of the Lavealio’, 

In both Europe and the United States an estimated 5 to 6 million people sustain bone fractures 

each year - to tauma, sports- or activity-related injuries or osteoporosis Most of these inju-

jies may be treated wft], manual reduction and external fixation (e.g. a cast). However lproxi-

� mately 20 to 25% offractures require hospitalization, usually with open surgical procedures. 

A flucture is defined as a discontinuity in the cortical bone manure, usually resulting from ex-

cess mechanical force. A complete æacture is defined by a discontinuity, or break, that occurs 

across the entfre bone structure, creating two or more distinct bone segments. The bone frag-

ments do not have to separate for the injmy to be classified as a fracture. In some cases to 
pa-- 

riosteumliolds the bone fragments in their original anatomical position. In other cases the frac-

ture causes the limb to bend, tearing the periosteum or even the surrounding shn and muscle 

tissue. In still other cases, as is often the case with high-velocity, missile injuries or serious acci-

dents, large portions of bone are flugmented or even removed from its original location. The 

primary goals of fracture weatments axe sound union and the restoration of bow flmction without 

� an outcome of deformity. Obtaining these goals quickly is an incitasingly important Concern 

due to disability issues and cost-containment. In a significant part a the patient population both 

goals, i.e. sound unions and fast restoration of bone sanction, are at risk due to the patient’s age 

and/or geneTal health condition, and/or the type and/or location of fracture. In particular, in case 

ofosteoporotic patients, the risk of nomunions and increased healing times is high. Ma disease 

of the skeleton, osteoporosis is charactexised by low bone itiass and the sthwtural deterioration of 

bone tissue lending to increased bone fragility, increased healing times and the occurrence of 

commune, 
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Hone grafts and bone graft substitutes are widely used in many orthopaedic procedures to treat 

problems associated with bone lea delayed union and non-union fractures or as an implant firm. 

lionmaterial. In case of severe and complicated fractures, bone graft and bone graft Substitutes 

are used to strengthen bone before the fracture is then stabilized with hardware. Bone grafting 

materials may be autogenic, allogenic, xenogenic, demineralised bone matrix (DBfl of syn-

thetic origin and mixtures thereof. Bone grafting materials can be classified into materials with 

osteoconductive, osteoinductive and ostoeogenic properties. Osteoconduclive materials do not 

create bone; rather they simulate the migration of neatby living bone cells into the material. Os- - 

teoinductive materials stimulate the patients owl system to generate bone tissue. Osteogenic 

materials dfrectly create bone tissue. Osteogenic materials are confined to osteoblasts and mes’ 

enchymal stem cells that generate bone tissue. Some materials exhibit more than one of the de-

scribed properties. 

Autografi earns to any tissue or bone that is harvested from one part of the pauonrs body to be 

used at the injury site. Bone autografis are usually harvested from the iliac crest. In spite their 

advantage of being biocompatible, safe, of  vascularized composition and exhibiting osteoin-

ductive properties, the disadvantages are major. Autografis require a second operation which 

may lead to postoperative complications which include blood-loss, inflactions, and pain. Auto-

grafts are costly due to longer hospital stays and operation time. The supply ofautografts per 

patient is limited, and the post operative pain after harvesting of autogenic material is often 

higher than the bone fracture itself. In spite of the disadvantages, autografi is considered the 

"gold standard" in tents of bone grafting materials. Allografts are bone tissue taken fi’om van-

otis locations in a human cadaver body, which can be machined with different stuactures and into 

diflŁrent shapes. Allografis are miuivnaity octeehti3divo, these is &y Immed supply, and they 

pose on the patient the risk of infections due to been pathogens. Synthetic bone graft materials 

are developed as an "off-the-shelf’ alternative to autogenic bone grafting material. Synthetic 

bone graft substitute include ceramic materials and self-setting polymers that mimic properties of 

human bone, like hydroxapatke and polymethyhnethamylate, collagen, thoalciumphosphate, 

calciumsulfates and -phosphates. These materials show poor handling properties and a lack of 

osteomductive properties. 

In recent years eflbrts have been made to develop bone graft substitutes which show osteoinduc-- 

five properties as a hue "off-the-shelf alternative" to autografis. DBM is one example of an Os-
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tecinductive bone gnU substitute. However DDM as an allogenic material faces the same draw-- 

backs like allogenic bone. Other examples are Stryker Corp.’s OP In, which delivem recombi-

nanfly produced bone moiphogenic protein 7 (BMP 7) from a collagen matfix or MedfrOthc S0 

lamer Daneks INFUSe bone graft substitute material using recombinantly produced BMP2 

from collagen sponges. Apart from the expensive and lengthy production process of the BMPS, 

the proteins in both products are delivered from a collagen mania in high concentrations. Colla-

gen matrices from bovine origin carry all the risks of xenogenic materials, show poor handling 

properties in the surgical procedure, e.g. are they not moldable to closely fit to the shape of the 

injury site, and the high concentration ofBMPs delivered to the body can lead in some Of On, 

patients to calcification of organs or to bone formation in other parts of the body. 

Other matrices for the local treatment of bone defects, include using human parathyroid hormone 

� (Frn) 

or its derivatives which are delivered to the body as in an irectable in situ forming fibrin 

sealant composition. Parathyroid hormone is an 84 amino acid peptide that is made and secreted 

by the panthyToid gland. The fall length hormone serves in regulation offstemic calcium lev-

els and bone turnover. Parathyroid hormone is a potent direct anabolic factor for precunor o5 

teoblasts and an indirect anabolic factor for osteoclasts, By regulating the balance of osteoblasts 

and ostecelasts, parathyroid hormone has a direct effect on the resulting bone turnover and sub-
sequent liberation of calcium into the body. Many animal studies have pointed to the potential 

antholic effects of parathjqoid hccpone on bone mineral densiy (BMD). The parathyqoid hor-

none acts on cells by binding to a cell surface receptor. This receplor is known to be found on 

osteohlas% the cells that are responsible for forming new bone 

. The N-tenainal 34 amino acid domain of the bwnen panthyroid hormone has been zeporte4 to 

be biologically eqinvalent to the full length hormone. Parathyroid hormone 1-34 and its mode of 

action have been first reported in U.S. Patent No. 4,086,196, Para–hyroid hormone IMis known 

to be a fully active wuncated version of parathyroid hormone which does not have disulfide 

bonth or significant ternary swuctwv, ft contains a moderute seo,ndsys&ucfttre, rocketing 

several alpha helices. Many clinical studies have been cinched out using systornically 

administered paruthyroid hormone to increase the overall bone mast in patients with 

osteoporosis, with the majorityrequfring daily injections of parathyroid hormone or parathyroid 

hormone 1.34 alone, or in combination with other actives, for many months. More dejails about 

Pm and parathyroid hormone 10 34 are describe’! in WO 03/052091, the respective content 
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thereof being incorporated herein by reference. Other tnmcated versions of parathyroid hormone 

with biological activity include parathymid hormone 1-25, 1-31 and 1-38. 

While much work has been time studying the systemic etibels of PM, the local adminisiration 

of PM has barely been explored. WO 03/052091 describes matrices for local administration of 

PM. Specifically! WO 031052091 describes parathyroid hormone as being covalently attached 

to synthetic and natural matrices, in particular fibrin or polyethyleneglycol matricess, for local 

adminisiration and release at the site of need in a embroiled fashion. 

However, WO 03/052091 does not describe matrices which are suitable for the healing of bone 

fractures, in particular for severe bone fractures, like repair of fractures at risk of becoming 

delayed unions or non-unions. 

It is therefore, an object of the present invention to provide a matrix which is suitable for the 

local repair of bone fractures. 

Summary of the Invention 

It has been surprisingly found that a matrix containing Pill (’supplemented matrices") can be 

used to locally deliver PTH to the site of  bone fracture to repair and heal the fracture. 

Thus, the present invention is related to a Orientation comprising 

(i) a peptide selected from the group consisting ofPTH and a PTH thsion peptide; 

� 
(ii) a granular material comprising a calcium mineral and 

(iii) a conposition capable of boosting a fibrin matrix under physiological conditions compris-

ing a fbrinogen precursor component and thrombin precursor component, 

wherein the PITT or PTh fusion peptide is present in a concentration lunge of between 00! to 2 

mglmL fibrin matrix or precursor components forming the niata with the proviso that a con-

centration of 0,4mg/niL fibrin matrix or precursor components forming the matrix is not in-

cluded. 
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The present invention is also related to a supplemented matrix comprising 

(i) PTh or a FlIT fusion peptide; 

(ii) a granular material comprising a calcium mineral and 

([U) fibrin; 

wherein said PTH or PIB fusion peptide is present in a concentration renge of between 0.01 to 2 

mglmL fibrin matrix, with the proviso that a concentration of 0.4mg/niL fibrin matrix is not in-

The present invention is also related to the use of said formulation and sujçlemeoted matrix for 

the manufacture of  medicament to be locally administered for the repafr of bone fractures. 

Preferably the PTh is releasably incosporated in the matrix and the supplemented matrix is 04 -

plied or formed at the site of the fracture. Preferably the PTH is covalently bound to the matrix, 

In one embodiment the matrix is a fibrin matrix.. The panthyroid hormone can be PTH144(na-

the), MI 18, ]’TH1.34, PTTT1.31, or PTHi, or any modified or allelic versions of]’TH exhibit-

big properties, i.e. hone fonnation, similar to the foregoing ("Pill’). Preferably the PT}{ is 

PTH1.34. In a preferred embodiment, the 
viii is a fusion peptide ("PTH fusion peptidc) contain-

ing at least two domains wherein the first domain comprises Pill and the second domain com-

prises a covalently crosslirable substrate domain able to crosslink to the matrix during or after 

its formation. 

In one embodiment, a supplemented fibrin matrix is formed from a formulation comprising (i) a 

granular material, (ii) a composition sable of forming a fibrin matrix containing fibrinogen 

and thrombin and (iii) PTH in arange of between 0.01 to 2mg Ptfl/mL fibrin matrix, which is 

suflablo for the repair and healing of bone actui’es with the proviso that a concentration of 

0.4mg PTH/mL fibrin matrix is not included 

A kit conçrising the above formulation is also proded, wherein at least one of the components 

suitable of fibrin ing a matrix is stored separately from the other components for forming the ma-

IfOl-

The formulations and supplemented matrices are preferably used for the repair and healing of 

bone fractures, in particular for bone fractures with a risk of becoming delayed unions or non. 
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unions. Preferred indications include fractures of the wrist (distal radius ftactmts), long bone 

fractures, like tibia, and hip fictures, 

Brief Description of the DrawiagN 

FIG, I shows the bioactMty of Pm variants. Cells transfected wWi a reporter gene linked ma 

proniocer iota PIE receptor were entered with equal amounts of either PTH114, TG-pl-PT111.34 

(described hereinafter) or the international 84 amino acid standard PTH. The inhibition of 

expression of the luciferase reporter gene was measured and compared to transfecled cells that 

were not exposed to PTH in solution (conirol). 

FIG. 2 shows the results of a PTH release assay from a librin matrix. 

FIG. 3 shows the results oft stability test of segmental tibial defects upon treatment with the 

supplemented matrix, presented as the score of heal’mg, 

FIG. 4 shows the results of a stability test of segmental tibial defects upon treatment with the 

supplemented matrix, presented in percent of remaining non-stable joints. 

Detailed Description of the Invention 

Supplemented matrices comprising a PTh releasably incot1orated therein, optionally containing 

a granular material, are described herein. The PTH is incorporated either through covalent link-

age to the matrix or through non-covalent interaction with the maizix and/or the granules. These 

S supplemented matrices decrease the time of healing compared to autograft and or trigger healing 

of bone fractures which otherwise would not heal. The manices are biocompatible and biode-

gradable and can be formed in Who, or in vivo, at the time of implantation. PT}{ can be incorpo-

rated into the niatrices th foIl retention of its bioactivity. PTh can be releasably incorporated, 

using techniques that prole control over how and when and to what degree the PTH is released 

using the matrix as a controlled release vehicle to heal booe fmctu,es. 
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DeflnUio#s 

Adhesion site or cell attachment site’ as generally used herein refers to a peptide sequence to 

which a nolecule, for example, an adhesion-promoting receptor on the suite of  cell, binds. 

Examples of adhesion sites include, but are not limited to, the ROD sequence from Ebronectin, 

and the YTOSR (SEQ ID No: 1) sequence from laminin. Adhesion sites can be opdonaThr floor-

panted into the matrix by including a substrate domain crosslinkable to the fibrin matrix. 

Biological 2ctivir as generally used heroin refers to functional events mediated by a protein 

of interest. It some embodimoy4s, this inclutes events assayed by measuring the interactions of 

apolypeptide with another polypeptide. It also includes assaying the effect which the protein of 

interest has on cell god, differentiation, death, migration, adhesion, interactions with other 

proteins, enzymatic activity, protein phosphorylation or dephosphozylation, transcription, or 

translation. 

Bone fracture as used herein refers to a discontinuity or break across the entire bone stoucture 

creating two or more distinct bone segments. 

Calcium mineral as generally used herein refers to naturally occurring hon,ogenous sub-

stances which contain calciwn ions. As example for a calcium mineral is hydroxyapatite 

(Ca5k011X904)sl), which is the rrjnân component of tooth and bones. 

‘Gross-linjng" as generally used herein means the formation olcovaleot linkages. 

"Delayed union’ as generally used herein means a bone fracture that has not healed within 34 

n,anths, i.e. a time span that is considered adequate for normal bone healing. Delayed union 

suggests that union is slow but will eventuadly occur without additional surgical or non-surgical 

intervention. However, a delayed union may, in some cases, progress to a non-union at a later 

tmepoint. 

’Fibrin matrix as generally used herein means the product as process in which substantially 

all of the pretmrn components, fibrinogen and thrombin, crossIithc in the presence of a calcium 

source and Factor )Cllla to form a three-dimensional network. 
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Matrtr" as generally used herein refers to a material intended to interface with biological sys-

tems to treat, augment, or replane any tissue or function of the tissue depending on the material 

either permanently or temporarily. The rriatæx can serve as a delivery device for PM bootee -

rated therein and/or as a cell-ingrowth nialrix. The matrices described herein are formed from 

liquid precursor components which are able to fonn a net lTold in the body at the site of need. 

The terms matrix", ’gel" or biomaterials are used synonymously herein. The terms "matrix" 

and gel" refer to the composition formed after the precursor components are mixed together. 

Thus the tem,s "matrix" and rger encompass Partially or frilly crosslinked polymeric networks. 

They may be in the form of a liquid, sconi-solid, such as a past or a solid. Depending on the 

type ofprecursnr materials, the matrix may be swollen with water but not dissolved in water, i.e. 

forn a hydrogel which slays in the body for a certain period of time. 

Naturally occunt,g precursor components or polymers" as generally used herein refers to 

I molecules which could be found in nature. 

Won-union " as generally used herein means a bone fracture, that does not show progression of 

fracture healing within 3 to   months following injury (depending on the type and location of 

fracture) in monthly radiographic studies. 

’PTH as used herein includes the human sequence ofPTh14 and all truncated, modified and 

aMelia versions of PTH which exhibit bone formation properties, in particular when incorporated 

preferably covalently bound to a fibrin mafrix Preferred truncated versions of PTh are PTh1 

38’ 1’THj34,PTH131 °’m125. MostprefraedisPtflj34. Preferably, thePTH isbuman 

� Pm, although Pm from other sources, such as bovine Pm, may be suitable. 

’PTHfiesionpeptide as generally used herein refers to apepde which contains at least a first 

and a second domain, One domain contains a flH, preferably 7111 1-34 and the other domain 

contains a substrate domain crossliokable to a fibrin matrix during or after its formalion. An 

enzymatic or hydrolytic degradation site can also be present between the first and the second 

domain. 
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Periosteum as used herein means the outer layer of bones forming a dense, fibrous layer, with 

the exception of those portions that fonu a joint siruciure which coven the entire bone structure 

and contains the vasoulature thai nourishes the exterior bone tissue. 

Physiological’ as generally used herein means conditions as they can be found in living verte-

brates. In particular, physiological conditions refer to The conditions in the human body such as 

tctniperaftre and pH. Physiological tetnperamres mean in pariiailar a temperatint range of be-

tween 35°C to 42°C, preferably around 37°C. 

"Repair or healing of bone fraciwes’ as generally used herein means rejoining and realigning 

the ends of broken bones. 

’Supplemented Matrices’ or biomate’ial as generally used herein means a matrix }iaving incor-

porated P’s. 

1. Supplemented Matrices 

A. Matrix Materials 

For tissue repair or regeneration, cells must migrate into a wound bed, proliferate, express matrix 

compoomeraw or form extncellular matrix, and than a final tissue shape. Multiple cell 

populations must often participate in this mo,phogenetic response, frequently including vascular 

and nerve cells. Matrices have been demonstrated to greatly enhance, and in some comes have 

been found to be essential, for this to occur. 

Approaches have been made in developing matrices from nalmi] or synthetic origins or a mix-

tire of both. The fibrin matrix, which is described in WO 03/052091. has been found to he suit-

able a matrix material for the repair of bone fractures. 

The matrix is fined by croslinking iouically, covalently, why combinations thereof precursor 

molecules and/or by swelling one or more polymeric materials, i.e. matrices, to form a polymeric 

network having sufficient met-polymer spacing to allow for in-growth Or migration into the nfl-

trix of cells, In one embodiment the matrix is formed of proteins, preferably proteins naturally 
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present in the patient into which the nuffix is to be implanted. A pathoularly preferred matrix 

protein is fibrin,although matæces made from other proteins, such as collagen and gelatins can 

also be used. Polysaccharides and glycoprotaitis may, also be used to form the matrix. 

Fibri’, M’atrkes 

Fibrin is a natural material which has been relented for several biomedical applications. Matri-

ces made from fibrin have been desenbed as material for cell in-growth matæces in U.S. Patent 

No. 6,331,422 to Hubbell at at. Fibrin has bee,, used in sealants because of ts ability to bind to 

many tissues and its natural role in wound healing. Some specificapplications; include use as a 

sealant for vasctlar graft atlachmet* beast valve attachment Additionally, these matrices have 

been used as drug delivery deices, and for neuronal regeneration. Although fibæn matrices 

provide a solid support for tissue regeneration and cell in-growth, there are few active sequences 

in the monomer that directly enhance these processes. 

The process by which fibrinogen is polyinerized into æbrin has also been characterized. Initially, 

a protease cleaves the dimeric fibtinogen molecule at the two synunetric sites. There are several 

possible proteases than can cleave fibrinogen, including thrombin, peptidase, and protease III, 

and each one severs the protein at a different site. Once the fibrinogen is cleaved, a self-

polymerization step occms in which the fibrinogen monomers come together and form a non-- 

covaJent crosslinked polymer go?. This self-assembly happens because binthng sites become 

exposed after protease cleavage occurs. Once they are exposed, these binding sites in the centre 

of the molecule can bind to other sites on the fibilnogen chains, which are present at the ends of 

� the peplide chains. in this maimer, a polymer network is fosmed. Factor Julia, a transglutami-

nase activated from Factor Xllla by thrombin proteolysis, may then covalently cressi the 

polymer network. Other tansglutaminases exist and may also be involved in covalent crosslink-

ing and grafting to the fibrin network. 

Once a crosslinked fibrin matrix is formed, the sthsequent deadation is tightly controlled. One 

of the key melecules in controlling the degradation of fibrin is ca-plasmin inhibitor. This 

molecuLe acts by crosslinking to the a chain of fibrin through the action of Factor Xllla By 

aflaching itself to the matrix, a high concentration of inhibitor can be localized to the matrix. 

The inhibitor then acts by preventing the binding of plasminogen to fibrin and inactivating 
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plasmin. The ct2-pbsn,jn jithibitor contains a glutan’ioe subsirate. The exact sequence has been 

identified as NQEQVSPL (SEQ ID NO: 2), with the first giutamine being the active amino said 

Am crosslmkmg. 

It has been demonsnted that hi-domain peptides, which contain a thotor XEHa substrate se-

quence and a hiogotive peptide sequence, can be cross-linked into fibrin matrix and that this bin-

active peptide retains its cellular activity in vitro. 

Depending on the indication and s,tsthnces mixed into the fibrin matrix the concentration of 

lhrombin might vary. In one preferred embodinen the flbrin matrix contains fibrinogen in a 

range of 5 to 65 mg per millilitire fibrin matrix, more preferably IS to 60 mg per millilitre fibrin 

matrix, even more preferably fltm 25 to 55 mg per millilitre fibrin matrix, arid most preferably 

� 30 to 45 mg per millilitre fibrin matrix. Thronbin is present in anngn of 0.5 to 5 lU. pet 

millilitre fibrin mattx, more preferably in amp ofbetween 1.25 W3.25 LU. per millilitre 

fibrin matrix, most preferably  down 1.5 to 2.5 LU, per millilitre fibrin matrix. Additionally a 

calcium ion source helps to form the fibrin matrix. The calcium ion source is preferably Cad2 * 

21120 in a concentration rune flom 0.5 to 5  m per ml fibtin matrix, even morn preferably in a 

concentration from 2 to 3.5 mg per ml fibrin matrix, most preferably, in a concentration range 

from 2.5 to 3mg per ml fibrin matrix. This composition does not lake into account any water 

used to wet any potential granules before mixing into fibrin matrix since said water stays it the 

pores of the granules throughout the process of matrix formation and thus does will not have any 

dilutive effect on the fibtinogen and thrombin concentration in the fibrin matrix I.U. stands for 

one international unit of thrombin and is defined as the activity contained in 0.0853 mg of the 

First International Standard of Umnan Thrombin. 

Fvecursar ccmponensforformlngflMn mafl*.s 

The fibrin matrix is preferably, forned from two precumor components which can be in the fonn 

of solutions. The first precursor component typically in form of a sohiion, contains fibrinogen, 

preferably in a concentration range from ID to 130 mg fbrinogen per nillilitre precursor 

solution, more preferably from 30 to 120 Ong fibrinogen per nillilite precursor solution, even 

more preferably from 50th 110 ins fibrinogen per mimlitre precursor solution, and most 

preferably from 60 to 90mg fibrinogen per nillilitre precursor solution. If thrombin has to be 
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added to form the matrix, the second precursor component, also typically in form of  solution, 

contains thrombin, preferably in a concentration range from I to 10 lU. thrombin per millilitre 

precursor solution, more preferably from 2.5 to 6.5 I.U. thrombin per milhililre precursor 

solution, most preferably from 3 to 5 lU. Ilirorobja per mi1lilie precursor solution. 

Additionally a calcium ion source is in one of the precunor emotions. The calcium ion source is 

preferably Cad2 � 2H20 in a concentration range from I to 10 mg per ml precursor solution, 

even mom preferahlyfiom4to7ngperml internment solution, most preferably fromsto6mg 

per ml precursor solution. Optionally, an enzyme capable of catalyzing the matrix formation. 

Ile Factor Xllla, is all to a precursor solution. Preferably, Factor J011a is present in a 

concentration range from (I5 to IOU IlL per milliliam precursor solution, more preferably from 1 

to Gil LU. per milliliwe precursor solution, and most preferably from I to 10 T.U. per millilitre 

precursor solution. 

B. Cell attachment sites 

Cells interact with their environment through protein-protein, protein-oligcsaccharide and pro-

tein-polysacaharide interactions at the cell surface. Exiracellular matrix proteins provide a host 

ofbioactive signals to the cell. This dense network is required to support the cells, and many 

proteins in the matrix have been shown to control cell adhesion, spreading miation and differ-

entiation. Some ofthe specffic proteins that have been show,, to be parlicnJarly active include 

larSin, vtrol)ucSi, brnnecdn, bærj, bæriogen and co)agen. Many studies of %anænin have 

been conducted, and it has been shown that laminin plays a vital role in the development and 

retneration ofuerves in vivo and nerve cells in vitro, as well as in angiogenesis, Some of the 

specific sequences that directly intemct with cellular receptors and cause either adhesion, spread-

ing or signal transduction have been identified. 

Laminin, a large multidomain protein, has been shown to consist of three chaitti with several 

receptor-binding domains. These receptor-binding domains include the YRjSR (SEQ ID NO: I) 

sequence of the laminin RI chain, LRGDN (SEQ ID NO: 3) of the laminin A chain and PDGSR 

(SEQ ID NO: 4) of the laminin BI chain. Several other recognftion sequences for ce1is have also 

been identified. These include IKVAV (SEQ ID NO: of the laminjnA chain and the sequence 

RNTAEIIKDI (SEQ ID NO: 6) of the laminin 82 chain. Particularly preferred is the ROD 

sequence from tibronectin. 
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In a thrthcr preferred embodiment peDtidc sites for cell adhesion are incotorated into the mairix, 

namely peptides that bind to adhesion-promoting receptors on the surfaces of cells. Soch adhe-

siors promoting ptplideo inolude Those described sawn. Pberfineardy prefetred ar the R&D se-

quence from fibronectin and the YTOSR (SEQ II) NO: I) sequence from laminin. Cell attach-

ment sites can be included with some ofthe natural matrices. The incorporation can be accom-

plished, for example, by miring a cysteine-containing cell atlachinentpeplide with the precursor 

nolecule including the conjugated unsaturated group, such as PEG actylate, PEG acrylamide or 

PEG vinylsulfone. This step may occur thorny, e.g. a few mates,before mixing with the re-

mainder of the precursor con-çionent including the nuolcophilic group, such as thiol-containing 

precursor component  If Me cell attachment site does not include a cystoine it can be chemically 

synthesized to include one. During this step, the dhesiotL-proTmtig peptide will become irteot-

porated into one end of the precursor multiply ninctionalized with a conjugated unsaturation; 

when the remaining multi-thiol is added to the system a cross-linked network will form. 

The concentration of adhesion sites covalently bound into the matrix can influences the rate of 

coil infiltration. For exanl faa given hydrogel, a ROD concentration range can be incorpo-- 

rated into the matæx with supporis cell in-growth and cell migration in an optimal way. The 

optimal concentration tango of adhesion are like RGD is between 0,04 and 0.05mM and even 

more preferably 005 mU in panicular for a niathx having a water content between equilibrium 

concentnrion and 92 weight % after termination of water uptake. 

� 
The term "PEW as used herein includes the human sequence ofPTh1g4 and all truncated, 

modTheo and Allelic versions of PTH which exhibit bone formation properties when arvniently 

bound to biodegradable nafiral or synthetic mathces. Pteferred tnmcated versions of PER are 

PT}1138, Ff11-34, PT}{1-31, Pill1..28 or PT}{1,.25. Most preferred is PTH134. Preferibly 

Me PTH is human PER, although flU than other sources, such as bovino PIll, may be suitable. 

PTI4 in a range of between 0.01 to 2 rug flH/niL matH; is suitable for the repair and healing of 

bone fractrres with the proviso that a concentration of 0.4mg FfH/mL matrix is not included. 

P,vferably the concentration ofPTH is in a range of between 0.1 to I.7 mWmL matrix, even 

more prerably the concentration range is in a range of commerce 0,3 to 1.5mg,iL matrix and 

istpttlÆably in a contentmtion range of between 0.4 to I mg/mL matrix with to proviso 
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that a concentration of 04mg PTHImL of mathx is not included. Inn prefetred embodiment the 

matrix is a fibsin matrix. 

D. PITH FusIoa Peplides 

In a preferred embodiment the 11TH is a PTH fusion ptide, which comprises at least two do-

mains wherein the first domain comprises PTH and the second domain conrises a crosslinkable 

substrate domain crosslinirable to the matrix during or after its %nnatiom The substrate do-

main is a domain for an enzne, preferably a substrate domain for a lnnsglutwninase çtansglu-

taninnse substrate domain"), more preferably for a tissue transglutaniuuase ("tissue lnnsgluta-

minase substrate domain") and most preferS it is a substrate domain for Factor Xllla ("Factor 

XIITa substrate domain"). Transglutaminases catalyse acyl-transfer reactions between the 

� gama-carboxumide group of protein bound glutaminyl residues and the epsilon- amino group 

of lysine residues, resulting in the formation ofN-epsilon-(gasmtm-glummyl)lysthe isopeptide 

side chains bridges. The amino acid sequence of the PTH fusion peptide can be designed to fir-

that crmlain an enzymatic or hydrolytic cleavage she thus that the Pit Can be re1sed with 

little or no mMiflcation to the primary sinucture. 

Transglutaminase sthstrate domains and in particular, Factor Xffla substrate domains, are suit- - 

able to link the fusion peptide to natural mantras,such as fibrin mathc�. YThen used unth a 

fibrin matrix the degradation site in the fusion peptide is preferably enzymatically degradable, so 

that the release of the Pill is controlled by cell specific processes, such as localized proteolysis 

� 
The crosslinkable substrate domain may include GAKDV(SEQ ID NO: 7), KKKK (SEQ ID NO: 

8), VRGDTIGEGQQHHLGG (SEQ ID NO: 9), orNQEQPISFL (SEQ ID NO: 2). 

The most preferred Factor XllIa substrate domain has an amino acid sequence of NQEQVSPL 

(SEQ II) NO: 2) and is herein refeired to as ’TG" and TO-PTH 

The PTH fusion peptide may be produced recombinantly or by chemical synthesis. The Pill I-

34 fiusion peptide is preferably produced by chemical synthesis. 
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Transglutaminase substrate domains suitable for the proposes of the present invention have been 

described in detail including their amino acid sequences in WO 03/052091 the respective Con-

tent thereof being incoq,orated herein by reference. 

As described herein as a preferred embodiment the Factor XllTa substrate domain is either 

directly liotredto the flH,i or In can include a degradation site between the PTU (first domain) 

arid the NQEQVSP (SEQ B) Not 2) sequence jsetorid domain). As such, the Pill1,4 fuSn 

peptide nay be incorporated within fibrin dtthng coagulation ida a factor XItla snb3tnte and 

released as M, n. 

The degradation sites allow the Pm to be released with little or no modification to the primary 

I peptide sequence, which may result in higher activity of the factor. In addition, it allows the 

I 4 release ofthe factor notes controlled by cell specific procases. This allows fàctoii to be released 

I at different rates within the same material depending on the location of cells within the mateæai 

I This also rnduces the amount of totai PTh1M needed, since its release is controlled by cellular 

I 
processes In one possrD)e explanatioji for the strong healing of the above mentioned bone fr-

peon ’ fl incorponttd and 2refesably boond to a matrix, In is deemed ixnpoilanl that the 

PM is administered locally over an extended paiod of time (i.e. cot just aSgie plscd dose) 

but not in a continuous fashion. This is accomplished by a slow degradatiou, through either en-

I zymatic cleavage or hydrolytic cleavage of the mahix. In this way, the molecule is then deliv-

I ered through a pseudo-pulsed effect that ocours over a sustained peried of time. \klien a 

preosteoblastic cell infiltrates the nmlrix, it will encounter a nil molecule which will induce 

better proliferation of the preosteoblast as well in synthesis of multiple growth factors cncial 

or new bone lönnation however, if that particular cell does not continue to liberate bound 

VTh

 

been the rnatfix it will riot begin to produce interieiin-6, thereby avoiding the later stage 

catabolic effects on asteoclutstormaticrs. The net res’at is then bigberbone mineral detisfty and 

net formation of bo,’e matrix, Finally, the therapeutic tts of  peptide ate beamed to the 

defect region and are subsequently magnified. 

Jkgrae/stian sftes ofthefrslapeptide 

Mi enzymatic or hydrolytic degradation site can be present between the first and the second 

thomains of the fusion peptide. The degradation sites may be degradable by specific enzymatic 
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degradation. 
This allows the release of the PITH to be controlled by cell specific processes, such 

as locaflzed proteolysis. It allows PITH to be released at difirent rates within the matrix 

depending on the location of cells within the material. Preferably the degndation site is 

cegvabieby an enzyme selected from the group consisting of plasmin and matrix metallo-

prottira3t. By carefol selection of 1a arm k of this enzymatic degradation site, degradation 

could be contolled to occur either he%re or after the fibrin maftix andlor by utilizing similar or 

dissimilar enzymes to degrade the mitt. These degradable sites allow the engIneeæng of more 

specific release of PTh from fibrin matæees. The degradable site can be cleaved by enzyri’es 

released from coils which invaded the matrix. The degradation site allows the rate of delivery to 

be varied at different locations within the mafrix depending on cellular activity at that location 

and/or within the matrix. Additional benefits include the lower totl drug dose within the 

delivery system, and spatial regulation of release which pennits a greater percentage of the drug 

4 to be released at the time ofreatest cellular activity. The degradation site is abbreviated "pl’ in 

the context of the present invention. 

S 

Proteolytically degradable sites could include nbstrates for collageims; plasmin, elastaa 

stromelysin, or plasminogen activators. Exemplary substrates are listed below. Ni -NS denote 

amino acids I -S positions toward the amino ferocious of Me protein from the site were 

proteolysis occurs. NI ’-NV denote amino acids 14 positions coward the carboxyterminus of 

the protein from the site where proteolysis omens. 

Table I; Sample substrate scitionwes for proteue 

provenowe N5 N4 t N2 Ni NI’ N2’ N3’ N4’ SEQ ID NO: 

l 

I IC M K P SEQIDNO:lO 

Plasmitt’ NF K S Q L sEQmo:li 

1&ijthM PCKL T A L SEQIDNO:12 

iiisin AoP F EL A NH,SQID NO: l3 

FlasuceeZ- A A F A Nflz SEQ NO: 14 

Collagenasc4 G P L G I A G T SEQIDNO:15 

t�  PA P II V G R S G G SEQ II) NO: 16 

_GSGRSAS G SEQID NO: 17 
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A preferred ombodiment is the sequence YXNT& (SEQ.NO. iS) between the that domiu aM the 

second domain makes the linkage pkstnin degradable -

A particular preferred nil fission peptide is TGplPfl{: 

NQEQVSPLYKNRSVSEIQLMJINLGKHLNSMERVEWLRKICLQDVTINP (SEQ Cl) NO: 19) 

Prefeired fusion proteins include: 

TG-)M1134: This is amodified form of flU comrrisinthe amino acids 1-34 oftetative PVH 

as well as a TG (transg!u(aminase) substatc domain: 

NQbQVSPLSVSE!QLMUNUiIU[LNS.IWRWWLRXKLQflV1Nf (SEQ ID O: 20) 

TG-pl-11111134: This fonu correspondsto TG-PTR exceptihatit nMitionally contS a 

pIarnin-degradabte sequece l) between the TG soquence and the VTfl134: 

t4QEQVSPLW4RZVSEIQLMRNWKBLNSMERVEWLRKKLQDVJINF (SEQ ONO: 19) 

Enzymes sMat cc,Id be osed br proteo1kic degrailafion are numerous. Ptoteolylioafly degrad-

able sites could inchide substrates for coflagenase, p]asmin. elastase, stromelysin, or piasmhio-

geu activatots. 

Es another preccned embodiment an o)igo-ester domain could be inserted between the first and 

the second domain. This caribe aocosmflshed using an oBgo-cslar such as oigonleTs of lactic 

avid. 
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- 
Con,bffi anon of Matrices arprecanor cok’q,one’us and PIH 

flU or PH fusion peptide is preferAy in a tinge ofbetween 0.01 to 2mg PTRJmL mstrix or 

precursor compoi,ents boiling The matTi Which is suittthk for The repair and healing of bone 

fin:tmossi tth the proviso tbt a concentration of 0.4 mg PT}l’mL fibjin matrix or precursor 

cou,onents fanning the matrix is not intinded. Prvfera)y the concentration of Isf1i is in a 

range of hetweelt 0.1 to 11 mglm1. Ebrin ,onthx or precursor coironents fonning the tnas, 

even more preferably the conoen*mtioa nnge is in anmgn of between 0.3 to 1.5tng/mL fimin 

matrix or precursor ca "newts fanning the naixix and most preferably I  a concentration ,ange 

of between 0.4 to 1,1 mg’mL fibrin matrix or precureor components forming the matrix with the 

proviso that a concentration of 04mg PTU(mL of fbth matrix or pncwsor tooqionents forming 

the matrix is not mnclude Dependiag on the age of the patient, certain co,’centrations of the 

� ?Th or PHI fusion peptide in the matrices are preferred, if the fonnulatiors is applied to bone 

fractures in children, the concentration of Pill or 11tH Rision peptide is pcefcrshly below 0,4 mg 

PTH or PITT fusion peptide/mL matrix or precmor conponeots thnTIIUg the main but abeve 

0.01 mg Pm or Pill fusion poptidehnL matrix or precursor conponectt forming the manors. 

Specifically the concentration of PM or PITT fusion peptide is it, a range of between o,OI awl 

0.35 mg PTU or PHI fusion peptidnL mathx or precursor components fbIIYUOg the natrh 

more preferably in a concentration more of between 0.! to 0.3 mg/mL fibs matrix Or precursor 

components forming the matrix and most prebly In a concentration range of between 0.05 

and 015 Rig pm or PTh fusion peptide/nL matrix orprecumor components fonnirtg the ma-

wit Vmcreas if the formulation is applied to adults the concenintion of PTh or PITT fusion 

pepth!e is preferably above 0.4 rug flEl or Pm fusion peptide!mL rnaoix qr precursor compo-

nents fanning the mairix but not higher than 2mg PTH or VIM fusion peptidehnL matrix or pre-

cursor components forming the mauix. Specifically the inferred concentration of PTh Or Pm 

fusion peptide is in a range of between 0.45 and 2  m PTh or PTH fiusionpcptide/mL matit or 

precursor components forming the matrix, more preferably between 0,7 and 1.5 Ong PM or PITT 

fusion peplide/mL matrix or precursor components and most preferably between 0,9 and I.! mg 

nn or PM lhsion peptidelmL niawix or precursor components forming the malt in apre-

ferred embodiment the matrix is a fibrin matrix. 
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- E. Granular material 

The mabx may also contain a granular material, preferably the grant materisi contains a Cal-

Glum mineraL his granular material mainly supports the mechanical properties of the fibrin ma-

nix to adept the matrix to the specific needs of the indication. The granular material can be any 

biocorm,atible material proding the necessary mechanical suçon to the composition, whereby 

the degree of mechanical Support is dependent on the indication. Preferably the $flnOlar mate- - 

rial is a ceramic compound. Bicdegradablc ceramic compounds have sho favourable proper-- 

ties in the mafrix. The ceramic compound preftrably comprises a calcium mineral, like by-- 

dmxypatite, calcium phosphate or calcium sulphate. Suitable materials include biodegradable 

porous mixtures ofhydroxyapatite and ficalciumphosphate, like I1UCOSfi ftomBiomatlante 

(France) or CAMCERAMfi from Cam Implants, !ciden (Netherlands). Most profelTed is a 

� 

grabble mixture ofhydmxyapatite and Iricaiciumphosphate One example is a product mar-

keted under the traden1une TRICOSfi, which contains a mixture of 60% bydioxyopatile and 40% 

trlcalciumphosphate Another porous hydroxyapatite’tricalcium phosphate granules, is CAM-

CERAMfi,. 

It is also possible to use nonporous bydroxyapatitebtaicimn phosphate gnattes pure hy-

droxyapatite granules (porous or nonporous), thoalcium phosphate granules (porous or flOflOT 

ow), calcium sulfate granules, bone chips (either autognif or allograM or xenogrsft bout chips. 

The amount of granules in the supplemented matrix is nulaed by the d.n4 spate of the grj-

ules. In aprefentd embodiment, the ratio is I:1 of dead space volunc as the gnuIts to used 

� 
volume of liquids in the matrix; this would constitute the upper limit of grauules in the matfix. 

Dependent on the kind of t’cture my noncom of grawiles less than that are possible if the kind 

of bone fieture requires only a minor mechanical support 

U. Methods of Application 

The supplemented matrix may to formed in sthi M the site of need in or on the body or may he 

preformed and then implanted into the desired mention, i.e. at the fracture site. The in situ 

gelling/fontwtioa can occur by mixiug fibtn precursor solutions containing the FF11 %th the 

gramiles, if present. and applying the Tnatrt to the fracture site. In another entodiment the 
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� 
matr can be fonnad eatable The body and then applied in the preformed shape. VVIieeafflarin 

mafrix is being formed the precursor componexts should be kept npaTate prior to application to 

prevent premature polyinetization. To prevent premawre contact prior to a&uinistaton, a Sat 

which separates the precursor solutions from each other may be used. Upon mixing under 

conditions that allow polymerization, the precursor solutions form a PTh supplemented three 

dimensional network Dependin8 on the precursor components and their concentrations, the 

gefling time can be tailored to the need. 

Li 

In one embodiment the nwMix is formed fnm fibrinogen. Pibrinogen, thmengli a cascade of 

various reactions gels to form a niatt when brought in contact web thrombis’ and a talzium 

source at appropriate tempeinture and pR The three components, librinogen, thrombin, end the 

calcium somt; should be stored separately. llowever, as long as at least one of tho three 

components is kept sepanted the other two components can be combined prior to administration. 

The suppiemented ’nax should be designed such that the introduction of the u’athx is possible 

as liquids or in a paste-like etmsis%ence which penneate and fill the bone fractire site. 

Solidification allows the scatThld, and therefore the active agent to be retilned at The fnctkue 

site. 

Cells can also be added to the supplemented matrix prior to or at the time of implantation, or 

even subsequent to implantation, either at or subsequent to crosslinking ofthe polymer to form 

the matrix. This may be in addition to orin pIano of crosslbiking the matrix to produce 

intesetitial spacing designe4 to promote cell proliferation or in -growth. 

Lone embodiment fibrinogen is dissolved (which may contain additionalty aprotini to increase 

stability) in a buffer solution at physiological pH (in a range fiom pH 6.5 to 8.0, preferably from 

pH 7.0 to 7.5) and stored separates’ horn a solution of thrombin in a calcium chloride butler. 

The bntlbt solution for the fibrinogen can be a histidine buffer solution including additionally 

Nan or TRIg buffer saline. Roth solutions are typically stored thzen and have to be thawed 

-, Lap%ica%ion. 

In a preferred embodiment, a kit, which contains PTB, preenbly a PTH fission prateit, a 

gnnular material prenbly containing a calcium mineral, fibrinogen, thrombin, and a calcium 
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source, is provided, OptionaUy, the kit contains a cross%inkirtg enzyme, such as Factor Xlll& 

The PUT, preferably the PUT æision protein, may be present its either the fibri,,ogen or the 

thrombin solution. file preferred embodiment the tmrinogen sob4ion contains the PTL{, 

pret’etbly a PUT fin ion peptide. 

The fibrinogen and thrombin solutions are preferably mixed by a two way syringe device iti 

which mixing occurs by sepseezing the contents of both syringes through a mixing chamber 

and/or needle and/or static mixer. 

In a preferred embodiment both flbthiogen and thrombin are stored separately in lyophilised 

Lana Either of the two precursor components can contain the tsion protein and the granular 

material. Prior to use, a tris orhistdine butler is added to the librinoget’, the buflr may 

additionally contain aprotinin to lam a fibrinogen precursor solution. Prior to use, the 

lyophilized thrombin is dissolved In the calcium chloride solution to form a thrombin precursor 

solution. Subsecjaeatly, the fibrinoger, and the thrombin precursor solutions are placed in 

separate containers vials or syfluge bodies and mixed using a two-way connecting rimm such 

as a two-way syringe. Optionally, the containers vials or syringe bodies we imperiled, thus 

having two chambers separated by an adjustable partition which is perpendicular to the 

container, SI or syringe body wall. One of the chambers contains the lyophilised fibdnoea or 

thronibin, while the other chamber contains an appropriate buffer solution. When the plunger is 

pressed down, the paitition moves and releases the buffer into the fibrinagen chamber to dissolve 

the æbririogcn. Once both libritiogen and thrombin are dissolved, both bipartite syringe bodies 

are attached to a two way connecting device and the contents are mixed by squeezing them 

through the hectinn needle attached to the connecting device. Optionally, the connecting 

device contains a static mixer to improve mixing of the contents. 

The gms’tla, material may be provided in a separate syringe. According to a preferred 

embodiment, the giatsular material is wetted by ir1jecting sterile water into the syringe. 

Subsequently, the above two-way syringe contzintg The forin precnnor solutions and the 7111 

is attached to the syringe containing the wetted granular mateS. The eatire content of the two-

way sytinge Is ftansthrred into the syringe containing the granular material. The eatise comeut is 

subsequently injected to the site of the bone fracture and is moldable for severe miroites.. 
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Additionally, other components beside the above-mentioned ingredients may be incorporated 

Who the precursor solutions and/or resulting matrices. For example, a material containing a 

calcium mineral, i.e. a naturally occurring hoinogenous substance containing calcium ions such 

as hydnxyepn%ise, nay be used. 

While the compositions and methods have been described in teens of preferred embodiments, it 

will be apparent to those of skill in the art that variations may be applied to the con,ositiOn, 

methods and in the steps or in the sequence of steps of the method described herein without 

departing from the concept, spirit and scope of the invention. 

Examples; 

Example I: BiOaCtiVIEy of PTfliad 1Gp1flhji 

PTfl1,4- peptide showing similar activity to the thU length PThj, and proteins of this length 

can be ayrgbesiwd by standard sojid slate peptide sympacats methods. 

MI peptides were synthesized on solid resin using an automated feticide synthesizer using stat-

daM 9-fluorenylnethyloxyearbonyl chemisoy. Peptides were purified by clS chromatography 

and analyzed using reverse phase chromatography via BFLC to determine purity as well as "’ass 

spectroscopy (MALDI) to identiv the molecular weight of each product using this method, 

PTflas well W, TG-pl-PTniiNQEQVLVKNRSVSEIQL}fflNwRflL1SMERVEWL-

RKKLQDWThJF (SEQ ID NO. 19) and TGPTHt NQEQVP[S-- 

� 
VSEIQLMIThJLGKJILNSMERVEWLRKKLQDVBNF (SEQ II) NO. 20) were synthesized 

TOplPTHia and TGPThj3edifirs from PflT,,sin that it additionally conçds4s the Factor 

XllTa subsfrate domain which is linked to fl}{ja the plasmin degradable p1-sequence 

YKNR (SEQTh1’O 18) in case ofTGplPfl{],4 and directly in case ofTGPT}{j, 

To study the bioathvity of the PTH fijsion peptides, a reporter geoe assay vas entablislto& In 

this assay, a plasmid that contains luciferase report gene which is linked to the promoter fi,r the 

pamthyroid honnone receptor is transfected into cells. Then, ifthe cell is exposed to PTH and 

the PM subsequently binds to its receptor on the cell, a signal cascade, directed through 

elevated cAMP levels, is initinted Through a natural fredaaok regulation. this than leads to a 
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reduction of  receptor levels. As The reduction is directed through, the promoter, it also then 

leads to a decrease he production of the linked reponeor gene. Using this assay, the activity of 

bothi,a%ivePThiaaswell asTO-p]-PThl-34arm studied and compared to an infatuations] 

standard. It was observed that both of these molecules sixcwed a simliar level of acUvity, as the 

reduction in reporter gene expression for bath was the same, and this level of acthity was the 

same as for the intemation& standard The results are shown in Egure I 

Example 2: PTR release from a liMo matrix 

A fibs mattix was made been TISSEELfi iCt (8axter AG. 04-8604 VomzetswiVZH) fibri’, we-

cursor componenla. The composition  is listed fir Table 2. Ln the resece of 0,1 WS of VTh,4 

Or TGPT111.34 was then added to the thrombin, and mixed to to= a ham genous concentration, 

Ot TO?TTL34 only has a wansglutanainase sequence at the amino tenninus, without a degradation 

site. Thus, TGPTIIj,4 can only be libented by degradation of the fibrin matrix usd1 This pep-

tide was synthesized as described above in l3xan,le I. 

For the first release assay a fibrin matrix of 50 tl vth (LI rug PUT or TGPTH per ml fibrin ma-

trix was incubated at 37t in 10 ml butler. Therefore, the concentration of Pill or TGPTh in 

the buffer in case of a total release would be 0.5 of PM or TGPTh "it fibrin matrix In order 

W con,are the stability of PTH or TG}’m during the assay, samples of PT}{ or TGPTH were 

diluted directly in the buffer to a conoeotntion of 0,5 an ]’TH or TGPTH /,nL fibrin roathx. Dif-- 

ferent buffers were testedc disfil%ed waler, phosphate buffer saline, ths-buffer saline. 

Aliquots were taken at days 0. 1, 2,4 and 6 and analysed by direct ELISA. The results showed 

that the Pill was not stable for more than 2 days in any of the buffers. Therefore no conclusion 

could be made on the release data. The flU stability was cettainly a0cted by its low Concentra-

lion and the buffers that were not optimal. 

The release experiment was repeated by using a stabilizing buffer containing 50mM mazrjitol in 

a I 0mM sodium acetate buffer. In addition, the butler was excbanged every 2 days in order to 

prevent any degradation of peptide. The concentration of PT!I or TGPTH was increased to I mg 

Pill or TGI’TU /n,L fibrin matrix in a 100 pl fibrin matrix and the incubation was achieved in I 

ml hafler. The concentration ofPTh or TGPTh in the buffer in case ofa total release would be 
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IOU g/mL fibrin u,aSx (200 times more than before). As in the first experiment, spiked Sam-

ples (same amount of PTh or TGPTR dissolved in the &’ffer as cot’tol) weio prepared to evau-

ate the stability of Pill or TGPTH during the experiment (100 tig’ml). Samples were collected 

every 2 to   days (with a change of buflbr) during 2 weeks and analysed by direct ELISA. 

Spiked samples were also collected every 2 days. The results showed that under these conditions 

Pm and TGPTH are stable over 2 weeks. 

As can be seen *om Vigore 2, lht iriajor Teease from the Itin mairix is achieved within 3 days. 

Almost 60% of YW and 13% of TGPIH werereleased afte, day 3. These data dernonsflte the 

retention of PTH in the fibrin maftix is highly enhanced by additior of the fl) seçuence. 

Example 3: Sheep TibIl Defect Model 

The fibrin matiix was formed starting from the TISSIIELSKit (Baxter AG, Cll-8604 

Vo]etswiVZH) gig4mL fibrin matrix. USSllliLs is produced from human deæved pooled 

plastna and the coitent of active ingredients may vary from lot to lot within predefined ranges. 

MatrLr: The matrix was prepared using 3 separate syringes, a two-way synngt conuening fibim 

precursor solution and flu fusion peplide (syringes I and 2) and two one-way syringes Contain-

ing granules (syiines 3 and 4). Table 2 lists the final cotrçosition used. 
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Table 2: Final Composition comprising TISSEELfi and active component 

Ingndients Doe per 2mLgel 

SFInge 1(1 mL) 

Actzve Component: 
04-lu mg 

flH fusion peptide (TGptPTHj) 

Clotting Agents 

?ibflnogen (Hunan) 66-100mg 

Other Proteins 

Apro&uin (Bovine) 2046-3409 KM 

thin,anMbumin 9.1- 8.2mg 

Bufthr Components 

Niacinamide 2.7-82mg 

L-Histidine 91 11.1 an 

Sodium Citrate 4.4-&8 mg 

Polysoibate 80 0.6-1.7mg 

Water for Injection to I mL 

Syringes 2 (1 mL) 

Clotting Agents 

Thrombin (Jlumai3) 2.543 ’iL 

Buflr Components 

Calcium ChLoride 5.88 0.6mg 

Sodium Ch’oride 35-5.5 mg 

Hunna serum alhmin 45-55mg 

Water for Injection to mL 

Syriage3 

Waterforinjection ltnL 

Syringe 4 

H$rcxypth&va%cimxp1ospbate 1a1m%os 
I.752 

Fst the hydroxyapatite/calciumpbospbate granules in syringe 4 were wetted by injection of the 

water of syringe 3. The fibrin precursor solution of syringe I (fibrinogen and PT}{ suspended in 

a solution with actini, a sett pioleinase inhibitor which helps reduce Obrolysis to retain the 
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integrity of the flbrin mnthx) was mixed with the fibrin precursor solution of syringe 2 (thrombin 

in a calcium chloride solution), TGpIPTJ1,.34 was formulated into the fibtinogen component to 
give a final concentration in the matæx varying fiom of 0.1mg/niL to 10mg/niL of the fibrin ma-- 
trEc and during the gelation process TGpIPTHi34 became crossunked to the matrix. Fibrin pro-

cunor solutions also contained other components of fibrin mathx such as plasma fibronectin, 

Factor XREa, plasminogen, and human albumin. flen the precursor solutions are in equal vol-

umes, a cloning process occurs to form fibrin. The clotting process takes place over several 

minutes which allows for the simultaneous i*ction of the mixed solutions into syringe 4 which 

contain the wetted granules. The matrix can then be iniroduced at the site of need where it so, 

Wades. Enough matrix was placed in the defect to corupletely fill it, 

Anima&t A total of 42 Swiss Alpin; female sheep ranging between 44-83 kg (mean: 62.8 kg) 

It and 2.25 �475 years of age were chosen as expenmentzi animals. Seven goups were formed 

with autogratis as positive and fibtin matrix plus VCS’ grarnales as negative controls. The other 

groups consisted of the same fibrin matrix and TC? gxarnles, but dif%red only in dosage of the 

TOpWTh1... Groups were followed for 12 weeks, when animals were sacrificed at a undiverany-

owned slaughter house. All animal experiments were conducted according to the Swiss ivreir of 

animal protection and welfore and were authorized by the local Ethical Commodore and Veteri-

nary Authorities. 

Surgaiy: A medial approach to the tibia shaft was performed directly above the bone and extend-

ag flow the distil aspect of the stifle to the hook joint the medial Thscia of the tibia was incised 

and the medial aspect of the tibia expressed vdthoutthslurbing theperiosteunt A II hol; 35mm 

broad dynamic compression plate (Syntlies) was contoured to the shaft with the distal and of the 

plate coding above the tiotm,aljomt, The plate was fixed to the bone using eleven 3.5 mm 

screws in aneniral position and disthbuting five screw holes distally and six proximally to the 

planned defect. The science and plate were remove& Thereafter, the defect was marked on the 

bone with a scalpel blade usiig a we easmiug a standardized I cm defect Wtween the 5th arel 
6th screw hole. With an oscillating saw,the defeat was cut bite? constant itTigafion and preser-

vation of soft tissues. mel cm segment includittg the cireunferentt periosteumwas oaie%l%y 

removed and local bleeding out of the bone marrow or local soft tissue was stopped applying 

pressure with a gauze. Th0 plate was repositioned and all screws reinserted beficam The matrix 
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was filled into the bone gap as described above. Care was taken to distribute the matrix, equally 

underneath the plate, on the lateral and as well as the transcortax. 

For the positivc autograft control group autogenic bone was harvested through a local incision 
directly above the Iliac crest The bone matrow of the ikum was opened using multle 3.5mm 
dÆil holes. The cancellous bone was harvested using a curette and was immediately placed into 

the surgic& delect at the Itia. After filling; of the defects, the medial fascia was closed routinely 

and the skin stapled (Signet 35W’, Auto Sutures, Connecticut, USA). While the animals were 

still anaeatheac4 rathogmphs were taken using meAlio-lateral and caudo-cranial views of the 

tibi, Full cast (Scotch Castivpths, Laboratoires 3M Sam, France) were applied involving the 

entfre distal extremities extending op to the middle of the stifle joint at the level of the patch, 

The sole ofthe claws was left open to s,sne weight bearing on the fractore site, but preventing 

torsional or shear forces throuJi the immobilintio, of the tibial shaft through the cast. 

Animals were recovered in a suspension system that prevented the animals from lying down and 

getting up in a huriy causing re-fracturing of the limb. The animals wett kept irs the suspension 

system for 4-5 weeks, where they could sleep, eat, defecate and ujinate without interference. 

Thereafter, they were kept in small stalls in groups of2-3 animals for the rest of tIle study perio& 

Cast changes were performed every 7-10 days or earlier, if animals showed problems with 

weight beating, and were left 10 place for niinimally4 weeks but maximally 12 weeks. Follow- - 

upradiogmphs through the casts were taken at   and 9 weeks. At the time of sacrifice (12 

weSs), the rudiograplis were taken using a thxiton (HP Electronics) after the soft tissue, the 

plaits and screws were removed. 

Macroseopical evaluation: After sa<tflc the bridging of the gap was assessed macroscopically 

focusing on plate and *actire Stithility, signs of inflammation and potiosteal callus thrmathni. 

MI bones were dccumenS wit a digital camera (&ilta, Damage 7) Mechanical starlit  was 

tested manually only, but with caution to prevent tissue damage for future histological prepara-

tion. 

RadIDloicaI evaluation: A semi-quantitative score system Wag developed to evaluate the radio-

graphs High scores were favourable for bone heaIin The ndiographs were evaluated through 
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three independent reviewers, who were uninformed about groups aod time points during the 

study. All radiographs were scored during one session and if scores differed, the mean scores 

were taken for statistical evaluation. 

Histology. Briefly, the bone sections were cut such that the entire previous gap was enclosed and 

the cut was made proximally and distally from the first screw hole. After fixation in 4% pa-- 

trmMdehyde for 34 weeks, the bone blocks were washed, dthydrated in an ascending series of 

akohol, defatted in xylene and finally infihrated in acrylic resin. After infhration was conlete, 

pomierizatIon was performed in Teflon forms. Sections were cut in the middle and parallel to 

The long aS of the bone using an Exacta band saw. Before the cut sections were mounted on 

autopal plastic slides, microradiographs wore taken Si the faxilron using a special film (Kodak 

PPL-2). Then sections were ground and polithed to a thickness o[30-4O urea. Surface stamm$ 

it with toludine hl’st allowed thfferentaxing between old and new bone mathx and also TQ’ gran- - 

ules. 

For the thin sections (5pm), the blocks were cut in smaller pieces tontining at least an" cones: 

and part of the intrinsical and endosteal callus, Sections were mounted on positively Charged, 

chyomalaune covered glass slides, deplastifled and stained vdth either toluiditie blue or ’ou 

Kossa silver staining crnmterstained vith NioNeal, In the latter, the mineralized bone ma is 

stained black, Whereas the uncalcifled osteold is stained blue-turquoise. 

Qualitative histological eva&atio, was conducted by focusing on ccli types, signs of inlamnus- - 

tion and mechanisms of dowa4ation of the mathoes. 

Semi-quantitative evaluation concentrated on alflonumace of cell typos using a specially devel-

oped score system, and bistomotphometrical measurements sewed as basis for qz.antliative 

evayoalion. 

The regenentive capacity of The rrjalæx (containing different concentrations of TCIpWTH1,4) 

was fluter tested itt asegmetal defect in The sheep. Here unilateral cm fifil thickness detects 

were created in the sheep ttiae, Aeer the ostectonuy, the peæosteun was carefully removed to 

ensure that the defect was a non-union for the ti,nc period to be stdied. A&i creation of the 
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decent, an in iffi. ge)ating material was placed in the defect as desciibed above in the methods of 

application section. 

For comparative pmposos, different doses of TO-Pm were tested: 0,4, I, 2, 5 and 10 mg/mI. 

MA control txeatue,ts welt perfonneà where no TGpBm114 was added to the fibrin granule 

coviositematth (0 mg/nl) or an autograft (abbreviated "AG" he Figures 3 and 4) was applied 

(positive control). 

X-ray photohieg wero taken every four weeks and the animals were sacrificed after twelve 

weeks. At each dine pohit, the X-my photcgrhies were anlyztd and the extent of healing was 

detennined Additionally, at die endpoint, the bbes, was exirocted for analysis ’4a computer to-

mography (CT) as well as histology. Vitally, as a hill moustAny was pezfon,S and then plated 

On one Rik the defect was subject to siguifcazt stress and mochræcal forces. If the n*teri& 

employed to heat the defect does not add sigrificamt strength, This tan load to bending of the 

plate and deformation of the angle From the X-ray photogmphies and pool samples, this is an-

other parameter that has been measured. 

The results of these experiments are shown in Figure 3 

When the libtin plus MP material alone (negative control) was tested in this model Ivory low 

healing response was ohsezed Of the four animals treated sAffi this controL materiel, none of 

them showed clinically relevant healing with one showinaa moderate heafingrespouse and the 

three others showing classic signs of mm-union after 12 weeks, Furthennort, within the first 

four weeks, all four of the animals showed significant bending of the plate and subscwont dis-

tortion of doe defect. 

In the next seæes of animals, the supplemented matrix was tested with 0-4,1,2,5 Or ID mgnt 

of TGplPTHiri. Asa first measure,these animals were observed with radiographic analysis to 

determine the amount of pejiosteal healing (callus fonnation), Prom the subsequent radiogiaphs, 

it was observed that the freafinet)t of these animals isAh various doses ofTlPTK34 provided a 

dose dependent response over the range treated. Specifically, when the radiogr,hs of these 

animals were examined, a much stronger periosteal healing responso was observed at every time 

point for the doses between 0,4 and 2 tng/mL with 0.4 and I mcmL providing statistically 
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stronger periosteal healing when compared to those treated with the negative control material 

and healing that was equivalent to autogaft as well at 12 weeks. Additionally, with the dose of 

I mg/mi, it was observed that most of Me animals achieved a stable clinical union within 12 

weeks (see Figure 4). In the group treated with’ mgImI TG-pl-Pfl{,.34, after 4 weeks the flrst 

sign of healing could already be observed This heaiing was increased significantly, at the 

wetIc time point where already one animal showed clinical union, while the other live showed 

thvanced befilug. This then progressed such that after 12 weeks, 5 animals showed stable, clini-

cal unions. Furthermore a significant inrovernent in stability was observed, with only one 

animal showing heading of the 
pla 

which occurred within the first four weeks. 

In Figure 4, ihu stthility of segmental tibial defects after 12 weeks is shown. After the sheep 

were saaartfived at the twelfth week, the plate was removed and the st.bMty of the ouginal gap 

was lightly detenuin&. The petcunt of defects that were clearly uostle Was then determined. 

It can be seen that none the animats that were treated with autograæ had unstable defects, validat-

ingthe model. lutMannom, when smamasIs wane t,ealtdwit I rng1mLTOplPTHi, only am 

anunal had an unstable defect proding a similar stmn beefing response. Doses close to 

mgln,L also showed some stability while higher doses was the ze,o dose showed a nuch lower 

stability at the endpoint 

As a final measure of healing, the rate of endosteal bone formation (forttiation of bone at the 

inner layer of long bones, i.e. inside the gap) and graimle resorption was measured through his 

tonzphometry. It was observed that with the I mglmL TGplPTht34 dose, the anmurtt of en-

dosteal bone fonnation was higher than with the other concenations of TGPIPTHt.u, with 

higher doses prodthg lower amounts of new bone formation. Fmthennore, it was observed that 

the rate of granule resorption was directly proportional to the rate of endosteal bone formation, 

with once again, the dose of I mg/mL TGpIPTR,14 providing the best response (i.e. highest re-

sorpSn rate). When the entire dose range was observed, it could be seen that higher doses pro-- 

vided lower rates of both endosteal bone formation and granule resorption, with the doses around 

I mg’mL TOplPfl{i34 providing the best response. 

The improved results in the group treated with TGplPThj ocompared to the control groups 

demonstrated that the presence of atomically relevant doses of T(‰,lPfl{i34 in the supplemented 

malæces can lead to a strong improvement in healing. The faster healing, inwroved bone forma-
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fan, as well as the unproved stability in this highly mechanically stressed model ate relevant 

cbatucteristics to justi4’ application of the supplemented malæx in distal radial compression fic-

tws. Furthemiore, in view of the results from the poæosteal bone formation, endosteal bone 

formation and granule reso,ption and the oveall stability, it could be seen that doses of between 

0.4 mglmL to I .1 mglmt TGPIPIBI.Mfibrin mant is the most preferred concentration range. 
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Claims: 

1. A mourulation comprising 

(1) apeptine sciectod from the gtoop consisting of PT}T and a flH fijsionpeptide; 

(ii) a granular mateiial comprising a cakium mineral and 

a composition capable of fomatng a fibrin niathx under physiological conditions 

comprising a flbæno&en precursor component and thrombin predutsor component, 

wherein the Pm Or PTH fusion ptide is present in a concentration range ofbetweett 

0.01 to 2mgfmL fibs matæx or precurgor components forming the matrix, with the 

proviso that a n Iration of O.4n,g)mL fibrin matrix or precursor corrpononts forming 

the natth is not included. 

2. The fomiulation according W claim I, whnirx the fibrinogen pTecuIor component or 

Ore thrombin precunor component Mther comprisee a calcinm smrct 

3. The formtiiation according to claim I or 2, wherein the PTR Onion peptide comprisea at 

least two domains wherein the And domain comprises Fill and the secoad domain 

comprises a crosslinkable substrate domain 

4. The formulation according to any of chords I to 3, wherein the PM is selected from the 

group consisting of nET1.54, M, u, P1%ji, PWIJ] and Pfl{1.25. 

5. The formulation according to claim 4, wherein the FrET is Vil{]4. 

6. The formulation according to claim 3, wherein the second domain comprises a 

Imnsglutaminase substrate domaja 

7. 
no 

%rmalasion atccding to claim 6, wherein the transglutaminase domain comprises a 

Factor JUlia substmte domain. 

S. The formulation according to claim 3, w1rere1n FR fusion p4ide fmther comprises a 

degradation site between the flrt and the sccond domains. 
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9. The formulation according to any of claims Ito 8, wherein the granular material is a 

mixture of tricakium phosphate and hydroxyapatite. 

10. A kit cozrpsing the fonnulation according to any of claims I to 9. 

11. The kit accoithngto claim 10, wherein the hbSogen precursor component and thrombin 

precuruoc covponent we separated from each other. 

2. The kit acrcLirig to elsim loor)), wherein The Pin firsion peptide ænlher comprises a 

degtadatiou site between tiw fint and the second domains, said degradation site icing an 

enzymatic or hydrolytic &%radapori site. 

3. A supplemented mae comprising 

(i) PM or a PM fljsionpeptidc; 

(ii) a granular material comprising acakitnu mineral and 

(iii) fibrio; 

wherein said PM or flit thsion peptide is present in a concentration range of between 

001 to 2 mg/mt. fibrin mathx, with the proviso that a concentration of 0.4mg1mL fibrin 

matS is not included. 

14. The supplemented mairix according to claim 13, wherein the Ff11 is selected fiom the 

groUp consisting oIPTR144, MI 38, MI o. PTHJ3] and PThi25. 

15. The supplemented mairix according to claim 14, wherein the ?TI{ is Pflt]34. 

16. The supplemented matrix according to any of claim IS to IS, wherein the supplemented 

malftc is formed from a con,osition capable of ffiraning a fibrin matrix and a fusion 

peptide, comprising the PTH in a fitt domain, and a covalently croslinkaNe substrate 

donin in a second domain. 

17, The supplemented mae accorthng to claim 16, wherein the second domain comprises a 

Factor XIUa substrate domain. 
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& The supplemented mafti, according to tiny ofolaims 13 to I?, wherein the PTH fusion 

peptide fmlher comprises a degradation site between the first and The second domains 

19. The supplemented matrix according to claim IS, wbereio the degradation site is an 

enzymatic degradation site. 

20. The supplemented matrix according to any of claims 13 to 19, wherein the gThou]ar 

material is a mixture ofuicalcium phosphate and hydroxyapatite, 

21. Use of  supplemented matrix ticcording to en one of claims 13 to 20 for the 

manufacture of  medicament to be locally administered Thr the repair of bone fractures. 

22. Use of  fonnulation aucorthug to any one of chims 1109 for the manufacture of a 

niedicorneutto be locally administered for Iho repair bone fractures. 

23. Use according to claim 21 or 22, wherein the bone mature is a hacture of the distal 

radius or Of the tibia. 

rj 
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SEQUENCE LISTING 

-dlO, SCHENISE, JflON 
WATSON. JOHN 
ARRGH1, ISAELLE 

-cUO> SUPPLEMENTED MATRICES FOR THE REPAIR OF SOME FRACTURES 

<130, KLiros 131. 

<150> US 60/641.715 
<151, 2005-01-06 

<250> US 60/642,644 
<151, 2005-01-10 

<160> 20 

<170> Patentln version 3.3 

<210, 1 
<211> S 
<212> PRT 
<213> Hômo sapiens 

<400> 1 

Tyr lie Giy 5er AI-g 
1- S 

<210> 2 
<21-i.> 7 
<212> PRY 
<213> Homo sapiens 

<400> 2 

ASH Gin S1LJ Gin Val Ser Pro 
1 5 

<210> 3 
<art> 

<212> PRY 
<213> HOMO sp1ens 

<400> 3 

* LOU Mg Sly Asp nfl 
1 5 

<210> 4 
<itt, S 
<212> PRY 
<213> Home sapiens 

<400> 4 

Pro Asp Gly 5cr Arg 
1. 5 

<210> 5 
<21.1> S 
<fl2> PRY 
<213> Home sapenS 

Seite 1 



<400’ 

lie LY5 Val Ala Val 
1 5 

<210> 6 
<211> 10 
<212> PRT 
<213> Homo sapiens 

<400> 5 

Arg Asp lie Ala GIU lie Tie Lys Asp Tie 
1 5 to 

<210> 7 
<211> 5 
<212> PRY 
4213> Homt, sapiens 

’400> 7 

Giy Ala LYS Asp V41 
1 5 

<210’ S 
<Zn> 4 
’212> PIT 

211> litno Sapiens 

<400> B 

Lys Lys Lys Lys 
1 

210, 
<211, 15 
<212, PIT 
<213, Homo sapiens 

<400, 9 

Tyr Arq Giy Asp Thr Tie Gly Glu G7y Gin Gin His His Leu Giy Giy 

1 5 10 15 

� <210, 20 
<211, 5 
<212, PR7 
<213, Homo sapiens 

<400, 10 

eu lie Lys wet Ly5 pro 

<210, 11 
<2fl> 6 
<212. PRY 
<213, Iomo sapiens 

<400> Ii. 

Mn phe Lys Ser- We Le" 
Seite 2 



1 5 

� <210> 12 
<211> 8 
<212> PRT 
<213> Homo sapiens 

<220> 
<221> Acetylated 
<222>  

<400> 12 

Gly Pro Lee Ala LouThr Ma Lai 
1 5 

<210> 13 
<211> 6 
<212> PR1 
<213> HOMO sapiens 

<220> 
<221> Acetylate1 

� 
<222> (1). (1) 

<400> 13 

Pro phe clu Leu Arg Ala 
1 

<210> 14 
<211> 5 
<212> ERT 
<213> Homo sapiens 

<400> 14 

&lx Ala Ala PI,e Ala 
1 5 

<210> 15 
<211> 8 
<212> PRT 
<213> Homo sapiens 

<400> 15 

Gly Pro Le" dy Ile Ala Gly Pro 
1 5 

<210> 16 
g 

<212> PHI 
<213> HOMO sapiens 

<400> 16 

Pro His tyr Gly Alp ser Gly Gly 
1 5 

<210> 17 
<21)> 9 

Seite 3 



<212, PRT 
<213, Homo sapiens 

<400> 17 

Pro Gb 5cr Ply Ar; set Ala See cTy 
3- 5 

<210> 18 
<211> 4 
<212> PI4T 
1213> HooD sapiens 

<400> 18 

Tyr Lys Mn Arg 

<210> 19 
<21.1> 45 
<212> PRT 
<213> Artificial sequence 

<220> 
<223> Modified Parathyroid hormone (PHT), 000prisio aJiiirio acids 1-34 of 

� native Pm ri as well as a transqiutamiase substrate domain and a 
piasmin-degradable sequence 

<400> 19 

Asn Gil clu Gin Val ser Pro Let Tyr Lys Mn Arq set Val see old1.
 5 1 15 

Ile din LAU Met His Asn Leu Giy Lys His Lau Man Ser Met Glu Pr 
20 25 30 

Val clu Trp LeU Ar; Lys Lys Leo Gin Asp val His Asn Phe 
35 40 45 

<210> 20 
<211> 42 
<212> PRI 
<213> Artificial sequence 

<220> 
� <223> Modified Parathyroid hormone (PHT), comprisig amino acids 1-34 of 

native PTh as well as a transglutajiflnase substrate domain 

<400> 20 

Asn Gin Glu Gin Val See Pro Led see Val see clu tie Gin Led Met 
I S 10 iS 

His Asn Let Giy Lys His Let Mn See Met Gill Ar; Val Giu TrP Led 
20 2S 30 

Arg Lys Lys Lou GTh Asp val His ASn me 
35 40 

Seite 4 
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MATRICES COMPLEMENTADAS PARA LA REPARACION CE FRACTURAS 

OSEAS 

Campc, do la Invencion 

La presents soficitud as repaciona con matrices complemeritadas y USC de estas 

para Fa reparaciOn y curacan de frecturas Oseas. 

I Antocedentes cM a jnvencion 

10 

I 
Tanto an Europe come an 08 Estados Undos on eslrnado tie S a 6 mihones de 

I personas, sullen fractures Oseas cada one debido a traumas! daflos relacionados 

I con deportes 0 actividades u osteoporo&s. La mayorla de estos dimes as pueden 

tratar con Is reduccOn manual y Is  fiaciÆn externa (per ejempLo, on yeso). Sir) 

I Is embargo aproxWnadarnente 20 al 25% ia as factures requiero hospitaIizaCOn, 

I usualruente con procedimientos do cirugia abierta-

I 
Una fracture Se define comb one discontnu(dad an Is estructula COrtiOThj Osea qua 

I restnta usualmente do exceso de tuerza niecØnica. Una fractura complete so 

I 20 define par una disconfinuldad, 0 ruptura, qua Ocurre a traves de Is  ostructura Osea 

complete, creando dos o mas distintos segmentos oseos. Los fragmentos Oseos 

I 
no tenen quo sopararse per el dana pare set casificados coma tractura. En 

I algunos cases el periostio sostione lOs fragmentos Oseos an SU pOSiClOfl 

I ariatomica original  En cities cases, Is fracture Moe qua a! limbo as doble, 

25 rasgando el pehostio a son Is pJoJ y ci tejido muscular circundante. En sUn otros 

casos, come as a menudo ci case con daæos con misiles a Ma velocidad 0 

aocidentes series, parciones grandes oseas so fragmentan a aUn as remueverl de 
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su pasioion original. Las mates primaries do los tratamientos de fracture son Is 

unkOn sane y & restablecimiento S Is funciOn ósoa  sin on desentace de 

deforrndad Obtener ostas mates rapidamente as una preocupación 

crecientomente importante dobido a los temas S discapacidad / a is contencôn 

5 de costos. En una parte significative do Is  pobladon de paclentes arnbas metes, 

as dedr, as uniones sanas y el restablecimiento rpido S to lyndon Osea, Sac’ on 

riesgo debido a Is edad del paciente y/o is condiciOn general do send, yb et ti 

y)D Is ocazad6n de Is fractura. En particular, an ci caso de pacientes can 

osteoporosis, ol æesgo de no uniones y de tempos de curaciOn crecentes as a(to. 

0 Coma una entermedad del esquereto, Is osteoporosis so caracterEza par ufla mesa 

osea baja y at deterioro estructural der tejdo 6800 4U6 conduce a one frag1!dad det 

mesa creciente, incrementando los tiempos de ouraciOn y Is ocurrencia S no 

union. 

IS Los injertos oseos y los sustitutos de injerto oseos son ampliamente utfiSdas an 

muthos procedimientos ortopedicos care tratar problemas asociados don Is 

perdda Osea, Is union demorada yarn union do fractures 0 como on material do 

fijacan do implants. En a! case S fracturas sevelas y complicadas, el njerto 6500 

y los sustitutos de injamos oseos son uthizados para fortalocer oP hueso antes do 

20 c’ue is fracture sea luego estabiPizada can equipo- Las materiales de injerto oseo 

pueden see autognicos, alogenicos, xerlogenicas, matrir osea desmineral7ada 

(OBM), de origen sintØtico y mezolas do Østos. Los materiales de injerta asec se 

pueden clasifrcar an materiales con propiedades ast0000fldUCliVaS, 

os%eoinducth,as y asteogenicas. Los materiales ostooconductivos no crean hueso; 

25 en so lugar elas simulan is migraciOn do celulas Oseas vivientes cercanas an ci 

material Los materiales asteoinductivos estimuPan el propio sistema del pacierite 

pairs generar tejido oseo. Los materiales asteogenicos crean directamerite tojido 
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aseo. Los matedaes osteogenloos oslÆn conflnados a os osteoblastos y a fee 

cØjujas made mesonquimales quo goneran tejido Oseo. Algunos rnateriales 

oxhiben niÆs do una do las propiodades descritas. 

5 El auto-injerto so refers a cualquior tejido 0 huoso quo so cultiva en una parts del 

cuerpo der paciente pare utiUrarse en et sitic del daft Los auto-nertos S hueso 

son usualmerite cosochados de Is crests liaca. A poser do su venta]a do ser 

bicoompatiblo, seguro, de una composicon vasourarizada y oxhibir propiedades 

osteoinductivas, as desventajas son grandes. Los auto-injortos requieren Uris 

IC sogunda oporaciOn one puedo conducir a complicaciones post-operatorias quo 

nc!uyen perdida do sangre, infocojones, y dolor, Los auto-injertas son COtOSOS 

debido a las largas perinanoncias on el hospital y at tiornpo do operaciOfl. El 

sumiriistro do auto-injorlos per paciento Os limitado, y el dolor post operstivc 

despuØs de In cosocha dot material autogØnico Os a menudo moss she qua la 

15 tractura osea en si mIsma. A poser do las dosventajas, el auto-injertos Os 

considorado el ostÆndar de cr0 on tØrminos de materialos do injerto Osoo. Los 

aloinSertos son tejidos Oseos tomados do series ocatacicnos on on CUOTPO do 

cadaver humane, quo pueo 501 trabajado con mØquJna coil diforentes ostructuras 

y en diferentos formas. Los aPoinjedos son minirnamente ostoQindUCtVOS, 

20 sotarnente ha’j an surninistro IvAado, y etos le panlean at pacionte el fiesgo do 

infecciones debido a patogenos buespodes. Los matorales de inero osoc 

sintØtico so desarrollan come one alternative disponible’ pare et material de nodo 

ôseo au%ogŒnico. El sustituto do ipijorto Osoo sintetico inouye materialos corâmicos 

polinieros de auto-corisolidación quo semojan las propiedados del hueso 

25 humano, coma In hidroxiapatita y e( polime�lrnetrcrileto. colgeno, tricalciotosfato, 

oalclosulfatos y tosfatos. Estes materiales muestran pobros propiedados do 

manejo y faith do propiedades osteoinduotivas. 
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En arcs recientes as ban hecho esfuerzos para desarrollar sustitutos de injerto 

oseo qua muestreri propiedades oste&nductivas coma una verdadera aternatwa 

disponible para Ica auto-irjertos. El DBM es on ejempjo do Un sustituto de injerto 

5 aseo ostoonductivo. Sin embargo el ICBM coma un material aJogenco entrants Jos 

misrnos incorivenierites qua el hueso alogenico. Otros ejemplos son a! OP-Ifi do 

Stryker Corp. quo suminstra prot&na 7 mortogenica osea recombinan%emen%e 

producida (OMP 7) de una matdz de colÆgeno 0 el material sustituto do injerto 

Osoo INFUSEfi S Medtroriic Sofamor Danek utikzando 0MP2 recombinailtemente 

10 producido de osponjas do colØgeno. AdemÆs del proceso de produccOn costoso y 

argo do las BMP  las proteinas an ambos productos as suministran de one niatria 

do colageno en altas concontraciones. Las matrices do colagenc provenientes de 

origen bovino Ilevan todas, el rJesgo do materiales xoflcgØniCOS, mLjestran cobras 

propiedades de manejo an el pracedimiento quirürgico par ejemplo, an la medida 

15 an qua elba no son moldeables para ajustarse cercariamento a la forma del sitED 

del daæo, y Is site concer’txacion do los BMP surninistradas at cuerpa pueden 

conducir an aJgunos de las paoentes a Is calcificaoiOn S los organics o a Is 

tormaciOn osea an otras partes del cuorpo. 

20 Otras matrices pare & tratamiento III de Jos detectos Osecs, inclujen utilizer 

hormone paratiroide humane (PTI-1) 0 sus derivados quo Se suministran al cuerpo 

coma one oornposicion sellante de fibrins inyoctable qua so forma in situ. La 

hormone paratiroide OS Ufl pØptido de 84 aminoacrdos qua as hecho y secretado 

por a glandula paratwoide. La hormone do jong1jud compete alive en la reuacOn 

25 de los niveles de calcia sistØmico yen Is ronovación Osea. La hormone paratiroide 

as in factor anabOlico directo potente para los osteoblastos precursores y on 

factor anabolico indirecto pan los osteoclastos. Ar regular el balance de los 
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osteobtastos y Ias osteoclastos, a horrnona paratiroide tene Un efecto directo 

sabre Pa r000vaoion Osea resultanto y Is subsecuente liberacOn de calcio hacja aI 

cuerpo. Muchos ostudos en anrnales han pun%uazado os otectos ar,abol}cos 

potonciales de Is hormone paratirode sabre Is donsidad mineral osea (BMD). La 

S hormona paratirode actua sabre In cekipes al unirse a un receptor de superfice 

ceuLar. Este receptor as conocido par ser encontrado Sabre los osteoblastos, las 

oe!uPas qua son responsables do former nuevo hueso. 

El domjnto de 34 aminoÆcidos N-terminaPes do Is hormone paratirode humane Se 

10 he reportado par ser bioLogicamente equivalente a Is hormone de Pongitud 

completa. La hormone paratiroide 1-34 y su modo do acoiOn habian aids 

reportados prmero an a Patente U.S. No. 4,086,196. La hormone paratiroide 

as conocida p01 5cr una version truncada completaniente active do Is hormona 

paratirode quo no piece unnnes d%sth%uro o one estruclura Ismailia significativa. 

5 Este eontiene una estructura secundaria moderada, qua Incluye vanes hØPces alfa. 

Muchos estudjos clinicos as hen Uevado a cabo utl1zando.bormona paraUrode 

sisternicamente administrada pare incrementar Is mass total Osea an pacientes 

con osteoporosis, recluiriendo Is mayoria inyecctones dares do hormone 

para1roide u hormone parafiroIde 34 sofa, a an combinacOr1 can otros act&os, 

20 durante muchos moses, Para mayores detalPes a cerca del PTh y do Is hormone 

pacatftoide I a 34 so descrrbe an la WO 031052091, cuyo respectvo contenido do 

esta so incorpora aqul como referenca. Otras verstnes truncadas do Is hormone 

paratiroids con a actvidad bocogica incLuyen Is hormone paratirode 1-25, 1-31 

1-38. 

25 

Aunque so he hecho macho trabajo estudiando Jos efectos sistemicos del PTH, Is 

administration local do PIN apenas he sdo explotada. La WO 03/052091 
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descrthe matrices Para la adrnmis%racion local de PTH. Especfficamente is WO 

031052091 describe hormona paratiroide Per estar covalentemente unida a 

matrices sintelicas y naturales, an particular fibrins o matrices do polietilonghool, 

Para Is adminstracion local y Is liberacion al sitlo necesar(o en une fonma 

conirdada. 

Sin embargo, Is WO 031052091 no describe matrices qua son adecuadas pan Is 

cure de fractures Oseas, an particular pars fractures Oseas severas, coma an is 

reparacian do fracturas an riesgo de voJverse unones demoradas a no uniOflos-

Es per in tanto, on ob)eto de Is presents invention suministrar one matriz qua sea 

adecuada Para is reparacon local do fractures Oseas. 

Resumen de to Invention 

15 

Sc he enoontrado de maflera sorprendente qua one matrjz Cue caritiene PIN 

. ("matrices complementadas") as puede utilizer Para suministrar localmente Pill a 

si%io do is ftactura osea pars reparar y curar is tractors. 

20 Asi, Is presents nvenciOn se re)aclona con one formulacion qua comprendc 

U) on peptido seleccionado del grope quo consists de PTH y de on peptido 

de fusion PTN; 

on material granular qua compronde on mineral de calcio 

25 (ir one composiciOn Capaz do formar one matrir de fibjina bajo condioio%eS 

fisioPOgicas quo comprenderl Un componento precursor do firbinogeno 

Un components precursor de trombina, 
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an doMe at P11-4 o e pep%do de fusion do PTH estâ presents an in  range do 

concentracOn do entre 001 a 2 mg/niL de mauiz de fibrins a las componentes 

precursores qua forman Is matriz, con Is condJoOn do quo one concentracian do 

5 0.4 mg/mL do mathz de fibrirta a de Ice componentes precursores qua toirriari Is 

matriz no esth inojuida. 

La presents invenciOn tambien as relaciona con una matrrz cornpementada quo 

con,prende 

0 (I) P11-I 0 on peptido de fusiOn Pm; 

(i) on material granular quo camprende on mineral do oalcia 

Ii) tibrina; 

En deride dicho PTH a peptido do fusion P11-I estÆ presents an on rango de 

Is concentraciOn do entre 001 a 2 mgImL do matriz do tibrina, con Is condiclon de 

qua Is concentracion de 0.4 mglmL do matrix do fibrins no estØ iricluida. 

1a presonte invenciOn tamben astØ relacionada con el use de cliche formulaoiOn 

matriz comptenientada pars Is elaboracôn do in madicamento pare ser 

20 localnianta administrado pars Is reparacion S fracturas Oseas. 

Prefeniblemerite el PTH eats Jiberablemente incorporado an a niatria y is rnatnz 

complementada Se splice a as forma an el sitfo do Is fractura. Preferiblemente el 

PTH csta covatenternente unida a is  maims. En mis modahdad a ma%FZ as ma 

25 matriz do fpbrina. La hormone paratiroido puede ser PTH,. (nativa), PTH1,s, 

PTft.4, PTH, 31, o PTV41.20, a cuaSquier version modficada 0 alelica de las 

propiedades qua oxhibe of PTh, as decir, formaciOn osea, similar al anterior 
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(!PTH!) Preferibemente & P11-i es PVH134. En una mod&idad prefeæda, or PTH 

as un pepfldo do fusion p&ptido do fusiOn PTH) quo contiene at menos dos 

doininios en donde el primer riominio comprende RIM y or segundo dominic 

comprende un domino do sustrato cavarentemente reticuPable capaz do reticular a 

S to rnatriz durante 0 despairs do 511 formaciOn. 

En ura modalidad, una matriz S fibrina complementada Se forma de una 

farmupacian quo comprende (i) 10 material granular, (ii) una composition 

adecuada cars former one matriz do fibrins qua contiene fibrinogeno y trombina y 

Jo (iii) PTH an un tango S entre 0.01 a 2  m do PTl-UmL do ma%riz S fibrina, quo as 

adocuada para Is reparaciOn y cursed do fractures óseas can Is condician do quo 

una concentraciOn do 0.4 mg do PTl-UmL do rnalriz de fibrins no estØ iricluida. 

Un at quo comprende Is tormthaciOn anterior tambien se suminIstra an deride al 

IS monos uno do los componentes adecuados pare former Is matriz se aPmacena 

separadamenle S too otros componentes para farmer to matrir. 

Las forrnuiaciones y too matrices cornplementadas son preforiblemente utilizadas 

Fare Is reparacion y Is curaciOn de as fractures Oseas, an particular de (as 

20 fracturas oseas can un riesgo de vorverse uniones retrazadas o no uniones. Las 

indicaciones prefardas incluyen as tracturas do muneca (fractures del radio 

distaj), fractures Oseas largos, coma Is tibia, y fractures do coders. 

Breve Descripción do los Dibtijos 

25 

La FIG. I musette is binactividad do las variantgs PTH. Las celulas transfectadas 

con un gei, reporlero ügado a un promoter pare un receptor Pill so trataron corn 
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cantdades iguaies de P1H,4, TG-p!-PTH1.34 (descrfto a conunuacion) 0 el PTH 

ostandar de 84 aminoÆddos internacional. La cihibiciOn de Is exprealon del yen 

reportero ruciferaza Se midiO y as compare con las celulas transfottadas que no 

fueron expuestas a PTH en sauSOn (oontrol). 

La FIG. 2 muestra Its resu)tados do on ensayo de liberaoion its PTH desde una 

niathz de fibrina. 

La FIG . 3 rnuestra Its rosuflados de on ensayo do estabidad de los defectos de Is 

IC tibia segmentada luego del tratamiorito con Is matriz cornplsmentada presentado 

I

 

comic a calfficaciOn do Is curacian. 

La FIG. 4 musstra los resultados cia on ensayo do estabilidad de Poe dofectos do Is 

tibia segmentaria luego del trataniento con Ia matriz compemeritada, presenteda 

15 an porcentaje S las articulacianes no eatables restantes. 

I Description Detaltada do Ia InvenciOn 

Las matrices comptemenladas que comprenden on P1)1 liberablemente 

20 incorporado an date, que opcionapmente contienen on material granular, Se 

describer aqui. El P11-1 as incorpora a travs its enlace covalente a Is matriz 0 a 

travØs its intereocian no covalente con is cnatrlr y(o los grØnulos. Estas matrices 

complementadas dJsninuyen ci tiempo de curacion comparado con el auto-injerto 

y o disparan is curacion de Ise tracturas Oseas que de 0ra manera no curarlan. 

25 Las matrices son bi000mpatibles y bEodegradabies y Sc pueden former in v/tm a in 

4iio, al momenta del Implants. El PTH as puddle frwrporar an las matrices con 

one retencion complete de so bloactividad. El PTH puede ser iberablemente 
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inoorporado, ut[tizando tØcrMcas qua suminisiren conlro sabre coma y cuando 

qua grado de PTH Se libera utiUzando Is matriz como Un vehiculo do Pberacion 

cootrotada care curar Ise fractures Oseas. 

S Oefinciooes 

Sftio de adhesiOn o sitio do union de ce/u/as’ coma as utilize genoralments aqUl 

so ref,ere a una seouenca de pØptdo a a cud una rno(ócu(a,  per ejempo, Ur 

40 
receptor quo promueve Is adhesion sabre Is superficie de una celula, so une. 

JO EjempJos de siflos do adhesôn toduyen, pore no estÆn *naados a, la secuenda 

ROD de Is fibronectina, y Is secuencia YJGSR (SEQ ID NO, 1) do Iamnina- Los 

sitios do adhesion so pueden noorporar opciona}rnenle an Is matriz al ncluir Un 

domino de sustrato roticu!able a a matriz do frbrina. 

IS Actividad b/dOg/ca’ como se utiliza generalmerite aquF so refiere a evontas 

¶unSonaes mediados par one proteins as inter6s. En algunas modalidades, esto 

incJuye eventos cnsayados at medir a interacci6n de un polipeptido con afro 

poftpEptdo. 1ambi6n induye eflsayal el efecto quo tierie 18 protelna de interes 

score el crocimiento de is celula, Is diferenciaciOn, to rnuerte, a mgrac‰n, 

20 adhosthri, interacciones con ones prateinas, actividad enzimÆlica, fosforilaciOn 0 

desfosforilaciori do proteins, transcrpoiÆn, a traducc[an. 

’Fractura Osea’ coma so utiiza aqui Se re�ere a una dscontLnuk1ad 0 rupture a 

travØs do Is estruotura cornpleta ósea creando dos o mas segmentos oseo 

25 diferentes. 
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!MinemI de tB/dC come as utjliza an general aqul as rofiere a sustanoas 

hornogeneas de ocurronca natural quo contonen ones de calojo. Un ejempo de 

un mineral cia calcia as a hidroxiapatita (Ca7((OH)(P0431), qua as SJ companente 

principal de lea dien%es y los huesos. 

RetiOu(ob/e comb Se utilize en general aqul significa a formación de enlaces covarentes. 

"Union demorada come se utiliza generalmente soul siQnhfica una fracture asea 

10 qua no be curado dentro do los 34 rneses, as decU un periodo de tiertipo qua as 

considerado adecuado para Is curaciOn normal do un huoso. La union derliorada 

sugere qua a uniOn as lenta pero que ocurrirØ everitualmento sin intervendiOn 

quirLrgica a no quirtEgica adicional. Sin embargo one union demorsda puede, an 

argunos casos, progresar a no uniOn un tiempo despues. 

15 

Matdz de fibrins como so utUiza generalmente aquS sgnifica que ci produce de 

un proceso en el cual sustancialmente lodes lea cornponentes procursores, 

fibrinogeno y trombina, as reticulan an a presencia do una bente de cacio y un 

factor XIlJa pars former una red tridimensional  

20 

’Mainz’ come as utilize generalrnente aqul se refiere a un material destinado a Is 

intarfase con sistemas biologicos paw tratar, aumentar, a roemplarar cuaqther 

tepdo a funciOn del tejido dependiendo del material permanontemente 0 

temporalmente. La matriz puede servir coma un dispositivo de suministro pare 

25 PTh noorporado all fdo come una rriathz cia crecimento interno de celula. Las 

matrices descritas soul Se forman de componentes precursores Uquidosi quo son 

capaces do tormar un endemic an el cuerpo an el sine necesario. Los terminos 
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matrit, !’gel’ ! 0 bomatoriaIes as utjljzan slut coma sinOnimos. Los ternilnos 

"matriz ’J "gel cc refieron a La cornposiciOn tormada despuŒs de que Los 

oomponentes precursares as han mezclado Mi los terminos !matriz� y gel 

cornprenden redes poIrnericas parcaI o oumpletamente reticuladas. Eras pueden 

ester an to forma de IJqudos, semi-saUdos, taP come pasta, o un sOPJdo. 

Dependendo del tipo do led maleraIes precursores, a matriz puede set hncflada 

con ague card no disuelta en aqua, as decir, former urn hidrogel quo pemianece an 

Is cuerpo durente un cerko pevodo do liornpo. 

to Componontes o pollmeros precursores S ocurren&a naturat come Se uthizan 

generalmente aqul so refieren a las nioreculas due as pueden encontrar an to 

naturaleza  

’No uni6ro como so utiia generalmente adult sgni1ca one estructura osea, quo no 

5 musette to pragresion de one fracture qua cure entre los 3 a 6 mesas luego del 

dao (dependendo del tipo y Ioca%zaciOn do la frac%ura) an esludios radiograticos 

mensuajos. 

’PTK’ coma as utilize aqui incluye Is secuencis humane del PTHi4 y todas las 

20 versrones truncadas, mod{ticadas y alØcas del PTh qua exhibe propiedades de 

formacion Osea, an particular cuando as ncorpora preferibPemente covalentenlente 

unido a Una matriz de fibrina. Las ,ersones truncadas pSerdas de PTA y PTI-11 

g. PTH134, PTH131, a PTH1m. Màs preferida as Is PTH1. Prefeblemente, a! 

P11-I as Pit-i hurnano, aunque ci PIN proveniente de ctrs tuentes, tat come at 

25 FTH bovine, puede ser adecuado. 
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E/ peptido do fusiOn P31-f come so utiIza generalmente aqui se rofiere a un 

peptdo qua conUene al rnenos un pdmer y in segundo dcrnno, in domnt 

contene un P1–1. preferiblemente PTH,, y el afro dominio contiene un domFno do 

sustrato reticujable a una metes do thrha durante a despues do su iormacon. in 

5 sitio do degradaciOn enzimÆtico t, hidroUtico tamblen eats presente entre el primer 

at segundo dominio. 

Peflostio" coma as utilize aqui signilca Is caps exterior do los huesos que forman 

una cape dense, �brcsa, con Is excepciôn do aquellas Porciofles Clue fomian UrIa 

10 estructura do uniOn qua cubre Is estructura Osoa complete y contiene at sstema 

vascular quo nutre & tejido de oseo exierno 

FisioIOgico coma so utilize generalmente aqul significa condiciones come so 

pueden enoontrar an ies verleb,ados viwentes. En particular, las condicianes 

15 9siol6gicas as refieron a las condiciones an ci cuerpo humano tales comb 

temperature y pH. Las temperatures frsiologicas sgnifican an particular un range 

de temperature de ante 35t a 42t, preorbIemente arodedor do 37t. 

Reparac!On y cumciOn do fracluras Oseas coma as utiliza generalmant6 aqul 

20 significa Is reunion y realineamiento de los extremas do huesos rates. 

Matrices comp(ementadas 0 bomateria como so utiHza generalrnente squl 

sigriifca una matriz qua tiene incarporado PTI-i. 

25 I. Matrices Complomenthdas 

A. Materia!es de Matria 
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Para reparaoion o regeneracion de tejido, las cePulas deberi migrar hacia un lecho 

de herida pro5ferar, expresar ios componentes de matriz 0 former metric 

extracelular, y format una forma de telido final. Las pobtac!ones do ce!utas 

S mOltiples deben a menudo participar an esta respuesta mofrogenŁtics incluyendo 

frecuentemerite celulas vasculares y nerviosas. Las matrices ban deniostrado 

rnejorar grancemente, yen algunos casos as han encoritrado qua son esenciales 

Para qua esto ocurra. 

o Se han hoot-to aproxima&ones en e desarroo do matrices provenientes as 

crigenes naturales a sinteticos a one mezc!a de ambos. La matriz de flbrina quo $e 

descdbe en Is tIC 03/052091, so he encont,adc qua as on material de matriz 

adecuado Para Is reparaciOn S fractures aseas. 

I 5 La matrir as forma al reticular ionicamente, covalentemante a medante 

I combinaciones de estas moleculas procursoras y/o al hinchar uno 0 mÆs 

I rriatehaPes polimØricos, as dealt, matrices, paw former Rn, red po(irnerica que 

I

 

longs on espaciamiento iriter-polimero suficiente pare permitir at creoimiento 

Interno a Is mfgraoion hacia Is matrtz S (as cetulas. En um rnodaPidad is matriz se 

I 20 forma de protelnas, preforiblemento proteinas naturalmente presentee an a1 

paciente an el cuat Va ha ser implannaa Is rnatdz. Una prckeina de metric 

I particularmento preferida as Is fibrina, aurique matrices hochas do otras proteinas, 

Wes aetna co(ageno y gelatine tambien se pueden u%lizar. Los polisacØndos y las 

I glicoproteinas tambien as puederi utilizar pare former Is metriz. 

25 

I Matrices de Fibrina 
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La fibrina as or material nature! quo as he repoitado pare varies apIcaciones 

bornedicss. Las matrices hechas do fibrins ban side dascritas coma material pars 

matrices do crecmiento interne do cØtula an Is Patents, is. No. 6,331422 do 

Hubbell at al. La fibrins as he utilzado on seilantes per aid capacidad pare unirse a 

S muohos teLdcs y so papel natural an & curado as hondas. Algunas apiicacones 

especifrcas incluyen el uso came on sePlante pars union the interto vascular, union 

do vØvuIa cardaca. Adicionairnente, estas matrices as ban utilizado come 

disposEtivos de suministro de droga, y pars Is  regeneracOn neuronal. Aunque as 

matrices do tibhna suministran Un soporte sOlido pars Is regeneracon do tejido an 

0 al orecimiento interne celular, existen poces secuencies activas an & monomero 

quo mojoren directamente estas procesos. 

El proceso per media del coal as polimeriza af fibrinOgeno hacia fibrina tambien as 

I 
ha caracterizado. InoWmente, una proteasa divide Is molecule de fibrEnOgono 

IS dimehca en los dos sitios simetrioos. Exsten vanes proteasas posibles qua 

puedon dividir or fibrThOgeno, inc!uyendo trambina, peptidasa, y proteasa 111, y cads 

one sfrve come proteina an on side dferente tine vez qua es dividido & 

I fibrinôgeno ocurre una steps do auto-plimerizaciOn an Is coal los rnonomeros del 

flbririOgeno vienen juntos y fornian un gel de poihilero no covolentenlente 

20 reticujado. Este auto-montaje ocurre porque los sitios do union as oxponen 

despues de quo ocur!e Is division de Is proteasa. Una ye? sIlos as ban expuesto, 

estos sjtos do union an af centro do Is morecula as pueden unit a otros sites 

sobre ias cadenas do fibrinOgeno, quo ostan presentee an los extremos do as 

cadenas del peptido. De esta manors, as forms one red do polirneco. El factor 

I 25 XI!la, Una transglutarninasa activada del Factor XllIa mediante proteolisis do 

I trombina, puede entonces reticular covalentemente a red de polimero. Otras 
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tansgutaminasas existen y tamblen pueden eater nvcucradas an is reticulaciOrl 0 

njorto covalente do Is red do fibrina. 

Una vcz clue Is matrz de fibrina reticuIda so forma. Is dogradacion subsecuente 

as estrethamente contrSada. Una do as molecules cave para controlar Is 

degradadon de Is fibrins as al nhbdor do plasmina a2. Esta molecule actUa a! 

re%icuSar Is oadena a S fibrina a traves de Is acciOn de! Factor XlIIa. Al unirse a Si 

misma a Is metric, una alto concontraciOn do Enhibidor so puede boca4zar en fat 

matriz. El inhibdor actha entonces at eviler Is union do plasminogeno a Is fibrina 0 

10 nactivar la plasmins. El inhibidor do plasmna u2 coidiene Un sustrato do 

Iutamina La secuencia exacta as he idenfificado coma NQEQVSPL (SEQ IC No: 

2), &endo ha primers glutannina at amino Æcda aclvo pars reticuladion. 

So he dernostrado quo loss pep%idos b-domiriia, quo conhienen a secuencia del 

IS sustrato del factor XlJIa y una secuencia de peptido bloactiva, se puSan reticular 

hacia una matriz do fibrina y gte este peptido bioacthzo reVerie an actividad celular 

in vitro. 

Dependiendo do Is indicacion y las sustancias rnezcladas an Is rnatdz de librir’a Is 

20 concontraciOn do trombina podria variar. En una modalidad preferida, Is  niatriz de 

fibrina conVene fibrinogeno en Un rango do 5 a 65 mg our miilitro de ma%riz do 

fibrina, mas proferiblemento 15 a 60 mg por milijitro do matriz do fibrina, aUn noes 

preferiblernonte do 25 a 55 mg p01 milftilro do matæz do flbdna y rues 

preferiblemsnte 30 a 45 mg por miliNtro de matriz do fibSa. La troriibTha ostà 

25 presente en Un rango do 0.5 a 5 0.1. par mliitro de matriz do tibhna, ias 

preferiblemente an uii rango do entre 1.25 a 3.25 U.I. por milhlitro do matriz do 

fibrina, mae preIeribemente de 1.5 a 2.5 0.1. por mIi!itro de matriz do fibrina. 
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Adciona!mente una tuente de on do calcia ayuda a forniar Is rnatiiz do fibrina. La 

fuente do ion do caiclo as prefohbremente CaCl2*2Il20 en Un range do 

concentrec‰n do 0,5 a 5 mg por ml Os matdz de flbrina, am mas preferibsmente 

an una concer,tracon do 2 a 3.5 mg per ml do matriz de fibrina, miss 

5 pref&b!emente an on range de concentracOn do 2.5 a 3 mg per ml de matrir de 

fibrins. Este composiciOn no done an cuenta at ague utilizada pare humedecer 

cuaquiera do los grantæos polenciales antes do mezolarlos an Is matriz do fibnna 

an razOn a quo dicha ague pormanece an las pores do Ida grÆnu!os an Is totalidad 

do 
del picasso do Is formacjôn do matriz y asi no tendrâ ningUn elects do dijucion 

to Sabre Is concentracidn do fibrinogena y trcrnbina an Is matriz de flbrna. U.l. 

represents una unidad internscional do trombina y as define coma is actividad 

contonida an 0.0853 mg del Premier Fstsrdar International de Trombina Humans. 

Componentes precursores pars formaT las matrices do fibrina 

’5 

La matriz its tibrma as forms preterbTemente do dos componentes preoursOres 

quo pueden estar an Is forms do solutiones. El primer components precursor, 

%pioamente an forma its una souciOn, contiene fibrinogeno, preferrblenionte an Un 

range do conoentracidn do 10 a 130 mg do tibrinogano per mi!Uitro do solucion 

20 precursors, mM preferIblemente do 30 a 120 my do fpbrinogeno per mlilitro do 

so!uoiOn precursors, aL)r, more preferib!emente do 50 a 110 mg do thrinªgeno per  

mililitro do soluciOn precursors, y mÆs preferib!emento do 60 a 90 my do 

fibririógena por mihlftro do soluclôn precursors.  Si Is trombhia tene qua 5cr 

agregada pare former Is matriz, or segundo comnponente precursor. tambieri 

25 tlpcarnente an (a lemma do una souciOn, contiene trombina prefaribemente an on 

rango do concentraciOn de 1 a 10 U . do trombina per mi!ilitro do solution 

precursora, mÆs preferblemenle do 2.5 a 6.5 UI de trombina per mIilitro as 
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I sorudan precursora, mM preferiblemente de 9 a   UI, do tconibna our mffthtro do 

solLiciOji precursors. Adicionalmente una fuente de i6n calcia estª  an una do las 

solucinnes precursoras. La fuente de ion caIco es preferiblemenle CsCIf 2H20 an 

I Un mango de cancentraciOri de I a 10 mg por nil do solucion precursora, acn mas 

S prefedbemente de 4 a 7 mg pot ml do soucon precursors, man; preteriblemente 

I de 5 a 6 mg por ml de solucion precursors. Opctnalmente, una enzirna oapaz do 

catahzar la %ovmacion de la matrix, como el Factor XilIa, so agregs a Una soluciOn 

I precursara, PreferibJemente, el Factor Xllla eats presents an Un rangc do 

concenIraoOn do 0.5 a 100 U.J. por mililitro do solucJon procursora, mM 

IC preferiblemente do 1 a 60 U  , par mWUtco do sotuciOn preoursora, 

I preferbJeniente de 1 a 10 UI. pot miliNtro do soIucon precursors. 

B. SITOS DE UNIONCELULAR  

I 15 Las celulas interactuan con su ambiente a travØs de Igs interaccones de prot&na-- 

I 
pcokona, protena-oIigosacrido y proteina-poIsacarJdo an is supe,f,cie celular 

I Las prot&nas do Is matriz extracelular suministran an huesped do setates 

bioac%ivas a Is ceua- Esta red densa so requiere pars sastener las oØlu!as, 

muohas proteInas en Is matriz ham masirado controtar la adhesion celular, et 

I 20 esparcmento la migraciOn y Is dfterenciación, Algunas de las prateinas 

espeolficas quo han sido inostradas por 5cr padicutarmente aclivas indayen 

laminiria, vitronectina, tibronecuna, frbrina, frbririogeno y colÆgeno. Muchos 

escudos do laminina ham sdo conducidos, y $e ha mosirado qua is Jaminina juega 

un papel vital an el dosarrol!o y regeneraciOn de las nervios in v/VP y las celulas 

25 neriosas in Vitro, asi como tambien an angiaanesis. Algunas do ias SecLlencia$ 

especitloas qua nteractUan direotamerite con los receptores celulares y ariginan Is 

I

 

adhesion, esparcirniento 0 transducciOn do senal Se hail identificado. 
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La aminEna, una proteins muludorninLo grando, he mosirado quo consists as tros 

cadenas con varies dominios de union do receptor. Estes dominios de union do 

receptor incruyori Is secuenca Y(GSR (SEQ 0 NO: 1) do Is cadena do laminina 

5 01, Ia LRGDN (SEQ ID NO: 3) de is cadena do rarninina Aye1 PDGSR (SEQ ID 

No: 4) de la cadena do larninina BI - Otras varies secuencas do reconocimLento 

pare las cepulas hen side tambien identificadas. Estas incluyen Is IKVAV (SEQ ID 

No: 5) de [a cadena de Isminina A y Is secuencia RNIAEIIKDI (SEQ ID No: 6) do 

Is cadena de laminina 02. Particularrnente preferida as Is secuencia RGO de Is 

ID fibronectina. 

En one modatidad preerda adcional os silios de peptido pare a adhesion celular 

Se incorpora,1 an la rnatriz, a saber los peptidos qua so unen a los recaptures quo 

promueven a adhesion sobre las superilcies do las celulas. Tales peptidos due 

5 promueven Is adhesion ncluyen aquellos descries anteriormente. Particularmente 

preferidos son is seouenca ROD S Is libronoctina y is secuenca YIGSR (SEQ ID 

NO: 1) do is laminna. Los sitios de union de celula se puedon incloir an algUflas 

do las matrices naturaies. La incerporad6n as puede loyar, per ejemplo, al 

mezolar un pØptido do union do celula quo contiene cistofna con la molecule 

20 precursors quo ineluye & grope insaturado conjugado. Ial coma el PEG acrilato, 

PEG aichilamida 0 PEG vinilsulfona. Esta etapa puede ocurrir rÆpidarTlento, per 

cempIo en paws minutes, antes de mezcarse eon ci resto del cornponente 

precursor que iricluye el grupo nucleofilico, tal camp el conhponente precursor quo 

contene tot. & at side, do uniOn cajoler no incipya one tislalna, We Se puode 

25 sintetizar quimicamente para incluir urn. Durante esta etapa, el peptido due 

promueve Is adhesion Sc incopporam en on extreme del precursor 
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multipJicadamonte funaionalizado con una nstauracion conjugada; cuando el resto 

del rnuttiol Se agrega at &S%eTra, se tormaa una red ret}culada. 

ts concentracLon de (Os stios tie adhesion cov&entomente unidos an Is matriz 

5 puede inijuenciar Is lass de infLltracion celular. Par ejemplo, pars un hitirogel dada, 

on rango de concentracon ROD as puede incorporar an Is matriz coil cekilas tie 

soporte can crecimiento nterno y migraciOn S cŁlula do una manera Optima. EP 

rango de concentraciOn optima de as s%ios be adhesion comb el RGD està entre 

004 y 0.05 mM y sun màs preferiblemente 005 mM an particular pars una matriz 

10 qua tiene on contenido de ague entre is conoen%racLOn de equillbrio y 92% an peso 

despuØs de Is terminacian do Is tama do agua. 

C. Pill 

15 El termino ’PTH’  coma Se utilize aqul Jncluye Is secuencia humans de PTh184 

todas ias veones tru’caas modładas y aeca$ tie PTH qua exhiban las 

propedades do formaciOn uses cuando as unan covalentemente a las matrices 

naturales o sinteticas bicdegradab(es. Las \ersiOneS Junuadas preferides tie PTH 

son PTh1.3, PTH, 34  PTH, a, PTH28, o PIN, -25 MÆs pretends as Is PTHt.. 

20 Preleriblemente. at PIN as PTH humano, aunque el PTH tie otras fuentes, la 

Como e! PTH bovine, puede ser adecuado. El PTH an un range tie entre 0.01 a 2 

mg do PTHIrtL de matriz, as adecuado pars Is reparacioi y curacion be as 

fractures aseas con Is condiciOn tie qua one concentracion do 0.4 mg S PTl-fImL 

do matriz no astA inclutdo. Preferibleniente is concentration de P11-I estØ an at 

25 range do entre 0.1 a 1.7 mgtmL de niatriz, sun mas preferib!emente al rango de 

concentraciOn esta an in rango do enise 0.3 a 1.6 mg/niL do matrLz y mM 

preferiblemente an un rango de ccricentracón de entre 0.42 1.1 mg/ML de matriz 
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con Is condcJOn do quo una concentraciOn do 0.4 mg do PTh/mL do niatriz no 

esta irioIuda. En una riodalidad preferida Is matriz as una rnatriz do fibrina. 

D. Los PØptidos de Fusion Pm 

I En una modajidad preforida el PTH as on peptido do fusion PTH, quo commands 

at menos dos commas an donde el primer domino comprende PTH y el segundo 

dominic coruprende on domino do sustrato reticulable, reticulabto a a matia 

I durante o despuØs do so formacion. El dominio do sustrato as on domnio para 

0 Una onzFma, preferiblernente on doninio de sustrato para una trans9Iutamflasa 

I tdorninio do sustrato de transgJutaminasa’), mas preferibjernente para una 

transgjutaminasa do tejido (dominia do sustrato do transgutaminasa de %e)dO) y 

I mas preferibje as on dominio do sustrato para op Factor Xllla (daminio do sustrato 

do Factor Xllla). Las transgtutaminasas catalzan as reaccones do Iransterencra 

I 15 do acilo entre el grupo garna-carboxamida do Jos residues do gjutarnjnil unidos a 

proteins y al grape arnkio epsilon do los residues as fisma, dandle coma rosu!tado 

I Is formacion do los puentes do cadenas laterares del isopeptido N-epsilon (gama- - 

� grutamd)iisina. La secuencia dot amino Æoido d& póplido do fusiOn  PTH as puede 

I diseæar para contener adicionalmente on sitio do divisiOn enzimÆtico a hidropitico, 

20 asi quo is PTH Be puede Ivilerar con poca 0 nThguna modfficacian dais estructura 

primaria. 

Los dominios de sustrata do transgrutsrninasa y an particular, los dcmiriios do 

sustrato del Factor X}US son adecuados para enlazar el pØptido S fusion a Jos 

25 matrices naturales tal come a las matrices do fibrins. Cuando as utilizan con una 

matriz do fibrina el sitlo do degradacIOn an el peptido do fusion as proferiblemente 
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enzirnatcamente degradable, de tel farina qua a iberacIOn del PTFI as coritrolada 

poreJ pracoso especlfico de la cØrula, taj como la proteolisis localizable. 

El cJominios de sustrato reticulable debe incluir GAKDV (SEQ ID NO 7), KKKK 

5 (SEQ ID NO: 8), YRGDTIGEGQQI-U4LGG (SEQ iD NO: 9), a NQEQVSPI (SEQ ID 

NO: 2) 

El dominic de sustrato del Factor XllJa mªs preferido liens una secuencia de 

ammo acido de NQEQVSPL (SEQ PD No: 2) y qua Se denomina aqul coma "TG 

10 TG-PIlt 

El peptkto de ftsiOn Pill se puede producr recombinantemente 0 mediarite 

sintesis quimica. El peptido de fusion P11-i1.34 as preferiblemente producido 

mediante sintesis qumtcL 

Is 

El dominic de sustrato de transglutaniinasa adecuado care los propositos de a 

presents invencOn se he descrito an detalle incjuyendo sus secuenclas de amino 

6cid0 an la WO 03/052091, ci contenido respectivo de este se incorpora aqul 

conioreqerenc. 

20 

Como Se describO aqul coma una rnodalidad pielerida del doniinio Os sustrato del 

Factor XlPIa estÆ directamente ligado a! PTHI.M 0 puede incluir Un sitio de 

degradaciOn entre at PIN (primer orruroml y la secuencs NQEQVSF (SEQ iD 

NO: 2)(segundo dominio). Coma tal, el pØptido de fusion PfI-Il.M Se puede 

25 incorporar dentro de ia fibrina duranto la coaguIacOn For via de up sustrato de 

factor Xlfla y liberado como PTH,.. 
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Los sitios de degradacian is Permian at Pm Sec %berados con poca 0 nnguna 

I modificacion a Is secuoncia de peptido primaria, In coal puede resu!tar on una 

actividad superior del factor. Adems, Østo perrnite is tbeaaCaon del factor a se 

I cor4roado par procosos aspecificos de cejula. Esto le permits a log tctores Sel 

S liberados a tans diferentes can 0J mismo mateSl dependiendo de ia (ocaliraciOn 

I do las cekdas dentro del material, Esto tamt’en reduce Is cantidad de PTHi4 total 

I nocesaria, an razor a qua su liborgobn as controlada par Poe procesos cetulares. 

I En una explicacian posibe pare Is fuerte curaciOn de log defacing Oseos 

I anteriormente mencionados con Pm incorporsdo y preforiblemonte unido a tJfla 

I to cnat&, so considers impoilante qua at P1H so administro localmente durante Un 

I poriodo projongado do tiempo (Os docir, no solamonte una dosis pulsada simple) 

Pero no an una forma continua Esto 50 IDqTa mediano una degradacion lenta, a 

I traves do urla division enzimÆtica a division hidrolFUca de Is matriz. Do osta 

rnanera Is ruotecula as luego suminstrada a %ra’ves de on eleolo soudo piisado 

I IS quo courre durante in periodo de tempo sostenido. Cuando una cØlula 

proosteoblªstica irifiltra  Is matriz, Østa encontrarØ una rnolØcula P111 quo ndutir 

a proliferacian adicional del preosteobrasto asi coma tarnbien III sintesis de log 

factores do crecimiento multiple cruciales Para Is nueva ¶orrnacFUn Osea. Sin 

I embargo! si csa cØlula particular no continua liberando Pill unido de Is matriz, 

20 este no iniciarÆ Is produccion de interleuquins 6, evitando de eats manors a etapa 

I 
posterior IDS efeoths catabolicos sabre a fomiaciOn de osteoclastos. El resultado 

I note as luego Is densidad mineral Æsea mayor y Ja formacion neta de matriz Osoa. 

Finatmerte log eectos lerapeuticos del peptido estn ocalizados an Is region de 

I defecto y son subsecuentemente magnificados. 

25 
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Sitios de Degradacion der POptido do Fusion 

On sific as dogradaciOn enzjmÆhco o hidrolitico so puede presenter entro el primer 

segundo dominic del peptido do fusiOn. Los sitios do degradacion pueden set 

5 degradables mediBnle degradciôn enzIniªtica especifica. Este permits Is 

liberaciOn der PTH pars ser controlado par los procosos espacifloos de celula, tal 

coma Is proteotisie (ocalizada. Es%o re permte or Pit-i seT Isierado a diferentes 

tasas dentro do Is matriz dopendiendo do Is IooalizaciOn do las cØlulas dentro del 

matoriar. Preteriblomente at site de degradacon es clivable pot medo do una 

0 enzirna soloccionada del grupo quo consists do plasmina y metaloprotoinasa de 

matriz. Mediante urla seleccion cuidadosa do F y k do este sitio de degradactdn 

enzimetica a degradaciOn Se podria controlar pare quo ocurriora antes o despuØs 

do IS rnatriz de fibrins Y/O of utilizer enzirnas simares o no similaros pars degrader 

Is matriz. Estos sttios degradables permäen Is ingenerTa de mØs liberacion 

15 especifica de PTH proveniento do matrices do fibrina. El sitio degradable puede 

son dividido medianto enzimas liberadas do ias celutas que nvaden ta matrir Ql 

sdio do degradaciOn IS carmine a a tasa de suministro ser variada en diferontes 

sitios dentro de Is matriz depondiendo do Is actividad celuPar an sea localization 

y10 dontro do a mat&. Los benecios adicionales nGuyen are deals as drags 

20 total menor dentro del sistema de suministro, y Is regulaciOn especial do Is 

liboraciOn qua permits due On mayor porcentaje do dregs sea loraradc at niomento 

do a actividad celular mile alta. El sitio do dogradacian Se abrevia pl" an el 

contexto de Is presents invenciôn. 

25 Los sitios proteolIticamente dogradablos podrian incluir sustratos pare colageflaZa 

plasmina, otastasa, estromeC(sna, o aetwadores do pasrn%nogeno. Los susiratos 

do ejemplo as listen adelante. N1 -N5 denotan las posicionos do los aminoÆcidos 
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1-5 hacia el terminal amino de to proteins proveniente del sitlo donde ocurre Is 

proteOIiss. NI -N4 der-man las posciones de Los arnincØedos 14 haca S 

terminal carboxi do is proteina provenierite del sitia doride ocurre Is proteolisis. 

labIal: Secuencias do sustrato do moestra pare protean 

R eferencias: 

1. Takagi y Doolittle, (1975) Biochem. 14:5149-5156. 

10 2. Smith at al,, (1995). 1. SioI. (Them. 270:6440-6449ID
 

. 

3. Aesson ci al., (1996) Analytical Biochemistry 237:216-223. 

4. 4.Netzet-Arnett etal., (1991) J. Biol. Chem.. 266:6747-6755. 

5. Coombs at al. 1998.1 8ioL Chem. 273:43234328. 

3 Una modaNdad preferIda as Is secuencia YKWR (SEQ.NOJ8) entre eJ primer 

dominio y eL segundo domiriio hace Is plasrnina de enlace degradable. 

Un peptido de fusion PTI-I preferdo partLoular as al TGpIPYI-I: 

NQEQVSPLVKNRSVSE(QLME4NLGKI&NSMERVEWLRKKLQDVhMF (SEQ iD 

20 NO: 19) Las protelnas de fus6n preferdas incruyen: 
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TG-PTth: Este as una forma moditicada del PTFI que comprende los 

aminoacdos 1-34 del PIN native asi come tambien on domino do sustrato TO 

(traneglutaminasa): 

5 NQEQVSPLSVSEIQLMHNLGKHLNSMERVEWLrn<K!QDVHNF (SEQ ID NO: 20) 

TG-pI-PTH,34: Este forma corresponde a! TG-PIM oxcepto quo esta 

adiciona!msnte contene una secuencia degradable de plasmina (p) entre a 

secuencia TG y el P11+.34: 

NQQVSPLYKNRSVSEIQLMI*ILGKMLMSMERVEWLRKKLQDVHNF (SEQ ) 

10 NO: 19) 

Las enzinias quo so podran utiizar pars Is degradacjOn proteolitIca son 

numerosas. Los sitios proteoUtcamente degradables podrian incluir sustratos pore 

copagenaza, ppasrnina, elastasa, estrornelisina, o activadores de pasrninOgenos. 

13 

En otra modaNdad preferida on dominic de oligo-ester podria insertarse entre of 

I 
pcthlor y segundo dominjo. Este se puedo logar utihzando on oIgo-ester tal coma 

I os ogOmeros de acido lØctico, 

20 Combinacion do Matrices o compensates precursores y PTh 

El PIN o et peptdo tie fusion P114, esta preeribIe an on range de entre 0-01 a 2 

mg de PTH/mL de matriz 0 los componentes precursores quo formal Is matriz, 

quo es adecuada more Is reparacion y curacOn do 1a6 factures osoas con Is 

25 condiciOn do quo one concentracion do 0.4mg de PTFi/mL do matriz do fibrins 

componentes precursores qua formen la matriz no estæn naluidos. 

Preteribemente a ooncen%raSn do PIM esth an on range de entre 0.1 a 1.7 
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mglmL Os matriz de fibrina a compcnectos preoursores quo forman ta matriz, son 

mM praferbIemonte el tango do concantraciOn esta an on range do entre 0.3 a 1.5 

mgImL Os matriz do fibrins 0 componontes precursores; quo forman Is matriz y 

was preferibPementa an un range de concantracian de entre 0.4 a 1.1 mg(mL de 

matriz de tibrina a oornponentos precursores quo forman a matriz con Is condiciOn 

do qua una concontraciOn do 0.4 mg de PTH/mL de matriz de frbrina 0 

coniponentas precursores qua forman Is mathz no estOn incluidos. Oopandendo 

de Is edad dot pacente, ciertas concontracionos del PTH 0 pepldo delusion PTH 

an las matrices SB prefioren, Si la formulaciOn as splice a las fracturas Oseas an 

10 nEnos, Ja concentracjon del PTH 0 peptdo S fusion de PTH esta praferiblamante 

per debajo do 0.4 rug de PTH a peptido do fusion S PTHImL do ma%æz a 

cornponsntes precursores qua forman Is matriz pew par encima S 0.01 rig de 

Pm 0 pØptido de fusOn de PTH/mL do matrjz 0 componeritas precursOras qua 

forman Is matriz. Especificamente a concer’tracón de PIN o peptido do fus‰n 

U PTH estan or’ un Tango de entro 0.01 y 0.35 mg as PTH o peptdo do fusion do 

PIH/mL de matriz 0 componentas precursores qua forman is matriz, mas 

preferiblemente an un range de concentracion de entre 0.1 a 0.3 mg/mL de matriz 

do fibrina 0 componentes precursores quo forman is matriz y mao prefe,ibtemente 

on un range as concentracon de entre 0.05 y 0.15 mg de PTH o peptido de fusion 

20 PTHImL de matriz 0 conponentes precursores qua forman Is matrz. Mientras quo 

a forn,ulacion as ap!ca pars adultos. Is concentracian de Pill a peptido de fusion 

S P1%-I ostâ prelerb%emen1e par oncima do 0.4 mg S PTH a peptido de fusôn do 

PIH/mL de matriz a componentes precursores qua forman is matriz pero no 

mayor do 2 mg do PTH 0 peptEdo do fusiOn de PTH/rnL de matriz 0 cornponentes 

25 precursores quo forman to matrir, Especfcamente la convent,aoiôn preerida do 

PTH a peptido de fusion de PTH osth an in range de entre 0.45 y 2 mg do PTH 

peptido de fusion de PTHImL do niatrig o componentes precursores qua forman Is 



WO 2006/072622 28 PCT/EP2006(050069 

rnatriz, miss preferiblemente entre 0.7 y 1.5 mg de P11-I o peptido de fusion de 

PTH/mL de matrz a componentes precursores y mØs preferiblemente entro 0.9 y 

1.1 mg do PTFi a peptido de kLsión de P11-I/niL do matriz o Ccmponefl%es 

preoursores qua formed Is matr}z. En one modalidad preferida Is matriz es una 

5 matriz Its fibrina. 

E. Material granular 

La metric tambien puede contener on material granular, preferiblemente at material 
40 

JO granular contierie on mineral de caiclo. Su material granular posse pdncpalmente 

as propiedades necÆncas de is ma%æz do fibrina pars adapter is matriz a las 

riecesidades especificas do la indicaciOn. Er material granular puede SOT or 

material biocompatible qua suministra el soporte mecanico necesatio a Is 

composiciOn, por medio del coal 0J grado de soporte mecanJco as dependiente de 

IS Is ndicaciôn Preferbtemente at material granular as on compuesto ceràmco. Los 

compuestos ceramicos biodegradables han mostrada propiedades favorłbres  an 

a matriz. El compuesto oeramico compreride preferiblemente on mineral de calcio, 

como bidroxiapatita, fosfato de cable C sulfate de calcio. Los rnateriaes 

adecuados incluyen rnezclas porosas biodegrdables de hidroxiapatita y 

20 trfcalciofosfato, coma TRICOSfi de Bjomatlante (Francia) o CAMCERAMfi do 

Cam Implants, Leiden (Holanda). Miss preferible as Is mezc!a degradable de 

hidroxiapatita y tricalciofosfato. Us e!ernpro be on produoto comerSlizado bao at 

nombre comercial tRICOSfi, que contend one mezc!a de 600A de bidroxiapatita y 

40% do tricalciofosfato. Otros granulos do hidroxiapatita porosa/fosfato de tricalcio, 

25 as at CAMCERAMfi,. 
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Tamped as posible utilFzar grªnulos do hidroxiapatita/fosfato do tricalcia no 

porosos, grÆnulos de hidroxiapatita pura (porosos y no porosos), granules de 

fosfato de trrcalcio (porosos y no porosos, granulos de sulfato de caIco, pedazos 

de hueso (bien sea auto-njeflo a aoinerto) 0 pedazos de Ilueso S xenoinjodo. 

S 

La cantidad S los granules an Is niatriz compIenientda so regula par el espaclo 

niuerto S los granules. En una modalidad preferida, Is proporcion as 1:1 der 

volumed de espacio muerlo en los granules at volumed total de liquidos on Is 

matriz; esto constituiria a! limits superior de Ins granules en a natriz. 

0 Dependiendo de to close de ¶rae%ura cualqthar contended do grbnulos menores do 

as quo son posthies at Is class de fractura osea repulse solo Un soporte 

mecarlico merior. 

1. Metodos de Aplicaclon 

Is 

La natrir complementada se puede former in situ an & sitO de Is necesidad an 

sabre or coerce a se puede preformar y luego implanter on el sitio deseado, as 

decir, en el site de Is fractura. La gejificacionfformaciOn in situ puede ocurrir al 

mezclar las soluciones precursaras de fibrins qua contisnen e! Pm carl Ids 

20 grànulos, at estAn presantes, y splicer la matriz at silo S Is fractura. En otra 

modalidad Is matriz Se puede former per fuera del cuerpo y luego ser aplicada an 

(a farina preformada. Cuandu we rnatriz do tibrina ostØ siendo lormada os 

cumponentes precursores debon mantenerse separados area de a aplIcaciOn 

pare evitar Is poIimerzaciOn premature. Pam evitar el cantacto premature antes do 

25 Is admjrlistraciOn, un kit qua separa las soluciones precursoras uno del otro as 

puede utilizer. Luego de mezcjar bald condiciones qua permiten Jar porimerizatiOn, 

rae solLiciones precursoras forman una red tridmensional complernentada con 
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Pill Dependendo de Ids coniponentes preoursores y sus concentraciones, of 

trempo do ge!ifrcaciOn so puede ajustar a la necesidad. 

I En unl modalidad Is matriz Se forma de flbrinOgeno. El fibrinagena, a troves de 

I 
una cascada de varthe reacciones so ge(ifica para format una miflrz, cuando as 

I pueslo an cantacto con trombina y una fuente do cable a temperature y pH 

I apropiados. Los tree componentes, at flbrinogeno, Is trombina, y Is fuente de 

I calcio, as deben almacenar separadamente. Sin embargo, an tanto qua at menos 

uno de los tres componontes as mantenga separado los otros dos camponentes 

10 so pue4en cornb(nar antes de fat adrnrnrstTaciOn. 

La matriz complementada se dabs djsenar de taJ forma qua Is ntroducciOn do Is 

matriz as posible como Iquicos o an una consistencia coma pasta qua pormean 

Ilenan of sftio de fracture osea. La soudificaciOri permits al andamiaje, y par (0 tanto 

IS qua at agente actria, sea retonido an at sit%o de Is fraclura. 

I Las cØlulas tambien as pueden agregar a Is matriz cornp!ementada antes 0 an of 

I momento de la implantation, 0 eat posterior a ia implantaoiOn, an o posterior a Ia 

reticu!aoiOn del polimero pare former Is matriz, Esto Se pusde liacer adicional 80 

20 an of ugar de reticu!ar to rnatrr pots producr or espatiamefl%O imaersticial 

thseflado para promover Is proiferacon de to cetuta 0 el crecimiento inferno. 

En Uris modalidad el frrbinogono as disuelto (el dual puede contener 

adioionamente aprotinina pare incrementar Is estabilidad) an una solucion 

25 amortiguadora a tin pM flslatrgieo (en tin rango do ph de 6.6 a 6.0, 

proferibemene de p1-i 7.0 a 7.5) y almacenarse separadamente de una soluciori 

de trombina an un amortiguador do ojoruro do cabcio. La soluciOn amortguadora 
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para el thrtnageno puede Sec una sotuciOn arnothguadora do histidTha quo ncuye 

adiciunaWrente sotucon sauna amortiguadora do NaCl 0 IRIS. Ambas soluciones 

son tipcamente aimacenadas oongoladas y tionen quo set descongePadas antes 

do aplicaoiOn. 

5 

En una modalidad preferda, un kit, quo contiene PTH, profŁblomente una 

proteins de fusion PIlL un material granular prefedblernente quo contiene tin 

mineral do caPeic, tthrinogono, trontna, y una $uente do calm so sutninisira. 

, Qpconalmene, cu kit contiene one erruma de reticulaciOn, tI coma el Factor XIIIa. 

10 Ii PTH, prefoæblomente IS proteins de fusion Pm, puede ostar presents on el 

fibrnOgeno a Is soluctn do trombina. En una modalidad preferida Is so!ucidn de 

fibrinogono conVene er Pit-i, preferiblemente Un pepUdo de fusion PIH. 

Las soluciones do fibrFnOgena y 3e tronibina so mezclan preferiblemente rnediante 

Is un dispositivo do jorinqa de dos vias, an at cual ocurre Is meZC!a aC exprinAr los 

contendos do arnbas jerings a traies do una cÆmara moztladora Y10 agu)a yb 

un rnoclador estatico 

En una modalidad proforida tanto el fibrinOgeno coma Is trombina so almacenan 

20 separadamente an forma liafihizada. Gualquiera do IDS dos companeiltes 

precursores puede contener Is proteins do fusiOn y el material granular Antes do 

uso, as agrega un amortiguador tris o histidjna at flbrinogeno, at amortiguadar 

puede contener adicianalmente aprotinina Para farmer une saluc6n precursora do 

fibrun6gem kites do uso, to frombina ivotlzada so thsueuve on to solution do 

25 cloruro S calolo para former una solucian precursors do trombina. 

Subsecuentomente, Is soluciones precursoras do fibrindgeno y do Is tronibina son 

colocadas an recip[entes separados, frescos o cuerpos de jeringa y as rnezclan 
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utiUzando un dispositivo do conexiOn do dos vias, tel como una jeringa de dos 

vias. Opolonalmente  Ion rocIpientes, frescos a cuerpos do jeringa son bipartidos 

tendienda asi dos cameras separedas mediante one pefiiciôn ajuslable quo Sea 

perpendicular at recipente, frasco a pared do cuerpo do jeringa. Una do las 

S oÆmaras contiene or fibrinageno NofiJizado 0 a trombTna, Mantras la one caniara 

contiene una solucion amortiguadora apropiada. Cuando or embolo as presionado 

hacia abajo  to particion as muove y ribera el amortiguador an to cmara del 

fibrinogeno para disolver or libdnOgeno. Una vez tanto el fibrinogeno coma Is 

trorribina as disuelven, anions cuerpos do jeringa bipartite as unen a un dispositivo 

10 do ccnexion do dos vias y us contenidos as rnezclan at exprimirlos a naves do Is 

aguja do inyeccian unids aT dispositiva do canexion. Opcianalmente, at dispositiva 

de conexiOn contJene un mezc!ador estatico papa mejorar Is mazda de los 

Cori dos 

ii El material granular as puede sumirlistrar an una jeringa separada Do acuerdo 

con una modalidad preferida, all material granular as humedccido at inyectar aqua 

esteril an to lounge. Subsecuenteniente, to jeunga do dos vies anterior quo 

10 contiene las soruciones precursoras do fibrins y el PIP-I Se une a Ia jeringa quo 

contiene el material granular humedecido. El coritenido completo do is jeringa de 

20 dos vies as transfiere a Is jeringa quo contiene el material granular liuniedecido. El 

cantenda complete as subsecuenternente inyectado an el sitlo do Is fracture del 

hueso ymoldeable durante varios minutos. 

Adiciortalmente lips otros cornponentes edemas do ions ingredientes anterionuente 

25 niencionadas as pueden incarporar an as soluciones precursoras y/O las matrices 

resujtantes. For ejempla, on material qua contiene un mnerar de oalcio, as decir, 
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ufla sustanca hornogenea de ocurrencia natural qua contiene ios iones de calcio 

tales come hdroSpa%a, Se puede utilizer. 

Aunque las composiciones y los rrietodos Se han descrito an terminos do las 

5 modalidades preferidas, sera ovidenle pare aquerlos experlos an Is tecnica quo so 

pueden splicer variaciones a la composcion, los metodos yen las etapas a an Is 

secuencia do etapas del metodo descrito aqui sin apartarse del concepto, espiritu 

y aicance do la invenciOn 

10 EjampIos 

Ejemplo I Bloactividad do PTH1s.. y TGpIPTFI1,4 

El peptido PTHI34 muostra actividad similar a! PTH1.84, de longitud complete y las 

IS proteinas de ester longitud so pueden sintetizar mediante metodos de sintesjs de 

peptido de estado sólido estandar. 

Todos Ins peptidos as sintetizaron sobre resina solids quo utilize Un sintetizador do 

peptido automatizado utilizando qumica de 9-fluorenilmetiloxicarbonilo ostandar. 

20 Los peptidos as purificaron mediante cromatografla ciS y analizedos utilizando 

una cromatografia de fase inverse par via do HPLC pars determinar a pureaa asi 

oomo tambien Ia espectroscopia de mesa (MALDI) para identificar et peso 

molecular de cada producto. UtIizando este mØtado, ei PtH,4 asi Coma tambLØn, 

el TG-pl-PTh,8. 

25 NQEQVPLYKt4RSVSEIQLMHNLGKI-4LNSMERVEWLRKKLQDVHNF (SEQ D NO. 

G) y TGPThi4 NQEQVPLSVSEQLMHNLGKHLMSMERVEWLRKKLQDVHMF 

(SEQ IDM0. 20) ¶ueron sintetzados. El TG-p-PTH,,3 y & TGPTHi4 difieren del 
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PTh,34 en qua este oomprende adconalmente el domingo de sustrato del Factor 

XiiIa quo esta ligado at PTHI.N per via do Is secuenca pl degradable do pJ8smna 

YKNR (SEQ iD NO. 18) an ci case der TG-pi-PTHi y directanlente an el case do 

TGPfHi.. 

Para estudar Is bioactividad de los peptidos de fusOn PTI-I, as estabIeco on 

erisayo do gen reportero. En este ensayo in plÆsmido qua confiene el gen 

reportero de luciferaza quo esta lEgado at promoter del receptor de hormona 

paratiroide es transfoctado haca las ceJulas. Entonces, si Is cØlula as expone al 

10 P11-i y ci PIP-I subsecuentemente Se one a so receptor sobre to celula, one 

cascade de senP, dirigida a moves do los niveles de cAMP elevados Be nicJa. A 

traves do one regulacion do retroaiimentacion naturaj, este entonces conduce a 

ma reduccion do los niveles del receptor PTH. Como Is reduccion es directamente 

a travØs del promoter, este tambiØn conduce entonces a one disminuciOn en Is 

15 prcducoion del gen reportero ligado. Utilizando este ensayo, Is actividad do ambos 

PIHi.u natives asi como tambi&i del TG-pl-PTHi Be estudisron y compararon 

con on estÆndar intemacional. Se observe quo ambas nioreculas mostraron on 

nlvel similar de actividad, come Is reduccion an Is expresion del gen reporters pars 

ambos era Is msma, y este rival de actividad era el nlismo pars el ostandar 

)0 internacionar. Los resultados as n,uestran an Is Figure 1. 

EJomplo 2: Liberación do P11-I de one matrix de fibrins 

Una matrjz de fibrins No becha de los componentos precursores de fibrins del Id 

25 TISSEELfi (Baxter AG, CH-8604 Vorketswil/ZFi). La composiciOn Be hsta an Is 

Table 2. En Is presoncia de 0,1 pgIml de PTHI.M 0 TGPII-Ii34 so agrego entonces 

ala trombina, y as mozcla pars former one concentracidn horrogØnea. Er TGPTHt 
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solamente Uene una zecuencia do %ransghitaminasa an el terminal amino sin on 

&to de degradacion. Mi, at TGPTI-41.4 sOo as puede hberar mediante is 

degradacOn do ta matrir de fibrina misma. Este peptido Se sin%etto coma se 

describe anteriormente an at Eenip(o I - 

5 

Para el primer ensayo do lberadOn one matriz de fibrins do 50 jil con 01 mg de 

PTH o TGPTH par ml de matriz do fibrins as incubo a alt On 10 MI do 

amortiguador Per In tarito, Is concentraoiôri deJ PTH o el GTPTH on el 

amortiguador an el caso de Is fiberaclon total send do 0.5 pg do PTH 0 TGPTH I 

TO niL do matriz do fIbriria. Con elfin de comparar Is estabilidad del PTH 0 oP TGPTH 

durante el onsayo, las muestras do PTH 0 TGPTH as dJluyeron direotamente an el 

aniortiguador a one concentracion de 0.5 pg do PTH o TGPTH I mL do matriz do 

f,brina. Diterentos amortiguadores as onsayaron: ague dostilada, sojucion saline 

do amortiguador do fosfato, soluciOn salina do amodiguadar tris. 

15 

Las ailcuotas as tomaron an los dlas 0, 1, 2! 4 y 6 y as analizaron mediante ELISA 

directa. Los resultados mastraron quo aT PIP-I no era eatable duranto ones do 2 

Op  alas an ninguno do Ins amortiguadores. Par ro tanto, no so podria haoer 

tonclusiones same los datos do liberaciOn. La estabilidad del PTH fire ciertamente 

20 ofectada par so bale concentracian y fos amortiguadores que no fueron optimos. 

El experimanto do Pibaracion as ropitiO al utilizer el amortiguador estabilizante quo 

contend 50 mM de marital an lOnM do amortiguador de acotato do sodio 

AdemÆs, er amortiguador as intercambiO cable 2 Was con el fin do evitar cualquicr 

25 degradacTOn dcl peplido La concentracion del P11-I 0 el TGPTH as increment5 a 1 

mg de PTH olGPTH I niL de matriz do tibrina an one maThz de frame do 100 ply 

La incubacon as logrA an I mi do amortguador. La concentracion de P11-i 0 
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TGPTH on at amorUguador an or caso do Is Jiboracion total seria de 100 pgfmL de 

matriz de fibrins (200 veces mas qua antes). Como an al primer experimento, 

muestras clavoteadas (is misrna oantidad do PTH a TGPTH disuelto an el 

amortigusdor coma control) as prepararon para evaluar is estabilidad del PTH 

5 TGPTH durante el experimento (100 pg/mI). Las niuostras fuoron recolectadas 

I cada 2 a 4 alas (con Un canibjo do amortiguador) durante 2 semanas y analizadas 

I

 

momenta ELISA threcta. Las muestras cave1eadas tambiŁn fusion recolectadas 

I 
cada 2 dla& Los resuttados mostraron quo bajo estas condcones at P11-4 y at 

� TGPTH son eatables durante 2 semanas. 

10 

15 

Comb as prods ver do Is Figure 2, Is liberacion principal do Is matriz do fibrins as 

logra dentro de los 3 also, Cam er 60% del PTH y el 13% del TGPTH Se liberaron 

despues do 3 dias. Estos datos demuestran qua Ia retencion do! PTH an Is matr[z 

do fibrins as altamonte mejorada par Is adicion do Is socuencia TG. 

Ejemplo 3: Modelo do Defecto de Tibia do Oveja 

La 
matæz do fibrna as foimô partendo del kit TlSSEEL (Baxter AG, CH-8604 

VoLketswil/Zl-4) dando una mat,z do fibrina do 4 niL. El TIssEEL as producdo do 

20 Un plasma agrupado derivada do humane y at contenida do (OS ngVedenteS 

activos 
puede varier do late a lots dentro de los tangos preleridos. 

Mafriz: La matriz Se preparO utilizando 3 joringas separadas, una jeringa do dos 

Was qua conliene una soluciOn precursora do fibrins y Un peptido do fusion PTH 

(jerimigas I y 2) y dos jeringas do una via qua contienen granulos (jeringas 3 y 4). 

25 La Tabla 2 lista Is composiciOn final utllizada. 
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Tabla 2: Composción Final qua  coinpiendo TISSEELt y componento actIvo 

Ingredientes  

Peptido do fusion PTHi v (TGpIPTH1.34) 
0.4-10mg 

hbrinogeno tHumano) 66-100 mg

Otras Ptot&rias 

Aprotinina (Boviria) 2048-3409 <lU 

AJbmina Humane 9.1 - 18.2 mg 

Componentes Arnortiguadores 

Niacinamida 27-8.2mg 

L-H[stithna 9.1 -22.7mg 

Citrato de Sodo 4.4-as mg 

Polisorbato 
sa 

0.6-1.7 mg 

Ague pare inyecaft I a I mL 

Mgw’ILas ua9u’artLes 

Trombina (Humane) 25-6.5 U.I. 

Componentee Amoftguadores 

C(oruro de Calcc. 5.8810 6  jug 

Cloruro do Sodio 3.6-5.5 mg 

Sero AbOnuna hurrana 45-55 mg 

Agua para inyecciOn a 1 mL 

1.75-2g 

(granulos TCP) 

Priniero Los grÆnu(os de hLdrodapatitaibs1ato de cacio en la jennga 4 Be 

humedeceron medLan%e a inyewft deL aqua tie In jeænga 3. La soIuoion 

5 preoursore be fibrina tie la )erLnga 1 (1ibrnogeno y PTF-I suspenthdos en Ufla 

soluoiOn can aprotinina, Un inhibidor do proteinasa do serna quo ayuda a reducIr 
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Is fibrolisis pare reamer Is integridad de la matcz de fibrina) Se rnezclO con una 

solucian precursors do tibrina de Is jertnga 2 (trombina an lAna so(ucôn de cloruro 

do caPco). El TGpIPTHI.0 as formuro an at components de fibrinogeno cars dec 

una concentracjOn final an Is matriz quo vans deeds 0.1 mg/mE a 10 rnglmL de Is 

S 
matriz do fibrina y duranto or procosa de ge!ifioacian de TGpIPTM,. as reticuto a 

Ia matrjz. Las soluciones precursoras do fibrins tamblen contenen otros 

componentes do matriz de fibriria, tales come fibronectina de plasma Factor Xllla, 

prasminogeno, y ajbümina humane. Cuando las soluciones precursoras son de 

volLmenes 
guIes, el pr000sr’ de coagulacion ocurre pare formar f,brina. El 

tO proceso do coaguPacOn tiene luger dursnte varies minutes to qua permits Is 

inyeccion simulSnea do ias soluciones mezcladas an Is jeringa 4, Is anal contiene 

los granulas humedecidos. La matrz puode ser entonoes Entroducida an OJ site 

necesario donde Sets as solidifica. Suficiente matrrz me colocada an el dofeoto 

para Ilenarla cornpletamente. 

IS 

An/males: Un total de 42 ovejas hembras Alpinas Suizas, quo variapi entre 44-83 

kg (media: 52.8 kg) y 226 - 4.75 anos do edad se escogieron coma animales 

experrmentales. Se forniaron slate grupos con auto-injertos coma posPvo y matriz 

do fibrins mØs grÆnulos TCP coma controlos negativos. Los otros grupos 

20 consistieron de Ia nlisma matriz de fibrins y granulos TCP, pero dlfirieron 

solamente an Ia dosis del TGpPPTH134. Los grupos fueron seguidos durante 12 

semarias, cuando los animales fueron sacrificados an an matadero propiedad do 

Is universidad. Todos los experimentos con animales fueron coriducldos do 

acuerdo a las ayes Suizas de proteccion y bienestar do los animales y as 

25 autorizaron par las Autoridades locales del GomitØ do Etica y vetorinaria. 
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Drug/a: Una aproximacion media al eje do Is tibia as desarrollo directamente p01 

encima del hueso qua as oxIende desde el aspecto dEstal do Is articulation 

rotulina al de ]a articulaciOri de is extremidad posterior, as hiza incision an Is fascia 

media de Is tibia y el aspecto media de is tibia as expuso sin effector del periostia. 

S Una place de compresian dinÆmioa amplia de 3.5 mm con 11 huecos (Synthes) so 

contorneO al eje con an extreme distante de Is placa frnalizando par enoima de Is 

articuJacOn tibiotarsal. La place se file al hueso utilizando once tortillas de 3.5mm 

an una posiclOn neutra y distribuyendo once huecos de tornillo distantemente Y 

seis prOximos al defecto planoado. Los tortillas y las places se remOvieron. 

10 Pastoriormente, Its dofectos as marcaron sabre el hueso con una hoja de 

esoarpelo utilizando Un calEbrador qua asogura an defooto de 1 can estandarizado 

entro el 5’ y 6’ hLjeco do tornillo. Con una cierra oscilante, el detecto as corto bald 

irrjgaciOn y preservation constante de Its tejidos suaves. El segniento de 1 cm 

quo inoluye el periostio circunferencial fire cuidadosamente removido y el 

15 sangrado loiter do Is module osea a el tejido suave local so detuvo apricando 

presOn con una gasa. La place as reubico an todos los tornillos reinsertados antes 

de qua la matrir se Ilonara an el espacio Oseo coma Se descrFbo anterlorniente. 

Se tuvo cuidado Para distribuir Is matriz gualmonte par debajo de Is place, sabre 

el lateral y asj curio tarnbien at transcortex. 

20 

Para el prude do control de auto-injerto positive, el hueso autogØnico Se coseohO a 

troves do una incision local directamente par encima de Is create liaca. La medula 

osea del fleo as abriO utilizando huecos do perforaciOn mtltipIes de 3.5 mm. El 

hueso esponjoso as cosocho utilizando Un raspador y tue inrnediatamsnte 

25 colooado an of defecto quirL)rgico an Is tibia. DespuØs do Ilertar los detectos, Is 

fascia media so cerra rutinariamonto y Is pie1 grapada (Signet 35W8, Auto 

Sutures, Connecticut, USA). Aunque Jos artmales as anestes(aron, so tomaron 
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radiograflas utirizando vistas media lateral y caudo craneal de Is tibia. Yeses 

completes (Scotch castTMPrua. Laboratories 3M same, Francis) Se aplicaion 

involucrano ias extremidados distantos completes exlendiØndose haste Is mitad 

de to arliculaciOn de babilla at rival de Is patela La planta de las ur%as foe dejada 

5 abierta para aseguraf el peso qua Se Ileva sabre el sitio de fracture, pero evitando 

fuerzas de torsion o de code a travØs de Is inmovilizacion del eje de Is tibia a 

troves del yeso. 

Los animates fueron recubiorlos an Un sistema de suspension qua evita qua las 

10 animales se acastaran y as levantaran rapidamente originando Is re-fractura del 

limbo. Los animates fuerori mantenidos en un sisterila de suspension durante 4-5 

semarlas, donde ellos pudieron dormir, corner, defacer y orinar sin interferencia. 

Posteriormente, allies se mantuvieron an pequeæos eatables an gropes de 2-3 

animates durante el resto del periodo del estudio. 

’5 

Los cambios del yeso Se efectuaron cada 7-I0 alas 0 antes, Si los animares 

rnostraban problemas con el peso qua llevaban, y as lea dejO an el lugar durante 

minima 4 semarlas pero maxima 12 semanas. Radiograflas de seguimiento a 

troves de los vases as tomaron e las 4 
y a 

sernanas. Al memento del sacrificio (12 

20 sernanas), se tomaron radiografias utilizando faxitron (HP Electronics) despuØs el 

tejido suave, las placas y loss tornillos se rernovieron. 

Evaluac/On macroscopica: dospues del sacrifrcio, Se evalUa a formaciOn de 

puentes der espacio microscópicamente sobre Is place y Is estabilidad de Is 

25 fracture, los signos de TnflamatiOn y forrnacian del calla periostio. Todos 05 

huesos Se docurnentaron con una carriers digital (Minilta, Dimago 7) Is estabilidad 
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meGØnica Sc ensayO manualmente solamente, pero con preraucion para evitar 

dano del ejdo para preparacion his%ologca future. 

EvaluaciOn radioiOg(ce: Un sstema de ca!icacOn semi-cuanttatvo so desarrol!ô 

5 pare ev&uar las radiogratias. Las &tas caIfceoines tuecon tavorables para Is 

ouracian del hrieso. Las radiografias Se evauaron a traees S tres revsores 

independiantes, quienes no fueron iriformados acerca S los grupos y ios puntos 

de tiempo durarie el estudic. fodas las radiografias fueron calificadas durente una 

sedan y silas calificaciones diferian, las calificaciones medias se toniaron pars Is 

10 evaluacion estadFstica. 

Histofogla: an resumen, Sc corlaron secciones Oseas de tal farina qua el espacio 

previo completo as incluyO y a! carte as hizo aproximadamente y distante del 

primer hueco de tranillo. DespuØs da Is fijaciOn para-fonna!dehldo al 4% durante 

Ii 3-4 semanas, los huesos de bloque Se Iavarori. Sc deshidrataron an una serie 

ascendenta de alcohol, desgrasado an xileno y finalmente inflrtrado an resina 

acrilica, Despues de quo se completo Is intiltracion, as desarralrO Is potimerizaciOn 

an formas de Teflon. Las secciones Se cortaron an Is perle media y paralelas al 

ale longitudinal del hueso utijizando uris cierra its hands Exacta. Antes de qua las 

20 secorones its code Wean montadas sabre Its lÆmjnas plØsticas de acropaJ, se 

tornaron microradiografias con eJ faxitron utilizando una pelicula especial (Kodak 

PPL-2), Lail las seccIones tueron molidas y pulidas haste Un grosor de 30-40 

pm, Se perrnitiO el tenido a a suporficie con azul toludThe diferenclando entre 

niatria osea vials 
v 

nuea y tarnben grØnulos IC?. 

25 

Pare as secciofles delgadas 
(s pm), as bloques se toctaron en p%ezas mao 

pequelas qua cQntienen ar nienos up cortex y pacte del perostio y del callo 
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endostico. Se moritaron secciones sobre lthmFnas do vidrjo cubiertas con 

crornalaune, cargadas positivarnente, des-p!astMcadas y teæidas con azuJ toluidina 

o plate von Kossa tiflendo at contrateulido con McNeal. Posteriormente, Is matriz 

osea mineralzada se tine de negro mientras quo al oste&de no calcifleado as tine 

S be arul turquea. 

La Evaivacion histologica cueUtative Se conduo at enlocar tpos de cØlulas, 

se%ales S inflamación y mecanismos de degradacian de (as rnatrtces. 

JO La evaluac/On semi-cuanUtativa Se concerto an Is apariencia be os tipos de 

oØ!ura utilizando un sistema de calificacion especialmente desarrollado y as 

medjcjones histomorfomØtricas sirvieron como base pare Is evaluacion 

cuantitativa. 

IS La capacrdad regenerative de Is matdz (quo contiene diferentes concentraciones 

de TGpIPTH134) tue adicionalmente ensaysda an un defects be segrilenta an Is 

oveja. Aqul, defectos con grosor corrpletos de 1 cm unilateral as crearon an Is 

tibia de Is ovoid. Despues de Is ostootomla, el porostio as remOviO 

cuidadosamente pans asegurar quo el defecto fuera no uniforms durante al 

2( perodc be ¶iempo a set estudiado. DespuØs be a creaciOn del datecto, una 

material be geitioac6n in situ Sc colocO an ci detec%o tomo Sc descæbO 

antenornierfte en las mØtodos be Is secciôn de ap(icac(ªn. 

Pare propositos comparativos, diferentes dosis do TG-PTIi se evaluaron: 0.4. 1, 2, 

25 5 y 10 mglml, dos tratamientos be control Se desarroNaron donde no Se agrego 

YGp!PTH14 a Is matriz de compuesto de fibrins - grØnulo (0 mglml) 0 un auto-

injerlo (abreviado AT an Its Figuras 3 y 4) Se aplico (control positvo). 
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Las totografias de rayos X as tomaron code cuatro semanas i los animates as 

sacrificaron despues de doce semanas. En code punta de tiempo, se analzaron 

as totografias de rayos X y so determina Is extension de Is curaciorl. 

AdcionaImento, an at punto final, Ia tibia Se extrajo pars arialisis pot via do 

tomografla computarzada (CT) as coma tambŒn de NstoIogla. Finalmente, as 

desarcoda tine osteotorna complete y ue90 Sc puso an place sobre Un lado, ol 

defecto foe sometido a una tension signiicativa y a estueizos mecanicos. S at 

material ompleado data tratar el defecto no agrega una resistencia sign(ficativa, 

IC esto puede conducir at doblamionto de Is place y Is deformacion del ângulo. De las 

fotografias do rayos X y las muestras finajes, sets as otra parametric qua as he 

medido. 

Los resurtados de estos experimentos as muestran an Ia Figure 3: 

15 

Cuando Is tibrina mÆs el material TCP solo (control negative) so ensayd an este 

modelo, una respuesta de curao6n muy bad as observo. De los cuatro animates 

tratados con el material de control, ninguno de eljos mostro on alivio cilnicamente 

rePevante niostrando solamente uno una raspuesta do curacion moderada y los 

20 otros ties mostrando signos clasicos he no union despues de 12 semanas. 

AdemØs, on ias primeras cuatro semanas, todos los cuatro animales mostraron 

dobloz sIgrilficativo de Ia place y subsecuente distorsiari del defecto. 

En lee siguientes series de animates, Is matriz compementada Se ensayô con 04, 

25 t 2, 5o jo mgknL de tGpIPTI-1,. Coma una primer medda, se Obsefl/o Ostos 

animates con analisis radiogrÆfico pare determinar to cantidad do curaciOn 

periostica (formaciOn de callos). De las subsecuentes radiografias, Se observO qua 

el tratamierito do estos animales con varies dosis de TGpPPTHIM suministrO one 



cv 

WO 2006/072622 44 I’CT!E22006/050069 

respuesta dapendiante do deals sobre el range tratado. Especificamente, cuando 

las radiografias de estos anirliales Se examinaron, una respuosta de curaciorl 

periOstica mucho mM fuorte se observO on cada punto do tiompo para las dears 

entre 0.4 y 2 mg/mL con 0.4 y I mg/mL suministrando one curacion periOstics 

5 estadisticamente mas fuerte cuando as compare con aueIras tratadas con el 

material do control negative y Is curaciôn qua foe equivalents at auto-injerto asl 

come tambien a las 12 semanas. Adicionalmente, con a dosis de I mg/mi, Se 

observe qua is mayoria to Jos animates logaron una union thnica eslabte deniro 

do las 12 semanas (ver Figura 4). En at grope tratado con I ng/wL do TGprPTH1. 

10 34, despues de 4 somarlas, at primer signo de curacian ya as podria haber 

observado. Este curaciori Se incrementO significativamente an el Punic de tiempo 

de Is semana 6, deride ya on animal mostro union clinics, mientras los otros cinco 

mostraron avance de curacion. Este progroso entonces do tal forma qua despues 

de 12 semanas los 5 animares mostraron uniones clinicas ostables. AdemÆs, $a 

if reserve one mejora significativa an Is estabilidad, mostranda so!amente Un animal 

doblez de Is place, Jo qua ocurriO dentro do las primeras cuatro semanas. 

En is Figure 4, Se muestra Is estabildad de los defectos de Is tibie segmental 

despues de 12 semanas, Oespues ic qua as sacritico is oveja a Is semana 

20 doceava, Is place as removiO y Is estabilidad del espado original Se detenninU de 

rnanora ligora. El porcentaje de los defectos foe claramente inestable y Se 

determino entonces. Se puede ver qua ninguno do los animales quo foe tratado 

con auto-injerlo tuvo defectos Jnestables validando el modelo. edemas, cuando los 

arlinla!es ftieron tratados con 1 mg/mE de 1GplPYH,, solamento on animal tu’io 

25 Un defecto inestablo suministrando urla respuesta de curacion similar fuerte. Las 

deals cercanas a I rng/mL tambien mostraron estabilidad miontras quo las Coals 

mayores y la deals care mostraron una estabilidad mucho merlor an el punto finer. 
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Como one medida final de curaciOn, Is tasa de formacion Osea endostioo 

(formacion Osoa an Is caps interior do lus huesos argos, as docir, interior der 

espaciD) y Is reabsorciOn do grÆnulos as midlo a haves de I,istomorfometria. So 

5 obsewo quo con una dosis do 1 mg/nt as TGp!PTH,.z,, is cantidad do tormadOn 

Osea endosuco fue mayor quo con Jas otras concentraciones do TGPIPTHT.M, con 

dosis mayoros suministrando las cantidades inferiores do nuova lormaciOn osea. 

Adicionalmente, so observo one Is tasa de reabsorcion del granulo fue 

directamonte proporcional a Is tasa de formaciOn osea endostico, Con do nuevo 
40 

10 una vez, Is dosis de I mgknL do TGplP1-iis. sum}nistrando Is major respuesta 

(es dec11! Is tasa de reabsorcion mas alta). Cuarida as observo at range do dosis 

oompleto, as pudo ver quo las dosis mÆs altas suministraron areas inferiores do 

tanto la forrnacion osea endostico coma Ja roabsorcion do grÆnulo, con dosis 

airededor de 1 mg/mL do TGpIPTH1.34 suministrando Is major respLJesta. 

IS 

Los resultados rnejorades an a’ grupo t,alado con TSpPTH,34 comparados con 

los grupos do control demostraron quo a presencia de dosis clinicamenta 

relevaritos do TGpIPTI-i,.34 an las matrices complomentadas puedo conducir a una 

majors fuerte an Is curacion. La curaciOn mare rapids, mejoro Is formaciorl Osea, 

20 asi como tambien mejorO a estabilidad de este modelo mecanicamente 

tensionado as cuales son caracteristicas relovantes pars justificar Is aplicacion de 

(a madiz cernp(ornentada en (as fracturas do compreson cad%a( dstaIes. Ademas, 

an vista do Joe resultados de Is formaciOn osea do periostio, Is tormaciôn osea 

endOstico y Is reabsorcion do granu!o y Is estabilidad total, so podria vor quo las 

25 dosis do entre 0.4 mg/m! a 1.1 mg/rnL do TGpPPTI-ii.34 do matrz do fibrins as oF 

rango do concentracion mas preferido. 
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REIVIMDICAC!ONES: 

1. Una formulaciOn quo comprende 

5 (1) un pØptido seleccionado del grupo qua conSte do PTH y no 

peptido do fusion PTH; 

(ii.) an material granular quo comprende un mineral do calcio 

iii5 una uomposiciOn capas de lormar use matriz do fibrina baja 

condiciones fpsiolOgicas quo cornpronden un components precursor de 

10 firbinOgeno y un components precursor do trambina, 

an donde el PTH 0 el peptido de fusion de PTH estÆ presents en un rango de 

concentraciOn de entre 0.01 a 2 mg/mL de matriz de fibrins a los 

cornponentes preoursores que forman Is matriz, con Is condiciOn de quo 

15 una concontracion de 0.4 mg/ML tie matrz tie (ibr%na a tie OS 

caniponentes precursores qua forman Is matriz no estÆ incluida. 

2. La formulacian de acuerdo a Is reivindicacion 1, en donde el 

components precursor de fibrinogeno 0 el components precursor de 

20 tronibina comprende ademas ung fuente de caFcio. 

3. La farmulacian do acuerda a Is reivindicacion I o 2, an donde et peptido 

de fusion do PTH comprende al menos dos dominios en ponds el primer 

dominic comprende PTH y el Segundo dominic comprende un dominic 

25 tie sustiato reticulathe. 
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4. La formujacion de acuerdo a cualquiera do las rovndicaciones 1 a 3, 

an deride at PTH as selecciona del grape quo consists do PTHia4, PTH1. 

ai, PTH, 34, PTA1,1, y P7)1i.2. 

5 5. La forniulacion de acuerdo a Is reiWndicaoon 4 on donde ci PTH as 

PTH1.,4. 

I 6. La formuiacjóri de acuerdo a Is roivindica&on 3, an deride ci Segundo 

I dominio coniprende Un dominio do sustrato do transgiutaminasa. 

10 

J. La formulación do acuerdo a is  reivindEcacion 6, en dandle at domnio do 

transglutaminaea comprendo un dominio de sustrato do Factor XIiIa. 

B. La formuiaciOn do acuerdo a Is reivindicacion 3, an deride el peptido do 

15 fusion PTH comprende ademas Un sitio do degradaciOn entree’ primero 

segundo dominio. 

I 9. La formulacion do acuerdo a cuaiquiera do las revindicacionos 1 a 8, 

en deride at material granular as una mezcla do fosfato de tricaicia e 

20 hidroxipatita. 

10 Un kit qua cornprendo Ia formuiacion do acuerdo a cuaiquiera de rae 

resindicaciones 1 a 9. 

25 11. Un kit do acuerdo a Is reivindicaciOn 10, an panda at components 

precursor de tibrindgeno y el components precursor do trombina Se 

soparan uric del otro. 
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12. El kit de acuerdo a la reivindicaciOn 10 U 11, an donde el peptido do 

fusiOn PTH comprende edemas un sitio do degradacion mitre el primer 

segundo dominios, cliche sitio de degradacion as un sitio de degradatiOn 

5 engimatico 0 hidroritico. 

13. Una matriz complementada qua comprende 

(I) PTH 0 Un peptido do fusion PTH; 

(ii) un material granularque comprende un mineral do caleb 

10 (iii) fibrina; 

En donde cliche PTH a peptido de fusion PTH esta presente an un range de 

ooncentraoiOn do entre 0.01 a 2 mg/mL do matriz de fibrina, con a 

condiciOn do quo Ia coricentraciOr, do 0.4 mg/mL de matriz do fibrina no 

IS estA incluido. 

20 

14. La matriz comp!ementada do acuordo a la reivindicaciOn 13, an donde oP 

PTH so seleccbona del grupo quo consiste de PTHi4, PTH133, PTHI.M. 

PTH1.31. y PTH1.25. 

15. La matrix complementada do acuerdo a la reivindicacion 14, an deride el 

PTH as PTHi. 

16. La matrix compPementada do acuerdo a cualquiera de las 

25 roivindicaciones 13 a 15, an deride la matriz complenientada so forma 

de una composiciOn capaz do former una matrix do fibrina y un peptido 
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do fusion, que comp ran da el PTH en u  primer dominlo, y u  dominjo do 

sustrato covalentemente roticulable an un segundo dominio. 

17. La matriz complementada de acuerdo a la revindicaciOn 16, an donde el 

5 segundo dominic comprende un dominic de sustrato de FactorXllla. 

18. La matriz complementada de acuerdo a cualquiera de Las 

reivindicaciones 13  17, on donde el peptido de fusion PTH oornpronde 

ademas un sitio de degradaciOn entreel primer y segundo dominios. 

19. La matriz complementada de acuardo a la revindicaciOn 18, on donde at 

side de degradacion as un sitio do degradacion enzimatico. 

20, La matriz complementada de acuerdo a cualquiera de las 

13 reivndicaciones 13 a 19, en donde el material granular as una mazda 

de fostato do trioalcio e hidroxiapatita. 

IS 
21. Use de una matriz complementada de acuerdo a una cualquiera de las 

reivindicaciones 13 a 20 pare la elaboraciOn de un medicamento pare 

20 set localmente administrate pan la reparacion de fractures 6seas-

22 Use de una formulacibn de acuerdo a una cualquiera de as 

reivindicaciones I a 9 pare la olaboraciOn de un medicamontO pare ser 

Iccalmante administrado pare la reparaeiOfl de fractures oseas. 

25 

23. Use de acuerdo ala reivindicaciOn 21 022, an donde la fracture Osea as 

una fracture distal del radio ode a tibia. 



WO 2006/072622 50 PCTIEP2006/050069 

MATRICES COMPLEMENTADAS PARA LA REPARACIÔN DE FRACTURAS 

ÔSEAS 

Resumen: Se describen aqui matrices complementadas quo comprenden un PTH 

iberablemente incorporada an Østas, qua contienen opcionalmente un material 

granular. El PTH se incorpora a troves its enlace covalente a Is matriz o a traves 

de interacciOn no covalente con Is matriz y/c los granulos. Estes matrices 

complementadas disminuyen el tiempo de curación comparado con el auto-injerto 

y 0 disparan Is curacion de as fractures Oseas qua de otra manors no curarian. 
S 

10 Las matrices son biocompatib!es y biodegradables y Be pueden former in vitro o in 

vivo, at momento de Is implantacion. El PTH puede ser parts de Un peptido de 

fusion. El PTH Be puede incorporar an las matrices con retencion complete de su 

bio-actividad El PTH Se puede incorporar liberablemonte, utilizando tecnicas qua 

suministran control sabre coma y cuando y quo grado S PTH as liters utilizando 

IS la matriz coma Un vehiculo de liberacion controlada pairs corer fractures Oseas. 
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ConcentraclØn de peptido de fusion PTH (mg/mL de matriz de fibrina) 
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<212> PRT 
c213> flQmQ sapiens 

<400> 2 

Mn Gil, G1LJ Girl Val San Pro 
1 5 

<210> 3 
<211> S 
<212> PRT 
4213> Homo sapiens 

<400> 3 

Leo Arg Gly Asp ASn 

<210> 4 
<211> 5 
’212> PRT 
4213> Homo sapiens 

’400> 4 

Pro Asp Gly 5cr Arg 

’210> 5 
’211> S 
<212> PRT 
4213> Homo sapiens 

Seite 1 



Ile LY5 Val Ala Val 
1 5 

<210> 6 
<2fl> 10 
<212, PRT 
<213> Homo sapiens 

<400, 6 

Arg Mn lie Ala Giu lie Tie Lys Asp :ie 
1 5 10 

<210> 7 
<21.1> S 
c2tZ PRT 
<213> Homo Sapiens 

<400’ 7 

dy Ala Lys Asp Val 
1 5 

<210> 8 
<211> 4 
<212> PaT 
<213> Homo Sapiens 

<400> S 

Lys Lys Lys 45 

<210> 9 
<211> 16 
<23.2> PRY 
<213> Homo Sapiens 

c00> 9 

Tyr Ar9 dy Asp 1kv 110 Gly dlu Gly Gin dln His HIS Lea GIYG1y 
2. S 10 15 

<ZIG> 10 
<211> 6 
<21.2> PRT 
<213> Homo sapiens 

<400> TO 

eu lie Lys Met LYS Pro 

<210> 13. 
<212> 6 
<212> PRT 
<21.3> Homo sapiens 

<400> ii. 

Mn the Lys Ser dln Leu 
seite 2 



<210> 12 
<211, 8 
<212> PRT 
<213> Homo sapiens 

<220> 
<221> Acetylated 
<222>  

<400> 12 

dy Pro LELI Ala Lew The Ala Lew 
1 5 

<210> 13 
<212> 6 
<212> PRT 
<213> Homo sapiens 

<220> 
<221> Acetylated 
<222> (1). (1) 

<400> 13 

Pro Pile Glu Lew Arq Ala 
1 5 

<210> 14 
<211> 5 
<212> PRT 
<213> Homo sapiens 

<400> 14 

lx Ala Ala phe Ala 
1 5 

<210> 15 
<213> 
<212> PRT 
<213> Homo sapiens 

� 

<400> 15 

Gy Pro Low Gly Ile Ala Gly Pro 
1 5 

<210> 16 
<211> 
<212> PRT 
<213> Homo sapiens 

<400> 16 

Pro His Tyr dy Arq Ser Oh  Gly 
1. S 

<210> 17 
<211> 

52te 3 



<212> PRY 
<213> Homo sapiens 

<400> 17 

Pro Gly 3cr aly Arg See Ala See Gly 

<210> 28 
<211’ 4 
<212, FRi 
<213, Ho,ao sap-ns 

<400, 18 

Tyr Lys ASH Arc 
1 

<210, 19 
<211, 46 
<212, PSi 
<213’ Artificial sequence 

<220, 
<223, modified parathyroid hormone (PHi), comprisig amino acids 1-34 of 

is

native PTH as well as a transolutaminase substrate domain and a 
plasmin-degradable sequence 

<400, 19 

ASH GU clu Gin Val Sr Pro LeU Tyr Lys ASP AvgSr Val Ser lu 

1 5 10 15 

Ile Gin LOU Met His ASP Lew Gly L  His LeLJ Mn Sep Met Glu Arg 
20 25 30 

val 6Th TIP Leu Arg Lys Lys LOU Clii Asp Val His Mn phe 
35 40 45 

<210, 20 
<211, 42 
<212> FRi 
<213> Artificial sequence 

<220> 
� <223, Modified Parathyroid hormone (PHT). comprisig amino acids 1-34 of 

native PTh as well as a rransglutaj’nnase substrate detain 

<400> 20 

ASH Gln GiLl Gin Val Sep pro Leo see Val San GTu Ile cln Leo Met 

2 5 10 15 

His psn Las Gh Lys H-is Leu Mn Set Mt Q10 Arg Val Gld TIP Leo 

20 25 30 

Arg LYS LyS Leo Gin Asp Val His Mn phe 

35 40 
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INTERNATIONAl. SEARCH REPORT 

EP0-Internal, IOSIS, WPI Data, PA’) 

Cdogootc chatn or do,mant, Mth Inseam, Whte appolf at the t’sn! pa 

WO 03/052091 A (EIDaENOSSISCH TECHNISCF{E 
H0CF{SCIJLE ZURICH; LINIVERSIIAT ZURICH; 

� NImBEL) 26 June 2003 (2003-06-2) 
cited In the application 
page 9, line 3 -line 16 
page 25, line 1 - line 27 
page 27, line 22 

- 

Tine 29 
examples 1,2 

SKRIPI1Z R El AL: ’Strong effect of PTH 
(1-34) on regenerating bone: A time 
sequence study in rats’ 
ACTA ORThOPAED!CA SCANDIAV1CA, 
MUSePA, COEIIIAEtI, OK, 
vol. 71, no. 6, December 2000 (2000-12), 
pages 619-624, XP002319215 
ISSN: 0001-6470 
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PATENT COOPERATION TREATY 

PCT 101 
INTERNATIONAL PRELIMINARY REPORT ON PATENTABILITY 

(Chapter II of the Patent Cooperation Treaty) 

(PCT Article 36 and Rule 70) 

I AppIicans or 
PKU0002W0 

International nel No hemareal fill data (don&*sar/ 

PCTEP2006050069 06.0t2006 

OF 

0601.2005 

Imeniabonal Patent Classificaon JIM or natlo.iaI crassltloabon and 1PC 

NV. A61L27P2 

KL,ros Biosurgery, AG 

1. This report is the internatIonal preliminary examination report, establshed by this International Preliminary Examining 1 Authority under Article S5 and transmitted to the applicant according to Arlicie 36, 

2. This REPORT consists of a Total of 6 sheets, including this cove, sheet. 

3. This report is also accompanied by ANNEXES, cOmpUsing 

X0 sent to the sppficant and to flow fntemelłnal Bureau) a total of sheels, as toflows: 

o sheets of the description. came another drawings whicfl have been amended and are the basis of this report 
and, sheets containing rectlticalions atorIzed by this Authority parne flute TOjU and Section aol on the 
Administrative instructions). 

o sheets which supersede earlier sheets, but which this Authority considers contain an amendment that goes 
beyond the disosure in the international applicalion as flied, as indicated in item 4 of Box No. I and me 
Supplerner4al Box. 

b. D (sent to the Inernatnal Bureau only) a total of (Indicate type and number of electronic carrier(s)) containing a 
sequence listing andr tables related thereto, in electronic torm oniy, as indicated In the Supplenlentai Box 
Relating to Sequence Listing (tee sectiOn 802 of the MrnistretWe nstrjctlor4. 

4. ThIs report contains incations reiatirig 10 the lollowing Items: 

Box No. J aasis of the report 

Box N. hi rrioti 

Box No. ili Non establishment of opinion with regard to no,ctly, inventlt,e step and industrial applicability 

Box No. IV Lack of unity of invention 

� 2 Box No. V Eteasoned statement under Article 35(p) with regard to novelty, inventive step or industnai 
applicability; citatic.,s and explanations supporting such statement 

O Box No. Vi Certain documenis cited 

O Box Ni Vii Certain detects in the international application 

O Box No. Viii Certain observations on the international application 

25.05 21:07 
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reverse exani inirig author lty;  
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INTERNATIONAL PREUMLNARY REPORT Wlerna%ion applicaon No. jib ON PATENTABILITY POTEP2006iO50069 

BOK No I Bnsis ot tI,e ’eport 

1 With regard to the language, this report is based on 

the international application in the language in which it was tiled 

C] a translation of the ntotation& applitation nto whith is the language 
of a translation furnished for the purposes of: 
O international search (under Rules 12.3(a) and 23,1(b)) 
o publication of the international application (under Rule 12.4(a)) 
S international preliminary examination (under Rules 51 anbr 51 

2- With regard to the elemental of the International application, This report is based on (replacement sheets which 
have been furnished lone receiving Office in response to an invita6on under Mb/a 14 are referred to in this 
mood as, "originally fHS’ and are got annexed to this repoit) 

ncriptlon, Pages 

141 as originaltli flied 

Sequence listings part of the description, P8900 

I 14 as originally filed 

Claims, Numbers 

1.23 as originally filed 

Drawings, Sheets 

Tht-414 as originally tiled 

a sequence listing and/or any related table(s) - see Supplemental Box Relating to Sequence Listing 

3, 5 The amendments have resulted in the cancellation of 
o the description, pages 
o the claims, Nec. 
O the drawings, sheetsfiigs 
o the sequence listing (specm,y 
0 any table(s) related to sequence listing (speci4’ 

4, 5 This report has been established as It (some of) the amendments annexed to this report and listed below 
had not been made, since they have been considered to go beyond the disclosure as filed, as indicated in the 
Supplemental Box (Rule 70.2(c)), 

0 the description, pages 
O the olainis, Nos. 
S the drawings, sheetatigs 
S the sequente Word (specny): 
o any table(s) related to sequence listing (specit): 

* If item 4 appj1es, some or en of these sheecs may be marked ’superseded. 

Pomi PCTAPEA/409 lAPtil 2005) 



C, 

INTERNATIONAL PRELIMINARY REPORT international application No. 
ON PATENTABILITY PCTMP20O&50069 ’I 11 

Box No. V Reasoned statement under Arlicie 352) with regard to novelty, inventive step or Industrial 
applicability; citations and explanations supporting such statement 

I. Statement 

Novelty (N) 

Inventive step (IS) 

lindustrial apphoability (IA) 

Yes: Claims 1-23 

No: Claims 

Yes: Cairns 

No: Claims 123 

Yes: Claims 1-23 

No: Claims 

2. Citations and explanations (Rule 70.7): 

see separate shes 

Fonn PCTAPEAI4O9 (April 25) 



INTERNATIONAL PRELIMINARY REPORT International application No. 12’ ON PATENTABILITY PCT,EP20065OO69 

Supplemental Box relating to Sequence Listing 

Continuation of Box I, and 2: 

I. With regard to any nucleotide andtr amino acid sequence disclosed in the international application and 
necessaiylotne claimed invention this report was established on the basis of: 

a. type of material: 

a Sequence listing 

D table(s) related to the sequence rating 

b, format of material: 

on paper 

E in electronic form 

C. time 01 fi!ingftumishing: 

� 
contained in the international Vacation as filed 

Z tiled together with the international application in electronic form 

0 furnished subsequently to this Anthony, for the purposes of search and/or examination 

received by this Authority as an amendment’ on 

2. D In addition, in the case that more than one version or copy of a sequence listing andr table(s) relating 
thereto has been filed or furnished, the required statements that the intonation in be subsequent or 
additional copies is identicai to that in the application as filed or does not go beyond the application as filed, 
as appropriate, were furnished. 

3. Additional comments: 

It item 4 In Box Na I goplies the Estflg anchor tabl,(s) related thereto, which torn, part of the basis of he report 
maybe marked upetseded. 

Form PCTAPN4O9 (April 2005) 



U3 INTERNATIONAL PRELIMINARY International application No. 
REPORT ON PATENTABILITY 
(SEPARATE SHEET) PCT/EP2006/050069 

As Item V 
Reasoned statement with regard to novelty, inventive step or Industrial applicability; 
citations and explanations supporting such statement 

Reference is made to the following document (DI) cited in the International search report: 

Dl ... WO 03/052091 A (Eidgenossische Techriische Hocbscbule Zurich) 

Document Dl discloses (cf. page 9, lines 3-16; page 25, lines 1-27; page 27, lines 23-29; 
examples 1, 2) fibrin matrices for bone regeneration containing parathyroid fusion 
peptides. 
The subject-mailer of claims 1-23 of the present application differs from Dl in the 
presence of a granular material comprising a calcium mineral and is therefore novel (Art. 

� 33(2) POT). 

The obØcthe technical problems considered to adapt the fibrin matiices containing 
parathyroid fusion peptides in Dl to make them suitable for the local repair of bone 
fractures. 

The solution differs from Dl in the addition of a granular material comprising a calcium 
mineral. 

According to the description (cf. page 19, par. 1), the granular material comprising a 
calcium mineral supports the mechanical properties of the fibrin matrix to adapt the matrix 
to the specific needs of the Indication. 
Granular materials comprising calcium minerals have been used for many years for the 
repair of bone fractures and their ability to improve mechanical strength was well-known. 

� The skilled person, trying to adapt the product of Dl for the repair of bone fractures, had a 
reasonable expectation of success that the combination with a calcium mineral would 
improve the mechanical strength. Consequently, the subject-mailer of claims 1, 10, 13, 
and 21-23 cannot be considered to involve an inventive step (Article 33(3) POT), 

The additional technical features introduced in the dependent claims, as far as they are not 
disclosed in Dl, come within the scope of the customary practice followed by the person 

For FUT1 PC’Tfseparats SheetI40 (Sheet 1) lEPO-Apill 2005) 



INTERNATIONAL PRELIMINARY international application NO. 

REPORT ON PATENTABILITY 
(SEPARATE SHEET) PCT/EP2006/050069 

skilled in the ad, especially as the advantages thereof can be readily contemplated in 
advance. For this reason, the subject-matter of claims 2-9, 11, 12 and 14-20 are ajso 
considered to lack an inventive step (ArPcle 33(3) POT). 

Fo PCT/Spmts ShetMO9 (Sheet 2) (O-ApiiI 2OO( 
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Indusfria yCoznercio. 
S C) P a RI NtE N N CiA 

REQUISITOS MINIMS PARA AOMISIQN A TRAMITE 
- . PCT 

PATENTE DE INVENCION [ MODELO CE UTILIDAD 

� IndiccLOri do quo so solicita a concesiOn do ucla patente 
+ 

Delos do dentifLcaciOn dot solioltante 0 its Ia persona qua presents ía sotioltud [4 
� CoscripciOn do Is irivenoiôn . K’ 
� Dibujos do 8cr estos psct?rtontos 
� Cornprobantedepago de las tasas establecidas t I 

COMPLETA ty’ INCOMPLETA I 

DISE&Q INDUSTRIAL 

� Lndioacion do quo Se solicita el registro do Diseæo Industrial 
� Dabs do identiticaciOn dcl solicitante 0 do Is persona quo presents Is soliettud [ I 

� 
RepresentaciOn grÆfica y fotografica del Diseæo Industrial o muestra dot 
material que incornom ci disoæo 

� Comprobarte do pago do as uses establecidas I J 

CONIPLETA [ ] INCOMPLETA I 

ESQUEMA DE TRZADO  +

Indication do quo as solicits ci registro de un.Esquema de Trazado 
� Dabs do iUenbiticaoian del solicitanbe Ode La persona quo presents ía sohicitud 
.4 RepresonteciOn grÆfica del esquoma trazado t 
4 Comprobante do pago do las tasas establecidas 

COMPLETA . INCOMPLETA I 

Firms Responsable 

Carrera 13 Na. 27-00 Piso 5,7 iO 
Conrnutador: 3 82 08 40 
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DENCIA DE tNDUSTRIA Y COMERCIQ 
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2020 

Doctor (3 
flRRSRO EMIL]:O 

REFERENdA Raicacidn No. 7 8013� 
solicited internacional PCT/6P2006/05005& 

Pecha inicto Lass national 06/08/07 
ttâraite it 
Events 375 
Actuaciófl 430 
OFJ.cio NO. 

11630 
Cct\o resintado del examen as terms, realizado con furidamento on ci artculo 38 de 

la Dacisidn 486 de ’a Comisiór’ de to  Comllidad P4iria art1tflo 21 del 7,acadd as 

Cooperacidn en Mater, de Patentee (OCT),refla 51 bin del Reglamento y Circular 

nica de la Superintendenola de tndustria y Comercio, Se le corounica We: 

1 La solLcitud no contisne U coia del doonmento en We consta In cenon del 

deecho a la patente del inventor al solicitante o a su causante. {Art. 361) 

Decision 426. cuartdo at tlate de docnnntoa otbrgados on ci etranjero. deberi 

leqalizacse de conformidad con lo dipussto per los articulos 259 V 260 del Codigo 

de ProceOlmiento Civil, 

2. Is oilcicud no contrast el pod, debidamenta otorado, con el lleno d Ins 

requisites engidoe so’ led arct’1o2 63 y subsiguientes del Codigo de 

procedintento Civil Pdicioza1elite, deer presentar Cl docunento We acredita In 

existences y representaciôn legal de Is sociedad moli,ltoate, cuando eata there 

persona juridica. 

En cumpl–miento de lo dispuesto per ci articulo 29 de Is iJeci-si&  ARE. Se it 

�requiere para We deters del termino de dog meses siguientes a la [moM de 

notiticactort del prem,rt, pfjc&o, complete led requisitos antariormente enunciados. 

On case de no dat cumplirniento a]. prescott requerimiatttO Is eoticttd at 

considerara abandonada y perderA an prelacion. 

Notifiquese ml pregente oficio conforms a Is dispuesto act at nttewal Si. literal 

e) del car1tul;1,y

 

tittle primero de It circular Voice No.10 de 2001. 

ALIX CMMEWZA CESPEDSS OR VERCEL 
Jefe de Is divisiłn de Nuevas Creaciones 

il anterior r2guerimlerito fue ’otificado pot tijaciu an lists de 

feclia  \F[ 

3 LetTalid 


