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25  In normal healing process, a bone fracture initiates a sequence of inflammation, repair, and remodelling
that can restore the injured bone to its original state. In humans, the inflammatory phase lasts about 5 to
7 days and begins with the development of a haematoma and is followed by the invasion of
inflammatory cells. These cells, in association with the local cells, secrete cytokines, chemokines and
growth factors to promote the recruitment of osteogenic progenitor cells and endothelial progenitor
30 cells, essential to initiate the repair process (Einhorn. Clin. Orthop. Relat. Res., 1998, vol. 355 Suppl:

S7-21). The recruitment of progenitor cells is divided in four phases: mobilisation, migration, invasion
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prophylactic interventions in inpaired fracture healing. The inventors thus
al so contenpl ate these nol ecul es as useful targets for therapeutic and/or
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treating inpaired bone fracture healing WO 2012/168484PCT/ EP2012/ 061036 4
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and/or activity of any one or nore nucleic acids or proteins selected from
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of 25any one or nore nucleic acids or proteins selected fromthe group
consi st ﬁ@e ipyengpreglisedshpt modulating the level and/or activity of SDF-1, SDF-1 receptor (preterably

20 any one or both of CXCR4 and CXCR7), IL-8, IL-8 receptor (preferably any one or both of CXCR1
and CXCR2), IL-6 and/or IL-6 receptor (CD126) in subjects suffering from impaired fracture healing
or in subjects having any fracture constituted a valuable option for treating such subjects. The inventors
further recognised the importance of screening for and identifying agents capable of modulating the
level and/or activity of SDF-1, SDF-1 receptor, IL-8, IL-8 receptor, IL-6 and/or IL-6 receptor in order

25 to provide or select those agents useful in treating impaired fracture healing or in treating a fracture.

Following extensive research, the inventors recognised compositions comprising one or more
pharmaceutical active ingredients selected from the group consisting of IL-8, a functional fragment of
IL-8, a functional variant of IL-8, and an agonist of IL-8 receptor, as a useful option for treating

impaired bone fracture healing.

30  Thus, among others the following aspects and embodiments are provided in accordance with the

present invention:



receptor, IL-8, IL-8 receptor, IL-6 and IL-6 receptor. An assay to sel ect
or isolate, froma group of test agents, a candi date agent potentially
useful i nwvoheizrestment of inpaired fracture healing or pcm/EPb@2t6®as nent of
a fracture, said assay conprising determ ning whether a test agent can
specifically bind to any one or nore nycleic acids or proteins 30sel ected
fromthe group consisting of SDF-1, SDF-1 receptor, IL-8, IL-8 receptor,
IL-6 and IL-6 WD 2012/ 168484PCT/ EP2012/ 061036 5 receptor. Such bi ndi ng
agents may be particularly suited or pronmising for nodulating the
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or more nucleic acids or proteins selected from the group consisting of SDF-1, SDF-1 receptor, IL-8,
15 IL-8 receptor, IL-6 and IL-6 receptor for the treatment of impaired fracture healing or for the treatment

of a fracture.

A method for treating impaired fracture healing in a subject in need of such treatment or for treating a
fracture in a subject in need of such treatment, comprising administering to said subject a
therapeutically or prophylactically effective amount of an agent that is able to modulate, such as
20 increase or reduce, the level and/or activity of any one or more nucleic acids or proteins selected from

the group consisting of SDF-1, SDF-1 receptor, IL-8, IL-8 receptor, IL-6 and IL-6 receptor.

An assay to select or isolate, from a group of test agents, a candidate agent potentially useful in the
treatment of impaired fracture healing or in the treatment of a fracture, said assay comprising
determining whether a test agent can modulate, such as increase or reduce, the level and/or activity of
25 any one or more nucleic acids or proteins selected from the group consisting of SDF-1, SDF-1

receptor, IL-8, IL-8 receptor, IL-6 and IL-6 receptor.

An assay to select or isolate, from a group of test agents, a candidate agent potentially useful in the
treatment of impaired fracture healing or in the treatment of a fracture, said assay comprising
determining whether a test agent can specifically bind to any one or more nucleic acids or proteins

30  selected from the group consisting of SDF-1, SDF-1 receptor, IL-8, IL-8 receptor, IL-6 and IL-6



advant ageous inter alia because these conpositions allow efficient
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will not heal spontaneously. Due to the differences between bone fractures the healing of which
proceeds normally and impaired bone fracture healing such as non-union fractures, it is unexpected that
the compositions as defined herein allow treatment of impaired bone fracture healing such as a non-

30 union fracture.



In certain enbodi nents, the present conpositions may further conprise a
gel-formng material. The terns "gel -form ng", "one phase" or "nonophasic"
can be uswo0miwsahangeably herein. The term "gel - for mpog/EPRéIRNEABE as

i nt ended t hroughout this specification enconpasses nmaterials formng or
capabl e 30of formng a solid, jelly-like structure (gel). The gel-formng
material nay be a gel per se or the gel- formng material may be a materi al
that is not a gel (e.g., that is liquid or solid) and that forms a gel WO
2012/ 168484PCT/ EP2012/ 061036 7 when conbi ned with or exposed to materials
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chondroitin sulfate, a keratan sulfate, a chitosan and derivatives thereof,

and a chMNih OQHGSﬁ@rqo\pg_lt:hI{,@goepqlf@r[@gjﬁed from Escherichia coli as described by Lindley et al.
PNAS, 1988, vol. 85(23), 9199-9203.

In certain embodiments, the one or more pharmaceutical active ingredients may be an IL-8 peptide or a
25 functional variant thereof, wherein the IL-8 peptide comprises an amino acid sequence selected from
SEQ ID No. 1 or SEQ ID No. 2.

In certain embodiments, the present compositions may further comprise a gel-forming material. The
terms “gel-forming”, “one phase” or “monophasic” can be used interchangeably herein. The term “gel-
forming material” as intended throughout this specification encompasses materials forming or capable
30 of forming a solid, jelly-like structure (gel). The gel-forming material may be a gel per se or the gel-

forming material may be a material that is not a gel (e.g., that is liquid or solid) and that forms a gel



The term "hyal uronic acid" or "HA" nmay be used interchangeably wth

"hyal uronan" or "hyaluronate". The term "hyaluronic acid" refers to an

ani oni c, wonesuisgstted pol yner of di sacchari des conposedpoii/EP201glosimas oni ¢
acid and N-acetyl-D-glucosanm ne, linked via alternating 13-1,4 and 13-1,3
gl ycosi di ¢ bonds. 30Hyal uronic acid derjvatives include but are not limted
to salts of hyaluronate such as sodi um hyal uronate or an ester of

hyal uronic acid with an al cohol of the aliphatic, heterocyclic or WO

2012/ 168484PCT/ EP2012/ 061036 8 cycl oal i phatic series, or a sul phated form
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adm ni stration. Such conpositions advantageously increase the ease of

admi ni st Fertexanplo fihetdheerats mppo D v enter wi glmwml anchaeip edl Tho®mh Heleip pudisicles tamd

costly opthoRaalG i égb?ﬁtg ablﬁtn%ré( er R ?(921)'%tard C -Erﬁ')'id a%’@ alsB RAGHERREQUS

adm ni stration” as u reln 0 any nedi cal mni stration
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surgery wheré inner organs or tissue are exposed.
monooleate, glyceryl oleate, (Z2)-1-oleoyl-sn-glycerol, or 1,2,3-propanetriol 9-octadecenoic acid.

The term “glycosaminoglycan”, as used herein, refers to an unbranched polysaccharide consisting of a
repeating disaccharide unit. The glycosaminoglycan may be selected from the group consisting of
25 hyaluronic acid and derivatives thereof, a proteoglycan and derivatives thereof, a chondroitin sulfate, a

keratan sulfate, a chitosan and derivatives thereof, and a chitin and derivatives thereof.

The term “hyaluronic acid” or “HA” may be used interchangeably with “hyaluronan” or “hyaluronate”.
The term “hyaluronic acid” refers to an anionic, non-sulfated polymer of disaccharides composed of D-
glucuronic acid and N-acetyl-D-glucosamine, linked via alternating B-1,4 and -1,3 glycosidic bonds.
30  Hyaluronic acid derivatives include but are not limited to salts of hyaluronate such as sodium

hyaluronate or an ester of hyaluronic acid with an alcohol of the aliphatic, heterocyclic or



Accordingly, particularly preferred enbodi nents provide the conposition as
descri bed herein for use 30in the treatnent of inpaired bone fracture

heal i ng byoperxmusssaeous admi nistration (i.e., wherein treT®mPEESsIBON i S
(to be) adm nistered percutaneously), even nore preferably the conposition
may be WO 2012/ 168484PCT/ EP2012/06103§ 9 admi ni stered by percutaneous
injection. To this end, such conpositions would be configured for

per cut aneous admi nistration, nore preferably would be configured as

i njectable conmposition. Wiere suitable, the conmposition may further contain
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substance, preferably an organic nolecule, nore preferably a small organic
ol el e Thertha Fgin s Bey Apred insrohapgesbhswith Tharagoppfaees sndisiestto 3 Bplnesve or
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SDF-1 receptor, L-8 receptor, IL-6 and IL-6 receptor. For exanple,

L-8, | .
such ageﬂrtboﬂ’e@e@?}r?bﬂ"%\]écnlf’B??é‘?CQ?“dé%senti ally of or consist of a reconbinant
nucl ei c id 20Q.conprisin sequence encodi n ne._ or of -1,
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receptor geljf&inﬁlgafﬁgtetjiéfaﬁd one or more pharmaceutical active ingredients selected from the group
consisting of IL-8, a functional fragment of IL-8, a functional variant of IL-8, and an agonist of IL-8

receptor, for use in the treatment of impaired bone fracture healing.

20 In preferred embodiments, the gel-forming material may be collagen and the pharmaceutical active
ingredient may be an IL-8 peptide comprising an amino acid sequence selected from SEQ ID No. 1 or

SEQID No. 2.

In certain embodiments, the composition may be configured for percutaneous administration. Such
compositions advantageously increase the ease of administration of the composition without the need
25  for invasive and costly orthopaedic surgical interventions. The recitation “percutaneous
administration”, as used herein, refers to any medical administration procedure where access to inner
organs or tissue is done via needle-puncture of the skin, such as by injection, rather than by using

surgery where inner organs or tissue are exposed.

Accordingly, particularly preferred embodiments provide the composition as described herein for use
30  in the treatment of impaired bone fracture healing by percutaneous administration (i.e., wherein the

composition is (to be) administered percutancously), even more preferably the composition may be
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essentially of or consist of isolated cells (e.g., autologous, allogeneic or xenogeneic cells) naturally

30  expressing or overexpressing said proteins. Administration of such cells to a subject shall effect
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limtation, agents which increase the |evel and/or activity of IL-8
receptor, nore preferably of human IL-8 receptor (IL-8 receptor agonists),
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essentially of or consisting of) protein or peptide 15agonists such as,
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25  (Zhangetal. J. Mol Cell. Cardiol., vol. 44(2), 281-292).

By means of example and without limitation, agents which reduce the level and/or activity of SDF-1
receptor, more preferably of human SDF-1 receptor (SDF-1 receptor antagonists), may encompass
(may be selected from the group comprising, consisting essentially of or consisting of) peptides such as
ATI-2341 or pepducin which is a CXCR4 antagonist (Tchernychev et al. PNAS, 2010, vol. 107(51),
30 22255-22259), and non-peptidic molecules, such as Plerixafor or AMD3100 (trade name Mozobil,
Genzyme Inc.) which is a CXCR4 antagonist bicyclam in which the two cyclam rings are tethered by
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t he groupwoaneimssisng of SDF -1, |L-8 and |L-6 by test agemter20mysings
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speci f i cetépom, meRpicterdDESCRInRAN ION @%pt?)t BUREScebler gma’geméts); inhwstcomass(npb/ as ma

el BTy BB LT PSP 9, B QR P SO LR
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ure ustrates serumlevels of -8 I n an experinmen
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30 By means of example and without limitation, agents which increase the level and/or activity of IL-6
receptor, more preferably of human IL-6 receptor (IL-6 receptor agonists), may encompass (may be

selected from the group comprising, consisting essentially of or consisting of) protein or peptide
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anal ysis with Hemat oxylin-eosin at 20 tinmes magnification nmade on coronal
section of (1) calvarial bone defect apd (2) normal bone, (C) Histol ogical
analysis with Masson's trichrone at 20 tines magnification made on coronal
section of (1) calvarial bone defect and (2) normal bone. Figure 7
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val ue sugRicas withRR RIBEEK und®N c@ABYRY generally conducive for such binding. For example and

without limitation, binding between the test agent and said one or more nucleic acids or proteins may
25 be suitably tested in vitro; or may be tested in host cells or host organisms comprising said one or more

nucleic acids or proteins and exposed to or configured to express the test agent.

Without limitation, the agents as intended throughout the specification may be capable of binding any
one or more nucleic acids or proteins selected from the group consisting of SDF-1, IL-8 and IL-6 or of
modulating the level and/or activity of any one or more nucleic acids or proteins selected from the

30  group consisting of SDF-1, IL-8 and IL-6 in vitro, in a cell, in an organ and/or in an organism.



25 a tenporal duration, and the like, is neant to enconpass variations of
and fromthe specified value, in particular variations of +/-10% or |ess,
pref er ablwowbt25¥s4n | ess, nore preferably +/-1% or | esspcamp@hiobiozéor e
preferably +/-0.1%or less of and fromthe specified value, insofar such
variations are appropriate to performijh the disclosed invention. It is to
be understood that the value to which the nodifier "about"” refers is itself
al so specifically, and preferably, disclosed. WO
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al . 1997Fieetk 3 lspraes srgnderhat 150 lliﬁg)eXPeg’é‘Prﬁr?PlFlP%@g PR qf Ron-ppipn ARients 991 |

Bi ot echnalogy- 17 wit BealthPéontals gev;Scatog. Manmalian Cell Culture (Curr Qpin
Bi ot echnol 2: 375, 1991). The term"protein” as used herein generally

enconpas Bgard g ﬁlﬁﬂﬁit@dbl\l'e&,SofCSDT’pl’ S $upgmane oﬁlbstéﬁbla@tlcpallly(DB@ piiltugke cahatins a

i.e., pol dc, chain si due nkegd by peptide bonds. The
term maygléﬁpc% 4% %e " %Evétllﬁglfalt% Ltjr 1S§H{(n ht hetical |y or

h
syntheti ?@ugyn%ﬁglﬁﬂ}é%?gevgé o %[?p“.g in SLPSnatdn? of Sésre%cﬁgg%i fclglg g{?%%%ﬁl? 7 @ﬁé%hﬁé A

t hat car expressi on ns o

pol ypept gwep efranfis) patisyie NG, = Wﬂld}@ﬂltby tanirplatilom =9l ycosyl ati on,

acetyl ati on, phosphoryl ation, sulfonation, nethylation, ubiquitination,

si gnal pEigurefeillpstnisyklels Ik Srimsupamaties of pstanplostic celb@HR) éulgirwnmnrxgracgr@mﬁ mes

or  pre- NS IRRGS el tsQNRCE L ¥ PwfiPkdBhy Bhiols HREntam further al so incl udes
pr otein variants or nutants which carry anm no acid sequence vari ati ons

Vi s- d- Vi Pigard®fepRSRR @ﬂét?aﬁh@tﬂu};’t&uﬁg Bk dsflts YR fordRitiSin aQ:alganal ﬁmemal @kt d
del etl Ongﬁ‘ addi t.i ons an( substitutions, The term contenpl ates both

Ul |21 ondt HEBFBIET HEU AT BR ot s PBRE e  AgHRAL S gagerc. ) Thsilogic

nat ur al | ymaBeie Withi I-E@mﬂfx@ﬂirﬁéd@m[hﬁQO ﬁmteshﬂlhgrﬁfﬁtﬁhlﬁl hEdRMNPIOAREISSEG 0BT 1)Sodihrial
full-length proteins. The term aci d' ed herej eneral |

enconpasts BOFY e ) 8ah)Sieokior HeBRbYGATHS SIS T BEMAGEI oy HE,
e.g., deowytifidateniaddeoh cademl enthhaif (I canidchoaotdfadesd (Nuohedleomci ds can

Figure 7 represents photographs illustrating the results of bone formation in a calvarial model in mice

25  for the positive control (BMP-2, 5 pg); (A) Imaging (X-ray) of calvarial defect, (B) Histological

analysis made on coronal section with Hematoxylin-eosin at 20 times magnification, (C) Histological

analysis made on coronal section with Masson’s trichrome at 20 times magnification. Boxes and

arrows indicate the zones where bone formation was observed.

Figure 8 represents photographs illustrating the results of bone formation in a calvarial model in mice

30 treated with a composition comprising the IL-8 peptide having the amino acid sequence of SEQ ID No.



30conprise purine and/or pyrimdine bases and/or other natural (e.g.

xant hi ne, inosine, hypoxanthine), chemcally or biochemcally nodified
(e.g., mwbybetmwsdss non-natural, or derivatised nucl eot iPde/HPasie®61036\0

2012/ 168484PCT/ EP2012/ 061036 17 The backbone of nucl eic acids can conprise
sugars and phosphate groups, as can tyﬁ)% cally be found in RNA or DNA,

and/ or one or nore nodified or substituted sugars (such as, e.g.,
2'-0-alkylated, e.g., 2'- O-nmethylated or 2'-0-ethyl ated; or

2'-0,4"-Cal kynel ated, e.g., 2'-0,4"-Cethylated sugars) and/or one or nore
nodi fi edlo{] A)SHBShd E)mfa%ﬂ opmfaﬂglac{e?ecg r(]@PH&to(o%tcﬁl analﬁﬁ@%ﬁ@@gd 8&tbiRN section with

phosphor ot hi oat e, hor odi t hi oat e, honat
phosphorgﬁmﬁaﬂeneaWk9qﬂbW%§dﬁé@P@%é@éﬁwsEuiﬁéﬁﬁ@%ﬁ“‘ml(€hﬁeg%%%%Hmwbﬁs

met Ihyl enela&e(rjreh haokdnert @@)wnh?memasw’ar@momm gia)ohme@ (R laadraltof emlr)llamtdngmptl de
nucl ei ¢ aci The term cleic aci prefera
enconpas&és" %{ﬂaglﬁwwﬂﬁgw} Wrrgl Sé?ﬂ?Pé“ét %é‘&i PR A ﬁﬁ@laﬂﬂii ng
hnRNAs pﬂ@tlm;ghfﬁﬁﬁ%gmﬁ% BRBBOBAICartINA, indicgnd el Ads WierP baBUDEnSation was

| | eot t het ch | | t hesi sed) DNA, RNA
oA A G B P ﬂ%ﬁ“g?kﬁél&?afg@&ﬁ Pt arly ogihfrei A
present n oreisala

f econbi N rgPre[‘j)\E&presen{] Rg?t%% frﬁ‘s e ufﬁlal{mg th & res 1Ps of l[)one Prma{1 on 1n k) calvarrai m%deh mn ml%(e:I |b¥

or bi ocheertdatithy compeshiog p@eﬂlsméthermfﬁlpeptcieae\n@ th@amnhatld@qwne%— Q;’tSE@rIDé‘éb
tly d
partiy Qgﬁg%n%ﬁlﬁga(gqtﬁﬁ s of Uiyl GHr&S, Eﬁj’ grcal\’a\% & 2GS tc«'éf@ﬁ]a(lijgéétl dﬁ%‘? on

nucleic a e sense stra e ant sense stran
nucl é9 ¢ Heicalvarahddist with Hematpxybp-epjimet a0 tm@sﬂihf@ ang APriimpss(pickis)aurenifcation, (C)

refer e”Cﬁlsﬁo%gﬁzapﬁﬁl%l%kh&ron(‘cg{m&@S‘c%n (! ﬁ/ﬂuss% s befhrdnfdSt @G’&ﬁesa(leﬁ%ldeﬂo%nﬁg' d,
protein, pepti de or peptide) generally denotes that such conponent

exists i ng%%@?%lﬂﬁcétﬁmf tRHistolpgigal @nakysis|neade Ry sorpiab peC@EitaPaigninQyh 28 times

pr epar ed(1athh@Lo BRbIGiahtafhghMicSRRAAE! A ab@MndicRB EreQonddWIEre BoREformation
conmponent s of |ts nat ural envi ronnent. For instance, an isolated human or

ani mal prEtESHYYr (L omsTEsphicgY ndsor¥ss- i n separation froma human or ani nal

body whe i sol ated" as used herein may

pr ef &t ab %Téﬁgﬁgbﬁ:ég%gwﬁfﬁgﬁm@%h%@un fi ed By means of exarrpl e,
the term ef er enge, " tides
or pept | o0 Bberaing M FRTEE0aT b8 B % R BP0 YRR L
nucl ei c a:elcdﬂqxtgeamllyehcrmsomeﬂwq@epu des or pept| des are in a discrete
environnment in which their abundance (conveniently expressed in terns of
mass or {Red ¢gnms Geonposiognt'centpirion) ané|"eqnpyiecd of' oashesed hgsinedre syeingwouspohk ei ns,
pol ypept "1gﬁ§dlr%r ' "ﬂ{%RJdé gls"cblﬁalmgé Qroﬁtgltn?r r%\i}l?ennélﬁhn% opb&h%g&egahd &(531{9? lngludé‘

di screte environnent denotes a $ing ium such for exanple a single
sol ug? onaddgmwnal, poneaedited memkers, PlowHeT <rr|na$&10é stepst Ehe tpgy 41£f<>| caePpagsPe icensgpngief”

prot ei nsyPebRERLSARSIQLrPEPt i des may be obtained by known met hods
including, for exanple, |aboratory or reconbinant synthesis,

chr omat oghaRMtiolP beRAMcAtHl vaeg@sl BRAOMESHS all G8Mbdre hddoRdclion sutRlu@ed RidtiAt | on,
affinity purification, etc. he inventors identified stromal derived

factor-1 h(SSWC_“LWdPng@(@i‘I%a“W“f PRt or, interleukin-8 (IL-8 or CXCLS),

I L-8 receptor nt,er eu ceptor ~as val uable targets
for t hor SipeaEt wblitehor Byt PEns hegpoa oD e R a PURT PLtsie

heal bhg. aﬁﬁ@onahdwzntoﬁra&dtﬁeum 1¥¥Bed20 b2h IgH SARCHEPHRR 06 HX3pelBdoent.énpl at e
these mol ATdc lla?sar?% f+'7II ga%é[ Sre]cfe?gblt h/eg/al?)efégsl & aenq/tgralr)TgLrPE)J/"yor eCss Ia(rzld

i nterventions i the trea P tar &8 "Phd"t non> uni o

fract ur el thbregotiomady nm-l&mmohgs of" amdrﬁfq:m ltt@rspe@iﬁed Wle, inn¢fer sllavgsabhsyare
concer N Ak 0 Foftth 08 oUR kNN AUS i8R B Sl obe abnb ke RunRE ™!

time peri es Inter al
modifier "about" refers is itself also spec1ﬁcally and preferably, disclosed.

30  Whereas the term “one or more”, such as one or more members of a group of members, is clear per se,

by means of further exemplification, the term encompasses inter alia a reference to any one of said



5 non-uni ons and unstabl e non-uni ons or pseudarthrosis. The terns

"mal -union fracture", "fracture malunion” or "mal-union" interchangeably

concern awoi2opersgsat uni on of previously fragmented boneCT/EPOIRAE1UB6

"del ayed union fracture” or "del ayed union"” interchangeably relate to a

fracture in which healing has not occugged in the expected time and the

out cone renai ns uncertain. Non-union, nmalunion and del ayed uni on fractures

are enconpassed herein by the term "inpaired bone fracture 10heal i ng" or
"inpaired fracture healing”. Inpaired fracture healing hence requires sone

form of h@&ﬁ&y%PRLQQt&@oﬁ&&@%ké&ﬁm&ﬁ@%éQﬂhaJQ% LhyB3,Bar 2086 at >3k Gt said

inmpaired fracture healing is concluded I n practice varies depending on the

part i cul aemberyendyneo alhepid megmhess. general |y accepted that a fracture not

heal ed by 6 nonths post injury will not heal w thout intervention. It has

al so been!l oLt eFdibihe BT LTE FHEL T HiyaTy SOPPRE Oy EfHwss inﬁlgelrvﬁnvqety
15result if a fracture_shows no sign of progressing towards healing

mont hs  pbBEssi oS spesified; diigpypsiupedd disciesing the Ratiofo RclHEAg eehnjcl 4d é‘“?‘i“ﬁ% an

exper s engafs, hiwcthe iRarbiy zgamﬂmmyl L@Ld@z«p@m&y bde df@rdieay skﬂIRaf @e anae whivhanighout

this speC|f|ca ion dlse .condij t enco uch di.seases
or cond: T HG" BLST B BB RET RO gé}swﬁm?@ s RS of o
parti cul e teaeding dtlicpresentwentispeci fical | y enconpasses inpaired fracture
heal i ng. Reference herein to the treatnent of a fracture nay 20enconpass
t he treaFmEnnadﬁnamﬁahmadghrmchwmamheakkmgnsAmdum&dahQMEWdlhtmmtwdﬁekance
to any Ommpﬂg %‘tc‘gﬁ) ec&lar%lmﬂﬁggtAemo&%H SRAANGR: £Q- KAFLRUELENCI 6], dnimat

e or

proteln eptide conmmo nown und e resp ect
desi ghat FORELRNE (. BredneyThe. 187 nheonisorhirisds SUBHYmOlobo| AsadolicBesprme ns,

pol ypept 'rf!lﬁs?ferqfectl%ﬁs%ﬂ A8 EmQAfan @ QT GAUIRPRWIES, ©afoWRY, 19@7’}0‘ ‘RRACAI PRIy Of
ani mal s, N@re erably warm bl ooded animal's, nore preferably vertebrates, yet

mor e Feéwlérr%}elogy AshshertsProtendy indYlpleculn Migheeyasd Fdonth sypgherel sedsst i | |
nore pr eﬁ%ﬁ%@l%spﬁzemﬁt DNA®1cHB ISy RAR et ahbaieRRPAIPEBS). such nucl ei ¢
acids, proteins, polypeptides or peptides with a native sequence, i.e.,
ones of whice tdcfillﬂqlféﬁ i@ YeuBe 6l HRNEEdid ﬁse§ Be osAAR A% Lhdn Qfgd figleNMGhBAlGN

aC|ds eptides or . nd in 1ved from nature.
A skt 1 oGOhEMEEH ARt R aE S Rt Bloe BT s ftBnssan Ry Bier®r Kyl
dlfferenBuﬁﬁﬁﬁmgs1ﬂwexbﬂL@QﬂﬁbkG&ﬂhmﬁmg@ﬂﬂﬁﬂﬁ&ﬂ@&eOpﬁﬂﬁ&mﬁ@ﬂ&lEB 19980
Mor eover, native sequences nay differ between or within different
i ndi vi dudhsteoh “proeing ampsdpeciegencady treompasseaimagemetetdesdiowprigng yne( aranerat i on)
within a given s ), | V&, S eaue SudTBY didfer: het ween, o ven
wtnin arppsReRRELEE; il b 4SRRI SRR o bt ol Pl
post -t r amsg ﬁmqgmp@maatm@lly pestbinadig, mzmmmmmm@/p@m@@@rmgns The
transy at | 0pals, R Fs%@st Isr&,@las tHg{'é/ar%%Q of Aok AR By Rbst! egﬂé %moﬁlﬁcé}% @

8 d ccordingly,

aci ds, protelns, es or peptides are Inten herein
al | sequeﬂﬂ@nﬂc@f clmési)eusecha@a? dwithqut otreitatian.  gladopatismi dedylationpappirbieslafiend i n

or der'Vﬁﬂﬁ$&8ﬂhﬂéﬁﬁ%@nqmﬁm%ﬁﬁ§hQQéﬁﬁmmﬂ&%%M§mlbiﬁﬁmhﬁ%@§ rSRSAMBAR Ssibhe
nucl ei ¢ aci ds, proteins, polypeptides or peptides when formng a part of a

i ving oPAPREHNCHIPENNOTMPRSS {0 FiVE EFS, er@hﬁﬁ@ﬁl fpesirerrplag ingluges dfotedt vagiants

bi ol ogi cal me@PlEich agryWaliho /%1 ééﬁ&ﬂceaatarlbtﬂﬁ§ VisRakdtd dorepoh@itithtifd p}meﬁlumah
sources. The terns al so enconpas he nucl ei ¢ acids, proteins, poI Etldes

or pé?m tes gmﬁ’é‘ﬁloﬁ‘F‘Sdlﬂ?Bﬁle%ﬂdli‘@%ﬁ’B OHéWPrWB‘i‘O“éyﬂFH%m ©niERlgies b@%é‘r‘}b

human nuglogits @ai Id&empgsaag &r NBagnpith, Y P& Pnhtth@By-dcupi@Ptprsleis f@ags tia Ghduc hesei n

may be as annot g NCBl Genbank (http://ww. ncbi.nl mnih.gov/)
% f‘@g E?“%% PoESA

accessi off" ﬁﬁﬂﬁ%?§u

The term “nucleic acid” as used herein generally encompasses polymers of any length composed
essentially of nucleotides, e.g., deoxyribonucleotides and/or ribonucleotides. Nucleic acids can
30  comprise purine and/or pyrimidine bases and/or other natural (e.g., xanthine, inosine, hypoxanthine),

chemically or biochemically modified (e.g., methylated), non-natural, or derivatised nucleotide bases.



10 skilled person can also appreciate that in sonme instances said sequences
may be of precursors (e.g., preproteins) of the nucleic acids, proteins,

pol ypept iwtexotriepspt i des as taught herein and nmay incl usdeTmEeedz/oedwseh are
processed away fromthe mature nucleic acids, proteins, polypeptides or
peptides. A skilled person can further appreciate that although only one or
nore isofornms may be |isted below, all 1soforns are intended. Unless

ot herwi se specified, the entries below are presented in the form Nanme 15
(Code; Genbank accession nunber for one or nore representative mRNA

sequencesghd Bickbone dISRAEIBE ABds cah @J)ﬂlﬁié@ Cligh¥ afd ﬁ%ﬁﬂh@t@ oAk, k&n Gpnb@nie serusnce

ver si on; Genbank accessi on nunb for one nor e COI’I’eSEOﬂdI ng

represenB§ﬁﬂW§»%hﬂﬁH“§E?ﬂ“%%ﬁﬁ@ﬁ@%%mégﬁﬁmwdﬁ%ﬁﬁéﬂﬁ%?s680 1M e§- Beri od

and the GanliMtcdS@PUENGRINVAI &1 DI)4'-C-aliShEIBR e gder-Dved- eﬁ@me@rsugarsaaﬁh/mw&or s
(SDF-'1 NM 199168, 3,  20NM 000609, §

a, 13, 7, cp and 12
001033888" ZHOYNNP@%EW?8’13%“’&““?@%8%{%%‘? grourRp (¢gy0 BB A0 iR} o@‘f@@@ Oaie
00117.4.60§h01})hofdatﬂabdteukiemylghc(sbﬂ.on&e @a@bl&ran@a?e 1a1k@CBiaspﬂoEGIter thﬁﬂ_mat&,YNAP

P NAP- 000584 3:. NP .000575.1) Inte leu i n-6
( | L- 6 Z@g@c ¢ et@ﬁi‘i‘e (‘%‘Jsﬂﬁ’%“% W FHHRBER o RBAGHE @%P“fﬁ “‘? ki ne
(G X- C ntiNA)). Tlmcterpﬂ Oncldic iasidf ﬁlrth%ﬁ peefaatﬂly ncOEpEERd DNABRANA HVHQ\IMRNR&;ybhd:Rl

NPYR, WHI 184 LESTR., NP NPYRL, SY 3R

001008548 FTRGHATES s RN AL BT R oSSR, Somtne dmpiiidign
Motif) r poAptsoliFoni@XERR, ARDGDhcEVKGRLherBRRYSSNtha0208A1 RNA NPDIBANY. 1)
WO 2012/ 0 v i

VP aadd ] BARASALIIAGEE0L oy R0 RIS ity s b Bl b PR s
CDw128b, TanDEDE 682 g8oducedNiy BTG DWP tohndle7 Aad/dr, campbe@mmlsuaorle)ntlrely

Interl eugﬂeﬁnc@ﬂ{‘%{;%{&ﬁéﬁméaﬁgf gk{tl'i@%wéd %dn&le(cwfscanlﬂe@ﬁﬁbl %tlranﬁal' artl%’%ﬂtﬁé]’ggl
| L- 6R- al pha 2, NM 181359.1, NP 000556.

5Unl ess BRdtdwpsanghhisandsdt Whets minglsetrandad. dhiq nuckesy ?é?rde??eé?eﬁ‘%ﬁ'r %einw %tr@mhiarythe

nucl ei ¢ agischse Mafd. &l RditRIMASPLIPNOE RERE bdgcaray general |y al so enconpass
nodi fied fornms of said nucleic acid, protein, polypeptide or peptide such

as besri mge past rsemadi e&8h edferfice Q@e@ﬁlalhlaI{Mpf)ﬁeﬁﬁ(sh@lné?s flo) ﬁisﬂaﬂlierbgmucfe@r acid,

exanpl e, hos tion,..ql tion, i dati on, atio
o by PR RIS i At LS Bbdiaty Pied R s O i BB ont % of
net hi oni eenip, mnuhmommmew$ﬂbmhﬁxt@mmmmmﬂmhhmmmnabmsqmnM@mapmandmi@eanke.

10A nucl elhcr c%%ll gﬂenp r ?tltglngt’ura \Xt‘gr? tdbeor 1nstagceep an 1sola{r8 ¥1u1t1)1aen Brr g flnelglai)tgg)tglnhunan’
i.e., thel I pr sequence may e ‘the same’as a correspondir ng prrmry

sequencecm@ﬂaanMﬁsensqmmnanmmmmhmmmprammummhn@whum&mHMUUkeut aci d,
protein, polypeptide or peptide. Hence, the qualifier fhunan" in this
connéet i ke teah asdyed’@s uivd hprinmeyypreferatle Alse crgpmpdye the gggéiet Tpuafinilicdheneanaci d,

protein, ofp&laﬁ{ﬂ@ Qﬂé tgt‘?n %1‘1 %}quq(?efet%@c% Wﬂﬁcfenaa'eldg %rdtén?s Bdﬂfﬁbtgieé)& &Weggoes For

exarrp e, such nucl ei c aci rotein e rray present
in or 180t regliratabaplyte dvml@aﬁﬁﬁle@cb 1bﬂen|<it9ﬁrﬁ1rrﬁt §mbj eustess e Srras@tetr@ B@mmf@a oy

ot her nMegRsdd@rdin-a cﬁééré%@&ﬁﬂ@ln%ﬂﬁl v@&i&rtﬁéﬁ blﬁﬁdan&edclmvfeﬁl%ﬁlyte&ﬁ@s%&@ﬁﬂ tEHhs QF
non- bi ol ogi cal de synthesis). The reference herein"to any nucleic

acid, prBPsi% W%{J repenERsiony relgiist to GEchaplex acils ielEfHh 2SR PIHAYTAE RESIdesHEr eof |

The ber myehitR@aER 2 bRfogRaN4MPRI & Bkltt GRMEINRNt HenbRE @rstgtcOm&iium,aned & for

3 -term Q}?éllmlp%/e a single solution, gel, precipitate, lyophilisate, efc. Purified nucleic acids, proteins,
polypeptides or peptides may be obtained by known methods including, for example, laboratory or
recombinant synthesis, chromatography, preparative electrophoresis, centrifugation, precipitation,

affinity purification, efc.

30  The inventors identified stromal derived factor-1 (SDF-1 or CXCL12), SDF-1 receptor, interleukin-8
(IL-8 or CXCLS8), IL-8 receptor, interleukin-6 (IL-6) or IL-6 receptor as valuable targets for

therapeutic and/or prophylactic interventions in impaired fracture healing. The inventors thus



deleted or truncated forns of said nucleic acid. The term"fragnment" of a
protein, polypeptide or 20 peptide generally refers to Ntermnally and/or
C-t er m navbyotbeiceised or truncated forns of said protei npcparPy@eptiode or
peptide. Wthout limtation, a fragment of a nucleic acid, protein,

pol ypeptide or peptide may represent atqleast about 5% or at |east about
10% e.qg., > 20% > 30%or > 40% such as preferably > 50% e.g., > 60% >
70% or > 80% or nore preferably > 90% or > 95% of the nucl eoti de sequence
of said nucleic acid or of the am no acid sequence of said protein,

pol ypept pGeenMatdd@RE intifeculdPENReiehRE S MGandSicinliBr AOYhyHE! BictveRGdnd in the
proteln pol ypeptide or peptide may al so enconpass variants thereof. The

t er m " valFaREM OGNy HaGWeY ei ¢ aci d, proteln polypeptlde or peptlde refers to
nucl ei ¢ aci ds roteins, tides .or, tIdQS t. ence

nucl eot i 4&° §1é‘1:?ug‘ﬁb‘§“‘6‘rfraﬁ %obﬁgﬁfﬁd ng%Efﬂ%icé“’ TSt Nﬁewﬂ? ec %‘ﬁ‘c‘?“éa

S ubst ant fradthry whide aiid t6 &hridub feﬁtors thiartg aday 1nb1ﬁor1ﬁzﬂ tti 1ddy NUdsoMdeS &be) alidti gﬂﬂ e

equence of sai ecited nucleic a n _or i de,.
et s boTruaBe e R E GRS o paflttiogh g e hulrHE ER gl el
pr ef er ablmjo@torl* ‘ﬁaBﬁnlaﬁontbrcEHﬂ%ab@mmeﬁahn ingpetfect uaibn Ioéaﬁtnoﬁ)sl}f’/(fra@&mted dahe, 92%
i dentica 1o & r ef.er abl about ,.93% 1 den at | east 94%
i denti ca}rh even ao ¥ed unlOnfféeé“r)tu eI y a eEaIyeecgs Onat%%[utc haﬁ%&&[) ]iy dglat |t%%1 acmr.e én e
| east 96%ahnmhﬁtsn®achu1y®it inriiyr exppateif taneamdythabuttcmasltemalbaumcewl%l‘ilmiemtqncmhl

e.g., / 0 . st
preferaxﬁé.a%&{eagégéggl15Png%§£$g&%§@?era@%mﬁ%gﬁé%fgghf ﬁ%%hﬁﬁéh ay Such
degr é&s bdalingfeort Timpaited fractuesc heabiek " niimpazicd faeted, hoplingt kdnas rqapirsppepie iden of
peptide ywhenntds. Wil feAnence of the recited nucleic acid, protein,

pol ypeptide or peptide is queried in the sequence alignment (i.e., overall
SequenCGThﬁﬁﬁéb&&mat@%@@nmﬁﬁ&yﬂ&ﬂnﬁﬂﬁﬁﬂg&&@ﬂﬂﬁ@&ﬁlﬁﬁﬂw&%ﬁh@ﬁ&ﬁn&&g&1@UC|elC
5 acid, proteln peptide or are fusion products of said nuclelc

aci d, pr BAEGuRr rﬁ‘c‘ﬂ‘rﬁ d%‘f)tt 1%@“ﬁf‘%@ﬁ?ﬂ“‘&éh%atfﬁ"ta‘ﬁd’t"h‘éetaled Q¥ Ganqnihs At apyy agll

gucl eic ﬂ(glhéal with@t ﬁitdﬂveg?@i ﬁfh@ms;odﬁem%@e@d tod:@nchﬁl@(ﬁiéemﬁﬁlréddﬁ@tﬁﬂeltméalﬁ@bwnbe |
eterm ned  u sul.tabl e a rithns or rr.ormmng sequence all s an
ot ot natToRe B GE YRR ES PRI B R BT e eSS g 4Py St o s

non- | i m fradage Bds@orHeblbdd thetdheudlexjdiosed hasedswgroh WeulBagiea itltobal. Al i gnnent
Search Tool (BLAST) originally described by Altschul et al. 10 1990 (J Mol
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used herein, the term neral |y denotes structural simlarity
bet ween PioPaHisEPOHBY "E’b‘ml%é’refeﬁ%%t ngm ipqdgd BrmRiegROTE REST e‘r’iac?gyl WEbrags g8t more

pr ot es NS pieferfdB! HNLPALL, dﬁiﬁudnfgl’lﬁlmaﬁsadi’fﬁ 1h- hdmﬁrf &ﬁﬁﬁhﬁlstsﬁlqﬁﬁk&e pif@IbBi 6F Isidiank.
simlari X i s _due. tp shar ed ZOaE %: v%e{e F gr.sent 3@30|f|ca310n
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bi of ogr o BV aeEy B fera b 2 oprstrmmii ey S B n St Filfiet o
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25 lipmt ent
or Rk skt 1Q5lh R ey WRORRAL BCIEE i ep Ry Rl AP RIhe FISR AT
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(gene) . By ImaRSyQf withPhigln X AVRLA SN DRk dhidbsidal | 't(pllﬂwst @anbdRSHaP B3 ost-
fragment and/or variant of an SDF-1, IL-8 or IL-6 nucleic acid, protein,

pol ypepti de or peptide shall at Ieast partly retain the blologlcal activity
of SDF-1, IL-8 or IL-6, respectively. For exanple, it nmay retain one or
nore aspects 30 of the biological activity of SDF-1, I1L-8 or IL-6, such
as, e.g., ability to bind to one or nore cognate receptors, to participate
in one or nore cellular pathways, etc. By neans of another exanple and not
limtation, a functional fragnent and/or variant of an SDF-1 receptor, IL-8
receptor or IL-6 receptor WD 2012/168484PCT/ EP2012/ 061036



22 nucleic acid, protein, polypeptide or peptide shall at |east partly
retain the biological activity of SDF-1 receptor, IL-8 receptor or |IL-6
recept or ,woespewesistel y. For exanple, it may retain one ecT/EP2@286P8€t S Of

t he bi ol ogical activity of SDF1 receptor, I1L-8 receptor or |IL-6 receptor,
such as, e.g., ability to bind one or ppre cognate ligands, to effect
cellular signalling when binding a ligand, etc. Preferably, a 5 functional
fragnent and/or variant may retain at |east about 20% e.g., at |east 30%
or at |east about 40% or at |east about 50% e.g., at |least 60% nore
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prefer abP‘iF’“%?S I éqndednhsiin. gwgrdinglay dhSeqpets of B9 RCiHs: Q’F%‘?lnsoi"’lt’ll’f‘@tlﬁleﬁt"énded
bi ol ogi cpépna&,tfbaﬂdtly ooaertvu@%mqmtrd ir¥ cGRMRRN el . Thetny srepRRdineguate! ei
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subst ant I'af ankseﬂlfegrervﬁbsm e activity and/or |evel of random unrelated

targets. .Referenc Q ractd vit r y. g YA
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enzymati gp a(fotﬂﬂ%éfy) signalling activity, interaction activity, |igand
activity, receptor ‘activity 30 and/or structural activity, e.g., within a

cel I, ti E%éx‘l%uku‘{"é #k, kRl (?]Ergﬁr&}éiﬁ‘ LEYT WL%A?%BN@WSN@@OINR@NAP 1

limtation ence to t activity

parti cul aer@PldeT%i()@OiSﬂéNPﬁ@Qﬁeriy as aligand, i.e., ther r abr I ity to bind
to one or nore cognate receptors, and/or their actrvrté signalling WO
2012/ 168kgalpem-£0 @Eﬁbéﬂfa@f@%ﬁ% & £Y 12 NM_Q0060p RNE_ 05Ot |11 y to
participate in one | ul ar signal | i n%f‘pat hvva%/{,é? etc. Lg#l nmeans of

anot Rer  EXamIng (G mftlﬂrfr%?f?‘a‘t efgrmy i PR EERE o H2RHMEL LRy Lo 1 SBR Ry
recept or wHiM; & 08¢ PESTR ONPYER 6NPEREPHSN 3RRY NPANYBRC W28701¥; dhev @i eook kv It

ep! TRONPVIR SNPEREDHSI. YGRe
i gands’ MRS ZE AR BOatsBrabaPERTll ar %i gnal i ng when bound by the
119300, ELEuBRCICLENSED g LeYekenP! RBC AR ORRY GRERLSTH! doshicpTPass

t he quanti and hea
NP_064707.1)

30 Chemokine (C-X-C motif) receptor 1 (CXCRI1, C-C, CDI28, CD181, CKR-1, IL8RI1, IL8RA,
CMKARI, ILSRBA, CDw128a, C-C-CKR-1, NM_000634.2, NP_000625.1)



availability for performng its biological activity) of the target, e.g.,
within a cell, tissue, organ or an organism Except when noted, "subject”
or "pati enp20mr®s4ssed i nterchangeably and refer to ani mecs/Eppeieieradl y

war m bl ooded animals, nore preferably vertebrates, even nore preferably
manmmal s, still nore 10preferably primatges, and specifically includes human
pati ents and non- human manmal s and primates. Preferred patients are hunman
subj ects. As used herein, a phrase such as "a subject in need of treatnent"
i ncludes subjects that would benefit fromtreatnment of a given condition,

parti cul ahdokineReix: eqn&ﬁmecémtlzl Mscr@%aw ] a%@tzs(cmzl 0ph¢pderspm fIiRRAL
limtation, those that have sai d condition, fthose prone
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amel i or atdepintion Opléatlonaf methionihe tOHeeﬂm)rs@assleh@fa@toemetéw@m@ ﬁéphonek end fhﬂﬂ@at ment "
can al so nean prolonging survival as conpared to expected survival if not
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about 95% identical, e.g., at least 96% 1dent10al yet more preferably at least about 97% identical, e.g.,



The term "specifically bind" does not necessarily require that an agent

bi nds exclusively to its intended target(s). For exanple, an agent nay be
said to swecnfrwadshy bind to the desired nucl eic aci d(sPpcTmpedieion(sg ,

pol ypeptide(s) or peptide(s) if its affinity for such intended target(s)
under the conditions of 20 binding is,at |east about 2-fold greater,
preferably at |east about 5-fold greater, nore preferably at | east about
10-fold greater, yet nore preferably at |east about 25-fold greater, stil
nore preferably at | east about 50-fold greater, and even nore preferably at

| east ab@Ubasd 84 {RhbaDbndR6& pHr@MILht 1edsh 89, lidedticdf. PHadrdnty, faQlaridht RAP-displaget
nol ecul e. Preferabl%%& the agent may bind to its intended target(s) with
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the foll g u d%e 1cpe§1t1 mayq)e eterm1ne3d s ng sul?agle ang{l hids t%r llgerttormm% Se uenc%oldr%lments used

inits bro ense’and genera
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(particularly, ability to specifical an antigen of interest),

wel | as ALOthqr aikaBletscaiRgs (GHCh i ¢4 @b@éﬁhAcSTHoqm&m é@StcS‘P Olgqac%gapraar?@ﬁttg The
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on 1 gEr ot aunic abd R TRREERT b psP o SRR e ot R S Foe O,

e rrbodl negetn,eratlh denates bthoahyal seylatlite betwpa tyo Inman@tnoamlesbpmln}qulady Hetyeantwa rmtwl@er um
or i mmngc%s ldelng%r é[lgtidgsd ﬁtoples Se ]:)Ir FF%QFE tag(bns Eérélﬁ' 'szhé/ sifi IJit% cﬁil 10 shgljeg'

anot her preferred e an e a rmnoc ant1 body or
a m x¢ ur@lceﬁfﬁyrmnocl onal anti bod| es. I\/bnocl onal anti bodies can target a
particular antigen or a particular epitope 15within an antigen with greater
sel ect i vidthgredhripreepir periiedaben fefops. toBy chroammassestiragRap prel carvariantst of Iketie atiflon,

monocl on ARt hhdhbeRs Y, TRER M¥fetah Jiléﬂ@t(eé %’r% NRIRP Gralynbrit wfﬂl‘?c%ca(bbed
by Kohl e?llotaet aF %B ) Nar%egl?dee 56: fs)(455&)1%} etsma de Jgrneco |nar{t DNA

met hods (f&nggonalade; Whlsis a legst @an% 79tain l‘ihf’rhj@ng??élaCtéfﬁY P SYRndYT fragfiondligp ofpe
i sol at edrefsﬁe@mepﬁ@g:ﬂ: ands, addnd PR PEHES MShEpEAdsEBRNhEMSDran daspiei HAhdpY
d ackson et al. 1991 (Nature 3527 624-628) and Marks et al. 201991 (J Mol
Bi ol 2222 1m§:§11)n,§9€1?1}ct101? Fra%gga’[ﬁljlp/@r variant of an antisense agent or RNAI agent shall at least partly
retain the functionality of said agent, i.e., its ability to reduce or abolish the expression of a target
molecule (gene). By means of another example and not limitation, a functional fragment and/or variant
of an SDF-1, IL-8 or IL-6 nucleic acid, protein, polypeptide or peptide shall at least partly retain the
biological activity of SDF-1, IL-8 or IL-6, respectively. For example, it may retain one or more aspects
30 of the biological activity of SDF-1, IL-8 or IL-6, such as, e.g., ability to bind to one or more cognate

receptors, to participate in one or more cellular pathways, etc. By means of another example and not

limitation, a functional fragment and/or variant of an SDF-1 receptor, IL-8 receptor or IL-6 receptor



In further enbodi nents, antibody agents may be anti body fragnents.

"Anti body fragnents" conprise a portion of an intact antibody, conprising
t he anti gwo-2bi2nds4sg or vari abl e region thereof. Exanpl epcuofEraniiobmdy
fragnents include Fab, Fab', F(ab')2, Fv and scFv fragnents; diabodies;
l'inear antibodi es; single-chain antibody nol ecul es; and multival ent and/or
mul tispecific antibodies fornmed from anti body 25fragnent(s), e.g.,

di bodi es, tribodies, and nultibodi es. The above designati ons Fab, Fab',
F(ab')2, Fv, scFv etc. are intended to have their art-established neaning.

The ter mandd RAYrotedC hUARBHRN: bQmdE a1 af b8t Rady ReinfthOMbIBLicH QNI §f S18F-pne or
nore portions derived fromany ani mal species, preferably vertebrate
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100%, compared to a reference situation without said modulation.

Preferably, modulation of the activity and/or level of intended target(s) (particularly SDF-1, SDF-1
receptor, IL-8, IL-8 receptor, IL-6 or IL-6 receptor) may be specific or selective, i.e., the activity and/or
25 level of intended target(s) may be modulated without substantially altering the activity and/or level of

random, unrelated targets.

Reference to the “activity” of a target may generally encompass any one or more aspects of the
biological activity of the target, such as without limitation any one or more aspects of its biochemical
activity, enzymatic activity, signalling activity, interaction activity, ligand activity, receptor activity
30 and/or structural activity, e.g., within a cell, tissue, organ or an organism. By means of an example and
not limitation, reference to the activity of SDF-1, IL-8 or IL-6 may particularly denote their activity as

a ligand, i.e., their ability to bind to one or more cognate receptors, and/or their activity as a signalling
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pharmaceutical agent that inhibits or delays in a subject the onset of a disorder as being sought by a
researcher, veterinarian, medical doctor or other clinician. The term “therapeutically effective amount”
as used herein, refers to an amount of active compound or pharmaceutical agent that elicits the
biological or medicinal response in a subject that is being sought by a researcher, veterinarian, medical
30 doctor or other clinician, which may include inter alia alleviation of the symptoms of the disease or
condition being treated. Methods are known in the art for determining therapeutically and

prophylactically effective doses for the present agents.
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methods (e.g., as in US 4,816,567). Monoclonal antibodies may also be isolated from phage antibody

libraries using techniques as described by Clackson ef al. 1991 (Nature 352: 624-628) and Marks et al.
20 1991 (J Mol Biol 222: 581-597), for example.

In further embodiments, antibody agents may be antibody fragments. “Antibody fragments” comprise a
portion of an intact antibody, comprising the antigen-binding or variable region thereof. Examples of
antibody fragments include Fab, Fab', F(ab')2, Fv and scFv fragments; diabodies; linear antibodies;
single-chain antibody molecules; and multivalent and/or multispecific antibodies formed from antibody
25  fragment(s), e.g., dibodies, tribodies, and multibodies. The above designations Fab, Fab', F(ab")2, Fv,

scFv etc. are intended to have their art-established meaning.

The term antibody includes antibodies originating from or comprising one or more portions derived
from any animal species, preferably vertebrate species, including, e.g., birds and mammals. Without
limitation, the antibodies may be chicken, turkey, goose, duck, guinea fowl, quail or pheasant. Also
30  without limitation, the antibodies may be human, murine (e.g., mouse, rat, etc.), donkey, rabbit, goat,

sheep, guinea pig, camel (e.g., Camelus bactrianus and Camelus dromaderius) also including camel



WO 2012/ 168484PCT/ EP2012/ 061036 30 havi ng a doubl e-stranded nucleic acid

| ength of between 16 to 30 bases and preferably of between 18 to 23 bases,
and pref evalbiz/w84819 nucl eoti des; having GC content bereemr2abosio380 and
about 50 % having a TT(T) sequence at 3' end; 5- showi ng no secondary
structure when adopting the dupl ex forg& having a Tm (nelting tenperature)
of lower than 20C having the nucl eotides indicated here belowin the
sequence of the nucleotides, wherein "h" is A, C, T/U but not G wherein
"d* is A, G T/U but not C, and wherein "W' is Aor T/U but not Gor C

--12 ﬁeaQy—élaﬁl ahtiBod®s VyH, llama (e.g., Lama paccos, Lama glama or Lama vicugna) also including

llama heavy-chain antibodies VygH, or horse.

A skilled person will understand that an antibody can include one or more amino acid deletions,
additions and/or substitutions (e.g., conservative substitutions), insofar such alterations preserve its
5 binding of the respective antigen. An antibody may also include one or more native or artificial

modifications of its constituent amino acid residues (e.g., glycosylation, etc.).

Methods of producing polyclonal and monoclonal antibodies as well as fragments thercof are well
known in the art, as are methods to produce recombinant antibodies or fragments thereof (see for
example, Harlow and Lane, “Antibodies: A Laboratory Manual”, Cold Spring Harbour Laboratory,
10 New York, 1988; Harlow and Lane, “Using Antibodies: A Laboratory Manual”, Cold Spring Harbour
Laboratory, New York, 1999, ISBN 0879695447; “Monoclonal Antibodies: A Manual of Techniques”,
by Zola, ed., CRC Press 1987, ISBN 0849364760; “Monoclonal Antibodies: A Practical Approach”,
by Dean & Shepherd, eds., Oxford University Press 2000, ISBN 0199637229; Methods in Molecular
Biology, vol. 248: “Antibody Engineering: Methods and Protocols”, Lo, ed., Humana Press 2004,
15 ISBN 1588290921).

Methods for immunising animals, e.g., non-human animals such as laboratory or farm animals, using
immunising antigens (such as, e.g., the herein disclosed complexes) optionally fused to or covalently or
non-covalently linked, bound or adsorbed to a presenting carrier, and preparation of antibody or cell
reagents from immune sera is well-known per se and described in documents referred to elsewhere in
20 this specification. The animals to be immunised may include any animal species, preferably warm-
blooded species, more preferably vertebrate species, including, e.g., birds and mammals. Without
limitation, the antibodies may be chicken, turkey, goose, duck, guinea fowl, quail or pheasant. Also
without limitation, the antibodies may be human, murine (e.g., mouse, rat, etc.), donkey, rabbit, goat,
sheep, guinea pig, camel, llama or horse. The term “presenting carrier” or “carrier” generally denotes
25  an immunogenic molecule which, when bound to a second molecule, augments immune responses to
the latter, usually through the provision of additional T cell epitopes. The presenting carrier may be a
(poly)peptidic structure or a non-peptidic structure, such as inter alia glycans, polyethylene glycols,
peptide mimetics, synthetic polymers, etc. Exemplary non-limiting carriers include human Hepatitis B

virus core protein, multiple C3d domains, tetanus toxin fragment C or yeast Ty particles.

30  Selection of agents specifically binding to one or more targets of interest to the exclusion of other
molecules (non-targets) may suitably involve methods for subtracting or removing from agents that

bind to said one or more targets those agents that also cross-react or cross-bind with one or more non-
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targets. Such subtraction may be readily performed as known in the art by a variety of affinity
separation methods, such as affinity chromatography, affinity solid phase extraction, affinity magnetic

extraction, eic.

The term “aptamer” refers to single-stranded or double-stranded oligo-DNA, oligo-RNA or oligo-
DNA/RNA or any analogue thereof, that can specifically bind to a target molecule. Advantageously,
aptamers can display fairly high specificity and affinity (e.g., K, in the order 1x10° M) for their
targets. Aptamer production is described inter alia in US 5,270,163; Ellington & Szostak 1990 (Nature
346: 818-822); Tuerk & Gold 1990 (Science 249: 505-510); or “The Aptamer Handbook: Functional
Oligonucleotides and Their Applications”, by Klussmann, ed., Wiley-VCH 2006, ISBN 3527310592,
incorporated by reference herein. The term “photoaptamer”™ refers to an aptamer that contains one or

more photoreactive functional groups that can covalently bind to or crosslink with a target molecule.

The term "peptidomimetic” refers to a non-peptide agent that is a topological analogue of a
corresponding peptide. Methods of rationally designing peptidomimetics of peptides are known in the
art. For example, the rational design of three peptidomimetics based on the sulphated 8-mer peptide
CCK26-33, and of two peptidomimetics based on the 11-mer peptide Substance P, and related
peptidomimetic design principles, are described in Horwell 1995 (Trends Biotechnol 13: 132-134).

The term "small molecule” refers to compounds, preferably organic compounds, with a size
comparable to those organic molecules generally used in pharmaceuticals. The term excludes
biological macromolecules (e.g., proteins, nucleic acids, etc.). Preferred small organic molecules range
in size up to about 5000 Da, e.g., up to about 4000, preferably up to 3000 Da, more preferably up to
2000 Da, even more preferably up to about 1000 Da, e.g., up to about 900, 800, 700, 600 or up to about
500 Da.

The term “antisense” generally refers to an agent (e.g., an oligonucleotide) configured to specifically
anneal with (hybridise to) a given sequence in a target nucleic acid, such as for example in a target
DNA, hnRNA, pre-mRNA or mRNA, and typically comprises, consist essentially of or consist of a
nucleic acid sequence that is complementary or substantially complementary to said target nucleic acid
sequence. Antisense agents suitable for use herein may typically be capable of annealing with
(hybridising to) the respective target nucleic acid sequences at high stringency conditions, and capable

of hybridising specifically to the target under physiological conditions.

The terms “complementary” or “complementarity” as used herein with reference to nucleic acids, refer
to the normal binding of single-stranded nucleic acids under permissive salt (ionic strength) and

temperature conditions by base pairing, preferably Watson-Crick base pairing. By means of example,
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complementary Watson-Crick base pairing occurs between the bases A and T, A and U or G and C.
For example, the sequence 5'-A-G-U-3'"is complementary to sequence 5'-A-C-U-3".

The term “ribozyme”™ generally refers to a nucleic acid molecule, preferably an oligonucleotide or
oligonucleotide analogue, capable of catalytically cleaving a polynucleotide. Preferably, a “ribozyme”
may be capable of cleaving mRNA of a given target protein, thereby reducing translation thereof.
Exemplary ribozymes contemplated herein include, without limitation, hammer head type ribozymes,
ribozymes of the hairpin type, delta type ribozymes, etc. For teaching on ribozymes and design thereof,
see, e.g., US 5,354,855, US 5,591,610, Pierce et al. 1998 (Nucleic Acids Res 26: 5093-5101), Lieber et
al. 1995 (Mol Cell Biol 15: 540-551), and Benseler ez al. 1993 (J Am Chem Soc 115: 8483-8484).

“RNA interference” or “RNA1” technology is known in the art, and refers generally to the process and
means of sequence-specific post-transcriptional gene silencing mediated particularly by short
interfering nucleic acids (siNA). For teaching on RNAi molecules and design thereof, see inter alia
Elbashir et al. 2001 (Nature 411: 494-501), Reynolds et al. 2004 (Nat Biotechnol 22: 326-30),
http://rnaidesigner.invitrogen.com/rnaiexpress, Wang & Mu 2004 (Bioinformatics 20: 1818-20), Yuan
et al. 2004 (Nucleic Acids Res 32(Web Server issue): W130-4), by M Sohail 2004 (“Gene Silencing by
RNA Interference: Technology and Application”, 1% ed., CRC, ISBN 0849321417), U Schepers 2005
(“RNA Interference in Practice: Principles, Basics, and Methods for Gene Silencing in C.elegans,
Drosophila, and Mammals”, 1 ed., Wiley-VCH, ISBN 3527310207), and DR Engelke & JJ Rossi
2005 (“Methods in Enzymology, Volume 392: RNA Interference”, 1™ ed., Academic Press, ISBN
0121827976).

An RNAI agent typically comprises, consists essentially of or consists of a double-stranded portion or
region (notwithstanding the optional and potentially preferred presence of single-stranded overhangs)
of annealed complementary strands, one of which has a sequence corresponding to a target nucleotide
sequence (hence, to at least a portion of an mRNA) of the target gene to be down-regulated. The other

strand of the RNAi agent is complementary to said target nucleotide sequence.

Whereas the sequence of an RNAI agent need not be completely identical to a target sequence to be
down-regulated, the number of mismatches between a target sequence and a nucleotide sequence of the

RNA1 agent is preferably no more than 1 in 5 bases, or 1 in 10 bases, or 1 in 20 bases, or 1 in 50 bases.

Preferably, to ensure specificity of RNA1 agents towards the desired targets over unrelated molecules,
the sequence of said RNAI agents may be at least about 80% identical, preferably at least about 90%
identical, more preferably at least about 95% identical, such as, e.g., about 96%, about 97%, about

98%, about 99% and up to 100% identical to the respective target sequence.
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An RNAI agent may be formed by separate sense and antisense strands or, alternatively, by a common
strand providing for fold-back stem-loop or hairpin design where the two annealed strands of an RNAi

agent are covalently linked.

An siRNA molecule may be typically produced, e.g., synthesised, as a double stranded molecule of
separate, substantially complementary strands, wherein each strand is about 18 to about 35 bases long,
preferably about 19 to about 30 bases, more preferably about 20 to about 25 bases and even more

preferably about 21 to about 23 bases.

shRNA is in the form of a hairpin structure. shRNA can be synthesized exogenously or can be formed
by transcribing from RNA polymerase III promoters in vivo. Preferably, SiRNAs can be engineered in
host cells or organisms to ensure continuous and stable suppression of a desired gene. It is known that

siRNA can be produced by processing a hairpin RNA in cells.

RNAIi agents as intended herein may include any modifications as set out elsewhere in this

specification for nucleic acids and oligonucleotides, in order to improve their therapeutic properties.

At least one strand of an RNAi1 molecules may have a 3” overhang from about 1 to about 6 bases in
length, e.g., from 2 to 4 bases, more preferably from 1 to 3 bases. For example, one strand may have a
3’ overhang and the other strand may be either blunt-ended or may also have a 3’overhang. The length
of the overhangs may be the same or different for each strand. The 3’ overhangs can be stabilised
against degradation. For example, the RNA may be stabilised by including purine nucleotides, such as
A or G nucleotides. Alternatively, substitution of pyrimidine nucleotides by modified analogues, e.g.,
substitution of U 3’ overhangs by 2’-deoxythymidine is tolerated and does not affect the efficiency of
RNAI.

An exemplary but non-limiting siRNA molecule may be characterized by any one or more, and

preferably by all of the following criteria:

- at least about 80% sequence identity, more preferably at least about 90 % or at least about 95%

or at least about 97% sequence identity to target mRNA;

- having a sequence which targets an area of the target gene present in mature mRNA (e.g., an

exon or alternatively spliced intron);
- showing a preference for targeting the 3” end of the target gene.

The exemplary siRNA may be further characterised by one or more or all of the following criteria:
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- having a double-stranded nucleic acid length of between 16 to 30 bases and preferably of

between 18 to 23 bases, and preferably of 19 nucleotides;
- having GC content between about 30 and about 50 %
- having a TT(T) sequence at 3" end;
- showing no secondary structure when adopting the duplex form;
- having a Tm (melting temperature) of lower than 20°C

- having the nucleotides indicated here below in the sequence of the nucleotides, wherein “h” is
A, C, T/U but not G; wherein “d” is A, G, T/U but not C, and wherein “w” is A or T/U, but not
GorC:

- (- 11(2|3|4|5]|]6|7|8[9(10 |11 (|12 |13 |14 (15|16 (17 |18 |19 [- |-

mMRNA

P’5 AlA A U h w

3'-OH

si-ASense OH-3’ TI|T U A d w

5-p

si-Sense P-5 A U h w TI|T

3'-OH

10

15

20

25

Production of agents intended herein, such as antisense agents and RNAi agents, can be carried out by
any processes known in the art, such as inter alia partly or entircly by chemical synthesis (e.g.,
routinely known solid phase synthesis; an exemplary an non-limiting method for synthesising
oligonucleotides on a modified solid support is described in US 4,458,066; in another example,
diethyl-phosphoramidites are used as starting materials and may be synthesised as described by
Beaucage et al. 1981 (Tetrahedron Letters 22: 1859-1862)), or partly or entirely by biochemical
(enzymatic) synthesis, e.g., by in vitro transcription from a nucleic acid construct (template) using a
suitable polymerase such as a T7 or SP6 RNA polymerase, or by recombinant nucleic acid techniques,
e.g., expression from a vector in a host cell or host organism. Nucleotide analogues can be introduced
by in vitro chemical or biochemical synthesis. In an embodiment, the antisense agents of the invention
are synthesised in vitro and do not include antisense compositions of biological origin, or genetic

vector constructs designed to direct the in vivo synthesis of antisense molecules.

As noted elsewhere, an agent may comprise a recombinant nucleic acid comprising a sequence
encoding one or more desired proteins, polypeptides or peptides operably linked to one or more
regulatory sequences allowing for expression of said sequence or sequences encoding the proteins,
polypeptides or peptides, e.g., in vitro, in a host cell, host organ and/or host organism (expression

constructs). Such recombinant nucleic acid may be comprised in a suitable vector.
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(e.g., exogenous) stimuli. More particularly, “promoter” may depict a region on a nucleic acid
molecule, preferably DNA molecule, to which an RNA polymerase binds and initiates transcription. A
25 promoter is preferably, but not necessarily, positioned upstream, i.e., 5°, of the sequence the
transcription of which it controls. Typically, in prokaryotes a promoter region may contain both the
promoter per se and sequences which, when transcribed into RNA, will signal the initiation of protein

synthesis (e.g., Shine-Dalgarno sequence).
In embodiments, promoters contemplated herein may be constitutive or inducible.

30  The terms “terminator” or “transcription terminator” refer generally to a sequence element at the end of

a transcriptional unit which signals termination of transcription. For example, a terminator is usually
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15 m xi ng the conpounds according to the invention with a suitable
non-irritating excipient, such as cocoa butter, synthetic glyceride esters
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A nmethod for introducing a nucleic acid nolecule into a cell by way of an
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hydroxyapatite/tricalcium phosphate particles (HA/TCP), cement (e.g., hydroxyapatite; mono-, bi-, or
tri-calcium phosphate), gelatine, poly-lactic acid, poly-lactic glycolic acid, a glycosaminoglycan,
30  hyaluronic acid, chitosan, a polysaccharide, poly-L-lysine, and collagen. For instance, such

components may include without limitation bone morphogenetic proteins, bone matrix, HA/TCP,

gelatine, poly-lactic acid, poly-lactic glycolic acid, hyaluronic acid, chitosan, poly-L-lysine, and
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i nvent i 0ther methods of delivery of nucleic acids to the nucleus are described in Mann er al. 2001 (Proc Natl
Acad Science 98(1): 42-47) and in Gebski ez a/. 2003 (Human Molecular Genetics 12(15): 1801-1811).

A method for introducing a nucleic acid molecule into a cell by way of an expression vector cither as

naked DNA or complexed to lipid carriers, is described in US 6,806,084,

30 It may be desirable to deliver a nucleic acid molecule in a colloidal dispersion system. Colloidal
dispersion systems include macromolecule complexes, nanocapsules, microspheres, beads, and lipid-

based systems including oil-in- water emulsions, micelles, mixed micelles, and liposomes or liposome
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carriers or diluents to produce a pharmaceutical composition. Suitable carriers and diluents include

20  isotonic saline solutions, for example phosphate-buffered saline. The composition may be formulated

for parenteral, intramuscular, intravenous, subcutaneous, intraocular, oral or transdermal

administration.

The routes of administration described are intended only as a guide since a skilled practitioner will be
able to determine readily the optimum route of administration and any dosage for any particular animal
25 and condition. Multiple approaches for introducing functional new genetic material into cells, both in
vitro and in vivo have been attempted (Friedmann 1989 (Science 244: 1275-1280)). These approaches
include integration of the gene to be expressed into modified retroviruses (Friedmann 1989, supra;
Rosenberg. Cancer Res. 1991, vol. 51(18), 5074S-79S); integration into non-retrovirus vectors
(Rosenfeld et al. Cell, 1992, vol. 68,143-55; Rosenfeld et al. Science, 1991, vol. 252, 431-4); or
30 delivery of a transgene linked to a heterologous promoter-enhancer element via liposomes (Friedmann
1989, supra; Brigham et al. Am. J. Med. Sci., 1989, vol. 298, 278-81; Nabel et al. Science, 1990, vol.
249, 1285-8; Hazinski et al. Am. J. Resp. Cell. Molec. Biol., 1991, vol. 4, 206-9; Wang & Huang. Proc.
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Natl. Acad. Sci. USA., 1987, vol. 84, 7851-5); coupled to ligand-specific, cation-based transport
systems (Wu & Wu. J. Biol. Chem., 1988, vol. 263, 14621-4)) or the use of naked DNA, expression
vectors (Nabel et al. 1990, supra; Wolff et al. Science, 1990, vol. 247, 1465-8). Direct injection of
transgenes into tissue produces only localized expression (Rosenfeld. 1992, supra; Rosenfeld et al.
5 1991, supra; Brigham et al. 1989, supra; Nabel 1990, supra; Hazinski et al. 1991, supra). The Brigham
et al. group (Am. J. Med. Sci., 1989, vol. 298, 278-81; Clin. Res., 1991, vol. 39, abstract) have reported
in vivo transfection only of lungs of mice following either intravenous or intratracheal administration
of a DNA liposome complex. An example of a review article of human gene therapy procedures is:

Anderson. Science, 1992, vol. 256, 808-13.

10 The pharmaceutical formulations as disclosed herein, which may conveniently be presented in unit
dosage form, may be prepared according to conventional techniques well known in the pharmaceutical
industry. Such techniques may generally include the step of bringing into association the active
ingredients with the pharmaceutical carrier(s) or excipient(s). In general the formulations are prepared
by uniformly and intimately bringing into association the active ingredients with liquid carriers or

15 finely divided solid carriers or both, and then, if necessary, shaping the product.

The present active agents may be used alone or in combination with any therapies known in the art for
treatment of impaired bone healing, such as, e.g.,, BMP-2 (“combination therapy”). Combination
therapies as contemplated herein may comprise the administration of at least one active agent of the
present invention and at least one other pharmaceutically or biologically active ingredient. Said present
20 active agent(s) and said pharmaceutically or biologically active ingredient(s) may be administered in

either the same or different pharmaceutical formulation(s), simultaneously or sequentially in any order.

In further examples, agents as described herein may be combined with, or compositions as described
herein may further comprise, cells having therapeutic effect on impaired bone fracture healing. By
means of example, such cells may be mesenchymal stem cells (MSC), bone marrow stromal cells
25 (BMSC), osteoblastic cells such as pre-osteoblasts or osteoblasts, or osteocytes. Advantageously, such

cells may be autologous, or more preferably may be allogeneic.

The dosage or amount of the present active agents used, optionally in combination with one or more
other active compound to be administered, depends on the individual case and is, as is customary, to be
adapted to the individual circumstances to achieve an optimum effect. Thus, it depends on the nature
30 and the severity of the disorder to be treated, and also on the sex, age, body weight, general health, diet,
mode and time of administration, and individual responsiveness of the human or animal to be treated,

on the route of administration, efficacy, metabolic stability and duration of action of the compounds
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25 the spirit and broad scope of the appended claims.

The above aspects and embodiments are further supported by the following non-limiting examples.
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t he ost eli@ny = 0.012) and were mostly male. However, the results stayed unchanged independent of gender

and age. The bone sites were in long bones (radius, humerus, fibula, tibia and cubitus) except 2

fractures of the metatarsus and 2 fractures of the calcancum. The delay between the fracture and

sample harvesting varied around 25 months with a standard deviation of 15 months.

To identify proteins having altered presence in non-unions, sera were collected in dry tubes and plasma

were collected in heparin or EDTA tubes, centrifuged, aliquoted and frozen at -20°C until use. These

were used to determine the level of growth factors and proteins using enzyme-linked immunosorbent

Stromal-derived factor one was measured in the plasma (SDF-1/CXCL12, Duoset, R&D Systems,

Abingdon, United Kingdom). The following biomarkers were measured in the serum: platelet-derived

growth factor-BB (PDGF-BB, Quantikine™

- R&D Systems, Abingdon, United Kingdom), interleukin-

8 (IL8/CXCLS, QuantikineTM, R&D Systems, Abingdon, United Kingdom) and interleukin 6 (IL-6,

10

assays (ELISA).
15

Quantikine™,
20

R&D Systems, Abingdon, United Kingdom).

All continuous values are expressed as medians + standard error of the mean (SEM), all reported P

values are 1-sided, and statistical significance is assessed at the 10% level. The normality of

distribution was tested with a Kolmogorov-Smirnov test. When the Kolmogorov-Smirnov test failed,

differences between groups were analyzed by a Mann-Whitney test.
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gr oups opatwatk &igdul t nude mce ( 25 g each) are included in the study (n=
30). At day 0, after general anaesthesia, mce are randomy allocated to
recei ve Ermample 2{¢ufuringeplhifeom subjegts of one of the 10following itens: G oup
1: Vehicle solution containing PBS + 5% HAS (40 tl, n=5) Goup 2. BMP2 (50
ug) in t Mee mesknelob thetsi nigtripnshowe! qlerationyalsg yhey peasursd ingpits. dran the erpggtantief ¢ he
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cel I s) i mddiruryehvued ®usol ution (40 tl, n=5) Goup 7: SDF-la (10 ug) +
osteobl astic stemcells (1x106 cells) in the vehicle solution (40 tl, n=5)
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[ El, 1A= 5@n51ty gradlent Flcoll solution. After centrifugation, mononuclear cells were harvested from the
interface and washed twice in PBS. The cells were plated at 1.43 x10° cells/25 cm? flasks in two
different media; (1) a mesenchymal medium composed of DMEM, 10% foetal bovine serum, 1% L-
glutamine, 1% penicillin and 1% streptomycin; (2) an osteogenic medium. Cells were maintained in a
37°C humidified atmosphere containing 5% CO,. Medium changes were done every 2 to 3 days. When
20 confluent, cells of the primary culture were detached and replated for the secondary culture. The

supernatants of these 2 culture passages were collected and frozen until use.

The ELISA reagents protocols used for blood samples are applied to the cell supernatants with routine

adaptation.
Example 3: Autocrine/paracrine activity of osteoblastic cells and mesenchymal stem cells

25 To study the autocrine/paracrine activity of osteoprogenitor cells in impaired bone fracture healing, the
level of growth factors secreted in supernatant osteoblastic cell (OB) or mesenchymal cell (MSC)
culture was assessed by ELISA. The following growth factors were measured; stromal-derived factor
one (SDF-1/CXCL12, Duoset, R&D Systems, Abingdon, United Kingdom), and interleukin-6 (IL-6,
Duoset, R&D Systems, Abingdon, United Kingdom). Values were expressed in pg/ml of supernatant.

30 When compared with healthy volunteers (HV), SDF-1 was less secreted in supernatant of OB and
MSC culture of non-union patients (NU) at the end of primary cell culture (Fig 4A and 4B).
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in the vehicle solution G oup 6: Osteoblastic stemcells

(1x106 celdup): V&I&Jg%luﬁ@lm&dp%sea@k%Bxafggsd;ﬂ%ﬁl n=5) Goup 7: SDF-la (1
X

| ag) + osteoblastic stemcells ( cells) in the vehicle solution (40

[El, 10= BYoupnoBAPB(50luky 8 thelchialg holdticagseabl-agti ¢ stemcells (1x106 cells) in
the vehicle solution (40 [El, n=5) Goup 9: IL-6 (40 ng) + receptor of
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Group 5: IL-6 (40 ng) + receptor of IL-6 (100 ng) in the vehicle solution (50 pl, n=15)
Group 6: SDF-1a (10 ug) + IL-8 (1 ug) in the vehicle solution (50 ul, n=15)

15 Group 7: SDF-1a (10 pg) + IL-6 (40 ng) + receptor of IL-6 (100 ng) in the vehicle solution (50 pl, n=
5)

Group 8: SDF-1a (10 pg) + IL-8 (1 pg) + IL-6 (40 ng) + receptor of IL-6 (100 ng) in the vehicle
solution (50 pl, n=15)

Growth factors are administered into the calvarial defect, in sterile condition, just after the osteotomy
20  surgery (before suturing the lesion). After 2, 4 and 6 weeks, bone formation is assessed by CT-scan
imaging. The bone repair progress is determined as the presence of mineralized tissue in the osteotomy
site. At the end of the protocol, mice are euthanized and samples are taken for immunohistochemistry

analysis.

BMP-2 is used in the experiment as positive control of bone repair. It has indeed been shown that, in
25 the absence of any matrix, BMP-2 was able to induce formation of bone at a concentration of 100 to
200 pg after subcutancous delivery (Wang et al. PNAS, 1990, vol. 87, 2220-2224). The same
observations have been made when 80pg rhBMP2 were injected into bone fracture (Einhorn et al. J.

Bone Joint Surg Am., 2003, vol. 85-A, 1425-1435).
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nanely amno acids 8 to 79. Table 1: Am no acid sequences of |L-8 peptides

| L- 8 pepbixdroue quenle edult BEQMID (NQS d @rly ald m@uded in the study (n= 30). At day 0, after

general anaesthesia, mice are randomly allocated to receive intratibial administration of one of the

10 following items;
Group 1: Vehicle solution containing PBS + 5% HAS (40 ul, n=15)
Group 2: BMP2 (50 pg) in the vehicle solution (40 pl, n=5)
Group 3: SDF-1a (10 pg) in the vehicle solution (40 ul, n=5)
Group 4: IL-8 (1 pg) in the vehicle solution (40 pl, n=15)
15 Group 5: IL-6 (40 ng) + receptor of IL-6 (100 ng) in the vehicle solution (40 pl, n=15)
Group 6: Osteoblastic stem cells (1x10° cells) in the vehicle solution (40 pl, n=75)
Group 7: SDF-1a (10 pg) + osteoblastic stem cells (1x10° cells) in the vehicle solution (40 ul, n=5)
Group 8: IL-8 (1 pg) + osteoblastic stem cells (1x10° cells) in the vehicle solution (40 pl, n=5)

Group 9: IL-6 (40 ng) + receptor of IL-6 (100 ng) + osteoblastic stem cells (1x10° cells) in the vehicle
20 solution (40 ul, n=15)

Group 10: SDF-1a (10 pg) + 1I-8 (1 pg) + IL-6 (40 ng) + receptor of IL-6 (100 ng) + osteoblastic stem
cells (1x10° cells) in the vehicle solution (40 pl, n=5)

The administrations are performed in sterile condition under a laminar airflow. After 4 and 8 weeks,
bone formation is assessed by CT-scan imaging. The presence of bone formation is determined as the
25  presence of mineralized tissue into the intramedullary cavity. At the end of the protocol, mice are

euthanized and samples are taken for immuno-histochemistry analysis.

It is awaited that the mice to which SDF-1a is administered display significantly improved bone

formation compared to respective control mice without administration of SDF-1a.
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positive control respectively. Results for negative control and positive
control are shown in Fig. 6 and Fig. 7 respectively. Results for the
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repair conpared with vehicle (Fig. 6, Fig. 8 and Fig. 9). On the
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Group 2: BMP2 (50 pg) in the vehicle solution (40 pl, n=5)

Group 3: SDF-1a low dose (1 ng) in the vehicle solution (40 ul, n=15)
Group 4: IL-8 (1 pg) in the vehicle solution (40 pl, n=15)
Group 5: IL-6 (40 ng) + receptor of IL-6 (100 ng) in the vehicle solution (40 pl, n=15)
15 Group 6: Osteoblastic stem cells (1x10° cells) in the vehicle solution (40 pul, n=5)
Group 7: SDF-10, (1 pg) + osteoblastic stem cells (1x10° cells) in the vehicle solution (40 pl, n=5)
Group 8: IL-8 (1 pg) + osteoblastic stem cells (1x10° cells) in the vehicle solution (40 pl, n=5)

Group 9: IL-6 (40 ng) + receptor of IL-6 (100 ng) + osteoblastic stem cells (1x10° cells) in the vehicle
solution (40 pl, n=5)

20 Group 10: SDF-1a (1 pg) + IL-8 (1 pg) + IL-6 (40 ng) + receptor of IL-6 (100 ng) + osteoblastic stem
cells (1x10° cells) in the vehicle solution (40 pl, n=5)

The administrations are performed in sterile condition under a laminar airflow. After 2, 4 and 6 weeks,
bone formation is assessed by CT-scan imaging. The bone repair progress is determined as the
presence of mineralized tissue in the osteotomy site. At the end of the protocol, rats are euthanized and

25  samples are taken for immunohistochemistry analysis.

It is awaited that the rats to which SDF-1o is administered display significantly enhanced bone
formation and healing of the tibial osteotomy defect compared to respective control rats without
administration of SDF-1q, IL-8 and/or IL-6.
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er osteotomy site. At the end of the protocol, mice were euthanized and samples were taken for
immunochemistry analysis. Masson’s trichrome was used to visualize collagen fibers; muscle colored

20  red, and bone colored blue. Safranin-O was used to highlight hypertrophic chondrocytes.

The four mice that received the composition comprising the long IL-8 peptide and the three mice that
received the composition comprising the short IL-8 peptide presented bone repair compared with
vehicle (Fig. 6, Fig. 8 and Fig. 9). On the Hematoxylin-cosin and Masson’s trichrome histological
slides, new bone formation appeared denser for mice that received a composition comprising an IL-8
25 peptide compared with negative control (Fig. 6, Fig. 8 and Fig. 9). In Figures 6 to 9, boxes and arrows

indicate the zones where the bone formation was observed. Note that for the treatment with the
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composition comprising the short IL-8 peptide (Fig. 9), two different levels in the calvarial defect are
illustrated due to the fact that Masson’s trichrome and Safranin-O staining were not performed on the

same level.

On the histological slides (Hematoxylin-eosin, Masson’s trichrome, Safranin-O), it was observed that
both compositions comprising an IL-8 peptide induced osseous reparation of calvarial defect with the
development of osteoid in the gel-forming material. In literature, it is accepted that the reparation of
calvaria occurs by intra-membranous ossification. Unexpectedly, hypertrophic chondrocytes were also
observed on histological slides revealing an endochondral ossification when using a composition
comprising an IL-8 peptide (Fig. 8 and 9). Therefore, these data provide in vivo evidence that each of
the IL-8 peptides advantageously had a positive effect on bone repair in calvarial defects in mice. Bone
calvarial defects in mice are a model for non-union fractures and hence, the presented data provide in
vivo evidence that each of the IL-8 peptides advantageously had a positive effect on bone repair in non-
union fractures. Due to the differences between normal bone fracture healing and non-union fractures
characterised by a failure of fracture repair, the bone repair in the presence of a composition

comprising an IL-8 peptide was an unexpected observation.

Conclusively, a more intense ossification was observed in the non-union fractures using a composition

comprising an IL-8 peptide compared with negative control.
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CLAIMS

1. A composition comprising one or more pharmaceutical active ingredients selected from the group
consisting of interleukin-8 (IL-8), a functional fragment of IL-8, a functional variant of IL-8, and an

agonist of IL-8 receptor, for use in the treatment of impaired bone fracture healing.

2. The composition for use according to claim 1, wherein the impaired bone fracture healing is selected

from the group consisting of non-union fracture, mal-union fracture, and delayed union fracture.

3. The composition for use according to claim 1 or 2, wherein the pharmaceutical active ingredient is
an IL-8 peptide or a functional variant thereof, wherein the IL-8 peptide comprises an amino acid

sequence selected from SEQ ID No. 1 or SEQ ID No. 2.

4. The composition for use according to any one of claims 1 to 3, wherein the composition further

comprises a gel-forming material.

5. The composition for use according to claim 4, wherein the gel-forming material is collagen, a
glyceride, a glycosaminoglycan, a polysaccharide, gelatine, poly-lactic acid, or poly-lactic glycolic

acid.

6. The composition for use according to claim 4, wherein the gel-forming material is collagen and the
pharmaceutical active ingredient is an IL-8 peptide comprising an amino acid sequence selected from

SEQ ID No. 1 or SEQ ID No. 2.

7. The composition according to any one of claims 1 to 6, wherein the composition is administered

percutancously, preferably by percutaneous injection.



