USE OF SDF-1 FOR THE TREATMENT AND/OR PREVENTION OF NEUROLOGICAL DISEASES 5
FIELD OF THE INVENTION The present invention is generally in the field of neurological diseases
associated with neuro-inflammation. More specifically, the present invention relates to the use of SDF-1
for the manufacture of a medicament for treatment and/or prevention of a neurological disease. 10
BACKGROUND OF THE INVENTION Neurological diseases associated with neuro-inflammation.
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consequence of a trauma, of a central or peripheral nerve damage or of a viral 15 or bacterial infection.
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2003). Hsgntingrien's RiseasedhiR) istaminherjtedeasgosomal dominant neurological inflammatory
disease. The disease does not usually become clinically apparent until the fifth decade of life, and results
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In chronic neurodegenerative diseases, the pathology is associated with an inflammatory
25 response. Recent evidence suggests that systemic inflammation may impact on local
inflammation in the diseased brain leading to exaggerated synthesis of inflammatory cytokines
and other mediators in the brain, which may in turn influence behavior (Perry, 2004). Chronic
neurodegenerative diseases comprise, among others, multiple sclerosis (MS), Alzheimer’s
disease (AD), Parkinson’s disease (PD), Huntington’s disease (HD), amyotrophic lateral

30 sclerosis (ALS), multiple system atrophy (MSA), prion disease and Down Syndrome.
Alzheimer’s disease (AD) is a disorder involving deterioration in mental functions
resulting from changes in brain tissue. This includes shrinking of brain tissues, not caused by
disorders of the blood vessels, primary degenerative dementia and diffuse brain atrophy.
Alzheimer's disease is also called senile dementia/Alzheimer's type (SDAT). Considerable
35 evidence gained over the past decade has supported the conclusion that neuroinflammation is

associated with Alzheimer's disease (AD) pathology (Tuppo and Arias, 2005).



10onset. Amyptrophic Lateral Sclerosis (ALS) is a disorder causing progressive loss of nervous
control of voluntary muscles because of destruction of nerve cells in the brain and spinal cord.
Amyotrophic Lateral Sclerosis, also called Lou Gehrig's disease, is a disorder involving loss of the use
and control of muscles. The nerves controlling these rguscles shrink and disappear, 15 which results in
loss of muscle tissue due to the lack of nervous stimulation. Although the root cause of ALS remains
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35 (CNS). The grey matter may also be involved. Although the precise etiology of MS is not known,
contributing factors may include genetic, bacterial and viral infection. In its classic manifestation

(85% of all cases), it is characterized by alternating relapsing/remitting phases, which



Injury to CNS induced by acute insults including trauma, hypoxia and ischemia can affect both grey and
white matter. Injury to CNS involves neuro-inflammation. For example, leukocyte infiltration in the CNS
after trauma or inflammation is triggered in part by up-regulation of the MCP-1 chemokine in astrocytes
(Panenka et al., 2001). 35Trauma is an injury or damage of the nerve. It may be spinal cord trauma,
which is damage to the spinal cord that affects all nervous functions that are controlled at and below the
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Injury to CNS induced by acute insults including trauma, hypoxia and ischemia can

affect both grey and white matter. Injury to CNS involves neuro-inflammation. For example,
leukocyte infiltration in the CNS after trauma or inflammation is triggered in part by up-regulation
of the MCP-1 chemokine in astrocytes (Panenka et al., 2001).

35 Trauma is an injury or damage of the nerve. It may be spinal cord trauma, which is

damage to the spinal cord that affects all nervous functions that are controlled at and below the



10 muscular activity or forcible overextension of a joint may produce a focal neuropathy, as may repeated
small traumas (e.g. tight gripping of small tools, excessive vibration from air hammers). Pressure or
entrapment paralysis usually affects superficial nerves (ulnar, radial, peroneal) at bony prominences (e.g.
during sound sleep or during anesthesia in thin or cachectic persons and often in alcoholics) or at narrow
canals (e.g. in carpal tunnel syndrome). 15 Pressure paralysis may also result from tumors, bony
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damage to axons, which can only be detected microscopically. Secondary brain damage occurs
as a result of complications developing after the moment of injury. They include intracranial
hemorrhage, traumatic damage to extracerebral arteries, intracranial herniation, hypoxic brain

35 damage or meningitis.
Spinal cord injuries account for the majority of hospital admissions for paraplegia and

tetraplegia. Over 80% occur as a result of road accidents. Two main groups of injury are



30 numbness, burning pain, or deficiencies in joint proprioception and vibratory sensation are often
prominent. Pain is often worse at night and may be aggravated by touching the affected area or by
temperature changes. In severe cases, there are objective signs of sensory loss, typically with
stocking-and-glove distribution. Achilles and other deap tendon reflexes are diminished or absent.
Painless ulcers on the digits or Charcot's joints may develop when sensory loss is 35 profound. Sensory

or IOrOPriOCGF}EM@gHE@SiE%rﬁ&%h’y!%éﬁ%ﬂﬁi&é‘?ﬁ@%@@&‘%ﬁuMQI@HW%%@?&J@&‘&%QM@' dpikecle

weakness and_atrophy The autonomic neryous system may be additionally or selectively involved,
leading to noB AP Ve R feerAEhHAHES, o7 Pt R st AYBbERLion.
Vasomotor syanmrohegeapiesErengkiasnaagobet feilarshapirebiniaes ioxhaif denalbiiasegoigtas aikky
discolorationjravigaliigonaer exs eprisecolumphieniiardRs{BMRAbrRAER YISk cafievkataggged nails,
OSteOpOIPSIS eeC&g%{%%ﬁéndéegﬁrtﬁepéﬂlé)rﬂ%?qh%aggﬁgﬁrwmégl 38' &%‘V&e%ﬂgﬁﬁé’d%n"‘_%’v‘aﬁﬂ%}nﬁmo”9

|
alcoholics anga the mal iIshed. A primary axonopat ay lead to secondary demyelination and axonal
destruction iF A SoMHER AT TERGR s RER X VIPRIHTA the ER(F SR dBRRIEALS B f IRTaMTAL R fother
vitamin (e.g. pymidexirepdpsatiottiayid @oihefovbiatidie sxramdes. MNeurapathyidaetionpymfdcidneadeficiency
usually occuggignly in persons taking isoniazid for tuberculosis; infants who are deficient or 10 dependent
on pyridoxine may have convylsions. Wasting and syn}metric weakness of the distal extremitjes is usually
insidious but can prToraV&% Pa;S*?&;},“%%}n%Sfl}WSg 5888%8aﬁié%°5§f§%d%w It8s§, %39 st’he@é?as\,/'glﬁatpain.
Aching,€ranphsguleoeiiziy obieriit arriextantieees inene valedues fedecaalebpatirsep iy touch.
Multiple vitarripsaaay deagieiumdreneasiolay isrpbreurer, Briatheyokavexbssgievemeseffotbtpreditary

neuropathies g, dassified ap.sensprmlelneliRRAIS.A srosery petoRalbics, GhareolMiarie-Tooth
disease is the most common hereditary sensonm tor neura/pathy. Less common sensorimotor
neuropathiesPBEGRAAt HirBoRh @ RIBNRNFEG réater HERHIFSHNA SISS80RT HelingpaRTRIEeSith i Pire, loss of
distal pain anddemiiepatsvessamsafienirsaiconelipspotinendioarciosss (e ghrataryahhohpo syiahoper)se. The
main pr@é)lerwgs%%%%pgpgﬁ@!%gy dide tRRAINFBRERSIILY . Wi Tropasetniectinns anggrigopyelitis.
Hereditary neurlogathles also include hygertro hic inters |t|ef,l neurogath@/_ and De Trlne-Sotr'i?s disease.
Malignancy RPARSS HALRSoR Mo ViadRGRBLYNaIARA oA ﬁ'ﬁs(rﬁﬁ%iéﬁonﬂ?éfg a Rnphoma),
amyloid invasisaicerniegetidral deficiencies or as a paraneoplastic syndrome. 25While of various
etiologies, such as infectious pathogens or autoimmune attacks, neurological inflammatory diseases all
cause loss opagpheladieatdpuiation and may lead to paralysis and death. Although a few therapeutic
agents reducing inflammatory attacks in some neurological inflammatory diseases are available, there is
a need 3 develop ASVEMBASIUSRALY dB AFYELP TS BBV HIFau IS ER SR NaTS NS08 e R,
Chemokinesdetreasetadeer eokinTe siitexestitand aaoparfemujynofemalai@d @k apoytokmssativat activate
seven transeRiHEaENGLRIRIN S UBIRS IEE aRiPEs dhat asgdnuaberd 33Rasin hasalsaliicking and

B e A S S I M A S e UV S S

2002).

25 The disease may affect a single nerve (mononeuropathy), two or more nerves in
separate areas (multiple mononeuropathy), or many nerves simultaneously (polyneuropathy).
The axon may be primarily affected (e.g. in diabetes mellitus, Lyme disease, uremia or with
toxic agents) or the myelin sheath or Schwann cell (e.g. in acute or chronic inflammatory
polyneuropathy, leukodystrophies, or Guillain-Barré syndrome). Damage to unmyelinated and

30 myelinated fibers results primarily in loss of temperature and pain sensation; damage to large
myelinated fibers results in motor or proprioceptive defects. Some neuropathies (e.g. due to
lead toxicity, dapsone use, Lyme disease (caused by tick bite), porphyria, or Guillain-Barré
syndrome) primarily affect motor fibers; others (e.g. due to dorsal root ganglionitis of cancer,
leprosy, AIDS, diabetes mellitus, or chronic pyridoxine intoxication) primarily affect the dorsal

35 root ganglia or sensory fibers, producing sensory symptoms. Occasionally, cranial nerves are
also involved (e.g. in Guillain-Barré syndrome, Lyme disease, diabetes mellitus, and diphtheria).

Identifying the modalities involved helps determine the cause.



Stromal cell-derived factor-1a, SDF-1 a, and its 2 isoforms (p,y) are small chemotactic cytokines that
belong to the intercrine family, members of which activate leukocytes and are often induced by
proinflammatory stimuli such as lipopolysaccharide, TNF, or IL-1. The intercrines are characterized by the
presence of 4 conserved cysteines, which form 2 disufide 5 bonds. They can be classified into 2
subfamilies. In the CC subfamily, which includes beta chemokine, the cysteine residues are adjacent to
each other. In the CXC subfamily, which includes alpha chemokine, they are separated by an intervening
amino acid. The S?P{f-lé?roteins belongl to the Iatt?r group. SDF-1 isla natural Iliﬁ]an% of the CXCR4
(LESTR/fusin) chert3HIRE rB88RMSHPRE M plta BEY arif YERih L0 SIAHRE ar &Eb il deredst
alternative 10pkgligiitis dfagieiagleldendodise alptndfons iRbriseroidosisexneietol® disikashe ega form
contains an agkbigeeal aamusdsssfromr exeaclioddedisshiBiee@yonsphss Ditshasse identicakitidhpse of
SDF-la gnd - The fourth ex f -lv is 2 ownstrea t ird exon on
SDF-1 I?;usﬁ%ﬁé%ggﬁe%éﬁﬁgﬁﬁﬁ g)@ﬁ?ﬁ%‘?&%@ﬁ%@eg&gﬁ%Ig]é%ﬁ%% %gﬁ%ﬂ%&%g%)%f isoforms,
SDF-1 delta, &IW: epsilon and SDF-1 phi have been 15 described recently (Yu et al., 2006). The
SDF-16 isoform is &tgnmativpiyhsplicet incthe st ddeases theySBXaHdrapentogiadimg. radipdtiregaliting in a

731 base-payfs infron,yyiithife KGR QXD & Bk keing sRiuiBRdvVand hﬁ‘oer%EPBEStWQﬂﬁtOf of
SDF-1E and SDF-1, are 100 % identical to that of SDF-1 p and SDF-ly isoforms. The SDF-1 gene is

expressed uﬁﬁm‘ﬁtgﬂ% %ﬂWﬁHB”%%@%%ﬁ i8f“6?888%3'ﬁ8 28020 lymphocytes and monocytes but not
neutropHils in vitro AmddsAgeanightgpriedint e enosithgotapatior Prbsometiees cedrereviopathy vitheyand in vivo
SDF also aciacsia eheieaticactanbitar, buran, hepaianae!icareganides CeHsnOMTe ARIBEIGRSH,

SDF-1 and ity receptor, CRERE, eXGIelse exagniial fi r%%ﬂnsr%‘oﬁ%%é‘e‘?m%!.‘sﬂ%%gé: §V3t&%5%ﬂgtéhe

Ial . heav € .
nervous system since deletion of either the ligand or the receptor is embryonic lethal due to abnormal

CNS develofteadititiepReng!, 1e9y; Eejyestsal Othgod)dustria prisens, tAPGuEH 1Rite B HEUARH §t8 receptor
CXCR4 can duleitshiniadtidanosiheleath by apoptosis in the human hNT neuronal cell line, which resembles

immatugg post-mitofigLhAlBRIZIGREHEANTARAAR R BURhAhhNgcRAchasaciersticsH{Eigssalgesser et
al., 1998). The rolea{ﬁf SDF-1 in the developln‘%;ﬂ,and mature central nervous S%E%?m reviewed 30by

i Nn was,
Lazarini et alCU3%Abhi Bi%9)., D505 eraPC ARTHSRIRES o B lSPSnR) SnvoREd Slﬂf‘o-?ﬁ(ﬂ‘é’#ﬁﬁﬂaﬂon in the
CNS, but thetimadsitigeandxtiadesiveth elptinlenasnigioie altlydenisortiaiinpapstidexadre cegcbinmduridepithelial
cells (includingngisrosy specy tesurpaaligodenaiasy esleod h MaftinyldbrePE MoKsnemowbiapssic

proliferation (afruol'gqodendrocyte precursors (OLPs), as illustrated by GRO-a/ CXCL1 (Robinson et al.,

1998), 350rgan|gzaition of cerebellar granule cells, in the case of SDF-la (Zhu et al., 2002) and activation
states dt%nicroglia A& EleMApARECEHG$ERI4IRIR P R SSLTIEA BRI @1 IN POHOFUGRAMethYHaN few.
Thus, in bothitiieiemiy imefteydtencausd (eegvousigysitsm, pandtaidnperdtiensaddanesac sorpetitbimiieadide range
of similar actwyg&i,l{éclugg}gigﬁgﬁIatl%Qgg,%fﬁ{atl%%mg@t’lona@&tlvg%ﬁé}gﬂgs.glffe&m@g}gpl)Many
chemokines and chemokine recegtors_ are eﬁpre,s_se in the CNS, either 5 constitutively or induced by
inflammatory THELFHIBPE AR AEHR BNRAIH RS hR B4R RSP BIH ARR4REOR R ALY i Atiple
sclerosis (M®){Bapsttoneltital, CO0 Lassrespssareid;, 2602) polynedrapaghipr@xsib e asii8OE:- Mwtintain
endothelial critmbiasiRpathshavi feiavashidheuresstiyment adfinnauraisabioto dhebscbemicaNg (Stumm

et al., 2002), suggesting a detrimental 10 role of SDF-1 in neuroinflammation. In the context of aids
dementia, SDF-1 was decribed to induce neurotoxicity by stimulatingﬁTNFa, roduction bg activated

microglia and glutaPRABSERPAEY bUsstro SREL Ml iBRIH96 ifRiBcEPReGRr REIMDIrfTarffRatdi ifodel
(Bezzi et al., @3ebpS ctengeoftet alve? 6dA)hAdregens. dubbgatiaty degtribeith SEHsdla abqoressidss in

astrocytes ofy\MSJGsiong-LHNRLaRL StalraPirle IMNHUCHORIHT RXREIRAIRA aBehaitRNGREhgjomyelits

(EAE) in the rat was accompanied L , , , .
30  numbness, burning pain, or deficiencies in joint proprioception and vibratory sensation are often

prominent. Pain is often worse at night and may be aggravated by touching the affected area or
by temperature changes. In severe cases, there are objective signs of sensory loss, typically
with stocking-and-glove distribution. Achilles and other deep tendon reflexes are diminished or
absent. Painless ulcers on the digits or Charcot's joints may develop when sensory loss is
35  profound. Sensory or proprioceptive deficits may lead to gait abnormalities. Motor involvement
results in distal muscle weakness and atrophy. The autonomic nervous system may be

additionally or selectively involved, leading to nocturnal diarrhea, urinary and fecal incontinence,



by increased levels of various chemokine receptors including CXCR4 (Jiang et al., 1998). In
WO000/09152, CXCR4 antagonists have been said to be useful for the treament of an autoimmune
disease, treatment of multiple sclerosis, treatment of cancer and inhibition of angiogenesis.
20W099150461 discloses methods of treatment of disprders involving aberrant cellular proliferation or
deficient cell proliferation by administering compounds that promote or inhibit CXCR4 activity. Inhibitors of

the CXCR4 flancsignwese &eima%woﬁgﬁs%ﬁﬁ%%%g@ﬁ@&grﬁmé&gsw the: TeesRIeTARRNISES were
claimed for the treﬁtment of disorders in Whlcdﬁ Z%]H roliferation is deficient o(;ls desired. ﬁlsorders in
o S

which cell préfifér R S I BRSRY Te SYRE PN &R SUEET ¥l PP Riich a
portion of thechrigeRIEERSIENMNY dRisk Gliisd Rire) eretifBgdandisn petaeatingissasempridingvgremultiple
sclerosis anchlepigss @bpgyipheral nervous system. The therapeutic use of CXCR4/SDF-1

antagonists in ”e“rﬂlﬂﬁ!f&%ﬂﬁ%@ﬁ*&&%ﬁg@% :%‘8%%}49%@%;-a|90ﬁ5i§§7§n%8% ﬁl}{SWtc?u‘?i&fe%.DF'l s

suggested for the treatment of diseases relating to un rovvn or abnormal proliferation o

hematopoieti/ BN HENPBRAY SPHaREE eTACBP R ASRIGHN A BPHiBHPOR tHSSIMRINN IR HEUIRSWEFInjury.
In W003/0622%8 |agesth iztossof \Shxfhdr stige akinge pathefmjends dethixibied for tmettreatiteninofe.g.

inflammation,, e therapsiiferses sistasestineluds ifAmmaionAsARas S MBI diseases

or conditions or dijsorders, where either in the CNS or in any other organ, 35immune and /or inflammation
suppression WAl BEHENERYAT BRFIR: REOLRMEAS BLHRHELTE HRARMES 36 deTESi%hmann et
al. repotfed dlepigitrenhnriryiidexineagayinaspFonviisienm Riqstiexpreéssiomafticvyrakpers af herdistRision.
_Th?y Conclu@adéhabaﬁ%?rulféngip?ﬁsmé@mtraéa tﬂbgmaiir@ﬁ?mﬁs@rdﬁfmé@_@&ab@xpéaww RaHesry for SDF-1
isoforms at distinct i ndition velopmen r neryous system
(Gleichmann S B R L B S S  e
branched sugaf §ioiupavaRRIvaA BRIt QAL AANRE YEvaiRT PIdtdRS Gendireariddel pPstsRylycans
(PGs). Such iproteinsare nuressrh deredil. membrane, in the extracellular matrix and in the blood stream,

where igglated GAGR caLAISPAF PRRREL FCHAUIRAUAET GAGSnAB: N BRTuIe WilhsLf Soluble
molecules, possibly to pro roteolysis in the extracellular environment. |t has also

ct this molecule from ,
been proposBad{RET CAGS %1%9%’&43%’ oco%re%f et it SPRIGIRAING RIS UL Y AR specific
receptor andnewenatiulylessoctentan didasmefaartatreedtiesiveatin . ah bl cansk hehdmaekeatss, the
cor;]cenltlratiordimliim AQkiNZe gsadieatseal Mﬁ:ﬁimeqfar&,adaﬂalfraﬁ@(?tipai@Q@Hﬁ@m&?wﬂm}ébﬁbmteraction
with cell recept nd their activation state to ate ifferent forms. AGs
(Hoogewerf épi ;?,I{Sr?g@? .'?%@rg?_g%e?q% a?ét _\SE%EQ'E‘, algg)gs rg)g %ﬁgt % g?%;?cﬁeiaﬁ]c?ehn O?Fgl@c%iﬁ%)eﬁgégﬁ%ns may
represeffl a tAEHFI0HE SR oBRA iNRSAEHYRatHN dlssksat Steriiars a0 RERSM6Y). Rarsatified
SDF-1a, SDrelidpbthivasigeivetade thipedaptiiisrstifstitelropatttheddsjeririkOSdtisteliwbresidues Lys24,

His25 and Lys27 DYSRRARARS! ko LA POImANARYARHRAREIMINGRRAER SHalepRu ket the

ability to bind and activate thg@f§ CR4. Another stu?/ investigateq the effect of single mutatjons in the

same domaifl"¥Aa"CRaPAREERTE (REMSE-THREParth COMINER (SHPRY'ET., B0t )? PRHAPERFHfso

suggested theyidv@ement of residues Arg41 and Lys43 in glycosaminoglycan binding. 25 SUMMARY
OF THER4NVENTIORile of various etiologies, such as infectious pathogens or autoimmune attacks,

neurological inflammatory diseases all cause loss of neurological function and may lead to
paralysis and death. Although a few therapeutic agents reducing inflammatory attacks in some
neurological inflammatory diseases are available, there is a need to develop novel therapies
that could lead to recovery of neurological function.

30

SDF-1

Chemokines (chemotactic cytokines) constitute a superfamily of small (8-10 kDa)
cytokines that activate seven transmembrane, G protein-coupled receptors that are involved
35 both in basal trafficking and inflammatory responses acting primarily as leukocyte

chemoattractants and activators.



A first aspect provides use of SDF-1 for the manufacture of a medicament for the treatment and/or
prevention of a neurological disease, wherein the neurological disease is selected from the group
consisting of traumatic nerve injury, demyelinating diseases of the CNS 30or PNS and neuropathies and
wherein SDF-1 is selected from SDF-1 a or a SDF-1(xgvariant. A second aspect provides use of a
pharmaceutical composition comprising SDF-1 and an interferon, optionally together with one or more

pharmaceutically a‘é@r%P&QP&%lP&&’H&PFéetEQrﬂ&e%ﬁﬂﬁeﬂ& s F’Z%’&HFH}’Q@ 7 fsuwnlaoiraldisrase wherein

the neurological disease is selected from the group consisting of traumatic nerve injur demyellnatlng

diseases of tREVRES 335,88 AN tBI5aNT a4 Nd W?@fﬁ eipieh aciyaiaderiRiHeS SR B or a
SDF-1a variarften indActhirdaspeofiprovatiey wedf syihaas afepivhsbcompdsitiONFcompitisinglf&OF-1 and
SStetOIOO”tin, |ﬁ/l€2eﬁi9rﬂ@!;yali‘té9@ﬁ£\%6t‘é4iﬁb@®9 We%%&lﬁémllﬁdﬁgh’é@@@bf @%Q&H?%blﬁh@ﬁﬁ'?ims?gaﬁiéel _
reatment and/or, preyention eri urological disegse en isease is
selected rorrg(fﬂe gﬁ%u ggﬂs%stlﬁasg traunL%tsc ne%%a] |Frl1 ury em&gm% m'diseaggs %ﬁfﬁ éﬁ% or PNS
and neuropafhRFEoAHE Wh@r@iﬁt%@’si@@élé&e@dﬁﬁﬁﬁ“%Feﬂﬁ*’bplﬁ%[ili FHW%ﬁ@i@%\MrtW*d@bect
provides useigdlaphafipracenéivakicempesitipe copapiistn @S eM--htandraligstetino opdionaly tepether with

one or more phagy H@BSBHSG‘W tﬁ&qgﬁé?tlg%%cﬁ%”ﬁs@ Nﬁﬁ#&‘%g&ﬁd‘@@{hgr%&%ﬂ?ﬂ%@%&ﬂéﬂﬂera'

neurological disease wherein the neuro disease is selected from the group consisting of traumatic

nerve injury, ‘Hlﬁ‘??%'f‘ﬁa‘iﬁ‘f@p&‘?éggge@mh BN P BN AT KB B[ thit e 08 8l P4 §s selected
from SDP-1 apbiciadSiDE-<iag 4 @eaeiaftie alphafofiftlisaspeet frovidema triktiid thiethesdifigna seataiokogical

disease seIegwgdfammheeqhmeecmﬁ@eg of ragmatihRe urdmiuy sBemyslipainadiseapssebthe CNS
or PNS and neuropathies, the method comprlsm%%gmlmstenng to a subject in need thereof an effective

amount of a ﬁﬁgrllr%@%%%ﬁ “ABrlpEdRIBH ERLTIsRRY Shie 'fﬁaﬁﬁda%@l:bﬁ dovasErRmaiY™ feedhtidnally

admlnlsterln@_)todbe SDbje cdaimanthliethsive sethaahitid Bycor sepacstelyresxantef feDeR1and/or osteopontin
and/or clusterin. 1, [hepiesepEInVRBHR LIRS 101aVel FREADTon R eRFIRIH; and/or gugyention of

a neurologlcal disease. In the frame of the present invention, it has been found that administration of
SDF-1a!?20 WFEESEAreoanl SHEel FlrafiVnal's SohehisPIaBCISiR FMRIVRID SRR FnibgePSt
peripheral newiiogichBerase spSiifedtiaginahits MalaiNg Wwese 3dseasépuairs tatiohjbitthNitre 2eaniddL-6 in the

LPS induced INE-3 %:té R f%mg%mﬂ%% ’ljﬂer iR 2MediElg rL%f#aéPgﬁﬁ"{Q and SDFTISI(:a%XP(% igpental

evidence presented re prOV| a new possibility of treating neurolo diseases, in
particular thaddentisrea terhetupbival faprpghal deliseiAEi®n and 25 neuro-inflammation. Therefore, the
present invention relpéesnie- uhgeusa@é@%séoonmauag@’njsw& HloFexkantbvityf tnsdhesamanufastune of a

medica%”g@?éﬂg gkggtéﬂ ’?é%ﬂs?%g?és%ﬁy éh%;?n{fW%?Q'&ﬁé %Saeﬁ%ﬂly B&&&OE%HSSHY‘VJ%EHPE present

invention, S in combination'with 30 an interferon or osteopontin or clusterin for
treatment an@fo@ﬂ?@%ﬂﬁ?ﬁ%‘f%@dﬂ&%b’ld’&r ARBLEdVOrRRMLRELFFR AR REM IR RAM Lr &R@_sion
vectors comesiap Sk proguhitircells expessvinGBIaF-1, for treatment and/or prevention of a

neurological diseasgi Q'%Qm&“%%'c?é@é’ptor C)Qé$@1di§£é9§§‘<9 8LscRhArMACRICH qREResitiRRsisRMPrising
SDF-1 and an mterfer%nhor osteo ont{n or clustell'ln é)rP %I ly mgeégna vov#tn]e receptorore rﬂQarmaceutlcally

acceptable 3?JyeXCIp|en e nervous system since deleti ore
25  lethal due to abnormal CNS development (Ma et al., 1998; Zou et al., 1998).

SDF-1 a, through interactions with its receptor CXCR4 can directly induce cell death by
apoptosis in the human hNT neuronal cell line, which resembles immature post-mitotic
cholinergic neurons and has a number of neuronal characteristics (Hesselgesser et al., 1998).

The role of SDF-1 in the developing and mature central nervous system was reviewed

30 by Lazarini et al. (Lazarini et al., 2003).

Chemokines are certainly involved in neuro-inflammation in the CNS, but their activities
extend to their role as biologically important peptides directly on neuroepithelial cells (including
neurons, astrocytes and oligodendrocytes). In particular, chemokines influence proliferation of
oligodendrocyte precursors (OLPs), as illustrated by GRO-a/ CXCL1 (Robinson et al., 1998),

35  organization of cerebellar granule cells, in the case of SDF-1a. (Zhu et al., 2002) and activation

states of microglia as exemplified by fractalkine/ CX3CL1 (Zujovic et al., 2000), to name but a



11la BRIEF DESCRIPTION OF THE DRAWINGS Fit .1 shows TNF-a and IL-6 content in pg/ml of
mixed cortical cultures pre-incubated at day 14 of cell culture with 0.001, 0.1 and 10 ng/ml of SDF-1 a
(1.A) or SDF-1a variant (1.B) 5 for three hours at 37C then supplemented with 5 ng/ml of [PS for 48
hours. Supernatants were collected at day 16 and the levels of TNF-a and IL-6 were measured via
specific ELISAs. As positive controls, cultures were treated with 25 pM of dexamethasone (Dexa),

IOng/m1 of ILe 10 ?Mé”m%qh@mtk‘ﬁt&%m'nEW&@@&&%H%F&HMH&R&HQ%&P@%%ShOWS

the mean total number of cells x 106 s.e. recruited in the peritonea] cavity at 4 hours after intra

peritoneal inj@tils GnEsoPhRITHE F6ivdss BEUg. r@%@“ﬂ%ff}?'ﬁ’ife@t SBIETRIYr Seiation\ Aihant
diluted in 200difaxanG4t{@n9%, LPS free). Fig. 3 shows SDF-1a content in picogram per microgram
of total protein (g/ighy" aﬁpmeeorg\exgmmaﬁaﬁtmﬁb?ice@wwﬁﬂ WEAENE, C'@‘dﬂiéic f
phase compare eated mice (contro shows the Rhysiological recordings o
mice, afteg;1 aggpa?é?:uﬁ\éeﬁ%e 8Fusﬂ lfreateg l?ﬂ @mﬂjc* rYSarPne 0632 /?@%VA) églbn é%’ %r 180 pg g s.c.
of SDF-1 a af@BorRitenica) @pa%eméd(mmﬂme&ﬁlﬁrmw@d&a&mew BAIioroasgast

registered ondhecozyiralateral side of Vehicle treated animals. Recordings were performed at day 7,

15 and 22 post lesigg, {dpj), sﬁaﬁpcrﬁ%%ﬁ% the @rmn"ém&ﬁ@m"kx@t ﬁggvmah&swmw&%@om%@e

action potential. 4, Bshowst e latency in mjlliseconds ms of the compound muscle action potential.

25  Fiq. 5ERUIBNCEIREHEHHFFY b} %&ea?%%am% b? YRSt PE%i SHESREINE BrHEHMRE e d
with VeHigle (SklinEADE2PrBBAcinfiBomglieg.Jit thd Skt af\aidadenBatelifdhalues @sberb@ on

the contralatqral SIAG QI MG B AGH AN pAaiRES eaa%wanﬁﬁc?agcﬂaya%@%%%st
lesion (dpi). 30, 12 5.A re rslgresents the a%htude in millivolt V oft e .com gé%&r%"- uscle aca 0
[

potential. 5.B'EIF85% PHESIEHES IR PR AREDLRGLSHAL YAkt trlﬁu bt
shows the dufstiemsan itikis s2UsA mesk of mellcmpmwlhm&lbcamlénpmnnam arago@momnﬂne
electrophysiolggg;,gl%ﬁﬁg,régmggtgi ngi@@g,)after a sciatic nerve crush, 5treated with Vehicle (Saline/0.02"Y
BSA) 0r13500, 30, 10Ir|1g{1|%9§ncof%cx'é>ﬂeentmental aI%rglc encep%alomyelltls (EAE) in the rat was accompanied

by increased levels of various chemokine receptors including CXCR4 (Jiang et al., 1998).

In WO00/09152, CXCR4 antagonists have been said to be useful for the treament of an
autoimmune disease, treatment of multiple sclerosis, treatment of cancer and inhibition of
angiogenesis.

20 WO099/50461 discloses methods of treatment of disorders involving aberrant cellular
proliferation or deficient cell proliferation by administering compounds that promote or inhibit
CXCR4 activity. Inhibitors of the CXCR4 function were claimed for the treatment of cancers and
uses of the receptor agonists were claimed for the treatment of disorders in which cell
proliferation is deficient or is desired. Disorders in which cell proliferation is deficient include

25 demyelinating lesions of the nervous system in which a portion of the nervous system is
destroyed or injured by a demyelinating disease including e.g. multiple sclerosis and lesions of
peripheral nervous system.

The therapeutic use of CXCR4/SDF-1 antagonists in neurological diseases has also
been suggested. In EP657468B1, the use of SDF-1 is suggested for the treatment of diseases

30 relating to undergrown or abnormal proliferation of hematopoietic cells, neuronal enhancement
or depression, prevention or treatment of neuronal injury.

In W003/062273, an inhibitor of SDF-1 signalling pathway was described for the
treatment of inflammation. The therapeutic uses disclosed include inflammation associated with
autoimmune diseases or conditions or disorders, where either in the CNS or in any other organ,

35 immune and /or inflammation suppression would be beneficial, chronic neuropathy or Guillain

Barre syndrome.



values registered on the contralateral side of Vehicle treated animals. Recordings were performed at
day 7 and 14 post lesion (dpi). 6.A shows the latency in milliseconds (ms) of the compound muscle
action potential. Fig .7 shows the results of 100, 30, 10fig/kg s.c. SDF-1 a treatment in the
streptozotocin 10model of diabetic neuropathy (STZ). 4ghe positive control molecule is IL-6 at 104/kg
s.c. 7.A represents the body weight measurement starting at day 11 to day 40 7.B represents glycemia
levels at day 7 post -STZ 7.0 shows the latency of the compound muscle action potential

measured at day 24 and 40 post STZ 157.D shows the effect of SDF- 8}011‘1 the sensory nerve
y

conduction velocity CleCHRARFEEL AERAAEG AR FRNSIRTRGKTRRS A oAy AP IS SkRiT SRy
without SDF-aftentrssiphenat especlesion . adeyeopeitited tFat ivdindingrudenansiraledentenfiset fitvers in the

sciatic nerve amé@wﬁa@ aep'irt?s%ja% Bla@err?nm@m&th%%ﬁmia Gféﬁﬁéﬁﬁﬁ@&ﬂ@@éﬂ@ﬁ&itfﬂ?%r%@hdl@é’ 450
post STZ 20Fjg .8 shows the. results of 100, 30, 10fi s.c. SDF-1at ent on mechanical an
thermal éﬁlodéﬁyg Pé’én(fgg@ clﬁr}%y sotf'rsg-:-hpﬁg%vt%ucslr? yr?%@e@?' fl%é%aer{?cer%g?)_’rg%at 1y (STZ). 8.A
represents the thresHid! e’ dtfrsastesdu fEcrsardnogiicrre BhSHe RighstafiaPieo biaaeher seopr

represents thgriaienayder: psst-aameitihaie H2&\Hel pateinssaandayal) st SidedblyignS shGws the

estimated falge, iseoMGTY 115 Q0N ABURMOHBARY, MR SSENEGNE GRUERION RaHe diagritRihe
number of positive markers R for R<100. Fig. 10 shows the SNP A-21€5631 in the SDF-1 gene. Fig.

11 shows the PIIGi At s A 850 8L e Hubiah SDRPERIEE Tarigitdom @ corpplex Withy, s
that SNPO A-20BBE3 nigdénutbe JOFsiblydacprideateititn thackule iftpon poBONEIF- insthed SD#cdl|ular
environment. It has also been proposed that GAGs may help the correct presentation of cell
signaling molecules to their specific receptor and, eventually, also the modulation of target cell
activation.
In the case of chemokines, the concentration into immobilized gradients at the site of
15 inflammation and, consequently, the interaction with cell receptors and their activation state
seem to be modulated by the different forms of GAGs (Hoogewerf et al., 1997). Therefore, it has
been suggested that the modulation of such interactions may represent a therapeutic approach
in inflammatory disease (Schwarz and Wells, 1999).
A modified SDF-1a, SDF-1 3/6, was generated by combined substitution of the basic
20 cluster of residues Lys24, His25 and Lys27 by Ser (Amara et al., 1999). This mutant was unable
to bind heparan sulfate but kept the ability to bind and activate the CXCR4. Another study
investigated the effect of single mutations in the same domain and characterized the SDF-1a
heparin complex (Sadir et al., 2001). Sadir et al. also suggested the involvement of residues
Arg41 and Lys43 in glycosaminoglycan binding.

25
SUMMARY OF THE INVENTION

A first aspect provides use of SDF-1 for the manufacture of a medicament for the

treatment and/or prevention of a neurological disease, wherein the neurological disease is
selected from the group consisting of traumatic nerve injury, demyelinating diseases of the CNS
30 or PNS and neuropathies and wherein SDF-1 is selected from SDF-1a or a SDF-1a variant.

A second aspect provides use of a pharmaceutical composition comprising SDF-1 and
an interferon, optionally together with one or more pharmaceutically acceptable excipients, for
treatment and/or prevention of a neurological disease wherein the neurological disease is
selected from the group consisting of traumatic nerve injury, demyelinating diseases of the CNS

35  or PNS and neuropathies and wherein SDF-1 is selected from SDF -1« or a SDF-1a variant.
A third aspect provides use of a pharmaceutical composition comprising SDF-1 and

osteopontin, optionally together with one or more pharmaceutically acceptable excipients, for



DETAILED DESCRIPTION OF THE INVENTION In the frame of the present invention, it has
been found that administration of SDF-1 has a beneficial effect in an in vivo animal model of peripheral
neurological diseases. In a murine 35model of sciatic nerve crush induced neuropathy, all physiologic
parameters relating to nerve 13 regeneration, integrity and vitality were positively influenced by
administration of SDF-1 a, MetSDF-1a or SDF-1a variant. SDF-1 a and SDF-1 a variant were

shown to inniggaiNia b efblAion 3P ingbisib EN heintrlgrse asiand madleln hich i @ eq0arc

model of neuro inflammation. SAﬁ‘;)trotectlve effect of SIiF la in diabetic neuropath é/ and neuropathlc

pain is showrCIREAtE &8@%%\78 it)§ arouR-EoNsISng QLRSS BI Be fIFONE 8BRS Prsas
primary progrefsbie € NESohBb®esd feurmpathies aimwlwperﬁiﬁﬁﬁlas eeldetnddrpreSontdd heae&DEhwefore
provides for a,ggy4ipossibility of 10treating neurological diseases, in particular those linked to neuronal

and glial§ell functlon nd neuro- Eflamgrr%atlon The |rt|1vent|ontthqrefore rst?lla}]eg to the us élf__i or of
an agonist of SDF-1 a@t‘i\% B th& YA afé{a‘f’u%% N T () ?rea me%’PB”%J/Sr% of a

neurological ¢y8gse. Ph@?t@ﬂm tepiber Wil @seddiansiie, Riaeaaerticrlle rrseeRtRiierextipiRtSSOF-1 a
or a 15 fragmeatrteatesidiavisigvehlionl acavttyn;smbl afer@oisdiabiegsto whereiX G4 necemigical he

amino acid sequg S?sosfe*b%@é‘?rc?ﬁméag ﬁ&‘?é? 5‘?%%5?%%’% Y 82%\%%%‘% égéle%ence

listing. The term ™ DF1 as used herein, urt er relates to any SDF-1 derived from animals, such as
murine, bovin®, B¢ FHY%EIFPNS@W%QH@§ %%Wﬁﬁf%hﬁaﬁfﬁlﬁ/ﬁﬁ'%@rfmﬁtémCEBISQFaBﬁWty

20The taom "S&iarl", as used herein, further relates to biologically active muteins and fragments, such

as the naturally 0cotiRg J3gloume0.LSDE aeﬁaaaaﬂeaﬁnéey RBURSLEANTURLY QERBIShie dene

encoding distinct isoforms o 1 have been reported (SDF-1 isoforms a, p,

sequences ofgﬁ?ﬂﬂeﬁ‘?"osﬁfl”?aOEB?E‘TB""‘SWB’W"%@SF%W%W”P EISFRPSORE H‘%@Nép% tgﬁi%@’lﬂn as
SEQ ID NO: begbeatiies he2m8tacy IEpiNDisBgSEDINBINDY 1d 25$ieCt D Ned] heirdf SEGECiNG: 16,

respectively, Qﬁ%@%ﬂ%%%ﬂﬁ@al'SQHFﬂposnlo-ﬁhgotrﬁﬁ?"b'ﬁDgDﬁﬂasé%sﬂdé‘@Feﬂ&; ftaet and
encompasses |sofor[ns muteins, fused proteins, functional derlvatlvlaefs active fractl ns, fra%[ﬁents or

salts thetof. FHRERNs ATINEtetHRdM D LRIFS SRRSO HN RS IUF AREIY ivesP aé%&?\)’eﬁpa s
fragments retaid/tie@sirsierjitaleadivijusteBMF-1. Preferably, they have a biological activity, which is
improved as 30compgeégsidseitildvympSkiatés to novel means for the treatment and/or prevention of a

neurological disease.
In the frame of the present invention, it has been found that administration of SDF-1q,
20 Met-SDF-1a or SDF-1a variant has a beneficial effect in an in vivo animal model of peripheral
neurological diseases. SDF-1a and its variant were also shown to inhibit TNF-a and IL-6 in the
LPS induced TNF-a release animal model, which is a model of inflammation.
The experimental evidence presented herein therefore provides for a new possibility of
treating neurological diseases, in particular those linked to neuronal and glial cell function and
25  neuro-inflammation.
Therefore, the present invention relates to the use of SDF-1 or an agonist of SDF-1
activity, for the manufacture of a medicament for the treatment and/or prevention of a
neurological disease.
In accordance with the present invention, SDF-1 may also be used in combination with
30 an interferon or osteopontin or clusterin for treatment and/or prevention of neurological
diseases. The use of nucleic acid molecules, expression vectors comprising SDF-1, and of cells
expressing SDF-1, for treatment and/or prevention of a neurological disease is also disclosed.
Also disclosed are pharmaceutical compositions comprising SDF-1 and an interferon or
osteopontin or clusterin optionally together with one or more pharmaceutically acceptable

35 excipients



The term "SDF-1" in particular includes the human mature isoform SDF-la identified by SEQ ID NO:1,
human mature SDF-1p identified by SEQ ID NO:2, human mature SDFly identified by SEQ ID NO:3,
human mature SDF-1-6 identified by SEQ ID NO:14, human mature SDF-1E identified by SEQ ID
NO:15 and human mature SDF-1 identified by SEQ 10,35NO:16; the human mature isoform SDF-la
having an additional N-terminal Methionine and being identified by SEQ ID NO: 7; truncated forms of
SDF-la such as the one corresponding to 14 amino acid residues 4-68 of mature human SDF-1 a and
being identified b SE 1D NO 8, the one correspondlng to amino acid residues 3-68 of mature human
SDF-1 a and BRIRG-REFARETIQNCITHE S aREthe one corresponding to amino acid residues 3-68
of mature human SBj_ ashavm@l\lihoadutitlkbfﬂibbtmrtmnad/wllewhrnlxmecart(d:etleln@rdermﬁmbm;a&EQ ID
NO'10. Also 2 8P BrssEd, RLGIPTBON Y AL B AMIRIPSBRS EQNAT BN BRGrLRqBoPtde

as defined above operably linked to a heterologous domain, ne or more amino acid sequences
which may bé°6hr5§8ﬁ%ﬁ(ﬁt§’§t %@?BIW%W%%PQ (g 8%'!1% o8 MUY HRTIRSRMS PeiRein,
immunoglobultiexters tatrdawe d & asd Fre riegeds hf M fhn aridatienveoensieess uesgh oid Sigpualis, Eli8AagAs

sequences (Syehyas éQﬁtrBEeédtﬁlBWeﬂ%euQH{éWQdowj& adiaiheridord ety d'{tﬁmé?rgl &Rl10
FLAAG peptides, or MBP. Preferred are Fc-fusion proteins of SDF-1 a a}f deflned by SEQ ID NO 13.

The term "SCREMMSFFh AS NSETILE FHERLIFUIKSRLES HRGEHIDH DR having a reduced
GAG-binding activity. The wording "a reduced GAG-binding activity" or "GAG-binding defective"

means that the CC-ggmalipfsmimdantsahayieniansr apibngobindl tosGAfesriiedan thdysatoneal
percentage ol sach ol fese puanis Snd e SACs (ke IPaTRst Bl M esgedig i

correspondinG Wi ype MR R PR T SUSHR R asdaySin e Tollowing cited priot art
disclosing suehSRatantsy. &Dbﬂm&atantwmdnm%ﬂﬂthIa@ldﬁ@"élrle%ﬁyff%closed in the prior art with the
substitutions Lys24 His25 and Lys27 by Ser (Amara et al J Biol Chem. 1999 Aug 20;

274(34):23916-25) gr by Ala (S Other GAG blnd defectlv utant 0
generated by comb|S1g'=hgd)‘-(;sL?Bs%fS Etl%) astlcmcl ST r% 065 B aﬁ and ?Psgjwénafany
other re$fduespingbhasd ﬁxw&ﬁaﬁﬁﬁn@gljwh plisdidflistgd M@Hﬁéﬁ@L;ﬁ@A@WlﬁPﬁ% spRsTed o
Possible comkgifiatieashanésecy. Lys24 Lys27, Lys24 His25, His25 Lys27, Lys24 Arg 41, His25
Arg4l, Lys27 Arg4l, Lys24 Lys43, His 25 Lys43, Lys27 Lys43, and Arg41 Lys43. The term "SDF-1 a
variant" in particular encompasses the mutant of SDF-1 a having 25 reduced GAG binding activity and
being identified by SERASNWS G RIRSFABRAMPIOOEE FePAINRR) M2 Allel ARoRl e 5. a): the
mutant of SDifreatedheitting:hiol@dstitineyal 0ot a8 PAGIBIorINBOresidoe ayikbawing IDE -t ipenthBaitprkg
Lys25Ala, HisORIa.kysRABogtiderilie PuanipCLiR NPlol L eaBehie muiiant plclred g fpduced

GAG binding aCtIVtIt}/ having a single mutation Lys27Cys and being identified by %ID NO: 12. The
SDF-1 a varigAtlaaiR@aife 5 e ﬁl@o‘r%ﬁtadlﬁ'ﬂﬂﬁﬁu ﬂt%"@ﬁtﬂ’%f%%t‘?aﬁtt’daw b $EHAD NO:
12 can be madisideswitfdPEEG (poly ethylene glycol), a process known as "PEGylation.” PEGylation can

be carried out by any 0fdheRRSHaBATDRAGLRASIKRMUANY SHARELMSSSUNO s BioR FofbAtd. 316).
SDF-1 and SDF-1 a \@nrgnts %gspgflnceqnher érécang f’@né‘l %deletlon rqf trQLeS etgrtunlnal n}m acid are
also included in the invention artlx,ulan]y preferre f3rms oF%'B‘?P‘i aving a eletfon o

C-termiRél amino acid are truncated forms of SDF-1 a such as the one corresponding to amino acid
residues 3-67 of 1Fmasisndusnas SEftrdphyaintdiesngeickedititie bbynB& QiftEr MQdaticamehib gk,
Co”esloond'”gcei%el AR é‘ghﬁ*cfS%é’aﬁtﬁé/@cEZA) %tHF%‘?tG}E‘& £O% f]sﬁﬁ‘%&'@gr%ﬂtaéggéﬁtﬂé' %li%’sm'“a'

Methionine an ng identified by SEQ erm "agonist of SDF-1 activity”, as use

herein, reIate@@d?’&rﬁﬂ)Fébm@ %ﬂ?ﬂﬁlé‘ﬁf@ 6'("35‘1h¥f%ﬂm§ 'Sﬁiﬁt?ﬁ%{m %%%%M%BEWS&ES of
the SDF-1 redepfandr2@radt feobtecidiely. weight agonists activating signalling through an SDF-1
receptope.g. the CXCR4 receptor.

35



The term "agonist of SDF-1 activity", as used herein, also refers to agents enhancing SDF-1 mediated
activities, such as promotion of cell attachment to extracellular matrix components, morphogenesis of
cells of the oligodendrocyte lineage into myelin producing cells, 10 promotion of the recruitment,
proliferation, differentiation or maturation of cells of thg,oligodendrocyte lineage (such as progenitors or
precursor cells), or promotion of the protection of cells of the oligodendrocyte lineage from apoptosis and

cell injury. Similar aghivitise R0 LA ARSI 6 68)lsdibunisirias smbpsimea of the
invention, SDF-1 is SéDF-Ia. 15Ir] a further Ereferredéemrgspg(ﬁdthment of the invention, SDF-1 is SDF-la
' use

variant. The term Sﬂ%"z‘;ﬁiﬂbe 3W8GVp'Pe'\? ﬁ?ﬁan’dg r%)lﬂ],ng%mlﬁg%ﬁ%@r%f’&g%lqg%l'preventing,
inhibiting, attenuatifg; arawkdratihtjebprayandisrromts Onehoféhsyaeiprons drusaleseqioraidientidlogical
disease, as well asEyBRRGRS, tisansarphemRplications atgoBPARENGHRe W alagitahsiseasgsnVhen
eating newologicaldipsase: s subsiances aosoipap e, 20 nvention are iven afier gaset of the
disease, "prevention” relates to admimnistration of the substanced before signs of diseasé can b& noted in
the patient. ValuBseRiRETASLPBICBRcAPaIsHISES" SKie e d HUERSIiNreAteINHBaEs SPRpIOINBSHEEFBlogical
diseases or gieaseires, a0y ariesl of thes oINS, including those described in detail in the
“Background of thednvamiart ASNRYNoalRalReaRs GPMPESR SRR RKERiG Héafitction of the

CNS or PNS, such as diseases related to neurotransmission, headache, trauma of the head, CNS
infections, neuro-optRRafISIIE &Ryt 2hidPPetde! dinatiet S RIRCHSNTEAENGD S IBIFEBIAR EBrebral
Iobe§ diﬂnrdeﬁsm mmmmes@mnwﬂzpm dﬁmye&baﬁagwdilseaseslLdelaﬁuml@mgl.ﬁementia,
craniocervical junctiop %B%gml{ng%g?%gr&pm%g%%aﬁ{; ) c}jﬁ%gt%‘%oﬁq%sd ofP disorders, 30

disorders of the peripheral nervous system, cerebrovascu isease, or muscular disorders. For
definitions of these QR GTRIERE LAY iriRY RARERMARAE! oF Diagnosis and Therapy, Seventeenth
Edition, published by\books Resetraty batheretomesnd 988cle adigupotentiahnmmeadiondogiciay 24 anstinct
neurological mg.@,.zl\/lany stimuli are triggering neuro-inflammation, which can either be induced by
neuronal or oligodendroglial suffering, or be 35a consequence of a trauma, of a central or peripheral
nerve diinage or of PVTAY G BAEHERLY HACHAO T IE PR SR CRILELE RIS inflammation are ()
secretion of various . & Geirftaenta dte mglehiemoléiine thiskrestret gty siOpiey0glid with spddtiifiyr8Sftitment of

additional leykogies <ubichivilh fypther stimulate astrocytes or microglia. In chronic neurodegenerative
diseases such as m ti%ﬁ? sclerosis éMS?,gAlzheimer %sease (AD?) or am%otro hic ateraggr? lerosis (ALS),
5 oS ueiely

the presence of pet7s' PRS0 AIRS L3158 r?d'btgﬁi%'i?élfenfeor h&'SEYoGr&ESs f the disease.
Neurological diseadeS egsertatethavitbnaibuediittizgpidritiehnedye dikerhet Aefetfbortd d&Zneurological

inflammgyfory diseaggfg shos IRIRIQIIESETODOSIMRNLHkESINSBRtN i EaGRANEN Gelcrhrlizpang is

associated Wil I pRiOn, I RReHB Lo IATINaNOn v Picleiehly, (p ourologicaldiseases
of the invention are selected from the group L0consisting of traumatic nerve injuty, Stroke, demyelinating

diseases of the CN&AFIPIeSSH2 e paigfeelh A sielR doRfe e atiee d/oadgey Filament Test day 20
post STZ

8.B represents the latency measurement in the 52°C Hot plate assay day 40 post STZ
25 Fig. 9 shows the estimated false discovery rate on the Italian primary progressive MS
collection plotted against the number of positive markers R for R<100.
Fig. 10 shows the SNP_A-2185631 in the SDF-1 gene.
Fig. 11 shows the predicted amino acid sequences of human SDF-1 splice variants.
Eig. 12 shows that SNP_A-2185631 is in the SDF-1 gene, located in the last intron of
30 SDF-1¢ and SDF-1¢.

DETAILED DESCRIPTION OF THE INVENTION

In the frame of the present invention, it has been found that administration of SDF-1 has

a beneficial effect in an in vivo animal model of peripheral neurological diseases. In a murine

35 model of sciatic nerve crush induced neuropathy, all physiologic parameters relating to nerve



Traumatic nerve injury may concern the PNS or the CNS, it may be brain or spinal cord trauma, including
paraplegia, as described in the "background of the invention" above. In preferred embodiments of the
invention, the traumatic nerve injury comprises trauma 15o0f a peripheral nerve or trauma of the spinal
cord. Stroke may be caused by hypoxia or by ischgmia of the brain. It is also called cerebrovascular
disease or accident. Stroke may involve loss of brain functions (neurological deficits) caused by a loss of
blood circulafion ta- 28RS PG BrAINikAp Sl IRARWIFHANOR MY berHRIaBIPBHLHRL shjlderm in the
brain (throm%ﬁg, or pieces of atherosclerotic plaque or 20 other material that travel to the brain from
another locafbt (MR BIR &8 (hemorrhage) within the brain may cause symptoms that mimic
stroke. The most c@DMOn sadiSOHPa SHoke I8t Gkevae oMty TR arastlerosisd carshnalitetombosis),
and therefore-{he Inyeaton s elales,iang Usatmenhhaterasslsipsis, Bgripheral Neuropathy may be
related to a syndrome of sensory loss, muscle weakness 25 an atropﬁy, decreased deep tendon
reflexes,%and vasoricttegivpeiied, A SRE deim digbettmarneryNEdrapaRpiapifee SASIAGe nerve
(mononeuropRdhypsBNOIREROFe Nerves in separate areas (multiple mononeuropathy), or many nerves
simultaneously (pol athv).,. ) imagly affected, ( in di li Lyme
disease, or uremia gﬁ%ﬁ%ﬁ%ﬁg&% , gér?'t({ﬁea%l%ye %%%%ggc%%ﬁ%é&%g féﬁégﬂg l:r)%éhronic
inflammator))o‘?ﬁﬁ‘ B%H%europathy, leukodystrophies, or Guillain-Barre syndrome). Further neuropathies,
which may be treat@tdregecondatatevwdithch erpsestedt haramticneioaypengdee fdue telepastibiitytyf dapsone
use, tiC"id)itetrQQﬂiH@)ﬁgﬁvdMg@QIi'!ﬁé@é@é’é%%@%&%h@é&jlm BapimaiialiartmatpeitiemdOthers,
such as those due tg dorsal root ganglionitis of cancer, leprosy, AIDS, diabetes mellitus, or chronic
pyridoxine inP&%f@é‘ﬂﬁ%rpm%%?B'rimarily affect the dorsal root ganglia 350r sensory fibers, producing sensory
symptoms. Cranial heaeuentiay irsefere iielaibsdd tkeioheadf 8Lf thaGofirn rRaiveos pRfrdaetiMtynfes disease,
diabet?s meliﬁgmmfila&im’etbmimﬁdlﬂamenﬁlﬁh@mtém@ﬁ@ﬁﬁ&&@@&ﬁ@;ﬁaﬁﬁnh@fgn| drtesderation in
mental functions resylting frQ nges in brain tissue, This include shrinking o jn tissues,
orimary degenerati SN TR E e S Be b AR Sse A M et st DN SOl S
dementi& AlFrRamRI SR 8EYNY) SEPAriapiithis 2 eiisaasista BiREdeioonther&ith TRefRtIRgI 8Raking and
difficulty withawakingidreeyesnenbianthea@oinatios. [dfweisrasmisasserimevithfamagadea part of
the brain that controls muscle movem nd it is also called paralysis agitans, kin Isy.
Huntington's BRLE I e S aormal S e R a3 VSt SRR, vty
consists in aABREEsSYRIABETBING RNy et atBl-C RS IpngRotigE FoseBigigahiiestimiRar¢fséases with
CAG repeatsnachateSiot-exataipje, spinal muscular atrophies (SMA), such as Kennedy's disease, and
most ofifie autosoral dgrminapkcprebellas ataias (ARGASHIEL BeLlNAIRSARIRORRIERS gnAtaxias

(SCAs) in genetic nomenclature. rgy trophic Lateral Sclerosis, ALS, is a disorder causm[ip
IGREH I the

A .
progressive IBA SR RAIE SPGB NthiFEERS Rchling ok FUETRIEKRIN SARAVERRRS
brain and spiv&lecty@f the gengsmopding Idigknet] ISolerosiel, al¥o thHeel bhean Gehrigds (Gisedsecisraslisorder

involving losg, of thes Usghaid ¢RBLELMARSEaRiman SbftiRle SoterpsispAs) isornqiflagiratosyd
demyelinating disease of the central nervous %ystem (CNS? that takes a relapsing-remitting or a

progressive OUrsd. MRS FOHIRARERITHRRR NG REEEENs tovnte B P meSelibNeral hervous
system 2PN SJEQdRrRId SZ0drtlath iAoy & eenpedtivatin g fiodaacksatbsruensatisfif@IDP). In addition, there
are acute, monophasi¢ gigardens-suchsagshie iRfanmatesy drreiRatindprradisirnaurerathy termed
Guilain-Barre, syndrome (GBS)IA G ENS. aad agis disseminated encephalomyelitic (AREM) in the
CNS. FurthePneurologlcaPalsor%rers corhprise neuropathleg with-abnormal myelination, such as the ones

listed in the "BaiEkfroHELMIRERY it ital closyalierasethipdiacinnegl or fragments retain the

biological activity of SDF-1. Preferably, they have a biological activity, which is improved as

30 compared to wild type SDF-1.
The term “SDF-1" in particular includes the human mature isoform SDF-1a identified by
SEQ ID NO:1, human mature SDF-1§ identified by SEQ ID NO:2, human mature SDF-
1y identified by SEQ ID NO:3, human mature SDF-1-8 identified by SEQ ID NO:14, human
mature SDF-1¢ identified by SEQ ID NO:15 and human mature SDF-1¢ identified by SEQ ID
35 NO:16; the human mature isoform SDF-1a having an additional N-terminal Methionine and

being identified by SEQ ID NO: 7; truncated forms of SDF-1a such as the one corresponding to



25 syndrome. Traumatic nerve injury may be accompanied by spinal column orthopedic complications,
and those are also within the diseases in accordance with the present invention. Less well-known
neurological diseases are also within the scope of the present invention, such as neurofibromatosis, or
Multiple System Atrophy (MSA). Further disorders thaymay be treated in accordance with the present
invention have been described in detail in the 30"Background of the invention" above. In a further

preferred emgpliment, s NELHOSAAEH HIRE R LH S PRURNERA! S QRFHMESBY S eisRBIY diabetic

neuropathy. Chemotherapy associated/induced neuropathies are also preferred in accordance with the
present inveRfirEOTREPRIFHIRBEIRC RS 5Bt rsPia¥ RALAS RIMAHPRED&tRANFBY AN 50 one or
35 more sympt@a(3) Dritisorden shaocoempasyingdorgcausachd\adi beaditae Brop athyatrre dmphcations of

diabetes affegfipg, pefyfs,anm AasRRSANRHRIA MihRnRackarpURG aLitknyp RN iARBVR) Rigbetic

neuropathy may be a polyneuropathy. In diabetic polyneuropathy,” 18 many nerves are simultaneously

affected SThe&BraBBRENFELPY it FHTay Afsd BEealRBAOPIBIHBD AP RIcAP niSHoh AN EFRERR &5t instance,
the disease aiééots aabivgleopenatty dinkhdasothe betetolvgiios aloataihucens cramial meove. dinmayaaldo be

multiple mongngidrRREtINHMNERAWVBOTHMER n&ﬂéﬁés@rﬁw@ﬁ%ﬁ%@ sepaIaie-RERaar nkfvrtres preferred
embodiment, the neurcgogri]%al disorder is adwqhnaﬁngtdi ease. Deﬁgxelinatin diseases preferably
K Ptk

comprise derrﬂ%]m%rt]ﬁwg condifions of the'eN & a8 FissEminate emr:%%%n Iorrﬁ]yé'lriﬂ%r'f M) and

multiple scle RISy REWHINAL daidy Eith S8Rt rse ASES o PSSR dIEIPINGNoRIP Yiktalian PN S). The
latter comprisgidigeRseagusbtiamehsgnesnflenanatpeptitre) e inBingrerlysadics bnrIsOPatbiits IDP and

acute, mono ic disorders. 10s inflammatory demyelinating polyradiculoneuropathy termed
I8P§B|9 goc as%&@%% Iﬁ&ﬁﬁﬁﬂ% qg

Guillain-Barre syndrome a further preferred embodiment, the demyelinating disease is multiple
sclerosis.  In a pHifidararyShefbrradaréntboinieed GRmE.inoBtRfoln, thend@myelivitg arersea is primary

progressive nadlitele splerpnisind 2ianothey wardiaylailyepieteredeovmmdimneniof dieanenivmdhe
demyelinaling lsAse IS 2RRAARY CLOMERINETHINRIE SEROSIBuor abilySbBMINCERIEIETEY

embodiment, the demyelinating disease Is se from chronic inflammatory multiple sclerosis,
demyeliPatint YEIPREGURSARIRT PaTDHP) BPRE BUIRUME L SAHERdIKE Tens) soAAGHWED Frerertdy)
embodiment toé tteraspentiog rélétgsaontiiectie ats eriaancbvphetierdssaysfia the livdoleige néeatmdisease.
The neurOde&_@'&%@6@@9%9@%@&&'%%@%& R IrALRADHEIEKE bkl iRIss R diseReSrBArkinson’s
disease, Huntln%t%n'}% |s%ase and gL% , Preferﬁ?l tEe§DF-1 is select %,frog%a ei)'% €2
polypepfide &a |5 AT YR Fr o ﬁ]«yﬁ’ﬁ?u?)ngo '%i é ﬁrééfgirﬁcﬂg/ﬁeg i ﬁ{ﬁri g aHfino acids
of SEQ ID N@0?;274(34):23916-25) or by Ala (SEQ ID NO: 4). Other GAG binding defective mutants can be
20 generated by combined substitution of the basic cluster of residues Lys24, His25 and Lys27 and
any other residues involved in glycosaminoglycan binding e.g. Arg41 and Lys43 with Ser and/or
Ala. Possible combinations can be e.g. Lys24 Lys27, Lys24 His25, His25 Lys27, Lys24 Arg 41,
His25 Arg41, Lys27 Arg41, Lys24 Lys43, His 25 Lys43, Lys27 Lys43, and Arg41 Lys43.
The term “SDF-1a variant” in particular encompasses the mutant of SDF-1a having
25 reduced GAG binding activity and being identified by SEQ ID NO: 4 (triple mutant of SDF-1a
having Lys24Ala, His25Ala, Lys27Ala); the mutant of SDF-1a having an additional initial
Methionine residue and having the triple mutation Lys25Ala, His26Ala, Lys28Ala, as identified
by SEQ ID NO: 11; and the mutant of SDF-1a of reduced GAG binding activtity having a single
mutation Lys27Cys and being identified by SEQ ID NO: 12. The SDF-1a variants as herein
30 defined, and in particular the SDF-1a variant identified by SEQ ID NO: 12 can be modified with
PEG (poly ethylene glycol), a process known as "PEGylation." PEGylation can be carried out by
any of the PEGylation reactions known in the art (see, for example, EP 0 154 316).
SDF-1 and SDF-1a variants as defined herein and having a deletion of the C-terminal
amino acid are also included in the invention.
35 Particularly preferred forms of SDF-1 having a deletion of the C-terminal amino acid are

truncated forms of SDF-1a such as the one corresponding to amino acid residues 3-67 of



(b) a polypeptide comprising amino acids of SEQ ID NO: 4 (c) a polypeptide comprising amino acids of
SEQ ID NO: 7 (d) a polypeptide 01(a) to (c) further comprising a signal sequence, preferably amino acids
of SEQ ID NO: 5 30(e) a mutein of any of (a) to (d), wherein the amino acid sequence has at least 40 %
or 50 % or 60 % or 70 % or 80 % or 90 ,/e: identity to af least one of the sequences in (a) to (d); (fH a
mutein of any of (a) to (d) which is encoded by a DNA sequence which hybridizes to the complement of

the native DNASRAHGRSH SBROAINGhaDEAL ALAAHE Bpdedisni63PEERae GRQ@BFP&%(QJ)@ rgutein of

any of (a) to (d) wherein any changes in the amino acid sequence are conservative amino acid
substitutions 38" HePIhITHEGE SEG R MALTANB RBF-19 Qﬁ}'%ﬁt@&ﬁﬂ%ﬁbﬁﬂ“t‘ﬁé&em@[@?ﬁ
functional desivativiagddentitiee yeSHEQNDNENYS0T (a) to (d). Active fractions or fragments may comprise any
portion or domain of anyaf the,RRrstSPIPUBRSUCR asahNdRmuaRNeabREAL TR pertion, or

any of SDF-1 isoforms. 5 The (Eterson skilled in the art will a preC|ate that even smallerrgortlons of SDF-1

may be enod§ii3 g 2R it 3N NoRULLR 200nIRlS AR O RIPTLI A R e LS RITTE Hcid
residues requieiihfegSiste-actiyating sigsatinaibreughiensikdi gecetier GXCRE C&Edtoeced@eptor binding

can for example betheasH egddoyiseosing the imnoblizesirasrmobls itefabalag iganshaatinglabeled

test protein, (?Bereb%a redgctlgqlt%éabelled Ilsqand blpdln%fconwpaged toa, 10 cc control |'|S |nd|catt|ve of
receptor-binding activity in thé test pl’oteln I ahother ass tjaceq5 asmon E&esonance

Spectroscop§°THOPEREptBPBRIeRERStE' 158!lahkec 98 eareéaeaaeamam@ataar GHpE sefow
chambeig afteromboiain acfoltitiore caiittadnin goeofificosiiactidifentatadtinggpartaarisigpassedaise bthehéirst

protein in a coyiRUALB Aol S Afesterbab el oroa0dls aciops hrAin.Ad he deragAce andle

of reflected light is measured; the establishment of a protein-pro e|n Interaction causes a change in
the angle (e. 3 BIREH %%C’B%%‘&%'}%r?ﬁté“rﬁat’%%ea rﬂ@f‘@%@ﬁ@&ﬂrﬁﬂh"&%’%fa@@ 18 ANURTR 5keln-protein

interactions (@lsg. auffiMity Stiraamatogllaphy, affinity blotting and coimmunoprecipitation) or to evaluate

binding affinities (e g d¥rRiRIRaERLY SHMFPEAPBMiIESIDIENtatipsk-geg! filtration, fluorescence methods,
solid-phase sampllég of equnlbrlum solutions, and surface [ﬁlasmon resonance) have been reviewed 20by

Phizicky EM and Fid\ad“ENebRIGIENG EAgReriteN R Bl SPFob6SPF - ToMRErson skilled in the art
will further appreciakeethiatmsutéiemsingaltends oborvastifigsedspretedn efainctighmal ddiéy ativersordctive

fractions of Sfdkvehtingll iF@iBithg, SiiRhaEAL expaIBRIRE & RIS, *FVEYHSre BfmptoritPialegie! activity
of SDF-1 and g‘nutelnls JSCIfOJmS fused c?ltelns orf nctlonial derlvatlves aetlve fractions or fragments or

salts thereof, mayLbe measﬁ?es %loassay, J(e,u?g 5 cellliar & system P Breter8q-actve fattions

have an actl\ﬂ%VWHHiFﬁisde%faé?oVV@éfteFrﬁ?élﬂgth@%&IQ&V%f‘ﬂﬁﬁﬁéﬁg‘t?ﬁ%@fP@?%ﬂ%‘H Hag dordbther
advantages, isueltias arbejtesrstitzilitynestaddier dpxity Opriwnticrogencity jontheyisratieasiertiie produce

in large quantjties, Y.£88i6r Quﬁtérg)’dfg@fsé’%éﬁ%%@é%qd'ﬁw@ﬁaﬁ@h\""” appreciate that muteins, active

fragments and functional derivatives can be 30 generated by cloning the corresponding cDNA in

appropriate plasmid Q&I TeAPIRRiditrasESIASHS8LALP R ASATBREEFAFIVECWN "eWRIngisRlins
according to diregnessentidisdtosuve injlaied ef ghecOdidate NS, nocigiyup Sydagetkstibgdriaydteilderived from
natural souregscﬁgmr@sobmrﬂ;&q%n@y they may preferably be produced recombinantly. Recombinant

expressign may bel&&% éjglggl épseases comprise disorders linked to dysfunction of the CNS or PNS, such

as diseases related to neurotransmission, headache, trauma of the head, CNS infections,

neuro-ophthalmologic and cranial nerve disorders, function and dysfunction of the cerebral

lobes disorders of movement, stupor and coma, demyelinating diseases, delirium and dementia,

craniocervical junction abnormalities, seizure disorders, spinal cord disorders, sleep disorders,

30 disorders of the peripheral nervous system, cerebrovascular disease, or muscular disorders. For

definitions of these disorders, see e.g. The Merck Manual for Diagnosis and Therapy,
Seventeenth Edition, published by Merck Research Laboratories, 1999.

Neuro-inflammation occurs in distinct neurological diseases. Many stimuli are triggering

neuro-inflammation, which can either be induced by neuronal or oligodendroglial suffering, or be

35 a consequence of a trauma, of a central or peripheral nerve damage or of a viral or bacterial

infection. The main consequences of neuro-inflammation are (i) secretion of various



35 prokaryotic expression systems such as E. coli, or in eukaryotic, such as insect cells, and preferably in
mammalian expression systems, such as CHO-cells or HEK-cells. Furthermore, the proteins of the
invention can be modified, extended or shortened, by removing or adding N- 20 terminally a Methionine
(Met) or aminooxypentane (ADP), as long as the neurgprotective effects are preserved. As used
herein the term "muteins” refers to analogs of SDF-1, in which one or more of the amino acid residues of

a natural SDl?ffﬂarﬂFﬁaY@@'a&%Bmr@ﬁ%?”&é&%@}ciﬂiéﬁg@%i@ &8 f&drleletn itone s amino
-1, Wlthouﬁ.ctﬁnn%h?]%] considerably the activity of
‘mut

acid residues are added to the patural sequence of SD

the resulting BFCRES A CEh AR T s i PRIBE S s MRS o (T & S BREREED Rhovin
synthesis andiggasgssitchirestaniinlgag@eresis (&thnigirasiregradipesste(fbdown aseratiepiucsidtensle
therefore. Muigénssief D), thwiicberan bepesastdntaransdanaamndtbihe PrseNbipYaAiRte @ the nucleic
acid coding ther incl a finite set of ially corr in n titutipn peptides
o polymece O o e s T R e
experimentaﬁﬁﬁ?iﬁé@édo(ﬁ?ﬂ'f‘é’"t@&%‘ﬁﬁﬁd&ﬁ%{ﬁm;taﬂﬂ&ﬁ@ésﬁ%sented herein. Muteins in accordance with the
present disclosure indugefgreteansbedionsie dfttiieaimueciino, e acidpogetalatisEddA israRiddiatedhieithhybridizes

to DNA or RiNA.whighencadre P Relrdinfshirdagice with the present invention, under moderately or
highly stringent conditions. The cDNA encoding SDF-la is disclosed as SEQ ID N%a The term "stringent
conditions" refers t W)f/%rﬁsa%a{ n%ﬁ%ogi% %?ﬁsﬁfagﬁiﬁrbecgﬁﬁi‘ﬁ8ﬂs?r®h§8 ﬂ‘?gs CF otptﬁr%{ﬂy%kill in the
art conviéntiorraijstiete ofotesimatiithgente. BreyAgsakr| demlelDatingntdrearssoly itha6¥Eukir BNtogy, 20
supra, IntersgignegatNe¥ arf dancdegtid8ve 48829eand Sambrook et al. (Sambrook, J. C., Fritsch, E. F.,
and Maniatis, T. (1 ecular.Cloning: A rato nual, d.Sprin 0 ratory Press,
Cold Spring Harborg,r? é\%ﬁéﬁé n%ﬁ%ﬁy If?ngﬁ/a(t:%ﬁr?,g@xglr%ﬁgg %% g%irﬁgﬁt'tcﬁééi%%%?&éﬁbﬁe%%% r%g
conditions 1372408 HBRHE 9 BEARIG IR ASTHRSEHRRE IRYBFicPAFt9E Wi Q) i, 'RVGNtion &¥¥eand 0.5% SOS for
5 25 minutes, 2 x $iSRertk0. 4% Sty dStaimvtedipo, thk BSGCatittnerbiniOSanhBTeSmmaBmb0

minutes;and fhgneAdhckal merfe SO BRRI @ H36rdor 30-60 minutes. Those of ordinary skill in this art
understand that striggency conditions alcio depend on the Ier(lg%th of thg DNA s_equenceaj, olifg?in cleotide
il %"3:

probes (such as 10°4015a888) 8F niRES OIRYorMRREBHGE BYolsRCTAiREAEr HIFY alfe'tisdEf eferable
to use tetrantstiepreverpidaitsedsio vl @¢TIsAC Pireke ath BIvoBs ®ss ot xaisubettisoprasurological preferred
embogi?entdaﬁt\ft?@mmwwralm at ma%%m?ﬁwr@éwlawmmm %G&@m&ﬂéti@ff §Rk@ IDNO: 1
to 4 of the annexe e isti re prefera it has at least 50%, st 60%, at least 70%, at
st 80% or e B o ae O B e B ionenip
betweeRtwoWeh BTG5l hepiiduet deiem QD FRNL BICHIBTECpRIPRUERBNHe BlegtiBa dBeMAERA9RIned by
comparing theits@gbie heas.nhaygensrasydetotity il mefdrsstolkn Exactasticteatide tceuseceatitiekerisamino

acid to aminqagid COERRRARNHFARR RIS YO 6&8%8%@'%Qﬂ%ﬁﬂgﬁﬂ&%¥%&%d%éqm8ﬁsa|so

respectively, over the length of the sequences being compared. For sequences where there is not an

t
exact corresﬁ%ﬁtﬁérﬁ%g]eat?%tm%rﬁttﬁg/at%églsﬁlgrqas'a'etermined. In general, the two sequences to be
compared are aligneefiphgjaldNgueartmunsay be ediaien thawssinome derpneaydesst ingsplaywiraKRRS inserting

"gaps"” ippeitheiioaeoph0laHesERNEESsH IR pudaRGRABE dpdreasohlienByaipioAdo Adpatit Maxnpe
determined over, the WhoN-:- len tp of each.of the Sefuence bein compar d\xlso-called global alignment),
. . con]blnatlon. € rogqa ha me(l:y atfect a sin nerve {mono ?ur?g Pﬁ two_oF more erveé i
that is particularly suitable for sequences of the same or very similar length, or over shorter, defined
separate areas (multiple mononeuropathy), or many nerves simultaneously (polyneuropathy).
The axon may be primarily affected (e.g. in diabetes mellitus, Lyme disease, or uremia or with
toxic agents), or the myelin sheath or Schwann cell (e.g. in acute or chronic inflammatory
30 polyneuropathy, leukodystrophies, or Guillain-Barré syndrome). Further neuropathies, which
may be treated in accordance with the present invention, may e.g. be due to lead toxicity,
dapsone use, tick bite, porphyria, or Guillain-Barré syndrome, and they may primarily affect
motor fibers. Others, such as those due to dorsal root ganglionitis of cancer, leprosy, AIDS,
diabetes mellitus, or chronic pyridoxine intoxication, may primarily affect the dorsal root ganglia
35  or sensory fibers, producing sensory symptoms. Cranial nerves may also be involved, such as

e.g. in Guillain-Barré syndrome, Lyme disease, diabetes mellitus, and diphtheria.



10lengths (so-called local alignment), that is more suitable for sequences of unequal length. Methods
for comparing the identity and homology of two or more sequences are well known in the art. Thus for
instance, programs available in the Wisconsin Sequence Analysis Package, version 9.1 (Devereux et al.,
1984), for example the programs BESTFIT and GAP,4pay be used to determine the % identity between
two polynucleotides and the % identity and 15 the % homology between two polypeptide sequences.

BESTFIT uses the ApRaiqrafeeysc2lg iHuB-aE SHUR ARG LYRSHRAN ﬁs}%ma@'ﬂ%W&%ErFB%rﬂg%l) and

finds the bes {Ism iﬁ{; ion of S|m|Iar|ty etween two se%uences Other rams for etermlnlng identity
and/or simila ?{Fb & ﬁ'geb(ﬁﬁ'@rtuéég Aare SIS 'ggﬁ?oplﬁ'gt h@”gﬁ&/ qgﬂ?f@/%‘f’ programs
(Altschul et edemeYE; AmeEhdidisgl., b3OY), acdysibrizieiirlls theiseease p&g@'@@théaNRQB'%tn"e
20www.ncbi ﬂ@mgﬂi‘hmﬂ)e’ﬂﬁ&E%J (S(ﬂaarson 1990; Pearson and Lipman, 1988). Preferred

changesgfor muteing Jpaccordagee.with the presept nyer ‘ig? na.rr‘?c?"’é‘% rr?aléﬂ%"‘é'%c? g?&%e“‘ﬁa“"e

substitutions. COI’]SGI’V&'[IVQ amino acid SU stitutions Of Include synonymous

amino acids WRKiPEa BRI hiBRHEREN ANty Siferse b?l?éﬁ?&@ﬁml ‘ﬂﬂ%‘ﬁ@ﬁl’@satﬁéftﬁ B&Sitution
between membirthef tcbetrgioomosvid presered, 25dtihe bisdogiltkad fardliss afitive mncleduhg (Bsgntham, 1974).

Itis clear that inserfipRg-apshdaitions o aminAREdS LDsdiee Bemade %J%@EQV@.%@B%‘&?@QUG”CQS
without alterlng their functlomxpartlcularlﬁ if the insertions or d?letlo S n%lnvolve w aming acids, e.g.
d eé'@fn

under thirty, g B?e?é’&%rgﬁ EYRRts d %o HSE ?8@805) or g %98885 H“&F%OE?‘ﬁcal toa
function®l copganenuesnO&g! dipsrsier WikiGAEs reprstisiinsidfiel rfﬁummmmg@euwswéhegmmmns

and/or insertigvmgosenat Ketie dys \dRwaet thadrasansfitve Rii@stomal fYiafesabbardbeIsy RRaEBOUS
amino acid Q(Q?Hqg% ;ﬂ‘ ‘%a%'”%g 1n;]4 'r%b Mo pLe rgékés iANRSYNG g‘é{%%@tﬁm'”o acid groups are

those define most pr fera yt e synony ous Amfho aci groups are those defined in

Table Ill. 35TABLE4”WP€%%‘?&§d—é?6EJp%°@r SidiyinBud AAIHE" ABHRNA iR EEVS TS eSS roup 22
SerSer, Thr, ééhtrohshvalgrag, BisclésySncildinblisf destietidPhef, nEyve Nkl W aheligraifPaa@Gbpinklesotdir, Pro

5ThrPrq539fAf%{/%tr@deWébe%lnsf;Té?Bé’éaQ&S HNEdR'S BEhYPIMREALY! i&AistiRe folVRLRY¥Mg. Thr, Pro,

Ser, Gly HeMet, Tyr, Phe
the'usé and contro o muscles

Multiple Sclerosis (MS) is an inflammatory demyelinating disease of the central nervous
system (CNS) that takes a relapsing-remitting or a progressive course. MS is not the only
demyelinating disease. Its counterpart in the peripheral nervous system (PNS) is chronic

20 inflammatory demyelinating polyradiculoneuropathy (CIDP). In addition, there are acute,
monophasic disorders, such as the inflammatory demyelinating polyradiculoneuropathy termed
Guillain-Barré syndrome (GBS) in the PNS, and acute disseminated encephalomyelitis (ADEM)
in the CNS. Further neurological disorders comprise neuropathies with abnormal myelination,
such as the ones listed in the “Background of the invention” above, as well as carpal tunnel

25 syndrome. Traumatic nerve injury may be accompanied by spinal column orthopedic
complications, and those are also within the diseases in accordance with the present invention.

Less well-known neurological diseases are also within the scope of the present
invention, such as neurofibromatosis, or Multiple System Atrophy (MSA). Further disorders that
may be treated in accordance with the present invention have been described in detail in the

30  “Background of the invention” above.

In a further preferred embodiment, the neurological disease is a peripheral neuropathy,
most preferably diabetic neuropathy. Chemotherapy associated/induced neuropathies are also
preferred in accordance with the present invention.

The term “diabetic neuropathy” relates to any form of diabetic neuropathy, or to one or

35 more symptom(s) or disorder(s) accompanying or caused by diabetic neuropathy, or
complications of diabetes affecting nerves as described in detail in the “Background of the

invention” above. Diabetic neuropathy may be a polyneuropathy. In diabetic polyneuropathy,



10PheTrp, Met, Tyr, He, Val, Leu, Phe TyrTrp, Met, Phe, He, Val, Leu, Tyr CysSer, Thr, Cys HisGlu,
Lys, Gin, Thr, Arg, His GinGlu, Lys, Asn, His, Thr, Arg, Gin 15AsnGin, Asp, Ser, Asn LysGlu, Gin, His,
Arg, Lys AspGlu, Asn, Asp GluAsp, Lys, Asn, Gin, His, Arg, Glu MetPhe, He, Val, Leu, Met 20TrpTrp
TABLE H More Preferred Groups of Synonymous Amjgo Acids Amino AcidSynonymous Group
25SerSer ArgHis, Lys, Arg LeulLeu, He, Phe, Met ProAla, Pro ThrThr 30AlaPro, Ala Valval, Met, He

GlyGly many nerves are simultaneously affected. The diabetic neuropathy may also be a
mononeuropathy. In focal mononeuropathy, for instance, the disease affects a single nerve,
such as the oculomotor or abducens cranial nerve. It may also be multiple mononeuropathy
when two or more nerves are affected in separate areas.

5 In a further preferred embodiment, the neurological disorder is a demyelinating disease.
Demyelinating diseases preferably comprise demyelinating conditions of the CNS, like acute
disseminated encephalomyelitis (ADEM) and multiple sclerosis (MS), as well as demyelinating
diseases of the peripheral nervous system (PNS). The latter comprise diseases such as chronic
inflammatory demyelinating polyradiculoneuropathy (CIDP and acute, monophasic disorders,

10 such as the inflammatory demyelinating polyradiculoneuropathy termed Guillain-Barré
syndrome (GBS).

In a further preferred embodiment, the demyelinating disease is multiple sclerosis.

In a particularly preferred embodiment of the invention, the demyelinating disease is
primary progressive multiple sclerosis.

15 In another particularly preferred embodiment of the invention, the demyelinating disease
is secondary progressive multiple sclerosis.

In yet a further preferred embodiment, the demyelinating disease is selected from
chronic inflammatory multiple sclerosis, demyelinating polyneuropathy (CIDP) and Guillain-
Barré syndrome (GBS),

20 A further preferred embodiment of the invention relates to the treatment and/or
prevention of a neurodegenerative disease. The neurodegenerative disease is selected from the
group consisting of Alzheimer's disease, Parkinson’s disease, Huntington’s disease and ALS.

Preferably, the SDF-1 is selected from a peptide, a polypeptide or a protein selected
from the group consisting of:

25 (a) polypeptide comprising amino acids of SEQ ID NO: 1

(b) a polypeptide comprising amino acids of SEQ ID NO: 4

(c) a polypeptide comprising amino acids of SEQ ID NO: 7

(d) a polypeptide of (a) to (c) further comprising a signal sequence, preferably amino

acids of SEQ ID NO: 5

30 (e) a mutein of any of (a) to (d), wherein the amino acid sequence has at least 40 % or
50 % or 60 % or 70 % or 80 % or 90 % identity to at least one of the sequences in (a)
to (d);

(f) a mutein of any of (a) to (d) which is encoded by a DNA sequence which hybridizes to

the complement of the native DNA sequence encoding any of (a) to (d) under highly

35 stringent conditions;

(g) a mutein of any of (a) to (d) wherein any changes in the amino acid sequence are

conservative amino acid substitutions to the amino acid sequences in (a) to (d);



HeHe, Met, Phe, Val, Leu PheMet, Tyr, He, Leu, Phe 35TyrPhe, Tyr CysCys, Ser HisHis, Gin, Arg
GIinGlu, Gin, His AsnAsp, Asn 40LysLys, Arg AspAsp, Asn GluGlu, Gin MetMet, Phe, He, Val, Leu
TrpTrp 45 TABLE HI Most Preferred Groups of Synonymous Amino Acids Amino AcidSynonymous
Group SerSer 50ArgArg LeuLeu, He, Met 23 ProPro 1g

(h) a salt or an isoform, fused protein, functional derivative, or active fraction of any of (a)

to (d).

Active fractions or fragments may comprise any portion or domain of any of the SDF-1
isoforms, such as an N-terminal portion of a C-terminal portion, or any of SDF-1 isoforms.

5 The person skilled in the art will appreciate that even smaller portions of SDF-1 may be
enough to exert its function, such as an active peptide comprising the essential amino acid
residues required for SDF-1 function, such as e.g. its binding to the CXCR4 receptor. Receptor
binding can for example be measured by exposing the immobilized receptor to its labelled
ligand and unlabeled test protein, whereby a reduction in labelled ligand binding compared to a

10  control is indicative of receptor-binding activity in the test protein. In another assay, the Surface
Plasmon Resonance Spectroscopy, the receptor or protein to be analysed is immobilized on a
flat sensor ship in a flow chamber, after which a solution containing a prospective interacting
partner is passed over the first protein in a continuous flow, Light is directed at a defined angle
across the chip and the resonance angle of refiected light is measured; the establishment of a

15  protein-protein interaction causes a change in the angle (e.g. BIACore®, Biacore
International AB). Other technigues suitable to analyse protein-protein interactions (e.g. affinity
chromatography, affinity blotting and coimmunoprecipitation) or to evaluate binding affinities
(e.g. protein affinity chromatography, sedimentation, gel filtration, fluorescence methods, solid-
phase sampling of equilibrium solutions, and surface plasmon resonance) have been reviewed

20 by Phizicky EM and Fields S. (Phizicky and Fields, 1995; Sadir et al., 2001).

The person skilled in the art will further appreciate that muteins, salts, isoforms, fused
proteins, functional derivatives or active fractions of SDF-1, will retain a similar, or even better,
biological activity of SDF-1. The biological activity of SDF-1 and muteins, isoforms, fused
proteins or functional derivatives, active fractions or fragments or salts thereof, may be

25 measured in bioassay, using a cellular system.

Preferred active fractions have an activity which is equal or better than the activity of full-
length SDF-1, or which have further advantages, such as a better stability or a lower toxicity or
immunogenicity, or they are easier to produce in large quantities, or easier to purify. The person
skilled in the art will appreciate that muteins, active fragments and functional derivatives can be

30 generated by cloning the corresponding cDNA in appropriate plasmids and testing them in the
cellular assay, as mentioned above.

The proteins according to the present disclosure may be glycosylated or non-
glycosylated, they may be derived from natural sources, such as body fluids, or they may
preferably be produced recombinantly. Recombinant expression may be carried out in

35  prokaryotic expression systems such as E. coli, or in eukaryotic, such as insect cells, and
preferably in mammalian expression systems, such as CHO-cells or HEK-cells. Furthermore,

the proteins of the invention can be modified, extended or shortened, by removing or adding N-



ThrThr AlaAla Valval 5GlyGly llelle, Met, Leu PhePhe TyrTyr CysCys, Ser 10HisHis GinGin AsnAsn
LysLys AspAsp 15GIuGlu MetMet, lle, Leu TrpMet Examples of production of amino acid substitutions
in proteins which can be used for 20 obtaining muteins of SDF-1, polypeptides or proteins, for use in
the present invention include any known method stepggsuch as presented in US patents 4,959,314,
4,588,585 and 4,737,462, to Mark et al; 5,116,943 to Koths et al., 4,965,195 to Namen et al; 4,879,111

to Chong et ajeiifally GLvdRdrind GReBlrbAnddyeR b BIBHE APKME RstREarRRISBFbIBCHS BAteRt NO.
4,904,584 (Shaw et aRI %SThe term "fused protein" refers to a polypeptide comprising SDF-1, or a

mutein or fragme%??ﬁereof fused with another proteln which e.g. has an extended residence time in
body fluids. An SDFA$ He& Heimihetsen tBvaBE SrisrateidnpeRRebaBE-br etk asig opmmore of
immunoglobufire amnd agmeridigr eph. naturc ol desikgives Bsdiftechharein, Lo esditRIbsabvareof

SDF-1, apd theif ot P’Sne?’%raﬂgr@§ﬁ9n8r85?d”|%s¥émé%ha%aé{d98d°{8Qﬁé%fﬁ?é?4@&@%%“81“@‘3@"11(3 ot

which occur as si ains on the residues or the N- or C-terminal groups y means known in t

and are mclud‘é@%"tﬂ@ﬂW@n%'&%rﬂﬂ%t% ity ahis ﬁ?ﬁﬁ'?l’?ﬁi@@lﬁ'ﬂ&éﬁl?s&‘&%@ﬁﬁiﬁ%wwé HeeN'do not
destroy the atpatySoffHe Pitteesn mitihsisaabstapaiallly bjmKeewo thgnttebistyanldSD by, sitecdilectat

confer toxic PRARSEHRSSRANGARRRNILIGNMEIHBHKMGWE - technique suitable therefore.
Muteins of SDF-1, which can be used in accordance with the present invention, or
10  nucleic acid coding thereof, include a finite set of substantially corresponding sequences as
substitution peptides or polynucleotides which can be routinely obtained by one of ordinary skill
in the art, without undue experimentation, based on the teachings and guidance presented
herein.

Muteins in accordance with the present disclosure include proteins encoded by a nucleic

15 acid, such as DNA or RNA, which hybridizes to DNA or RNA, which encodes SDF-1, in
accordance with the present invention, under moderately or highly stringent conditions. The
cDNA encoding SDF-1a is disclosed as SEQ ID NO 6. The term "stringent conditions” refers to
hybridization and subsequent washing conditions, which those of ordinary skill in the art
conventionally refer to as "stringent". See Ausubel et al., Current Protocols in Molecular Biology,

20  supra, Interscience, N.Y., §§6.3 and 6.4 (1987, 1992), and Sambrook et al. (Sambrook, J. C.,
Fritsch, E. F., and Maniatis, T. (1989) Molecular Cloning: A Laboratory Manual, Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, NY).

Without limitation, examples of stringent conditions include washing conditions 12-20°C
below the calculated Tm of the hybrid under study in, e.g., 2 x SSC and 0.5% SDS for 5

25 minutes, 2 x SSC and 0.1% SDS for 15 minutes; 0.1 x SSC and 0.5% SDS at 37°C for 30-60
minutes and then, a 0.1 x SSC and 0.5% SDS at 68°C for 30-60 minutes. Those of ordinary skill
in this art understand that stringency conditions also depend on the length of the DNA
sequences, oligonucleotide probes (such as 10-40 bases) or mixed oligonucleotide probes. If
mixed probes are used, it is preferable to use tetramethyl ammonium chloride (TMAC) instead

30 of SSC. See Ausubel, supra.

In a preferred embodiment, any such mutein has at least 40% identity or homology with
the sequences of SEQ ID NO: 1 to 4 of the annexed sequence listing. More preferably, it has at
least 50%, at least 60%, at least 70%, at least 80% or, most preferably, at least 90% identity or
homology thereto.

35 Identity reflects a relationship between two or more polypeptide sequences or two or

more polynucleotide sequences, determined by comparing the sequences. In general, identity



35These derivatives may, for example, include polyethylene glycol side-chains, which may mask
antigenic sites and extend the residence of an SDF-1 in body fluids. Other derivatives include aliphatic
esters of the carboxyl groups, amides of the carboxyl groups by reaction with ammonia or with primary or
secondary amines, N-acyl derivatives of free amino gsqups of the amino acid residues formed with acyl
moieties (e.g alkanoyl or carbocyclic aroyl groups) or 400-acyl derivatives of free hydroxyl groups (for

example that ot sepylAr dueoniseRidusHUqeBiRe Vtbhay e iRligSind4cid chifepoiUstadions” of
SDF-1, mutejns and fused t(Eqrotems the f%ll'esen_t invention covers anﬁ %f%&gment %( Ceprecursorg: f the
e ’ lecu [

polypeptide MRirPY ﬁﬁ’gl??r &h ?ﬁo‘l\ggu ARSRES: fgagﬁqg?%i{ﬁsggg ed o 1890 r&idfifes linked

thereto, e.g. sefj@neePPRIBGhamPAEidues, or aggregates of the protein molecule or the sugar residues by
themselves, providedrssddfsacsomvbérastaetasianionlbh sixitar aeibebyigendal-l "% iddrte tefay salts" herein
refers to bot Its. rboxyl groups .and_to aci ition f.aming. f SDF-1 molecule or
analogs éaer%(%% @éﬁtésggyggggﬁaog’(y arg\(zapsr%%%gee%grgm%% %Eﬁﬁae%dn_sé%qgﬁé %ﬁj ?ﬁg&é’?’[ %nra |)r(?éfﬂ%e
inorganic salfS RIRESaRFNE CSoURIFE LERGER, "AR ABHiRAIUAS esBinth cI8RRs msdhte e 0aRatRalts with
o_rgar_lic_: bas&sxaaes_etllme ﬁmmnmd@nhéweg@@maWNWmmime% s};dmhilasrmdgethamtellz_anﬁ'rmgd argenlme or lysine,
piperidine, procaing AR Bie.lke Ao adgilinpesalis g Rpares exatuie salsUIhe)akacids, such

as, for example, h drochlori?%«'icid or sulfuric ﬁ%d and salts with organic acids, such as fori?xample,

acetic acid oPBYSTRNCRI B A1 S89UGNr<R 0h B8 P MRSt YEriR THE D RAIBc AVPEF s SE e Pelevant to
the predént ifangthiolsoicelladdoralisemsns. dhiids maierreiipbledicsedirrase of Braagrefsthed embodiment
of the invention, SDitethdadusedd@rmRfriRE MOHEGUIMdRHRRTILEY OF avdrotaiibibalpremeteart@dirossing of
the blood brajn barrier, ('"BBBY). This serves for proper targeting.of olecule, site of action in
those cases NN s S 45 1 R R B SRR AR, B
entail disruptiGif' SOt SRR dith&reyFeemstie mE%ife SPbiseREifitaIPBYtes BT VASH4CHIE:
substances suay las u2én iraditkinimeGita e Stkatitgibsti@ero tihr uiynible BBE aralytien tailidbetitysendf

endogeqous fangpRsk-sYsE smBEIH HIRdApIg ndaediglid LaNERarieis SHED 8% OEasRARsbapino acid

carriers; rece tor_-media#ren gtraniw osis for jnsulin orcﬂansfemn; and active efflux transporters such as

t \
pglycoproteirt PaRERtRT A A PISEBAA L B AN Y JeAEE A ot T S IS HENRE RN S A¥8Rnapedia
homeoproteinf sintldtdydestvativcyoSteategies fElthrugreives yob aletatine B BB Iisfandier #iolladty
intracerek;]ral HEhREUAtBglences Ew@maﬂa@lﬂﬁi\zﬁw@s%ﬁf &Dlﬁvlétalmlaéf fhe mrxlxjsglaf&ﬁﬁm?d@qiwg@rraéﬁ orr]der to
improve the rtie t rotein,. s S tabili i -life, bipavailability, toleran e human
pody, or Mg T g ahal HOr r e et 00 AR (e SR ).
PEGylatidn MWB@@&‘H@B'W&%?%%T&@ﬁﬁ%Pdé%%ﬁlﬁ’é&rﬁ?'?/\mdéﬁ?m%? r 30example, SDF-1 a
could be pegylatedRrtbreere sidngsd oo iviethins ghy eosattznag lyitiarthbipekaene igveniePdarklisPat hys27,

Arg4l or Lysgd, Fherefors,do-aeetadrmbodireent ol HacLrasrat inMentofirkmed 5 Pifeyiated.

In a further preferred embodiment of the invention, the fused protein comprises an immu oglobulin (lg)
fusion. The fAQWFRILS o d BE SR RY P RHBARnROI BeptidR @()ﬂﬂfh AR BN G CHE IR amino
acid residuesimilerrtysieptoages! fiyoesdanshat s8batititiondettivessidurimsbierseridin 98uiel Wiikseseag be a
tripeptids of the sieRYRACRIFtor\b( RN UaBrfataxapie). of ia dsaAminhasGtbia kan Seruense

comprising Gy PG AHGY-hes o Gy

bove-d%ﬁned sequences without altering their
function, particularly if the insertions or deletions only involve a few amino acids, e.g. under
thirty, and preferably under ten, and do not remove or displace amino acids which are critical to
a functional conformation, e.g. cysteine residues. Proteins and muteins produced by such

30 deletions and/or insertions come within the purview of the present invention.
Preferably, the synonymous amino acid groups are those defined in Table I. More
preferably, the synonymous amino acid groups are those defined in Table Il; and most

preferably the synonymous amino acid groups are those defined in Table IlI.

35 TABLE |
Preferred Groups of Synonymous Amino Acids

Amino Acid Synonymous Group




Phe-Met introduced between SDF-1 sequence and the immunoglobulin sequence, for instance. The
resulting fusion protein has improved properties, such as an extended residence time in body fluids
(half-life), or an increased specific activity, increased expression level. The Ig fusion may also facilitate
purification of the fused protein. 5In a yet another prefgrred embodiment, SDF-1 is fused to the constant
region of an Ig molecule. Preferably, it is fused to heavy chain regions, like the CH2 and CH3 domains of
human IgG1 , for examplesdther isoforms of Ig rgglegiesprgsalso suitable for the generation of fusion
proteins according to the prgsent invention, suchpag, isefariesaaGaior 19G4, or other Ig classes, like IgM,
for example. Fusion proteirs may be monomericller Rhgltifperidetheéteroewor 10 homomultimeric. The
immunoglobulin portion offRe fused protein may ®&. fiiehEtrnitidified in a way as to not activate
complentent binding or thé®omplement cascadept??’b?ﬁbl @aFgl-'YeE'éspt%%.Thr Further fusion proteins of
SDF-1 may be prepared KyJusing domains isola%gi’f meatherprateips, allowing the formation or dimers,
trimers, etc. Examples ford:wotein sequences allwéﬁw@m@gmgﬂzatlon of the polypeptides of the
Invention are domains isoligted from proteins suckistS/@s ReGUM C:07180161), collagen X (WO
04/33486), CABP (WO 04#28639), Erb proteins (W) 198{0RbAB), \bal dosledPbeil peptides (WO 01/00814).
The invention further relatB4 to the use of a comUialitst BhsIE-YaneanT¥hmunosuppressive agent for

the manufacture of a medi@ment for treatment 1gn %%@Qn of Eﬁurological disorders, for
Fes ive.
AfH-1), a

simultaneous, sequential 8Fseparate use. Immu ay be steroids, methotrexate,
cyclophpsphamide, anti-leykocyte antibodies (sug A d the like. The invention
further relates to the use of;a combination of SDI&i and, amsinteyfeyen and/or osteopontin and/or clusterin,
for the manufacture of a mMegicament for treatme@GiiaAdforppevention of neurological disorders, for
simultaneous, sequential, @¢ separate use. 25 TRerdsya, isterfdroris. d&¢di$a8d in the present patent
applicatign, is intended tol§tiude any molecule ddtinder ¥8lsketh Methe literature, comprising for example
any kinés of IFNs mentionéd in the above section "B [ﬁ(ground of the Invention”. The interferon may
preferably be human, but also derived from other species, as long as the biological activity is similar to
human interferons, gggl thg molecule is not immunogenic in man. 30In particular, any kinds of IFN-a,
IFN-p and IFN-y arﬁ/lgr}ngpe?grrig Lthe aboy gg@gn%oorlljslﬁmi- oi the preferred IFN according to the present
invention. The term "mte_rferonﬂ; ta g -prB ', as used In the present invention, is intended to include
human fibroblast interferof™ ined by isolation L i ids or as obtained by DNA
recombffant techniques f frlh prokaryotic or eukaryo 'I srhlt_)sst e |s as well as its salts, 35functional
derivatives, variants, analpgs and fragments. Ongg{qéglﬁ}{émmrtance is a protein that has been
derivatized or combined with a complexing agent to bgleng lasting. For example, PEGylated versions, as
mentioned above, or 26 fitoteins genetically enginedited to exhibit long lasting activity in the body, can be
used acébrding to the presént invention. The termredétvatives” is intended to include only those
derivatives that do not ch§§e one amino acid to anotfleMst t#fe twenty commonly occurring natural amino
acids. 5Interferons may a ¥ be conjugated to polym tl)él\i/p 0|gq1er improve the stability of the proteins. A
. e e, Met; Phe, Val Leu . .
conjugate between Interfgsgg p and the polyol Polye gfgﬂg!yregll_%, has been described in

WO099/54g377, for instanceryr Phe, Tyr
Cys Cys, Ser
His His, GIn, Arg
GIn Glu, GIn, His
Asn Asp, Asn
40 Lys Lys, Arg
Asp Asp, Asn
Glu Glu, GIn
Met Met, Phe, lle, Val, Leu
Trp Trp
45
TABLE Il
Most Preferred Groups of Synonymous Amino Acids
Amino Acid Synonymous Group
Ser Ser
50 Arg Arg

Leu Leu, lle, Met



In another preferred embodiment of the invention, the interferon is Interferon-p (IFN-p), and more
preferably IFN-pla. 10SDF-1 is preferably used simultaneously, sequentially, or separately with the
interferon. In a preferred embodiment of the present invention, SDF-1 is used in an amount of about
0.001 to 1 mg/kg of body weight, or about 0.01 to 10 pg/kg of body weight or about 9, 8, 7, 6, 5, 4, 3, 2 or
1 mg/kg of body weight or about 0.1 tol mg/kg of body weight. The invention further relates to the use of a
nucleic acid molecule for pygnufacture of a 15 medigagment for the treatment and/or prevention of a
neurological disease, whergin the nucleic acid molectie comprises a nucleic acid sequence of SEQ ID
NO: 6 or a nucleic acid se§jaence encoding a polypeptide comprising an amino acid sequence selected
from theﬁgroup consisting\6t (a) polypeptide compris¥i® amino acids of SEQ ID NO: 1 20(b) a polypeptide
comprisiig amino acids o Q’EQ ID NO: 4 (c) a polyp ')\Zetcomprising amino acids of SEQ ID NO: 7 (d) a
polypeptide of (a) to (c) fugther comprising a signal s e ,ef)referably amino acids of SEQ ID NO: 5
(e) a mutein of any of (a) (3 d), wherein the amino ag|g sequence has at least 40 % or 2550 % or 60 % or
70 % or 80 % or 90 % idepiigy to at least one of the segerees in (a) to (c); (f) a mutein of any of (a) to (d)
which is@ncoded by a DNAssequence which hybridizés to the complement of the native DNA sequence
encoding any of (a) to (c) @ider highly stringent cond#ibns; 30(g) a mutein of any of (a) to (d) wherein any
changes in the amino acid*&quence are conservatiV&*8mino acid substitutions to the amino acid
sequences in (a) to (c); (h éssalt or an isoform, fusedAé otein, functional derivative, or active fraction of
any of (g to (d). @f, hucleic acid may e.g. bgsgdministered as a naked nucleic acid molecule, e.g.
by 35intramuscular injectigrat 27 It may further qaeiprise aector sequences, such as viral sequence,
useful for expression of tHBmgene encoded by the nudletc acid molecule in the human body, preferably in
the appropriate cells or tissues.
Examples of production of amino acid substitutions in proteins which can be used for
20 obtaining muteins of SDF-1, polypeptides or proteins, for use in the present invention include
any known method steps, such as presented in US patents 4,959,314, 4,588,585 and
4,737,462, to Mark et al; 5,116,943 to Koths et al., 4,965,195 to Namen et al; 4,879,111 to
Chong et al; and 5,017,691 to Lee et al; and lysine substituted proteins presented in US patent
No. 4,904,584 (Shaw et al).
25 The term "fused protein" refers to a polypeptide comprising SDF-1, or a mutein or
fragment thereof, fused with another protein, which e.g. has an extended residence time in body
fluids. An SDF-1 may thus be fused to another protein, polypeptide or the like, e.g. an
immunoglobulin or a fragment thereof.
"Functional derivatives" as used herein, cover derivatives of SDF-1, and their muteins
30 and fused proteins, which may be prepared from the functional groups which occur as side
chains on the residues or the N- or C-terminal groups, by means known in the art, and are
included in the invention as long as they remain pharmaceutically acceptable, i.e. they do not
destroy the activity of the protein which is substantially similar to the activity of SDF-1, and do
not confer toxic properties on compositions containing it.
35 These derivatives may, for example, include polyethylene glycol side-chains, which may
mask antigenic sites and extend the residence of an SDF-1 in body fluids. Other derivatives
include aliphatic esters of the carboxyl groups, amides of the carboxyl groups by reaction with
ammonia or with primary or secondary amines, N-acyl derivatives of free amino groups of the
amino acid residues formed with acyl moieties (e.g alkanoyl or carbocyclic aroyl groups) or
40  O-acyl derivatives of free hydroxyl groups (for example that of seryl or threonyl residues) formed

with acyl moieties.



Therefore, in a preferred embodiment, the nucleic acid molecule further comprises an 5 expression
vector sequence. Expression vector sequences are well known in the art, they comprise further elements
serving for expression of the gene of interest. They may comprise regulatory sequence, such as promoter
and enhancer sequences, selection marker sequences, origins of multiplication, and the like. A gene
therapeutic approach is thus used for treating and/or preventing the disease. Advantageously, the
expression of SDF-4will{0eR & dRsSitH sBA-AN AUREHRAGBP SAIBROLIHD S RYPREFHGNINEEIRESS @

lentiviral derived vector. Lentiviral vectzrtg havle been sl'éown ot e ver%/ efﬂmen‘ in Ithe transfer of genes, in
particular witfil (FOERIS RS (R SLiRBIRAGPDILT FaRTb AL e Aol hd8IRSVIPaf GRFE dO98RT s, may
also be usedwibcapdisiptedtieolpgdesion. residuea tinkgdtdpraietcr-Inaydse aseHIRPHAIR MESIdYsarste the

passage of SIrdgaternssttiaerdeihleo’daibrhrsritg b wsduvestsy snarayelasg sriiicwsarledbiransferrin
receptor&r OHASrs8@&8&'@)&\%ﬁ%%ﬂQ?Q&{JigY"%CQBEE?.ms- In a preferred embodiment of the invention, the
y be

expression vector ma administered by intramuscular injection. The use of a vector for inducing and/or
enhancing the enddd&rield SRYGUBEEHNSESISEO1PD FallS BEAARMMLITP Yhe AN ol B SSiiANaTeE®F-1, or
which expressesvamnoogrotpefdb BBFE Wwiidbcale oobssiffgsehtrert Sk cdrecaplatgdgegonding tie the
invention. Th Heeiqf, MK SO RIBIRSH G4 HON SFINBBGRS-HARRIoNR! 3 gAells dSBilRd QRxmess

SDF-1. Such regulatory sequences may be promoters or enhancers, for example. The regulatory
sequence mA RIS IRESH AL AR AABOR-RRIGEIS B b SioRe By R MBToBEIE. o
recombifatiogxaimale. Mfoperagsy disking thirthenpleatvg sediniesoe Witketmirgediee thwesipeeastsidheof which
is required taike INclicrRditsreBaRERIdE hRteshRPloYdisusitrlIhirefer@sito ashendgeebusgsne
activation” ( , it i SCIj Q. 1/99 ... Thelin ion further relates to the use
ot a cell that%%@%gﬁ‘g’ﬁcgﬁfﬁegnﬁaﬁa%ﬁ?ﬁéﬁgﬁ?ﬁ%ﬁ@g Ao sop D R R Tor the
treatment an@/SFPfeFERtiGH eAUBE. BN rBHsY sl etain the biglogica AGHY YRR I A8y 38 ¢ell that
has been getretipaigmiodéitidrio. producs SRREt éafieamitacturdcgialniiedisament for the treatment and/or
preventign of neurQ_FP%i%E@é@@%ﬁﬁb%émao?%éhﬁ@%&iWQ@%%@Y&Q e&%@rimner&%ﬂetpéie"ver the
drug to the asggro‘%pate parts of kt\he human btody. 35The inven ion further re,IatZ‘sBo%g?,rmaceutlcal
composition A& USLH NP YRS HER HoaTSIe Rl bR EIPSrHal BREAl S8 FHYER comprise
a therapeutidalpiefiectveetd ihthennoleSiy-iq thadietheastieuticaigseffisstveiambiahttos &iNmierferon
and/or osteopRBliaARdies clustesnsiinnadduaigr Riiesapesiatcebiestyvaanapuptiohast the
immunosup , Th finition of "pharmaceutjcally acceptable” | ant.to encompass any
carrier, whic%é%%séaeé_r&})ﬁg{ |1?1yteor ﬁrg%vfﬁ?ae e%rti\%]ﬁ%é%%?%%gybﬂg oa?%aﬁ\ét%\e/&l%&g t%g%%t?\?g@m%rcﬁi%gnt and 5
that is ridt to@ISHAE HIEEfFRRIIET 1 SRIfRTSI: thel BEB ey aHah i 458 thendeqerguEBRRSefhple, for
pargnteral achyﬁteimtrgi'rmh@hg aethm—m@'eh(s)rampdm@mcﬂa@gtm<a>$mianipmgeofomm f.oarimez;tio.n in
vehicles suchasaaling JdRA R SRUMOR: RRUMMAIRHYAN Rinafe: ARl ians sbhgractivs dagredients of

the pharmaceutical compaosition according to the invention can 10 be administered to an individual in a

variety of wa¥ I8 FllES B EHMiAistPatsh RFEURR TREEAL TRAYet A ¥R (e SRR il edise
formulationsy\iteraanesiaaomienpapietormshaltsiniedveliveas Stalseigarierotis gotellyerpidherindtdysi d2BB
intrathegal, regtabrailbdipnasabraltiaspidvtiether therapeutically efficacious route of administration can
be used, for example absorption throu ithelial or endothelial tissues or b ne thera herein a
DA ool oncEGRIBHEPHE HALD SRR MCRIAILAL LRHIRSS B JE0Rd AR e,
causes the a%'iﬂP@%@%ﬁ?sto%r AR PresdPanerstiepiiddNA iR PioavaipbiilitiGieranespbytdin (Y&t ording to
the inventionboa, loe adnuimgtereit) tdgedhisie veithis thea! cODH O meat defibielbgigatly Rativthipgesssuch as

pharmaceuticafhys aGseglllenSHHAMBNLSRUCKRIERSK SR ubieisBRsbyahigiRS 2PRRBpaEspteral (e.g.
intravenous, subcutaneous, mtramusculaq administration, the active . o
example, SDF-1a could be pegylated at the residues involved in glycosaminoglycan binding

e.g. Lys24, His25, Lys27, Arg41 or Lys43.
Therefore, in a preferred embodiment of the present invention, SDF-1 is PEGylated.
In a further preferred embodiment of the invention, the fused protein comprises an
immunoglobulin (Ig) fusion. The fusion may be direct, or via a short linker peptide which can be
35 as short as 1 to 3 amino acid residues in length or longer, for example, 13 amino acid residues
in length. Said linker may be a tripeptide of the sequence E-F-M (Glu-Phe-Met), for example, or
a 13-amino acid linker sequence comprising Glu-Phe-Gly-Ala-Gly-Leu-Val-Leu-Gly-Gly-Gin-



protein(s) can be formulated as a solution, suspension, emulsion or lyophilised powder in association with
a pharmaceutically acceptable parenteral vehicle (e.g. water, saline, dextrose solution) and additives that
maintain isotonicity (e.g. mannitol) or chemical stability (e.g. preservatives and buffers). The formulation is
sterilized by commonly used techniques. 25 The bio&pailability of the active protein(s) according to the
invention can also be ameliorated by using conjugation procedures which increase the half-life of the

molecule in tbﬁeWEﬂ%rQ&l%éJ%@&%W@Bﬁ'ﬁ‘@é&&%&%ﬂlﬁ%%%My%ml?‘&@ém%ﬂképéﬁ)‘sﬁa%&eesmbed in
the PCT Pate[n gg) Catl n WO 92/13095, The thera eutlcall effective a ;‘58 of the actlve roteln(s)

will be a functih 8P Had “§6W8F?é%[b§a?n'@ﬂ%‘?ﬁadtﬁé RASeCRr Protetn, S SFSRE 5ro g Sny
residual cytot@féhcf&tfﬁ!ﬁ/(ﬁﬁé%fﬁb|Ré@%Wﬂ‘@%@ﬁé@@ﬁf&@cthéwom@@ﬁ%ﬁmaﬂd?Net'h'éhﬂlr‘ﬂdwlébndltlon of

the patient (iﬁﬁiydia@f&@ﬂ.ﬂ@ﬂ@bﬂﬁym@nm@m@mgra@@n -toxic level of endogenous SDF-1 activity). A
“therapeytically Eff‘?ﬁ%"é ﬂ% ‘rﬁ‘ S Al Whie! (;;rﬂdgb’#'jt‘?sre%ﬁ'sé&‘?ostﬁ’e & dn%%%%”% 3ibLIels dA g?éfffe‘:t on

the neurological diseas ge administered, as single or multiple 35doses, toan in al will

vary dependifg'¢féh & R‘?é?ié'?;)’oftf&cfﬂﬁdﬁblﬁﬁ?ﬁb dpib. ieﬁﬁﬁﬁn'é{‘@omﬁéﬁ'é%%ﬁeﬁ'i& dereaitt® of
administratiomympari¢g® tdodikanplanOtobaikmbberistic g 2dIEsigsage droduirdig ity eadidnesatio) efxtent of

Symptoms, CRRH ES’rBHF%aéE&%%ngGQHé‘%Fé/sgﬁt“ﬁ@éﬂﬁ%ﬂt angh the; %%%Q‘i‘?'iﬁegr 9G4, drofmEnEoned
above, SDF-1 can$6%erably e used jn aF n amount of about 0.001 to 1 m 1%bof bod we| ht, or about

0.01 to 10 m§ATBF Ry Wei {ie BPIRSt g0/ PEIENY MRYo08, MOROM R LH BRI Heidh 6? aBout 0.1
tol mg/kg of tswegnwiigghtic. TheTimankmaetobf i pemiztratite, fudeid pisteirefeaydie dedortimeditiethis iavention,

is administrafian &yt6WocHEaNRe UsHpldae MBS EHIAE asipRIskAtieRISJBhehPteTrEiedaptserding to the
invention. In fu”herFBfr%fngS gr%ﬁc’?.n'l‘%P&FSPﬁal &%”g‘#ggg;'%%f%é’ﬁégée NSRS %h%}’ oér%lo The daily

doses are usually given in 0ses or In sustain ase rorm ctlve to obtain t esired

results. Seco?fat%i%ﬁﬂ)@?é'ﬂ&é'?ﬁ E’Gﬁﬁﬂ‘i’é‘tr‘%{tﬁ'ﬁgréa‘ﬁrB%%@r‘fbrl:n’féﬂ‘%?%lfa'b%’%eé”\ﬁﬁﬂ%r@%ﬁé'@&‘r‘ﬁg less
than or greatetimahitieeizatival ot eoigpsptidse ddmimetetiod soctheniathy idoiateAGoordmnis thetdisclosure,

SDF-1 6an bgagin \ﬁf@r%ﬁ%'}y&%ﬁ%é\”kqwa)%m%@ﬂ?uﬁ%'b’ @%Jﬁéﬂ%@ﬂatﬁf igteinsipuaneously

or sequentially with other therapeutic regimens e.g. multiple drug regimens), in a
therapeutlcaﬁ% Q?ﬂ% k& SHEE ég%tﬁ\ﬁl%ﬁzoigmterferon Actlve agents that are administered
simultaneously wnh%%emﬁ@mpefuﬁb%géﬁ@@@arﬁobéhadNﬁﬁls@ér@d pertHngtione &r Siferengedn@positions.
The inventionﬁwah@gd@lmma@énequd‘afaﬁﬁa@m@eaonguﬁ@mﬁiﬁ@hdfseﬁé@tra@mari&jagorzoeaﬁtministering

102 patient 13 SRAREIER AR AURCIAP SMBUNLLSREd AP P adpniot f S shactilv, gptonaly

together with-a p harmaceutically acceptable carrier IS a metho eatln a
neurologfical %@%@%Hﬁpﬁ@ﬁd@dﬁ‘ﬁ Sterialy tSYQ'B%ﬁFé?ﬁ‘PﬁWﬂfe@‘EHé‘?%‘T%(F?éif@@ﬂ%saﬁ%\t'ﬁht"‘%f SDF-1,
or of an agorisiuiP/ASDFt L addithtylil@nd an interferon, optionally together with a pharmaceutically

acceptable carrier, 1§23R JMBINAR S IRIASEN IMEOLORY a cofiSRHIFISeB RS ZME PR {QfdGALing &

neurological dIS ase comprlsm%; dmlnlsterlr;g%to a atle t in need thereof an effective amoun} of SDF-1,

or of an agorﬁgfj OF SBRRA AR A 3S(EY B% Ge S B MR S bIoL FFRATATH GIR 5cceptable
carrier, is alserevientionias m@@ﬂan@mrdﬁrssmg@ldié@ﬂ@géobglaelﬁi@lh@robﬂmatmw@ a neurological

diseasexgomprisingragne¥mstaidreréa aé%&lb%@hﬁlrﬁlﬁ@‘éé&ﬂ@ﬁéﬁ%@éf@ﬁﬁw RMsHReatShude ahpf an

agonist of S el A SIS FRINANCRRRLIY A D ARIPLRAGRLY S SR RIgs arrier. i

also within the | present Invention
the above section Background of the Invention”. The interferon may preferably be human, but also
derived from other species, as long as the biological activity is similar to human interferons, and the
molecule is not immunogenic in man.
30 In particular, any kinds of IFN-a, IFN-$ and IFN-y are included in the above definition. IFN-3
is the preferred IFN according to the present invention.
The term “interferon-beta (IFN-B)”, as used in the present invention, is intended to include
human fibroblast interferon, as obtained by isolation from biological fluids or as obtained by
DNA recombinant techniques from prokaryotic or eukaryotic host cells as well as its salts,
35 functional derivatives, variants, analogs and fragments.
Of particular importance is a protein that has been derivatized or combined with a

complexing agent to be long lasting. For example, PEGylated versions, as mentioned above, or



All references cited herein, including journal articles or abstracts, published or unpublished 35U.S. or
foreign patent application, issued U.S. or foreign patents or any other references, are entirely
incorporated by reference herein, including all data, tables, figures and text presented in 30 the cited
references. Additionally, the entire contents of the reféfences cited within the references cited herein are
also entirely incorporated by reference. Reference to known method steps, conventional methods

steps, knowr,pglhogis:erRRgional Behasis iR et ARY-YRY AR RO ISR tBe LRy RS8Ry description

or embodiment of 5 theypresent invention is disclosed, taught or suggested in the relevant art. The
foregoing de eri%ﬁa MbPYsat '§’Be0|f|c embodiments will so fully reveal the general nature of the invention
that others can, by &psplging deriyativer)dswitendethto dhdllee tidy drosihenlivativehibaisiotentshehteconsferences

cited herein) arqadbyimnoe difytraidianadaptiebaripnsooaplicgHensushispastic embodiments, without
undue experimentagion, Wit aanéddSBS‘r%Q% 108 %tg éﬁlg?é’”r?%?éeél% %EPSVQ%%G&EBQ‘{%?%

Therefore, such adaptatlons modi |cat|on are in to be within the meaning of a ran
equivalents GTeERINGiStIGBHBIRRNYPRMISIREXY bRMA e RMAG G RIS EE! dPé:s%hf@é rl?éP@m It is to
be understoafébatiding oasEelIgyforitetamirology herein is for the purpose of description and not of

limitation, such tha‘h ﬁé%@?tlé DALY Rl d&ﬁﬁ @'8%%9&%8&‘9%% .%e%%ﬂcé‘ l%é‘rﬂilnaﬁgﬁﬁnﬂﬁé]péﬁéed by the

skilled artisan in light achings an ance 15presented herein, in com
knowledge offeffePsFeiRibAFNSKiR in the art. In the claims which follow and in the description of the

inventiory except WSBFEﬂBQ)MM mew&m&@ﬂwwiw&mﬁwwm@gym BENRe@ssary implication,
the word “"comprise), %rfﬁfréfé%‘arb?n%‘dﬁfhéﬁt SATPSIRESt e QPP%%EQ 1S M8 19 agh{p&.'#?'r"&i&“se l.e. 10

specify the presence of the stated features but not to preclu presence or addition of further features

in 20various &AJAIMBAY &F BRGYMNRSAHA . aboutﬂ&vﬁ?gm(f?\‘ﬁ/h%e&%@d%%hﬁﬂ/é?ﬁw iBwiii%e thore
readily undedtdod bingéde oé hodyte¢iphifotleaniDexampigsdlebbade we@hided by way of illustration and are

not intended to be KhitiRgent; gﬂﬂ‘lﬂ{ﬁeﬁer@ﬁ{&%ti%‘ ude é%&@%d mHéEUI%WJﬁE%ﬂU@H&%P& gagmokines
SDF-1a and SDF-1u var ﬁgr“lw? uce |n house. T COL;@Q F_%Pgnces (S D | O 1|for SDF-1a.
and SEG ID NS " 2 F-1%aV .an”[ 3”8 BN RS NS It O pE” 5 +v%8 ot and
expressed ineEidBRleeNls. @@E}@AWLE@@@WS@W@D#SE%%N%&W@ PPt 2ePtRIUSIRAres

treated with lR&Aniige lagfigpithaiighiangsidarsdcacimsaynniog kit iviedge ¢ site, doesieiNg can
display S|gn|fg1:ant 35 inflammatory responses, which may play a role in a number of neurological
diseases. Microglia appear to be particulary important for the |n|t|at|ng and sustaining of CNS

inflammation. Thes&tRAYRSALIGPAIRIBE AT HSERBNRAI NS, but acquire macrophage-like
propertizs 30a (b) a polypeptide comprising amino acids of SEQ ID NO: 4

(c) a polypeptide comprising amino acids of SEQ ID NO: 7

(d) a polypeptide of (a) to (c) further comprising a signal sequence, preferably amino
acids of SEQ ID NO: 5

(e) a mutein of any of (a) to (d), wherein the amino acid sequence has at least 40 % or

25 50 % or 60 % or 70 % or 80 % or 90 % identity to at least one of the sequences in (a)
to (c);

(f) a mutein of any of (a) to (d) which is encoded by a DNA sequence which hybridizes to
the complement of the native DNA sequence encoding any of (a) to (c) under highly
stringent conditions;

30 (g) a mutein of any of (a) to (d) wherein any changes in the amino acid sequence are
conservative amino acid substitutions to the amino acid sequences in (a) to (c);

(h) a salt or an isoform, fused protein, functional derivative, or active fraction of any of

(a) to (d).

The nucleic acid may e.g. be administered as a naked nucleic acid molecule, e.g. by

35 intramuscular injection.



(including active phagocytosis, upregulation of proteins necessary for antigen presentation and production
of proinflammatory cytokines) after stimulation by infections or T cells. This inflammatory environment
in vitro and in vivo can be mimicked by lipopolysaccharide (LPS), a component of the outer membranes of
gram negative bacteria LPS 5 10 15 20 25 30 31 is the best characterised example of innate recognition
that leads to a robust inflammatory response by phagocytic cells via the Toll receptor4. [PS has been

widely used in the figlthioraativatsipicoMiadnYiRnESs, QUERIXETirH tuEEentOWLENRlS xRS dnsuce
cytokine releafs? 5 without |n§u€|B§ ﬁ%lcl)de?th’ higher qos S can m%uce ollﬁoﬁﬁndr?cyﬁ or neuronal
degeneration0 n Q/?trge(ifeﬁﬂ‘é? tet™., 200284 d gt L) 1jnamfi pritiie) ( Ehhaat efar, Y0 Sadir et
al., 2001). MaesrRiigaimdefiseahiirisies OPrimary mixed cortical cultures preparation Culturing of primary
cells was performedraseigscibachbihetz khtloalmdABkusiogibrain tinsleeufconvasridaprissdaiad from
NMRI mice af,4.0.dg¥s g&&%ﬁ%@&ﬂ‘%?‘?@%ﬁ% %%’P'%Q&SF%S%%%%%QASE%CW@fk%“wﬁrﬁ‘ "he rr?,‘"%ﬁ'eg
dissociated via trypsin digestion and the single cell suspension was seeded at 5x104 cells in 50 pl
myelination rH&8RIRF 6%’?*?/%I?'Sm‘?ﬁI§i§€fbﬂ'é?€(r?°b8l’§ﬁref8'c[ﬂy§iﬁ@ AR IBSAR plafsT8BESTE Eecton
Dickinson). Traguratpeiisatioenpeedigmasqgnsisteet ah®otieanstzinegatooee drlesti@otiersteincgandc8ato, 1979;
Sadir et al., 2081 SHRRIRPIRAIEH, 4B 48 ﬁ&.SA]g"éthfﬂlﬁﬂ RutepioaneinsSplliordPesrmehand
recombinant platelet-derived growth facsx%r AAt\ P GlF"tDﬁA’ &D Sﬁ/sgjglli% a%t 1 n%/mL._ 20_;|'reatment of
Primary mixed COHREAI LIRS ES WRRCP S\ OXLURY 08N Ne SXRERSSIRR Tt U ot EYRTIRE & ¥ase from
primary'fhixed cortittad cuitieress stinhatimeninite FRSyeesiniesiRiditead potiMir 2t BTG Aneciovb @ty dbr for 14
days and wevedbanrafinulediowd Sesketyibrinsieastng eansentrgens ohBSt(EuIs Hithin2ugs 5 ng/ml).
CNS. Other well established viral vectors, such as adenoviral derived vectors, may also be used
according to the invention.
A targeted vector may be used in order to enhance the passage of SDF-1 across the
15  blood-brain barrier. Such vectors may target for example the transferrin receptor or other
endothelial transport mechanisms.
In a preferred embodiment of the invention, the expression vector may be administered
by intramuscular injection.
The use of a vector for inducing and/or enhancing the endogenous production of SDF-1
20 in a cell normally silent for expression of SDF-1, or which expresses amounts of SDF-1 which
are not sufficient, are also contemplated according to the invention. The vector may comprise
regulatory sequences functional in the cells desired to express SDF-1. Such regulatory
sequences may be promoters or enhancers, for example. The regulatory sequence may then be
introduced into the appropriate locus of the genome by homologous recombination, thus
25 operably linking the regulatory sequence with the gene, the expression of which is required to
be induced or enhanced. The technology is usually referred to as “endogenous gene activation”
(EGA), and it is described e.g. in WO 91/09955.
The invention further relates to the use of a cell that has been genetically modified to
produce SDF-1 in the manufacture of a medicament for the treatment and/or prevention of
30 neurological diseases.
The invention further relates to a cell that has been genetically modified to produce SDF-
1 for manufacture of a medicament for the treatment and/or prevention of neurological diseases.
Thus, a cell therapeutic approach may be used in order to deliver the drug to the appropriate
parts of the human body.
35 The invention further relates to pharmaceutical compositions, particularly useful for

prevention and/or treatment of neurological diseases, which comprise a therapeutically effective



After 48 hours of [PS stimulation, 80 pi of supernatants were collected and frozen at - 2580 C prior to
content analysis of: cytokine release (INF-a and IL-6), analysed via CBA mouse inflammation kit (BD
Biosciences 552364)SDF-1 SDF-1 a using the sandwich ELISA set up in house and described here
below. cell viability assessed using an MTS assay (P#dmega G5421; Non-Radioactive Cell
30Proliferation Assay that measures mitochondrial activity through the formation of an insoluble formazan

salt that has hagishupw o cantelatade callidansitdcRP Erld it IsaA satdwirhRbrAdebsstartification
of SDF-1 a Iev%ilfs in mixed cortlcz?llgéjl ures was set. 35 up.in house. F rfcoatln 100 Owen of monoclonal

anti-mouse SBFY (FSHY'REISE SR RARRELECNS BRSNS WA DY A B KIRFERPS B8ty lated
polyclonal anti-mouBte|§€fifitian @R amrBiaseyticalicatdantriigolis MO ) iy Lo epseRPAS 8B IREEAY antibody
and 100 kil/wehisf @odsavidinterfCamugriad dryseontishhibRigetiase () -5000 SigmangrédleatithdVO,
USA). Recombinan e, SDE- Q Q.ng/ st ng, Minpe 1S, USA used to
perform the g’t%r?@arﬁ%%\f% ! i@‘r%%sﬁ%%ﬁ?ﬁ%% Ilt()lg E#?v%ﬁﬁ%f%%tiﬁ?t&%%&@%a%g%% arﬁi@&fg%? stabilized
hydrogen pefdRiR'arer RaramfsthpiiBhAtRYe YRR SYStBIASTHY), Tk r'?ée(ﬁ@ﬁ@?gé}&')% 48&’¢S0ptical
density was meadurecdjession ia fleintys stecheasisrl{babdystesasshutittekaart)attivé50 and. RingeB®F-la and
SDF-la variagygffeets on cytokine expression in LPS stimulated cultures For testing the effects of SDF-la
and SDF-la variant](sg defined in S%\%IE NO:{héalg on 103%!}38 stimulated cultures, cells were allowed to
grow for two weeks. %cé'}\fel'ﬂ%%? e %Feg BSEsY SR Tﬂ%‘?é‘ﬁ%ﬂ@“&%rﬁg‘@n%ﬁ%ﬁkv G(‘Bt.'ﬁﬁf,aﬁ.l and 10
ng/ml) dPthe ko aespitieied iorarindividaa 3nppi et dilimais: thieerpidessoatBMighaticadhdde. [PS was

then supplemerpigshiaithgspelisraidhe consenbatianatd reldmnasysimpabsediumiahtaira, final
volume of 10-9|t %eﬁ%t?s,'%%%?&%%% QL 48 hours. ¢ Pl?c%i@%t,a}rﬁ‘tt%w&éa‘%,Q%Q%Etsﬂd%f#%%aﬁ e, 15 levels

of TNF-a and (the ‘major cytokines released by activated microglia) were measured via s%) cific

ELISAs purcﬁﬁ@édhﬁ@?ﬁ@&ﬁ%ﬁ@éﬁ‘i?@lﬁ?iﬁ"etofn%fﬂfg@i?‘@ﬁga EINDR BRRA1 P rRSRIERIFLABSRINSA DY406).
Two control thaleghllesitrédaiaom ethiataiel dinsbipsoardey [§eh® theniply vaeesibee DISAanatetolanbilsiidiygokine

release fsomactivated,gaicr RAlimes sedne Bdhatr @RANSIS vectols APRIAORINSISHS Jbf damas

performed uswg one-we% AN%VA. Dunnett's test was used further, and data were compared to the
"untreated cefid™® PIREERE FISRIFAEHRY Was set at a: p < 0.001; b or **: p < 0.01: ¢ or *: p < 0.05: d: p <
0.1 . The results wéneadsijirasdeel rigtein(s) according to the invention can be administered together with

other components of biologically active agents such as pharmaceutically acceptable surfactants,
excipients, carriers, diluents and vehicles.

20 For parenteral (e.g. intravenous, subcutaneous, intramuscular) administration, the active
protein(s) can be formulated as a solution, suspension, emulsion or lyophilised powder in
association with a pharmaceutically acceptable parenteral vehicle (e.g. water, saline, dextrose
solution) and additives that maintain isotonicity (e.g. mannitol) or chemical stability (e.g.
preservatives and buffers). The formulation is sterilized by commonly used techniques.

25 The bioavailability of the active protein(s) according to the invention can also be
ameliorated by using conjugation procedures which increase the half-life of the molecule in the
human body, for example linking the molecule to polyethylenglycol (PEG), as described in the
PCT Patent Application WO 92/13095.

The therapeutically effective amounts of the active protein(s) will be a function of many

30 variables, including the type of protein, the affinity of the protein, any residual cytotoxic activity
exhibited by the antagonists, the route of administration, the clinical condition of the patient
(including the desirability of maintaining a non-toxic level of endogenous SDF-1 activity).

A "therapeutically effective amount” is such that when administered, the SDF-1 exerts a
beneficial effect on the neurological disease. The dosage administered, as single or multiple

35 doses, to an individual will vary depending upon a variety of factors, including SDF-1

pharmacokinetic properties, the route of administration, patient conditions and characteristics



25mean standard error of the mean (s.e.m.). Results Assay set up TNF-a, IL-6 secretion was
induced by [PS at 2.5 and 5 ng/ml and both doses where not toxic in the complex cultures. In addition
the various concentrations of [PS (0, 0.5, 1, 2.5, 5 30ng/ml) did not influence endogenous SDF-la
levels (results not shown). SDF-la and SDF-1a varianbg The results showed, that IL-10 at
IOng/m1 and Dexamethasone (25pM) down regulated TNF-a and IL-6 as compared to untreated cells.

Both SDF-1 3 aRd 3P da WaiAL _thégm,ﬁga@gbé%éﬂ@&(@ﬁﬁ%m ievelFeht kB HeQusREySIHON in

the mixed cortical cultures after stimulation 33 with [PS as compared to untreated cells and with a
best concentf SRR fﬁ%@ﬁﬁﬁﬁ-@féj?ﬂ&eﬂnd 1B). Conclusions 5The mixed cortical cultures constitute a
complex system thatdriorndiereseakers neldrol epitinesiaratuyl bepesethiel adisgradiioelyabouhfidiotlian 1
neurons and m&cgd@ﬂwdlapm@ﬂ&eaaem @Aﬁ@M@k@Uﬁ%ﬂpfm‘é@ﬁ-&rab&%ﬁ,-hﬁév,\/ef%% gleripased
TNF-a and IL:6_in.a similar manner as SDF:la indicating. t AG mutation does not affect SDF-1 a
binding tr(:;)dits }ergglg?o?@gﬁéI%’E!%%?Ih%%?nﬁgi}%r? o%gé‘a(l ogi%%@s%& %vith SDF-1 a and SDF-1 a variant in
[PS treated mixed cbificaPeit e SHMGIRHIUUeBIE dife RIS oPLOEINIoOMIBRogN¥EBHRh iffdirect
effect on CXGRAinateptor eypressitgresire cydate ornteamassuldxccairdinigttatids cienifuathepursefed& can
be classified Eltébﬁﬁr‘(&{@'tﬁéﬁ%ﬂ&% stratifying MS 15 patients with different patterns of disease

activity. Patients with only rare relapses followed Qy full recovery of their disease are considered to
have benign MS. Ré’?afﬂgﬁ‘?éﬂ@?ﬁﬁﬁ%m'{?ﬁﬂﬁgﬁfﬁ%'%%%P'Egltﬁfﬁg:%@?ﬁ{ SYRAC L83 ved in 85 -
90 % of NS patientd bmdaily slesesaiesivewhibyaieen inatitidethgesss ol lowestanetrisesy formsiectih
residual deficits oftam aHa@esird@ HkiystosteorausesuBYd e HadtamPisialit reacibéepbfaisetnta the

CNS, causing, g0 a%%ri\r}ﬂ?n”égﬁ‘frigf‘reé%vt‘%%i %*[‘j%r.%%‘?e?fj ’ o ﬁ%&é%‘é‘??!ré(}?&j J%@%ﬁgﬁ@%ﬁéﬁ@ﬁﬂ

. =]
and baseline neurological disability increases. Uttimately, approximately 40
longer have dhadd Hevelop a progressive neuro-degenerative secondary disorder related to

chronic CNS inflammaibodingnaavniiees Sisctndery Bressare MS (SRinSje€dnieropdyladtically 2600).
The evolygtiony{o this fegondasy MAGKRSPINRJCIN Shiasiseassissaaaasialgdmiiumer sirificapty

fewer active lesions and a decrease in brain parenchymal volume. While earlier RRMS is sensitive to

immunosuppfE8LT5AS tAE PEENENE e TBLERS iHTHIL RS y B rSLRRCHI SN e HN G A D'
disappear in pagitolangvithhencisesfeionodiclive agpushtsiy atetirdmmRiaShsinsitu® sy avitoreireum

rather than twReeiseaResgaMiEEsna RINIBIRRLIP iy pRd oL aift¥ren athtritivassecondary induction of
a neurodegenerative, process. 30The Primary, Progressive form. i IS, rized from
the onset by the abs?é%c'gvg %%nu e Qt ac @3%5"@3’?5@‘& (linf\%Igggshgéggla%ég{)é\é}%ﬁ'gg%rl%gﬁ&‘ﬁ%fg‘ ly,

this form?f trRIiBsiRGsta s petiartdmaeed thelest raspiriadmRYoPSERinnRirStABragRNHtiwk is
known about Siné {Jadbinliigloptioodify iogatlyePudtt re shivenMelitioks Sateepsiblé oardeer, postmortem studies

suggest that neuro-dRGEREIBLON S PHRARSAIRANEAYRG A THRMBIICD HsHiReeaAPRIRYy LatRiasiingl arey
to a patient in need thereof an effective amount of SDF-1, or of an agonist of SDF-1 activity, and
an interferon, optionally together with a pharmaceutically acceptable carrier, is also within the

25  present invention.

Also disclosed is a method for treating a neurological disease comprising administering
to a patient in need thereof an effective amount of SDF-1, or of an agonist of SDF-1 activity, and
osteopontin, optionally together with a pharmaceutically acceptable carrier, is also within the
present invention.

30 Also disclosed is a method for treating a neurological disease comprising administering
to a patient in need thereof an effective amount of SDF-1, or of an agonist of SDF-1 activity, and
clusterin, optionally together with a pharmaceutically acceptable carrier, is also within the
present invention.

All references cited herein, including journal articles or abstracts, published or unpublished

35 U.S. or foreign patent application, issued U.S. or foreign patents or any other references, are

entirely incorporated by reference herein, including all data, tables, figures and text presented in



35matter damage predicts the evolution of primary progressive MS by being the strongest paraclinical
predictor of subsequent worsening of disabilty (Rovaris 2006). Microglia activation 34 in grey matter
might contribute to accelerated neuronal loss and brain atrophy development. Therefore SDF-1 alpha
and SDF-1 variants may have a potential in treating pggary progressive MS, due to their potential to
regulate microglia activation and neuronal survival. Some of the pathophysiological mechanisms

leading to neyonal X9ahAHEBL RIANSTLAD A IBraRY KDRBARNY FRGeRAGIYRIAWIRIFNE B RS

SDF-la variant effect on leukocytes recruitment in an |n vivo model of Peritoneal cell recruitment The

major role of EHEMAGIGREES 2R BRI INARRAwREH &Y LHEMAtSeukocyte populations 10 during
inflammatory resporfitséerence itankoewnsmeibithrstepsChemtentinesl axethotsetens|oionneffethodsy trinding

to seven tranémaﬁ%ﬁaﬁrﬁtm&@%&%@%ygﬁm@mﬁt%p adpechinesbiptionk Bifoodiment of

glycosamomoqxcans é(%AGs as wgsc%ss S an cell sur{g&l nﬁr\llghll Qvgﬁ}gﬂnce local concentrations of

I SuU
chemokines, pro "% eél}’l% igomeriza on 3 ﬂ%atln elr presentation to the receptors. It has

recently been demoﬂﬁr@f@@tﬁ@f’%@ﬁﬁ@ﬂlﬁ@hﬁt@%ﬁfbﬂ“\ﬁﬂﬂ"@ﬂ@%&sﬁi‘%[ﬂY@G' tbe asspreheatvRactic
function in vius. tMaireratien thanethedscan, byBabglyvecknoldedgenalthiB alle/ Ekithicfeti{d sanvi@iclbdimg gy were

ected inva petipacalid el uila200e) et @06 103 sﬁa/er Kip L G SPEscha or

SDF-1 a variant 20 according to SEQ ID NO:4 diluted in 20 NaCl 9% S free At 4 post
injection of WP ﬁﬁﬁqﬂd@ﬁﬁtﬁ %{‘"?ﬂ%é‘%@?eeé%‘%ﬂ"ﬁ%&a"w QA,' 988 g8 Hl?[g@ ?6?|é:8f‘8%?}|ty
was waslied wiithe3preSent irventonl PBSrel mmemmmp@mewpf@rammmm@e Withétl cells

collected wergh&pnediaRgdf ba@ﬁge%ytéuma@rn(&lem@wcl&eammwmmwéd on theliEhndrirgted
intra perltoneall recruits le %c;&%&g ?Q't:o av rla t%s% ?Eqk %r%l glglé Eﬁhsh °\§Iél5 ;[gattt?gr n

vivo GAG blnalng Tt 8‘%??2 y the muta?on In a varlant onclusions

The SDF-1 a P&rRRqesabdsatdrigrand iRt himiationr sk tmﬁtdaﬁéqrfawgw% ERSplacAlittent
activity in vivgresénEspAdiiiatian3dsIbe iateppestdidi og tionsiil Eddrtispiriallighirdf (b teatb)nyst roduntidance

SDF 2 SypresrianianUATHISH T SRSl AA snesied iasurcs s WIRAE Induced by

MOG peptide at chronic phase. The experimental autoimmune enceph elltls 5 EA6) model is a
S

murine chronic dem{dfifRIGSHER @P\%"’l nehn e grsFsyaon e ILHX%E'PBf ﬁ?ﬁbl@ EPESENRAS).
The used methaurésr ethenmide clisntofaXpEsin languagei om degsteadrir dmptisatiprotheoivpleb [iesheretiss/ or

Sahrbacher eft{Satache " @nPrise§98) “comprising” is used in an inclusive sense, i.e. to specify the
presence of the stated features but not to preclude the presence or addition of further features in
20  various embodiments of the invention.
Having now described the invention, it will be more readily understood by reference to
the following examples that are provided by way of illustration and are not intended to be limiting

of the present invention.

25 EXAMPLES

Human recombinant chemokines SDF-1a. and SDF-1a variant were produced in house.
The coding sequences (SEQ ID NO: 1 for SDF-1a and SEQ ID NO: 4 for SDF-1a variant) were
cloned into Nde1/BamH| site of pET20b+ vector and expressed in E.Coli cells.

30
EXAMPLE 1: SDF-1 and SDF-1 variant activity mixed cortical cultures treated with LPS

Introduction

Although considered an immunologically priviledged site, the CNS can display significant

35 inflammatory responses, which may play a role in a number of neurological diseases. Microglia
appear to be particulary important for the initiating and sustaining of CNS inflammation. These

cells exist in a quiescent form in the normal CNS, but acquire macrophage-like properties



Material and Methods 10Spinal cord sampling Spinal cords were dissected from mice afflicted
with EAE 4 weeks after the disease onset i.e. presence of tail paralysis as clinical sign. Mice were
perfused with cold PBS and spinal cords were dissected out into triple detergent buffer (50 mM Tris,
pH 8.0, 150 mM NacCl, 0.02% NaN3, 0.1% SDS, 1% Rkgnidet P-40, 0.5% sodium deoxycholate)
containing a protease inhibitor 15 cocktail (Roche Molecular Biochemicals, 1836170, 1 tablet per 10

ml buffer). 109neiuefn'aztéaﬁwvs\§agéaﬁoe@r eeljsareohpibRhs st s RIS RIyEH S IRAMBrPARIC
eppendori tubes at -

; 0C prior to preparation via homogenization and subsequent analysis. Analysis of
SDF-la contemogflg?ﬁﬂﬁé%%%ﬁﬁ?%' SM\W@eaﬁ%W&TQlﬁztgﬁ%ﬁb'ﬂ%{z%ﬁ?ﬁ ﬁ%@ﬁple detergent buffer
using a polytron. Protésn leflemmateamsrwrenarentuéntifé@ vialBCIR PYORirc@bnient misiglePicite
Biotechnologypdpeskiimhakied 105s)UsSAhipeaeioctRE dateontantranedystigrasi nedhm & biswriesebed in
the mategial and methods section of Example 1 above. 25Results Fig. 3 shows an upregulation of
SDF-la in spinal cord tissue of EAE animals in the chronic phase of EAE. Conclusions 30The
up-regulation of SDF-la protein in EAE spinal cord extracts from chronic MOG EAE phases, suggests
a role for SDF-la in neuro-inflammation other than inflammatory cell recruitment. 36 EXAMPLE 4:
Protective effect of SDF-la on neuropathy induced by sciatic nerve crush Introduction The present
study was carried out to evaluate nerve regeneration and remyelination in mice treated with SDF-1 a
at different doses. A positive effect of SDF-1 a on neuronal and 5 axonal (sensory and motor neurons)
survival Bhd regeneration, or on myelination or macrophage inflammation, may lead to restoration of
motor function. The regeneration can be measured according to the restoration of sensorimotor
functions, which can be evaluated by electrophysiological recordings. 10Materials and Methods
Animals Thirty 8 week-old females C57bl/6 RJ mice (Elevage Janvier, Le Genest-St-Isle, France)
were used. They were divided into 6 groups (n = 6): (a) nerve crush/Vehicle (Saline/0.02'Y BSA); 15(b)
nerve crush/SDF-1 a (3fig/kg);

15
20
25
30

35



(c) nerve crush/SDF-1 a (10 ..ig/kg); (d) nerve crush/SDF-1 a (30 ..ig/kg); (e) nerve crush/SDF-1 a (100
..1g/kq); (f) nerve crush/IL-6 (30 ig /kg). 20The animals were group-housed (6 animals per cage) and
maintained in a room with controlled temperature (21-22C) and a reversed light-dark cycle (12h/12h) with
food and water available ad libitum. All experiments wire carried out in accordance with institutional
guidelines. Lesion of the sciatic nerve 25The animals were anaesthetized by inhalation of 3% Isofluran(r)
(Baxter). The right sciatic nerve was surgically exposed at mid thigh level and crushed at 5 mm proximal
to the trlfurcatmﬁ% éthe ciatic nerve. The nerye was crushed twice foraéﬁ %wnh § Ee ostatic forceps
(width 1.5 m; ! ﬁ%?%éﬁ?& BraANRE) Hith"5'6028gPE Pt oR Bt B B4 BIALN"¥B¥ anning of
experiments @ﬁ@ph@ﬁﬁa&@mﬁm adlatmireite TollFaseniomybfaphicbe¢EMids Yesirsginiis iekddPmed once
before the sw@w&avcwydﬁmbw%dwimmmioIL@Mn@/élrsedmerstiﬁduce cytbRRélaeRisperve

crush suggery,\yas t‘f@@% %&ﬂ: R %ﬁé 1Dl 5o 42V BRSHIGRIOH ggé}!%tc?%*cv\’f%rpﬁerf%ﬁé?qe%g %}Fgﬁl 4 days

following the crush e da rve injury to the en cle were
administeredy¥4fY W@Uﬁr&lfér?éoa iSelR ?é @?%h?é‘dfirdé‘f% (béPr\‘/@é‘gl@t a7 @@%tr%‘?ﬂ#&/% Sogical
recording 20BMctrophysiological recordlngs were performed using a Neuromatic 2000M
electromyograph ([MG) (Dantec, Les Ulis, France). Mice were anaesthetized by inhalation of 53%
Isofluran(r) (Baxter). The normal body temperature was maintained using a heated operating table
(Minerve, Estaiesalsaaghmeihods compound muscle action potential (CMAP) was measured in the

gastrocpgmius musﬁ}lﬁn@fgemgmg@&g Bt SHY WatiRRebihe sciatic nerve at a supramaximal intensity

(12.8 mA). The am V and th latenc s) of the actipn %n lwere me ured Ihe
r|n r|ma Is was i}/ ed a escrl ed gu i etal. §u3| H
operated leg. 10T e me A1So regis ere the contralatera uncruSh leg cle

treated animﬁﬁ%Bﬁ@éhﬁé)brY% 'mufd@ﬂs'\i Mﬁibﬁﬁ% Qif thepmioet-esfitaativVeersbialr fﬂﬁﬂt@Pbﬂﬁﬂé the distal
latency indiregshe refiestfemaion naneyeo ek ofMisspei e ramuspdiar digession ssien telantides,cahich

depends in P&E&%Rﬁ d,ggg%%ocgdfgygﬁ{@ft%ﬂs in 50 pl myelination medium per well onto BioCoat® poly-
15  L-lysine coated 96-well plates (356516, Becton Dickinson). The myelination medium consisted
of Bottenstein-Sato medium (Bottenstein and Sato, 1979; Sadir et al., 2001), supplemented with
1% FCS, 1% penicillin-streptomycin solution (Seromed) and recombinant platelet-derived
growth factor AA (PDGF-AA, R&D Systems) at 10 ng/mL.

20 Treatment of Primary mixed cortical cultures with LPS: Assay set-up
For the set up of cytokines release from primary mixed cortical cultures stimulated with
LPS, cultures were grown at 37°C and 10% CO, for for 14 days and were then stimulated for 48
hours with increasing concentrations of LPS (0, 0.5, 1, 2.5, 5 ng/ml).
After 48 hours of LPS stimulation, 80 ul of supernatants were collected and frozen at —
25 80 °C prior to content analysis of:
cytokine release (TNF-a and IL-6), analysed via CBA mouse inflammation kit (BD
Biosciences 552364)SDF-1
SDF-1a using the sandwich ELISA set up in house and described here below.
cell viability assessed using an MTS assay (Promega G5421; Non-Radioactive Cell
30 Proliferation Assay that measures mitochondrial activity through the formation of an

insoluble formazan salt that has been shown to correlate to cell density).

SDF-1la ELISA
A sandwich ELISA for quantification of SDF-1a levels in mixed cortical cultures was set
35 upin house. For coating 100 pul/well of monoclonal anti-mouse SDF-1 (1:500 R&D Systems Inc,
Minneapolis, USA) was used, 100 pl/well of biotinylated polyclonal anti-mouse 1gG (1:400 R&D

Systems Inc, Minneapolis, USA) was used as secondary antibody and 100 pl/well of extravidin-



15Data analysis Global analysis of the data was performed using one-way ANOVA. Dunnett's test

was used further, and data were compared to the "vehicle" control. The level of significance was set at a:
p <0.001; b or **: p <0.01; c or*: p <0.05; d: p <0.1. The results were expressed as mean standard error
of the mean (s.e.m.). 20 Electrophysiological measuréents Amplitude of the compound muscular action
potential (Fig. 4.4): No significant change in the CMAP amplitude throughout the study was observed
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animals throughout the study. In contrast, muscles on the crushed side showed greater CMAP latency

than the Baseline. lgppice easmskwigh &idint efedheda MAbKlateagyryadum 39was sighifigaiatly reduced as
compared to the one of Vehicle treated mice. At day 7, this effect could be observed after treatment with

30fig/kg and 1 {§ﬁ<g of SDF-1 a but not with 30fig/lkg 38 of IL-6. At dpl 15 and 22, a significant effect
was still obtained Wit StigkiraatiesorigAly (bueRdSkth!soeHant (@siepfispSDREQ IS NP #eB4g/kg) is
more patent tirndiinfa 68K lkgpsCanelusiansicne ne e iusvihadekis Atvery tragrtingnrogiel of
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(macrophages, granulogytes). The AP duration is increased at dpl 7 and peaks at 15. 10 SDF-1 a
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Two control molecules, dexamethasone and mouse IL-10, which have been shown to
inhibit cytokine release from activated microglia, were used.
20
Data Analysis
Global analysis of the data was performed using one-way ANOVA. Dunnett’s test was
used further, and data were compared to the “untreated cells”. The level of significance was set
ata: p <0.001; b or*™: p<0.01;cor ™ p<0.05 d: p<0.1. The results were expressed as
25 mean =* standard error of the mean (s.e.m.).
Results
Assay set up
TNF-a, IL-6 secretion was induced by LPS at 2.5 and 5 ng/ml and both doses where not
toxic in the complex cultures. In addition the various concentrations of LPS (0, 0.5, 1, 2.5, 5

30 ng/ml) did not influence endogenous SDF-1a levels (results not shown).

SDF-1a and SDF-1a variant
The results showed, that IL-10 at 10ng/ml and Dexamethasone (25pM) down regulated
TNF-a and IL-6 as compared to untreated cells. Both SDF-1a and SDF-1a variant significantly

35 decreased the levels of TNF-a and IL-6 secretion in the mixed cortical cultures after stimulation



The sciatic nerve crush model described in Example 4 above was carried out to test SDF-1 a variant as
defined in SEQ ID NO: 4 and the mice were divided into the following 2 groups (n = 6): (a) nerve crush
hicle (Saline/0.02'Y BSA); 20(b) nerve crush/SDF-1 a variant at 30fig/kg s.c. The
measures registered on the contralateral leg of Vehictreated animals were considered as Baseline
The SDF-1 a variant used in this example and encoded by SEQ ID NO: 4 was expressed
with an additigal Ptesrpingldiationinesdhe-fMAR A atiRa: CbReRestrbiabaghaeRglarization and a
rjlﬁessmn) was also recorded. Results Electrophysiological measurements Amplitude of the
cular action potential (Fig. .5.A): 30A significant increase in the CMAP amplitude was
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The inhibition of cytokines seen with SDF-1a and SDF-1a variant in LPS treated mixed
cortical cultures might be due to a direct action of SDF-1 on microglia or an indirect effect on

CXCR4 receptor expressing astrocytes or neurons.

According to its clinical course, MS can be classified into several categories, stratifying MS
patients with different patterns of disease activity. Patients with only rare relapses followed by
full recovery of their disease are considered to have benign MS. Relapsing-Remitting MS
(RRMS), the most common form of MS, is observed in 85 — 90 % of MS patients and is
characterized by recurrent relapses followed by recovery phases with residual deficits. The
attacks are likely to be caused by the traffic of myelin-reactive T cells into the CNS, causing
acute inflammation. Over time, the extent of recovery from relapses is decreased and baseline
neurological disability increases. Ultimately, approximately 40 % of RRMS patients no longer
have attacks but develop a progressive neuro-degenerative secondary disorder related to
chronic CNS inflammation, known as Secondary Progressive MS (SPMS) (Confavreux et al.,
2000). The evolution to this secondary progressive form of the disease is associated with
significantly fewer active lesions and a decrease in brain parenchymal volume. While earlier
RRMS is sensitive to immunosuppression, the responsiveness to immunotherapy decreases in
SPMS and may even disappear in late forms. Therefore, it could be hypothesized that RRMS
and SPMS are a continuum rather than two diseases, where acute inflammatory events early on
lead to the secondary induction of a neurodegenerative process.

The Primary Progressive form of MS (PPMS) is characterized from the onset by the absence of
acute attacks and instead involves a gradual clinical decline. Clinically, this form of the disease
is associated with a lack of response to any form of immunotherapy. Little is known about the
pathobiology of Primary Progressive Multiple Sclerosis however, postmortem studies suggest
that neuro-degeneration is predominant over inflammation in these patients. Interestingly grey
matter damage predicts the evolution of primary progressive MS by being the strongest

paraclinical predictor of subsequent worsening of disabilty (Rovaris 2006). Microglia activation

In mice treated with SDF-1 a variant, the CMAP latency value was
significantly reduced 35as compared to the one of vehicle treated mice, especially at 7 dpl. A positive
effect wds still obtaithedraixed epstica Fyliyresicanstitiie eorapeixdsirsstuilat detlodepcieraial (BIS.Q:
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ﬁect in the nerve crush model
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10crush The sciatic nerve crush model described in Example 4 above was carried out to test Met-
SDF-1 a (as defined in SEQ ID NO: 7) and the mice were divided into the following 2 groups (n = 6): 15(a)
nerve crush operated/Vehicle (Saline/0.02'Y BSA); (b) nerve crush/Met-SDF-1 a variant at 100, 30, and
10fig/kg s.c. The measures registered on the contfalateral leg of Vehicle treated animals were
considered as Baseline values. The CMAP duration (time needed for a depolarization and a

repolarizatior, sgg5iamnsangRalenrreids hRas isi2RkierioRay siRlpaish SRR ENEBEmkAtency of
the compou mugcuI%r %cgl%%_f)oten '%ES 6\): ____In mice treated Wlth[ Me -SDIf-l a, the CMAP latency
value was sirgj?ﬁfg %ﬁy BHUER4t aﬂlﬂj I daa)?irlfsaﬂé?’ycru H'as c%rﬂ%gpé'a tHEBNE oPVBRR e treated
mice. 30Conefagiesrive My1eus PREis DtendpoivTeguteistorisRmietiast wtion madpheiginab pkeviMalsh (CMAP
latency) as wadhas §b e banoghfsiAlIEL mécRFmirctiva®itets pt Sl Ginbetic neFRPAIR Y
Introductéon 61” ar aQ&aSl%%ggd%gﬁg)%t s‘is the most common chronic complication of diabetes. The
underlying mec ar\/isms are multiple and appear to involve several interrelated metabolic abnormalities
consequent to hyperglycemia and to insulin and C-peptide deficiencies. The most common early

abnormality indicaye of. Qﬁhﬁii& %H%Paém!cifs SPYRURGEDRLIC ReruRmeysiHNSHon aseliesied by
decreased nerve conductjon velomz (Dyck and Dyck, 1999). These changes are usually followed by a

loss of vibratio SEIFAA6H IRHE T and loss of ankle reflexes. Electrophysiological measurements often
reflect fairly accurately thejarnderlyintgradkiolagis andahangesraisesiepaifduetirocyrlgupylaosralate with

myelinafion of pEsve ARRERURY reviRiseeRmAmAg BTl SUERRAIRED ERF hdiphRsigesis the

most extensively studied animal model o _ _
effects by binding to seven transmembrane G protein-coupled receptors. They can also bind

both soluble glycosaminogycans (GAGs) as well as GAGs on cell surfaces which enhance local
concentrations of chemokines, promoting their oligomerization and facilitating their presentation
to the receptors. It has recently been demonstrated that chemokine interaction with GAGs is

15  required for their chemotactic function in vivo.

Material and methods

8-12 week old, female Balb/C mice (Janvier, France) were injected intra peritoneally

(i.p.) with 200 pl NaCl (0.9%, LPS free) or chemokine 4ug (WT SDF-1a or SDF-1a variant

20 according to SEQ ID NO:4 diluted in 200 pl NaCl (0.9%, LPS free). At 4 post injection of WT or
mutant SDF-1a, mice were sacrificed by CO, asphyxiation, the peritoneal cavity was washed

with 3 x 5ml ice cold PBS and the total lavage was pooled for individual mice. Total cells

collected were counted by haemocytometer (Neubauer, Germany).

25 Results

SDF-1a injected intra peritoneally recruits leukocytes. SDF-1a variant did not recruit
leukocytes, showing that the in vivo GAG binding activity is lost by the mutation in the SDF-1a

variant (see Fig. 2).

30 Conclusions

The SDF-1a variant (GAG binding defective mutant of SDF-1) does not show leukocyte

recruitment activity in vivo.



diabetic neuropathy. It develops an acute decrease in nerve blood flow (40%) and slowing of nerve
conduction velocity (20%) (Cameron et al., 1991), followed by axonal atrophy of nerve fibers (Jakobsen,
1976). Demyelinating and degenerating myelinated fibers as well as axo-glial dysjunction are seen with
long-lasting diabetes (Sima et al., 1988). 15The prima§ goal of the present investigation was to explore
the potential neuro- and gliaprotective effect of SDF-la on the development of diabetic neuropathy in
STZ-rats. Materighe ARd. MBIods, MHMAlSHon FiBREASRIOM MalRrSRigoue Dawley rats (Janvier, Le
Genest Salnlm%eduléﬁgﬂce) were randomly distributed in 6 experimental groups (n = 10) as shown below.
TABLE IV Group (n = 10) Treatments Administration routes Treatment period (days post-STZ)
Control/Vehicle daifDFehictarsession wa<lauenifisdahispinalzifydgaliietstectiram toicfafflicted with EAE

induced by MOG peptide at chronic phase. The experimental autoimmune encephalomyelitis
5 (EAE) model is a murine chronic demyelinating model and is an established animal model of
multiple sclerosis (MS). The used method for the induction of EAE in mouse is adapted from the

protocol published by Sahrbacher et al. (Sahrbacher et al., 1998).

Material and Methods

10 Spinal cord sampling
Spinal cords were dissected from mice afflicted with EAE 4 weeks after the disease
onset i.e. presence of tail paralysis as clinical sign. Mice were perfused with cold PBS and spinal
cords were dissected out into triple detergent buffer (50 mM Tris, pH 8.0, 150 mM NaCl, 0.02%
NaN3, 0.1% SDS, 1% Nonidet P-40, 0.5% sodium deoxycholate) containing a protease inhibitor
15  cocktail (Roche Molecular Biochemicals, 1836170, 1 tablet per 10 ml buffer). 100 pl of buffer
was used per mg tissue obtained. Tissue samples were stored in plastic eppendorf tubes at —

20°C prior to preparation via homogenization and subsequent analysis.

Analysis of SDF-1a content of spinal cord
20 Spinal cord were defrosted and homogenized in triple detergent buffer using a polytron.
Protein levels in samples were quantified via BCA Protein Content Assay (Pierce Biotechnology,
Rockford 1L61105, USA) prior to SDF-1a. content analysis using the ELISA described in the

material and methods section of Example 1 above.

25 Results

Fig. 3 shows an upregulation of SDF-1a in spinal cord tissue of EAE animals in the

chronic phase of EAE.

Conclusions

30 The up-regulation of SDF-1a protein in EAE spinal cord extracts from chronic MOG
EAE phases, suggests a role for SDF-1a in neuro-inflammation other than inflammatory cell

recruitment.



STZ/ SDF-la (10 pg/kg) daily SDF-la s.c. 11 to 40 STZ/ SDF-la(30 pg/kg) daily SDF-la s.c. 11 to 40
STZ/SDF-la (100 pg/kg) daily SDF-la s.c. 11 to 40 STZ/IL-6 (10 pg/kg) daily IL-6 s.c. 11 to 40 They
were group-housed (3 animals per cage) and maintained in a room with controlled temperature (21-22C)
and a reversed light-dark cycle (12h/12h) with food ar¥d water available ad libitum. All experiments were
carried out in accordance with institutional guidelines. 41 Induction of diabetes and pharmacological
weatment e ppeies s ey B aeno syRiario Al ahulieds) saldien gl stepLgzotocin
(Sigma, [IIS|eIrqr'8‘(§)L?C%§ Chesnes, France) at a dose of 55 mg/kg. STZ was prepared in 0.1 mol/1 citrate
CO

buffer pH 4.5. Control group received an equivalent volume of citrate buffer. The day of
The present study was carried out to evaluate nerve regeneration and remyelination in

mice treated with SDF-1a at different doses. A positive effect of SDF-1a on neuronal and
5 axonal (sensory and motor neurons) survival and regeneration, or on myelination or
macrophage inflammation, may lead to restoration of motor function. The regeneration can be
measured according to the restoration of sensorimotor functions, which can be evaluated by

electrophysiological recordings.

10 Materials and Methods

Animals
Thirty 8 week-old females C57bl/6 RJ mice (Elevage Janvier, Le Genest-St-Isle, France)
were used. They were divided into 6 groups (n = 6):
(a) nerve crush/Vehicle (Saline/0.02% BSA);
15 (b) nerve crush/SDF-1a (3 pg/kg);
(c) nerve crush/SDF-1a (10 pg/kg);
(d) nerve crush/SDF-1a (30 pg/kg);
(e) nerve crush/SDF-1a (100 ng/kg);
(f) nerve crush/IL-6 (30 ng /kg).
20 The animals were group-housed (6 animals per cage) and maintained in a room with
controlled temperature (21-22°C) and a reversed light-dark cycle (12h/12h) with food and water

available ad libitum. All experiments were carried out in accordance with institutional guidelines.

Lesion of the sciatic nerve
25 The animals were anaesthetized by inhalation of 3% Isofluran® (Baxter). The right sciatic
nerve was surgically exposed at mid thigh level and crushed at 5 mm proximal to the trifurcation
of the sciatic nerve. The nerve was crushed twice for 30s with a haemostatic forceps (width 1.5

mm; Koenig; Strasbourg; France) with a 90-degree rotation between each crush.

30 Planning of experiments and pharmacological treatment
Electromyographical (EMG) testing was performed once before the surgery day and
each week during 3 weeks following the operation.
The day of nerve crush surgery was considered as dpl O (dpl = day post lesion). No test
was performed during the 4 days following the crush.
35 From the day of nerve injury to the end of the study, SDF-1a, IL-6 or Vehicle were

administered daily by subcutaneous injections (s.c.) route, 5 days per week.



5STZ injection was considered as DO. At D10 post-STZ, glycemia was monitored for each individual
animal. Animals showing a value below 260 mg/di were excluded from the study. Treatment with
SDF-1 a, with IL-6 or their matched vehicle was performed on daily basis from DIl to D40. 10SDF-1 a and
IL-6 were prepared in saline solution (0.9% NaCl) cortéining 0.02% BSA. Planning of experiments - Day
-7: baseline (EMG) - Day 0: induction by the streptozotocin 15- Day 7: glycemia monitoring - Day 11:
Onset of the treatment - Day 20: Von Frey test - Day 25 : EMG monitoring - Day 40: EMG monitoring and
HP 52C test 20- Day 41: s atlc erves and skin biopsy samples were taken off for the histomorphometric
analysis. Electrom)%ﬁ%ﬂ?yﬁ ?I%BHD |8?(5§‘53I recordings were performed using electromyograph
(Keypoint, 25 MedtesiorBsifieiealBillasridings Frapice). RRECSWedre Wit sthetiutanalistragidneal

inje;l:(tion (IP) s &R impisapretamine ohiasbydeateidralgesy ﬁmﬁ@/e%%éw@ti@wbyymﬁmﬁr@nae) and 4
m xylazi m T
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Scientific, I1IKREI, (iapvE) 'B%@Byoﬁrﬂﬁ‘éethll surface. 30 Compound muscle action potentlal (CMAP)
was recorded in theCgapironhemsal anisol e adteiat DMAR) oo hMbtrs sediic the yastidoreieren ceigliectrode

and an aCt'V%ﬁhﬁQﬂéﬁwﬁYgfﬁzﬂﬁcﬁﬁﬂﬁlé% RinGleaaft AV Regiie MAMBERILAdION 1418 }RMG‘TP@CK of the

rat. Sciatic nerve was stg%}% ed with a smg; of0t2 ms ulse at a supramaxmal intensit 8 velocny of

the motor 35%&)&'9‘\%@” g}? Iajfezncy he act| n potential were measured on the o erate
10 The measures was also registered on the contralateral (uncrushed) leg of Vehicle treated

animals (Baseline). The amplitude is indicative of the number of active motor units, while the
distal latency indirectly reflects motor nerve conduction and neuromuscular transmission

velocities, which depends in part on the degree of myelination.

15 Data analysis
Global analysis of the data was performed using one-way ANOVA. Dunnett’s test was
used further, and data were compared to the “vehicle” control. The level of significance was set
ata: p<0.001;bor*:p<0.01;cor*: p<0.05; d: p<0.1. The results were expressed as
mean + standard error of the mean (s.e.m.).

20
Electrophysiological measurements

Amplitude of the compound muscular action potential (Fig. 4.A):
No significant change in the CMAP amplitude throughout the study was observed on the
contralateral (uncrushed) legs of vehicle treated animals (Baseline). In contrast, crush of the
25  sciatic nerve induced a dramatic decrease in the amplitude of CMAP with a decrease in the
Vehicle treated group of about 80% at dpl7 and dpl15, when compared to the respective
Baseline levels. When mice were treated with SDF-1a, at 30 ug/kg or w/kg, or IL-6 at 30 p/kg,
they demonstrated an increase (about 1.5 times) in the CMAP amplitude, as compared to the
levels in untreated mice, and this effect was significant at 15 dpl and 22dpl.

30
Latency of the compound muscular action potential (Fig 4.B):

There was no deterioration of CMAP latency on the contralateral (uncrushed) legs of
vehicle treated animals throughout the study. In contrast, muscles on the crushed side showed
greater CMAP latency than the Baseline. In mice treated with SDF-1a, the CMAP latency value

35  was significantly reduced as compared to the one of Vehicle treated mice. At day 7, this effect

could be observed after treatment with 30 ug/kg and 100 pg/kg of SDF-1a but not with 30 pg/kg



Sensitive nerve conduction velocity (SNCV) was also recorded. The tail skin electrodes were placed as
follows: a reference needle inserted at the base of the tail and an anode needle 5 placed 30 mm away
from the reference needle towards the extremity of the tail. A ground needle electrode was inserted
between the anode and reference needles. The caudafnerve was stimulated with a series of 20 pulses
(for 0.2 ms) at an intensity of 12.8 mA. The velocity was expressed in m/s. 10Morphometric analysis

Morphometriganalygisiias Re§Tsmed At el alihe sivodaitiag @nm'ago@rsr_fa%m%izge@m IP
injection of 60 mg/k% Imalgene 500%{_&.&:6\ 5 mm-seiargent of sciatic nerve was excised for histology. The

tissue was fif@HUlermgh? watloa b shitau dDhydre E8iHEe) B S1erg RYseRiuemishéondsake) solution in

phosphate byffgriseliion (pH 7.4) and maintained in 1530% sucrose at +4C until use. The nerve sample

was fixed in 2% osmium tetroxide (Sigem_a) solution in phosphate buffer solution for 2h, dehydrated in
serial alcohol solutibhe ARYSRHEIRBEEIHSERSHY R BRITIBAYR SfEUMATE ffaYe IME¥ @t RE7BERIring 3
days of polymeuizatity. Mraesiatseagectienseofelchigmibickhtbesivascholitairctgusangetenzcr tistme. They

were Staineddﬂgkb%%&ﬂﬁﬂﬂm%fﬂw@%%g% (RIS A8 2AUB I RRYENAHP L ABRIBO UHE @ iapuKitt.

20Analysis aségjerformed,on the eptlre surface of the nerve section u3|2r;%a semij- automated digital

image analysfaelS¥iiard(8BYs ?tEP’aﬁg‘éf.tegn%Lét SR d5H583%s HalPo S81F efinfingtdd i Loftware
reported the gsgenerier of pipelindietidideribarhe uraprandtde gstevate dfitsidtedvadetanaratemted

manually by anaerpraigss islinssreshibais eitapWuranss incldasanstayetiaransbiikess ghawing sheaths

with too |arge thick 5 Jn respect to their axonal 25digmeter were idered as fibers undergoing
Procescis of degeDhh R A 1 Ko AT e S R e by & SR of e

number of detj@iReiutcrlTpeis M pMe (R Mately SisFa PP RIRTIRI BATINEIS dBrRIEIY. as

non-degenergtsd1 i Aagaskfiigicthe ByosRlaHd AyBlnsZRY Wens kirgrtaden surface area (pm2). These
two parameters were used to calculate the equivalent area of g-ratio (axonal diameter/fiber 30diameter) of

each fiber (i.e., [N(A+M)] 5, A = axonal area, M = myelin area), indicative of the relative myelin sheath
thickness. EXwMRIditiBnD i@ &< enefiatiaod SDF dre & afaskin wasupypathybiopseed trprscthtchirdpaw. Skin
sampleddvererifdimediately fixed overnight in paraformaldehyde at 4C, incubated (overnight) in 30%
sucrose in 0.1 M PBBeferietigopmotectich, motstddedineOiQ Exanpfro2arvere-8GS oantike85urytrtast0

pm-thick cryeggeangweiei el Rrieal 1@ tRe skinsuHRCRW a-ervoRal.- iRt grlRATNBFections
were incubatger((j)Jgg Z ciaé/)?c. in a bath of rabbit anti-protein gene product 9.5
(a) nerve crush operated/Vehicle (Saline/0.02% BSA);
20 (b) nerve crush/SDF-1a. variant at 30 pg/kg s.c.
The measures registered on the contralateral leg of Vehicle treated animals were
considered as Baseline values.
The SDF-1a variant used in this example and encoded by SEQ ID NO: 4 was
expressed with an additional N terminal Methionine. The CMAP duration (time needed for a

25  depolarization and a repolarization session) was also recorded.

Results
Electrophysiological measurements
Amplitude of the compound muscular action potential (Fig. 5.A):
30 A significant increase in the CMAP amplitude was demonstrated at 22dpl when mice

were treated with SDF-1a variant.

Latency of the compound muscular action potential (Fig 5.B):
In mice treated with SDF-1a variant, the CMAP latency value was significantly reduced
35 as compared to the one of vehicle treated mice, especially at 7 dpl. A positive effect was still
obtained at 22 dpl.



43 (1:10000; Ultraclone, Isle of Man, UK) at 4C. The sections were then processed to reveal
immunoreactivity according to the ABC peroxidase method. Briefly, they were incubated in for Ih with
biotinylated anti-goat antibody (1:200), then 30 min in the avidin biotinylated complex at room
temperature. Peroxidase activity was visualized using®®AB system. Sections were then 5counterstained
with eosin or hematoxylin. Sections were dehydrated, clear with bioclear and mounted on eukitt. Photos

of microscope fieldq)y;gg{,g,p@rjpgm%g,;,gq&ggyyﬁramgg%mggmﬁéey@;sing Nikon digital camera at focal
distance of 12.9 mm. The number of intra-epidermal nerves on 3 microscope fields of 0.229§d;n' (544 x 408

pm) each was courlfedt55 tHEXSHeMMertr i BATNltSTOMN, 10/ 5HRR afiI§sidas eRiEEhI%nalysis of
the data wascpewfereddd thsingeariedhicte treatedppiateal merisue2arilysis of variance (ANOVA) and
one-way ANQYA, When ANOVA indicated significant difference, Fisher Protected Least Significant
Difference was used as post-hoc test to compare 15experimental groups with the group of diabetic rats
treated voith the velDle-1iheatart| wésigmficatreestasestinatign 0208r RerqiitsehrecespessedGgARean

standard errgsgfidhe MFaNdREE > ResHR ARV HEIENe crudh FRBYASIHE RoRrdiahrtisrats

showing a pro%ressr:ive growth, diabetic rats demonstrated a significant growth arrest (Figure 7A).
Treatment with %cﬁlgﬂa or with IL-6 was associated with slight but significant increase in the body weight
of vehicle-treated diabetic rats. 25 Glycemia At day 7 post-STZ, all rats that had received STZ showed

glycemia 5 ti i than that of control (Eigur. 78% 30Electrophysiological measurements 1.
ency ot e a6 O e R S o S e PN R T e oo i
diabetic rats on D25 as compared to that of non-diabetic rats (Figure 7C). Treatment with SDF-1 a or with

IL-6 induced a signifitagtif# nerve crush model described in Example 4 above was carried out to test
Met- SDF-1a (as defined in SEQ ID NO: 7) and the mice were divided into the following 2
groups (n = 6):
15 (a) nerve crush operated/Vehicle (Saline/0.02% BSA);

(b) nerve crush/Met-SDF-1a variant at 100, 30, and 10 ug/kg s.c.

The measures registered on the contralateral leg of Vehicle treated animals were
considered as Baseline values.

The CMAP duration (time needed for a depolarization and a repolarization session) was

20 also recorded.

Results

25 Electrophysiological measurements

Latency of the compound muscular action potential (Fig 6):
In mice treated with Met-SDF-1a, the CMAP latency value was significantly reduced at

day 7 and day 14 after crush as compared to the one of vehicle treated mice.
30 Conclusions

Met-SDF-1a. was shown to restore function after peripheral nerve crush (CMAP latency)

as well as SDF-1a. .

35 EXAMPLE 7: Protective effect of SDF-1a in diabetic neuropathy

Introduction



reduction in the CMAP latency of diabetic rats as compared to that of vehicle-treated diabetic rats. Similar
profile of results was observed at D40 post-STZ. 52. Sensory nerve conduction velocity At D25,

vehicle-treated diabetic rats demonstrated a significantly reduced SNCV as compared to non-diabetic rats
(Figure 7D). Treatment with SDF-1 a or with IL-6 signfffcantly improved the SNCV performance of diabetic
rats. The best effect was observed with the treatment doses of 10 and 30 pg/kg and was comparable with

f\r/:e o';le aS?QCiate? Mé%%!éc‘r@e&@ﬁ@ﬁ!&?% §6'Q!|§(|5rﬂﬁHEr%ﬁﬁ§éHFﬁp‘erﬁa‘ﬁ&p§?Pé%§t§§EﬁtQ po?t-STZ._ _

Orp ometric an SIS . g-ratio (relative m 1] ICKNEesSs .g-ratio o Ia IC rats receIVIng
ol s S A R e S R A0 R o O R TR B PO e oot
thinning of ms@irireaigthcRnerabetide M eTIvaemisanst bl ardLrpiehtdp peficiergigsificantly reduced
g-ratio as companesdtteommbtVeltigleogsaupitgsrecially donitheidosesphiy Rra3fmadmatidtikieedose of 100

Parka, the 20060ution I SLfRURYBNE.CICNgh IRAsh A SIORNIEANGE IPvel Arafysatiugt aise nduced a

significant reduction in the g-ratio value. 2. Number of degenerate tic rats receiving
vehicle show&tFR9GRREHHA Y EdRYesrBY 8r88H B tRsReTEd an &1 &hthiss tioH- AR f@iits (Figure 7F).
Conversely, tatepespbidutiomiysiolvgied emsratet&bersfiendiileetiairhtsovasatslgthicanidylyieguced as
compared 1o shabREPARLARSIIS RSt diRfEibnVaBERE- I AARRImIBIAANER of R Avshowed

reduction of d?fe enerated %bers Psgﬁglation. The best effect was associated with the lowest dose
implemente (Dl'%eﬁbem&eg dactied the 30significance level. A significantly reduced population of
degenetéted fibers Thastentrapioeirved f dirttnditcatissthecmnst extensivad studiedanishrimeds! Pigure 7G,
diabetic rats gegriNdn@ wepithy Shewvedsigniticartyeteshican dHiepriby abintiaswspidarsalingere fibers
compared to non-di i¢ rats, Tr. f diabetic ra ith.SDE- lated with_significantly
greater dens?tré%(/)?%og}%rﬁtgﬁ%@y%gﬂﬁgmg%&%?%aétfr?ﬁlé’rtlfg v%?t_ ’ ftﬁer\V/%%%\gQ %\geﬁ%)%%eﬁk/g & g(_:t was
comparable i qﬁﬁk%eeaglg?)”p_mygg@ﬁ{@ﬁ@nd degenerating myelinated fibers as well as axo-glial

dysjunction are seen with long-lasting diabetes (Sima et al., 1988).
15 The primary goal of the present investigation was to explore the potential neuro— and

gliaprotective effect of SDF-1a. on the development of diabetic neuropathy in STZ-rats.

Materials and Methods

Animals
20
Eight week-old male Sprague Dawley rats (Janvier, Le Genest Saint Isle, France) were
randomly distributed in 6 experimental groups (n = 10) as shown below.
TABLE IV
25
Group (n=10) Treatments Administration Treatment period
routes (days post-STZ)
Control/Vehicle daily Vehicle S.C. 11to0 40
STZ/Vehicle daily Vehicle S.C. 111040
STZ/ SDF-1a (10 pg/kg) daily SDF-1a S.C. 1110 40
STZ/ SDF-10(30 pg/kg) daily SDF-1a S.C. 1110 40
STZ/SDF-1a (100 pg/kg) daily SDF-1a S.C. 111040
STZ/IL-6 (10 pg/kg) daily IL-6 S.C. 111040

They were group-housed (3 animals per cage) and maintained in a room with controlled
temperature (21-22°C) and a reversed light-dark cycle (12h/12h) with food and water available
ad libitum. All experiments were carried out in accordance with institutional guidelines.

30



Conclusions 5 In the present study, we wished to evaluate the neuro- and glia- protective effect of SDF-1
a on the development of diabetes-related neuropathy. Investigations were conducted on STZ-induced
diabetic related neuropathy in the rat. Similarly to the clinical setting of diabetic neuropathy, an impaired
sensory nerve conduction detected as early as day 79bst-STZ is the 10 first sign to indicate ongoing
neuropathy in this model, which is in agreement with evidences of demyelination and/or axonal

degeneration obsefkad @lJater JianeRoints NadHarpsiasan ek@lerd006). A previous study demonstrated

that treatment of STZ-rats with low dose of IL-6 hampered the progression of neuropathy in this model

without interfering wihh e dexe | rnmenbofighscendias (ARl asgr ebialel 2RAM dRiptiaeitsmsent

study, we foypd that chronic administration of SDFE-1 a (10 and 10, /kQ) improves sensorimotor
ortormancel S e AR LA R o e 2R A SR e Bl el
best effect wal§¥piiffetiRiith ThePEatHEHP dBRVEH PO SALTRIRIKGsRewirteshivirableefiichcy as 10
pg/kg L. Ireaddﬂﬁmoswssbcﬁlér@ameem these dqses was feund to merkedlly prevent the loss of
myelin associated WFB%B'B%QS@%%M@JQ%QM%PBG o BYSNThSORAL éﬁi%l!@%&@éﬁc%ﬁ?%e”t for

optimal nerve conduction, preservation of the size of myelin sheath may, de facto, in part explain the
improvement’ ﬁﬁ“ﬁe’r‘?}@"f@ﬁg?m?(fﬂf’%ﬁ%@i?é“ﬁ&%f@'@etﬂﬁrfé“%F-l a treatment. Furthermore, it was also
observed that SDFTreatreehiceithtBBpoputedtiolh-6fdilbess mathbrgornideomal eigenedatiorily tirsisciatic
nerve. 25Simjlanyytq theghnical setting of diabetic neuropathy showing correlation between the presence
and the severity of neuropathy and degeneration of intra-epidermal nerve fibers from skin biopsy
(Herrmdfin et al., 1969 8naRe Lr&veRdpepaeseZn sals P i fore ARSI e O Qs Bafhonstrate
that clinical signs of neuropathy in this animal model was strongly correlated with the reduction in the
density of intra-epidermal nerve fibers. In line with the above findings, 30 the present study showed that
vehicle-treated dialittieniag demrisitaféssignificant reduction in intra-epidermal nerve fibers density. This
phenomenon was markedly prevented by the treatment with SDF-1 a or with IL-6 and thus further
supporting threR¥aro prs@ERUE¥ifect of with SDF-1 a regards to diabetes-induced nerve damage.
Altogether, th@apoviadintings ithdieatptoesteeprotective effect of SDF-1 a treatment in the 35rat model of
di_atg)eti(:1 _geure@g)ﬂ}y.ﬂpéﬁn-ga s Aniteresting candio_late in the development of treatment t_herapy for _
clinical diabetic neuropathy. 46 EXAMPLE 8 Protective effect of SDF-la in neuropathic pain 5 Introduction
The most cor?i¥d br EF&%&EWG Y5888t neuropathic pain is diabetes particularly where blood glucose
control is poo#&pHroxemateltes4% of diabetes patients experience neuropathic pain. Diabetic
neuropathic pajg,can eeatiraRithgigPontaneously, as a result of 10 exposure to normally mildly painful
stimuli (ie. H;_/;B)%ra %eﬁ'ﬁ,}; nc])(rjggoﬁﬂmurl]ldtp@tgggqggtnormally percel_ved as being palnf_ul (ie. Allodynia). A
number of anomafies in pain percegp%on have been demonstrated in the streptozotocin model (Hounsom
and TofflinsoR2Y9I 75 dRticfy Rl Sk RIRpRySanaesufip leker Pfa Mi-Bedkeamasemy icexaggerated in
STZ-rats as comparednyentrol animals. In addition, the development of tactile allodynia has been
reported in this

Electromyography

Electrophysiological recordings were performed using electromyograph (Keypoint,
25  Medtronic, Boulogne-Billancourt, France). Rats were anaesthetized by intraperitoneal injection
(IP) of 60 mg/kg ketamine chlorhydrate (Imalgene 500°, Rhéne Mérieux, Lyon. France) and
4 mg/kg xylazin (Rompum 2%, Bayer Pharma, Kiel, Germany). The normal body temperature
was maintained at 30°C with a heating lamp and controlled by a contact thermometer (Quick,
Bioblock Scientific, lllkirch, France) placed on the tail surface.
30
Compound muscle action potential (CMAP) was recorded in the gastrocnemius muscle
after stimulation of the sciatic nerve. A reference electrode and an active needle were placed in
the hindpaw. A ground needle was inserted on the lower back of the rat. Sciatic nerve was
stimulated with a single 0.2 ms pulse at a supramaximal intensity. The velocity of the motor

35 wave was recorded.



15 animal model of diabetes (Calcutt et al., 1995, 1996). At later stage when hyperglycemia persists
(Bianchi et al., 2004), extension of hot plate threshold has been reported as behavioral abnormality in
diabetic rats. 20Materials and Methods Animals Eight week-old male Sprague Dawley rats (Janvier,
Le Genest Saint Isle, France) were randomly distribut& in 6 experimental groups (n = 10) as shown
below. 25TABLE V Group (n = 10) Treatments Administration routes Treatment period (days post-STZ)
Control/Venhicle daily Vehicle s.c. 11 to 40 STZ/Vehicle daily Vehicle s.c. 11 to 40 STZ/ SDF-la (10 pqg/kg)
daily SDF-la
Sensitive nerve conduction velocity (SNCV) was also recorded. The tail skin electrodes
were placed as follows: a reference needle inserted at the base of the tail and an anode needle
5 placed 30 mm away from the reference needle towards the extremity of the tail. A ground
needle electrode was inserted between the anode and reference needles. The caudal nerve
was stimulated with a series of 20 pulses (for 0.2 ms) at an intensity of 12.8 mA. The velocity

was expressed in m/s.

10 Morphometric analysis

Morphometric analysis was performed at the end of the study. The animals were
anesthetized by IP injection of 60 mg/kg Imalgéne 500°. A 5 mm-segment of sciatic nerve was
excised for histology. The tissue was fixed overnight with 4% glutaraldehyde (Sigma, L’Isle
d’Abeau-Chesnes, France) solution in phosphate buffer solution (pH 7.4) and maintained in

15 30% sucrose at +4°C until use. The nerve sample was fixed in 2% osmium tetroxide (Sigma)
solution in phosphate buffer solution for 2h, dehydrated in serial alcohol solution, and embedded
in Epon. Embedded tissues were then placed at +70°C during 3 days of polymerization.
Transverse sections of 1.5 um thickness were obtained using a microtome. They were stained
with a 1% toluidine blue solution (Sigma) for 2 min, dehydrated and mounted in Eukitt.

20 Analysis was performed on the entire surface of the nerve section using a semi-
automated digital image analysis software (Biocom, France). Once extraneous objects had
been eliminated, the software reported the total number of myelinated fibers. The number of
degenerated fibers was then counted manually by an operator. Myelinated fibers without axons,
redundant myelin and fibers showing sheaths with too large thickness in respect to their axonal

25  diameter were considered as fibers undergoing processes of degeneration. The number of non-
degenerated fibers was obtained by subtraction of the number of degenerated fibers.

Morphological analysis was performed only on fibers considered as non-degenerated.
For each fiber, the axonal and myelin sizes were reported in surface area (um?). These two
parameters were used to calculate the equivalent area of g-ratio (axonal diameter/fiber

30 diameter) of each fiber (i.e., [A/(A+M)]°°, A = axonal area, M = myelin area), indicative of the
relative myelin sheath thickness.

In addition, a 5-10 mm diameter area of skin was punch-biopsied from the hindpaw. Skin
samples were immediately fixed overnight in paraformaldehyde at 4°C, incubated (overnight) in
30% sucrose in 0.1 M PBS for cryoprotection, embedded in OCT and frozen at —80°C until

35 cryocut.

50 um-thick cryosections were then cut vertical to the skin surface with a cryostat. Free-

floating sections were incubated for 7 days in a bath of rabbit anti-protein gene product 9.5



S.c. 11 to 40 STZ/ SDF-la (30 pg/kg) daily SDF-la s.c. 11 to 40 STZ/ SDF-la (100 pqg/kg) daily SDF-la s.c.
11 to 40 STZ/IL-6 (10 pg/kg) daily IL-6 s.c. 11 to 40 They were group-housed (3 animals per cage)
and maintained in a room with controlled temperature (21-22C) and a reversed light-dark cycle (12h/12h)
with food and water available 30ad libitum. All experirfients were carried out in accordance with
institutional guidelines. 47 Induction of diabetes and pharmacological treatment Diabetes was

induced by inrayeHEUSIHARSHONR & Mdfferry soludomaletrpiodRiagd Beé%s&éstt?rgxéQﬁaU Chesnes,
France) at a dose of 55 m /k S Z Wa?]é)ﬁ%oc?red in 0.1 mol/1 c tra e bu er H4.5 T § ntrol group
rocoiverl an SEUNATSACVRIAE M0 BEATRr PP P 401 Fy MR LIP A E AR dD0, A
D10 post-STH) gifceirilaviates mﬁr@@ﬂ’e@ﬁﬁbp@a@h?mﬂl\ﬁmafﬂhmim@lffh&%rﬁmh'lsbmw}ﬁigda@%mw%low 260
mg/di were exglwdeshfepmutberstddidase activity was visualized using DAB system. Sections were then
5 counterstained with eosin or hematoxylin. Sections were dehydrated, clear with bioclear and

mounted on eukitt. Photos of microscope fields were performed at 20x power magnification view

using Nikon digital camera at focal distance of 12.9 mm. The number of intra-epidermal nerves

on 3 microscope fields of 0.22 ym? (544 x 408 um) each was counted by the experimenter on

computer screen.

10

Data analysis
Global analysis of the data was performed using one factor or repeated measure

analysis of variance (ANOVA) and one-way ANOVA. When ANOVA indicated significant

difference, Fisher Protected Least Significant Difference was used as post-hoc test to compare
15  experimental groups with the group of diabetic rats treated with the vehicle. The level of

significance was set at p < 0.05. Results are expressed as mean * standard error of the mean

(s.e.m.).

Results
20 Body weight

In contrast with non-diabetic rats showing a progressive growth, diabetic rats
demonstrated a significant growth arrest (Figure 7A).
Treatment with SDF-1a or with IL-6 was associated with slight but significant increase in

the body weight of vehicle-treated diabetic rats.

25
Glycemia
At day 7 post-STZ, all rats that had received STZ showed glycemia 5 times higher than
that of control rats (Figure 7B).
30 Electrophysiological measurements

1. Latency of the compound muscle action potential

The CMAP latency was significantly extended in diabetic rats on D25 as compared to

that of non-diabetic rats (Figure 7C). Treatment with SDF-1a or with IL-6 induced a significant



Treatment with SDF-1 a, with IL-6 or their matched vehicle was performed on daily basis from DIl to D40.
10SDF-1 a and IL-6 were prepared in saline solution (0.9% NaCl) containing 0.02% BSA. Planning of
experiments - Day 0: induction by the streptozotocin - Day 7: glycemia monitoring 15- Day 11: Onset of
the treatment - Day 20: Von Frey test - Day 40: EMG #onitoring and HP 52C test Von Frey filament test
20The rat was placed on a metallic grid floor. The nociceptive testing was done by inserting the Von Frey

filament (BloﬁéﬁycF&ﬁﬁﬁ?ﬁéf&W|£lfl§19ff'gff@:§l§e§9‘ﬂa?§39§’5%ﬂ§%&h% plantrr shidearokihgidingbraw. A

trial consisted of several applications of the different von Frey filaments (at a frequency of 1-1.5 s). The
Von Frey filali®nts were applied from filament 10 g to 180 g. The pressure that produces a brisk

withdrawal of hind Séw!avasofierdiradis wesioksensid SRAHResERbG(f value was set to 180g. Hot plate
52C test The animal was placed into a glass cylinder on a hot plate adjusted to 52C. The latency of

the first rgaction was mearigd &ligkineh dislo mayeagnt of the paws, little leaps or a jump to 30escape the
heat) with a cutoff time of 30 s. Results 48 At day 20 post-STZ, vehicle-treated diabetic rats showed

significantly lower thfe2hold iV eaiey epshar %ﬁ%r?’%r{éﬂﬂéﬂét?&@(?'ﬁjhfl‘%agm reduced dhtrMe?R with
SDF-1 a or witinHarednduced desigicifiasn{Aiycre 88, i ikwrblere sSkhiol dSEH vk Sof wikbitie sdsiaactympared to

the score of Yﬁﬁ&%&r%%@bﬁé@ﬂ%&h‘Sft*&@éél%'dré@'Uﬂ?eoﬂépEff%c’i‘ Ral-Shslialeditatawere not

statistically different to that of non-diabetic rats. Hot plate 52C test At D40 post-STZ, diabetic rats
roceiving veTERTRILIRER @LrbAGH atbHelnichHy comperabie Wit te dne assoaied wi 1L-6

10 treatment.

Similar profile of results was observed at D40 post-STZ.

Morphometric analysis

15 1. g-ratio (relative myelin thickness)

The g-ratio of diabetic rats receiving vehicle was significantly increased as compared to
that of non-diabetic rats (Figure 7E), suggesting a thinning of myelin sheath in diabetic rats.
Treatment of diabetic rats with SDF-1a significantly reduced g-ratio as compared to
STZ/Vehicle group, especially for the doses of 10 or 30 ug/kg. At the dose of 100 pg/kg, the

20  reduction in g-ratio value did not reach the significance level.

IL-6 treatment also induced a significant reduction in the g-ratio value.
2. Number of degenerated Fibers

25 Diabetic rats receiving vehicle showed significantly greater proportion of degenerated
fibers than non-diabetic rats (Figure 7F). Conversely, the proportion of non-degenerated fibers
in diabetic rats was significantly reduced as compared to that of non-diabetic rats (Figure 7F).
Treatment of diabetic rats with SDF-1a showed reduction of degenerated fibers population. The
best effect was associated with the lowest dose implemented (10 pg/kg) and reached the

30 significance level.

A significantly reduced population of degenerated fibers was also observed in diabetic
rats treated with IL-6.

As shown in Figure 7G, diabetic rats receiving vehicle showed significantly reduced
35 density of intra-epidermal nerve fibers compared to non-diabetic rats. Treatment of diabetic rats

with SDF-1a was associated with significantly greater density of dermal nerve fibers than



10greater threshold latency in the hot plate test as compared to non-diabetic rats (Figure 8B).

Treatment of diabetic rats with SDF-1 a or with IL-6 significantly lowered the threshold latency of diabetic
rats to a level statistically comparable with that of non-diabetic rats. 15Conclusions Behaviors of rats in
response to Von Frey filament (mechanical stimulatioft) and to heat (52C) were evaluated, at D20 and
D40, respectively. In these two tests, diabetic rats treated with SDF-1 a obviously showed behavior

difference as,cQmRATGMHIP HOSEHIERIGHIVERsHIGd MRINCIRANb SIFBROTRIREFAMA RREWBIARIE With that

of non-diabetic rats. These results seem to be in line with the electrophysiological and histological
finding and sﬁ%ﬁ@seﬂhat SDF-1 a can also be protective in neuropathic pain . 25 EXAMPLE 9: Genetic
association between SDF-1 gene and primary progressive MS Materials and Methods 30Collections of
patients and cerdi@ens The study comprised one collection of unrelated patients with primary

progressive MS (MSPP). All the subjects in the study were Caucasian from Italy. Patients and controls

from Sartlinia werediscarded Wa RCIured Lo Ratisals it orsressive SR BRuddtdaghdprgaression

of 35 neurological symptoms from the beginning of the disease, without relapses (Primary Progressive);
39 had a pro%é&@%%%%‘m@ﬁﬁe‘ﬁ ﬁBE‘?&'F‘é‘%{ﬁgﬁL(WR?&?&SQYF?W@fﬁ’&iP‘i’&)’?f?’}’i’é.‘ﬁteotdp%gressive
course begindiizgineced ydatrstiaftelagml iseladedtiatack £Sialg Bimikd atta the Rinipas ssittep dheiamtitrol
population cope3sis3h BSHaIPSESa e Ui, BRI Bt sRme U CaRae QB lharigse

ad a

population. _ . The group of cases h sex ratip of 1. 01 Females and 96 Males) and a mean
Dt ey 57803 [ B S PRt B TSR] 598 TR TG Y Gok bt of
1.03 ( 119 Felerayeinationiars!/mAse)adeoeraeianaeksevad 2 [ator Tinjeyeeints (GEM@TRERRE dMethods for
Whole Genopm@nalypisvidiiyregidix seatbesdrated #20 featmét) off BYA-semuedchhwanusle vrag digested in
parallel with i N | St iIction.enz N Blo for 2
hours at 37C$9E”#!z%fr§nog%se E%fh%%%‘%ééﬁé%#%&u@gﬁ%@e%? élvéﬁeeﬁl ?hﬁglr% %’ag{(laﬁ gﬁ‘ﬁ?ﬁfé%&‘&% ends with
T4 DNA Liga%fegwem\% ndriambeloson et al., 2006).

15 In the present study, we found that chronic administration of SDF-1a (10, 30 and
100 pg/kg) improves the sensorimotor performance of diabetic rats (SNCV and CMAP latency
scores) within about 2 weeks of treatment. The best effect was obtained with the treatment dose
of 10 or 30 ug/kg, showing comparable efficiency as 10 ug/kg IL-6. In addition, SDF-1a
treatment at these doses was found to markedly prevent the loss of myelin associated with this

20 model. Since the quality of myelin sheath is an important component for optimal nerve
conduction, preservation of the size of myelin sheath may, de facto, in part explain the
improvement in nerve function of diabetic rats receiving SDF-1a treatment. Furthermore, it was
also observed that SDF-1a reduces the population of fibers undergoing axonal degeneration in

the sciatic nerve.

25 Similarly to the clinical setting of diabetic neuropathy showing correlation between the
presence and the severity of neuropathy and degeneration of intra-epidermal nerve fibers from
skin biopsy (Herrmann et al., 1999; Smith et al., 2001), STZ-induced diabetic neuropathy in rats
also demonstrate that clinical signs of neuropathy in this animal model was strongly correlated
with the reduction in the density of intra-epidermal nerve fibers. In line with the above findings,

30 the present study showed that vehicle-treated diabetic rats demonstrate significant reduction in
intra-epidermal nerve fibers density. This phenomenon was markedly prevented by the
treatment with SDF-1a or with IL-6 and thus further supporting the neuroprotective effect of with

SDF-1a regards to diabetes-induced nerve damage.

Altogether, the above findings indicate neuroprotective effect of SDF-1a treatment in the
35 rat model of diabetic neuropathy. SDF-1a is an interesting candidate in the development of

treatment therapy for clinical diabetic neuropathy.



hours at 16C. After dilution with water, 5p1 of the diluted ligation reactions were subjected to PCR. PCR
was performed with Titanium Taq DNA Polymerase (BD Biosciences, San Jose, CA) in the presence of
25 pM PCR primer 002 (Affymetrix), 350 pM each dNTP, 1M Betaine (USB, Cleveland, OH), and 1X
Titanium Taq PCR Buffer (BD Biosciences). Cycling f&rameters were as follows, initial 15denaturation at
94C for 3 minutes, amplification at 94C for 30 seconds, 60C for 30 seconds and extension at 68C for 15
seconds repeated a total of 30 times, final extension at 68C for 7 minutes. PCR products from three
reactions were combined and purified with the MinElute 96- well UF PCR purification plates (Qiagen,
Valencia, CA) according to the manufacturer's directions. Samples were collected into microfuge tubes
and spun at FOYE WEFroP a6 EEeSPfRP s SHoBRRINRAB covered from the tube taking special
care not to disturb the white, gellike pellet of magnesium phosphate. PCR products were then verified to
migrate At aqnqr\(/)gr%%size between 200-800 bps using 2% TAE gel electrophoresis. Sixty micrograms of
purified PCRWFU_c@were then fragmented using 0.25 units of DNAse | at 37C for 35 minutes.
Complete fragmentSfidA'BT AP RERS PHARGIRTER 8T oW 9RaY thaA M B BRSIGFRAHIEY WERIG 2% TAE
gel 25electropbotesiscéss | onvmplfré&gmertattpprdkien @A ag4haddabdbbdtestipalsisnitsmfrisreainal
deoxyn UC""‘OHQNJJESQW%%? BlaBdfc iufoBatss phite dabelad i NS RaBYRSIfi ZRA-0RIQ 6

e

respect%e Mend array at4 IC folr I18 hoiyrs at 6|O IO TheI hé/br'dizeg arraé. as washed, staiI ed, and
scanned acc%’?ﬂ?r?ﬂr 0 ?h@%ngﬁﬁ%chrg?’g t’ '"r‘ﬁ’étplx) iﬁgﬁrﬁc%oshaé.’ or 'eni")ttf?‘;'r)een(%ll'i]s0 Wéré obtained
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o0 stim

abnormality in diabetic rats.

20 Materials and Methods

Animals

Eight week-old male Sprague Dawley rats (Janvier, Le Genest Saint Isle, France) were

randomly distributed in 6 experimental groups (n = 10) as shown below.

25 TABLE V
Group (n=10) Treatments Administration Treatment period
routes (days post-STZ)
Control/Vehicle daily Vehicle S.C. 111040
STZ/Vehicle daily Vehicle S.C. 11t0 40
STZ/ SDF-1a (10 pg/kg) daily SDF-1a S.C. 1110 40
STZ/ SDF-1a (30 pg/kg) daily SDF-1a S.C. 11 to 40
STZ/ SDF-1a. (100 pg/kg) daily SDF-1a S.C. 11 to 40
STZ/IL-6 (10 uyg/kg) daily IL-6 S.C. 1110 40

They were group-housed (3 animals per cage) and maintained in a room with controlled
temperature (21-22°C) and a reversed light-dark cycle (12h/12h) with food and water available

30 ad libitum. All experiments were carried out in accordance with institutional guidelines.



univariate tests (using exact tests with Pearson's statistic) for each population: Allelic test Genotypic test
10-Minimum of allelic and genotypic test (abbreviated 'min’) Maximum of allelic and genotypic test
(abbreviated 'max’) RESULTS 15SNP filtering and genomic coverage Applying the filters defined above
reduced the number of remaining SNPs as shown in ¥able VI: 20TABLE VI Scan#SNPs total#SNPs after
filtering% remaining MSPP cases vs.497,641323,66465 % MS controls FDR 25The FDR results are
shown in Fig. 9 At §gRRishrepARISal L% Jhe mNRBRHgRAIGRNES ¥gre selected as shown in Table VII.
TABLE VII 30 Scan#SNPs #BINs #genes #deserts MSPP vs controls78726210 One SNP
(SNP_A-2185631) akeesevasdnAugrs Spmitayenaes 1)iefdne pSeeufifird $09t95EY RYSRIAECEMAe
contingency tslyes, Welearnseadithictine sassaatajianacarse sfEamiiey diferentalrdisirdaution ofiallele C in

cases and CQ,rilFﬁ% Bgﬁé’rlﬁﬂpﬂg: The control group received an equivalent volume of citrate buffer. The day
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of STZ injection was considered as DO.

At D10 post-STZ, glycemia was monitored for each individual animal. Animals showing a
value below 260 mg/dl were excluded from the study.

Treatment with SDF-1q, with IL-6 or their matched vehicle was performed on daily basis
from D11 to D40.

SDF-1a and IL-6 were prepared in saline solution (0.9% NaCl) containing 0.02% BSA.

Planning of experiments

- Day 0: induction by the streptozotocin

- Day 7: glycemia monitoring

- Day 11: Onset of the treatment

- Day 20: Von Frey test

- Day 40: EMG monitoring and HP 52°C test

Von Frey filament test

The rat was placed on a metallic grid floor. The nociceptive testing was done by inserting
the Von Frey filament (Bioseb, France) through the grid floor and applying it to the plantar
surface of the hind paw. A trial consisted of several applications of the different von Frey
filaments (at a frequency of 1-1.5 s). The Von Frey filaments were applied from filament 10 g to
180 g. The pressure that produces a brisk withdrawal of hind paw was considered as threshold

value. Cuttoff value was set to 180 g.

Hot plate 52°C test

The animal was placed into a glass cylinder on a hot plate adjusted to 52°C. The latency
of the first reaction was recorded (licking, brisk movement of the paws, little leaps or a jump to

escape the heat) with a cutoff time of 30 s.

Results

Von Frey Filament



TABLE VIII 51 Genotypes cases Controls CC 2.2% 0.0% CG 22.8% 7.4% GG 75.0% 92.6%
detailed bioanalysis of the region around this SNP shows that it is located in an intron of Srecently
discovered novel isoforms of SDF-1, as described in the following: According to Ensembl, which only
identified the two isoforms SDF-1 alpha and SDF-1 béfa, SNP_A-2185631 is located 25kb
downstream of the SDF-1 (also known as CXCL12) gene. No 10gene is located nearer to
SNP_A-2185631. SDF-1 is located on chromosome 10(44,192,517-44,200,551, NCB! build 35) and

spans
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15
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At day 20 post-STZ, vehicle-treated diabetic rats showed significantly lower threshold in
Von Frey test than non-diabetic rats (Figure 8A).

Treatment with SDF-1a or with IL-6 induced a significant increase in the threshold value
of diabetic rats as compared to the score of vehicle-treated diabetic rats. The threshold values

of SDF-1a or IL-6 —treated rats were not statistically different to that of non-diabetic rats.

Hot plate 52°C test
At D40 post-STZ, diabetic rats receiving vehicle treatment demonstrated significantly

greater threshold latency in the hot plate test as compared to non-diabetic rats (Figure 8B).
Treatment of diabetic rats with SDF-1a or with IL-6 significantly lowered the threshold

latency of diabetic rats to a level statistically comparable with that of non-diabetic rats.

Conclusions

Behaviors of rats in response to Von Frey filament (mechanical stimulation) and to heat
(52°C) were evaluated, at D20 and D40, respectively. In these two tests, diabetic rats treated
with SDF-1a obviously showed behavior difference as compared to those treated with the

vehicle and their score became comparable with that of non-diabetic rats.

These results seem to be in line with the electrophysiological and histological finding and

suggest that SDF-1a can also be protective in neuropathic pain .

EXAMPLE 9: Genetic association between SDF-1 gene and primary progressive MS

Materials and Methods

Collections of patients and controls

The study comprised one collection of unrelated patients with primary progressive MS
(MSPP). All the subjects in the study were Caucasian from Italy. Patients and controls from
Sardinia were discarded.

We included 197 patients with progressive course. 141 had a progression of
neurological symptoms from the beginning of the disease, without relapses (Primary
Progressive); 39 had a progressive course with superimposed relapses (Progressive

Relapsing); 17 had a progressive course beginning many years after an isolated attack (Single-

A



8kb. 15An annotation of the genomic sequence has been performed in order to know if the SNP_A-
2185631 could be related to SDF-1 gene or to another neighbouring gene. In sequence databases,
splice variants not described in Ensembl were discovered: SDF-1 gamma, SDF-1 delta, SDF-1 epsilon
and SDF-1 phi. All splice variants have the same first4 exons. 20The last exon of SDF-1 epsilon and
SDF-1 phi are located 72 kb downstream (see Fig. 11). These new sequences have been submitted to

the NCB! in Juneid806-Eusilel Y RESSRIGMD AR QURHrSH G BSCHRIARMRIG L dnRBIS#oRIgion and
Integrative BIO|O§ , and Com%aﬁn : Indlan%{)_olls, IN 46285, USA". The cDNA (DQ345520 and

y, Ell Lill
DQ345519) SA (ﬁ%"ﬁﬁ %é‘%%’\%&r% TSRS ElRGnical splice sites, a polyadenylation signal and a
polyA tail (not found thareereirressie RSt gecratie)of 1.05BE A rsenalps pnebMpersangveniggnsame first

three exons, 4ge 4 sranshavedse saats Mhitcgpatdtdaroinmaciés)280hanaualgataiedseio-analysis of
the region argun - S b DF- neds “than expected: 87 kb instead
of 8kb fé(]e SFI\)Ia 'O%ﬁr@é@@ﬁﬁ%ﬁ%&ﬁ%ﬁt@%@%@s&m %ﬁoelésrﬁ)l:ﬁ% (eer%l, fck)g:%?eﬁ({j ?ﬁft\ﬁ%g%pst intron of SDF-1

epsilon and SDF-1 phi (see Fig. 12). It is thus concluded that the SDF-1 gene is associated with primary
progressive MS. REFERENCES 5 1.Andriambeloson, E., Baillet,C., Vitte, P.A., Garotta, G., Dreano

M., Callizot , N. (2006) Interjeukin-6 attenuiat ighg%gm;gmgmogf experimental diabetes-related
neuropathy. Neuropathology. 26, 32-42. 102.&%tséhul,S.F., Gish,W., Miller,W., Myers,E.W., and

Lipman,D.J. (1990)243a#j¢5 @0 aligimaanéspasholo Alasldilybete Biobatdiei 4AB-1Hlehid Silkaphidng . F.,
Madden, T.L.qpehalferé An aangidn ERN Gioi MU Wn 20 HRDALLR 2 37°C. Enzyme specific

10  adaptor oligonucleotides were then ligated onto the digested ends with T4 DNA Ligase for three
hours at 16°C. After dilution with water, 5pl of the diluted ligation reactions were subjected to PCR.
PCR was performed with Titanium Tag DNA Polymerase (BD Biosciences, San Jose, CA) in the
presence of 25 yM PCR primer 002 (Affymetrix), 350 uM each dNTP, 1M Betaine (USB, Cleveland,
OH), and 1X Titanium Tag PCR Buffer (BD Biosciences). Cycling parameters were as follows, initial

15 denaturation at 94°C for 3 minutes, amplification at 94°C for 30 seconds, 60°C for 30
seconds and extension at 68°C for 15 seconds repeated a total of 30 times, final extension at 68°C
for 7 minutes. PCR products from three reactions were combined and purified with the MinElute 96-
well UF PCR purification plates (Qiagen, Valencia, CA) according to the manufacturer’s directions.
Samples were collected into microfuge tubes and spun at 16,000 x g for 10 minutes.

20 The purified product was recovered from the tube taking special care not to disturb the white,
gellike pellet of magnesium phosphate. PCR products were then verified to migrate at an average
size between 200-800 bps using 2% TAE gel electrophoresis. Sixty micrograms of purified PCR
products were then fragmented using 0.25 units of DNAse | at 37°C for 35 minutes. Complete
fragmentation of the products to an average size less than 180 bps was verified using 2% TAE gel

25  electrophoresis. Following fragmentation, the DNA was end labeled with 105 units of terminal
deoxynucleotidyl transferase at 37°C for 2 hours. The labeled DNA was then hybridized onto the
respective Mendel array at 49°C for 18 hours at 60 rpm. The hybridized array was washed, stained,
and scanned according to the manufacturer’s (Affymetrix) instructions.

Genotype calls were obtained using the DM algorithm at a pValue of .33 followed by a batch

30  analysis using the BRLMM algorithm following Affymetrix specifications.
SNP Filtering

SNPs have been filtered with the following criteria:
35 - Missing genotypes rate must be < 5%
- The Minimum Allele Frequency (MAF) must be > 1% in controls

- The probability not to be at Hardy-Weinberg equilibrium must be < 2% in controls
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Virelizier,J.L., Delepierre,M., Baleux,F., Lortat-Jacob,H., and Arenzana-Seisdedos,F. (1999). Stromal
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chemokine. J Biol Chem 274, 23916-23925. 5. Ambrosini,E., Remoli,M.E., Giacomini,E., Rosicarelli,B.,
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514-517. 10. Calcutt, ﬁfA Jorge, M.C., Yaksh ,T.L., Chaplan, S.R. (1996)Tactile allodynia and formalin
35hyperalgesia ﬁ?@?ﬁé‘ﬂf&?ﬁtocin-diabetic rats: effects of insulin, aldose reductase inhibition and lidocaine
Pain 6810293-9.Minim@afiatteh: Andldehotyik &t TbbreMiathvlyeirg, A.B. (1995) Different effects of two aldose
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Applying the filters defined above reduced the number of remaining SNPs as shown in Table

VI
20 TABLE VI
Scan #SNPs total  #SNPs after filtering % remaining
MSPP cases vs. 497,641 323,664 65 %
MS controls
FDR
25 The FDR results are shown in Fig. 9
At a FDR threshold of 10%, the SNPs and genes were selected as shown in Table VII.
TABLE VII
30
Scan #SNPs #BINs #genes #deserts
MSPP vs controls 78 72 62 10
One SNP (SNP_A-2185631) was selected in the SDF-1 (CXCL2) gene (see Figure 10.)
35 By looking at the contingency tables, we can see that the association comes from the

differential distribution of allele C in cases and control populations.

TABLE VIl

| MSPP vs controls |
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15 An annotation of the genomic sequence has been performed in order to know if the SNP_A-

2185631 could be related to SDF-1 gene or to another neighbouring gene.

In sequence databases, splice variants not described in Ensembl were discovered: SDF-1

gamma, SDF-1 delta, SDF-1 epsilon and SDF-1 phi. All splice variants have the same first 3 exons.
20  The last exon of SDF-1 epsilon and SDF-1 phi are located 72 kb downstream (see Fig. 11). These

new sequences have been submitted to the NCBI in june 2006 by “Lilly Research Laboratories,

Cardiovascular Division, Cancer Division and Integrative Biology, Eli Lilly and Company,

Indianapolis, IN 46285, USA”. The cDNA (DQ345520 and DQ345519) encoding these two isoforms

contain canonical splice sites, a polyadenylation signal and a polyA tail (not found on the genomic
25  sequence).

Because all splice variants have the same first three exons, the 6 isoforms have the same N-
ter part (88 amino acids).

30 Thus, a detailed bio-analysis of the region around SNP_A-2185631 showed that:
the SDF-1 gene is longer than expected: 87 kb instead of 8kb
the SNP of interest (SNP_A-2185631) is in the SDF-1 gene, located in the
last intron of SDF-1 epsilon and SDF-1 phi (see Fig. 12).
It is thus concluded that the SDF-1 gene is associated with primary progressive MS.
35
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6. The use of claim 1, wherein the traumatic nerve injury comprises trauma of a peripheral nerve. 7.
The use of claim 1, wherein the traumatic nerve injury comprises trauma of the spinal cord. 8. The use of
claim 1, wherein the demyelinating disease is multiple sclerosis (MS). 9. The use of claim 8, wherein the
demyelinating disease is primary progressive multiple®Sclerosis (MS) or secondary progressive multiple
sclerosis (MS). 10. The use of claim 1, wherein the demyelinating disease is selected from chronic
30inflammatagy despyeingsing:PolysaglioYeOREORANYY. BddeRarahs GillrirRaleHNAEPBGAES). 11.
The use of any ongedloolasseh tachd AuduetiaimSiaFs biseseleaie thievrthiaghatiorcariging. oferv. (a) a
polypeptide comp@sitg’atdidd acids of SEQ ID NO: 1 35(b) a polypeptide comprising amino acids of SEQ
ID NO: 4 (c) & poI%QerEtl }gorﬁenﬁg% mt& ae}dSé)JISEQSD fO 7 '\EQ ory em qle\Pf (aar)dto (c)
further comprlsmgs%rﬂgr@(m /ng@al%‘a eﬁ.%eg] ag? JGyein;ef any one

of (a) to (d), whereiaiia-asRi0acid Lﬁﬁwpneace alxipasdiorD Hoan£6sYc e R QHanEer@H#aSt one
of the sequences wia&iyitp 40) emebvahlmlrkdmytel$e6twt(ﬁé¢(t35{t¢rrfecelp$ohp(rﬁ)aa INdersof2any8enéeasB(a) to (d)

which is encoded by a DNA sequence which brldlzes to the complement of a native DNA sequence
encoding any ¢ one c?éqgr%}?ﬁ 8 geMt Ednati mgnaﬁﬁpwhlwﬁﬂ?d@? PRI 1Bbebtor;

(g) a mutein of any one of (@) to whereln any changes in the amino acid sequence 10are conservative
amino acid sudstitutionseioath@@e)inacaciid-5ieq R0 cedies$mh tof (6)yelnsbivhishobindsato dtxhR deneceptor;
and (h) a salt fusedlepvede‘mttfuhctlonal derivative, or active fraction of any one of (a) to (d) which binds to
A kA i 1 S S R 1 ie usafio s carmier
molecle, a pep ﬁagrmg @gpmpiﬁgn%ﬁ%mg %@%& gf?apk% gérr@v JTE4ich of any one
of claims 1 to 12, wherein the SDF is PEGylated, 201 The use of claim 12, whereln the fused protein

comprises an immunoglobulin (Ig) fusion.
20  50. Zou,Y.R., Kottmann,A.H., Kuroda,M., Taniuchi,l., and Littman,D.R. (1998). Function of the
chemokine receptor CXCR4 in haematopoiesis and in cerebellar development. Nature 393,
595-599.

51. Zujovic,V., Benavides,J., Vige,X., Carter,C., and Taupin,V. (2000). Fractalkine modulates
25 TNF-alpha secretion and neurotoxicity induced by microglial activation. Glia 29, 305-315.



15. The use of any one of claims 1 to 14, wherein the medicament further comprises an interferon
and/or osteopontin and/or clusterin, for simultaneous, sequential, or separate use. 2516. The use of
claim 15, wherein the interferon is interferon-f3, 17. The use of any one of claims 1 to 16, wherein the
SDF-1 is used in an amount of 0.001 to 1 mg/kg of bogly weight, or 0.01 to 10 mg/kg of body weight or
9,8,7,6,5, 4,3, 2or1mg/kg of body weight or 0.1 to 1 mg/kg of body weight. 30 18. Use of a
pharmaceutigy giaposition comprising SDF-1 and an interferon, optionally together with one or more
pharmaceutically acceptable excipients, for treatment and/or prevention of a neurological disease

wherein the neurolggic &Jé’bﬁﬁz& &ﬁéﬁls%%tﬁguﬁa%gmgﬂmﬁm@qreémmo?%%9 g

demyelinating disease 5neuropathies and wherein SDF-1 is selected %rom

SDF-1 a or a®5r289(7a e asss Wierais b e YsriagirRl Asrmss B B SRBIRTIISH Ry B End
osteoportiin, optranakyicogetanjwith demeyelinatong ¢ibeasaaceUtie NS ceephtth endxutprenadhifsr and

treatment ancl/QL BREYARUPK QLR P&TRhIRrebPeIY BlogKIst disGasanyvherein the neurological disease is

selected 5from the group consisting of traumatic nerve injury, demyelinating diseases of the CNS or
PNS and neuropathies and wherein SDF-1 is selected from SDF-la or a SDF-1a variant. 20. Use of a
pharmaceutical cofsosition aaimdrisingre3 e heyrdiediestiativeasptivasincirigd wid nigmoratior. more
pharmaceutically acceptable excipients, for treatment and/or prevention of a 10 neurological disease

wherein t61e r?urolﬂgecal ieﬁﬁ\é Or%ﬁg& froﬂgr'%]hr%a E%qgn%%pg(}%“nglrggﬁr umatic nerve injury,

demyellnatlng diseases of 1 neuropathies an erein SDF-1 is selected from
SDF-1 a or a SDF-1 a variant. 15
4, The use of any one of claims 1 to 3, wherein the neurological disease is a peripheral

neuropathy.

15 5. The use of claim 4, wherein the peripheral neuropathy is diabetic neuropathy or

neuropathic pain.

6. The use of claim 1, wherein the traumatic nerve injury comprises trauma of a peripheral

nerve.
20
7. The use of claim 1, wherein the traumatic nerve injury comprises trauma of the spinal
cord.
8. The use of claim 1, wherein the demyelinating disease is multiple sclerosis (MS).
25

9. The use of claim 8, wherein the demyelinating disease is primary progressive multiple

sclerosis (MS) or secondary progressive multiple sclerosis (MS).

10. The use of claim 1, wherein the demyelinating disease is selected from chronic
30 inflammatory demyelinating polyradiculoneuropathy (CIDP) and Guillain-Barré syndrome (GBS).

11. The use of any one of claims 1 to 10, wherein SDF-1 is selected from the group
consisting of:
(a) a polypeptide comprising amino acids of SEQ ID NO: 1
35 (b) a polypeptide comprising amino acids of SEQ ID NO: 4
(c) a polypeptide comprising amino acids of SEQ ID NO: 7
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(d) a polypeptide of (a) to (c) further comprising a signal sequence, optionally amino
acids of SEQ ID NO: 5

(e) a mutein of any one of (a) to (d), wherein the amino acid sequence has at least 70 %
or 80 % or 90 % identity to at least one of the sequences in (a) to (c) and which binds
to CXCRA4 receptor,

(f) a mutein of any one of (a) to (d) which is encoded by a DNA sequence which
hybridizes to the complement of a native DNA sequence encoding any one of (a) to
(c) under highly stringent conditions and which binds to CXCR4 receptor,

(g9) a mutein of any one of (a) to (d), wherein any changes in the amino acid sequence
are conservative amino acid substitutions to the amino acid sequences in (a) to (c),
and which binds to CXCR4 receptor; and

(h) a salt fused protein, functional derivative, or active fraction of any one of (a) to (d)
which binds to CXCR4 receptor.

12. The use of any one of claims 1 to 11, wherein SDF-1 is fused to a carrier molecule, a

peptide or a protein that promotes crossing of the blood brain barrier.

13. The use of any one of claims 1 to 12, wherein the SDF-1 is PEGylated.

14. The use of claim 12, wherein the fused protein comprises an immunoglobulin (Ig) fusion.

15. The use of any one of claims 1 to 14, wherein the medicament further comprises an

interfeéron and/or osteopontin and/or clusterin, for simultaneous, sequential, or separate use.

16. The use of claim 15, wherein the interferon is interferon-f.

17. The use of any one of claims 1 to 16, wherein the SDF-1 is used in an amount of 0.001 to
1 mg/kg of body weight, or 0.01 to 10 mg/kg of body weight or 9, 8, 7, 6, 5, 4, 3, 2 or 1 mg/kg of
body weight or 0.1 to 1 mg/kg of body weight.

18. Use of a pharmaceutical composition comprising SDF-1 and an interferon, optionally
together with one or more pharmaceutically acceptable excipients, for treatment and/or
prevention of a neurological disease wherein the neurological disease is selected from the
group consisting of traumatic nerve injury, demyelinating diseases of the CNS or PNS and

neuropathies and wherein SDF-1 is selected from SDF-1c. or a SDF-1a variant.
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19. Use of a pharmaceutical composition comprising SDF-1 and osteopontin, optionally
together with one or more pharmaceutically acceptable excipients, for treatment and/or
prevention of a peripheral neurological disease wherein the neurological disease is selected
from the group consisting of traumatic nerve injury, demyelinating diseases of the CNS or PNS

and neuropathies and wherein SDF-1 is selected from SDF-1a or a SDF-1a variant.

20. Use of a pharmaceutical composition comprising SDF-1 and clusterin, optionally together
with one or more pharmaceutically acceptable excipients, for treatment and/or prevention of a
neurological disease wherein the neurological disease is selected from the group consisting of
traumatic nerve injury, demyelinating diseases of the CNS or PNS and neuropathies and

wherein SDF-1 is selected from SDF-1a or a SDF-1a variant.





