16.02.2007 1 USE OF OSTEOPONTIN FOR THE TREATMENT AND/OR PREVENTION OF
NEUROLOGIC DISEASES FIELD OF THE INVENTION 5 The present invention |s %%ln the
field of neurologic diseases and disorders. It relates to neuroprotection, nerve myelln ion"and
generation or re- generation of myelin producing cklls. In particular, it relates to demyelinating and
neurodegenerative diseases, neuropathies, traumatic nerve injury, stoke and neurologic diseases

caused by congenltiS BB DSTEORONTIN RORTHETREATMENTIANDIQR P REVENTHOMNates to the
use of osteopontin, or of an agonlsta'g D%lécaygg,\fgégﬁe manufacture of a medicament for
treatment and/or prevention of a nmr%WUND OF THE INVENTION 15 Nerve
myelination is an essential process in the formation and function of the central nervous system (CNS)
and peripheral neFys oFstERE IRNVBNTroNpartments. The myelin sheath around axons is necessary
for the_proper conl\%ﬁctlon of ectrl impulses a ﬁ‘ eg. |Iaosfs T\%L}/elln ogcurs in a number of
diseasses, among Wi Y uYtlp?I °§Cfe|%5’?§ rﬂﬂl’é ectlr?g the & &Qﬁl (S drome,
CIDP and @isardesss (toelalesatoskeumdraeatitn, 1@9ve Troelinatipn @06, idanenadjast ar, 1698). While of
various etiglagipgio el ﬁﬁr&f?ﬁﬂ@&@cﬁ@%ﬂ@n%%ﬁﬂwmﬂwﬂ%léﬁé@%d&lﬁp@\‘ﬁﬁﬂ Agnehgiseases all

cause loss of neurologic functign and may lead to. paralysis and death. While present therapeutical
agents redRWHIRIRNARALYS oHiseRSeH l\’/]@é?ﬂf?@%’déré‘fé'é@g% JiE0 R sy thelke #Rted to
develop thaeamthaﬂs%&mjlﬂalmd iy oy etiitaitroatabolicedisvedyref Mote clogiifibanytitie (Abramsky
and Qva Iniury. c u rauma,
hypoil?)a arﬁ el%% eﬁ%gﬁ a% ect%tﬁ@ﬁe%noiogr%%ﬁg }ing?te%y ﬁtéé%mﬁ?réfétgg gntloé has been
paid to proeelidlys fendiegremdacsnsl @reatmqwmgw@é\%@@@gﬂgfwa@oaa%@ge to
oligodendrpgytepgitideagyelinate axons, is also a specific component of CNS injury. Thus
oligodendrocyte pathology was demonstrated at very early phase after stroke (3 hours) in rats,
suggesting that these cells are even more vulnerable to excitotoxic events than neuronal cells
(Pantoni et al. 198& ‘ hting cell death is the marked elevation of

glutampte CO”CQWQWH%%&P%%@%@@QH% i Fothaliss ShiPaRbR!of-fieh). Indeed,

beside neurons oligodendrocytes were also found to e IElress functional glutamate receptors
central nervous systém (CNS) and peripheral nervous system (PNS) compartments.

The myelin sheath around axons is necessary for the proper conduction of electric
impulses along nerves. Loss of myelin occurs in a number of diseases, among which
are Multiple Sclerosis (MS) affecting the CNS, Guillain-Barre Syndrome, CIDP and

20 others (see Abramsky and Ovadia, 1997; Trojaborg, 1998,Hartung et al, 1998).
While of various etiologies, such as infectious pathogens or autoimmune attacks,
demyelinating diseases all cause loss of neurologic function and may lead to
paralysis and death. While present therapeutical agents reduce inflammatory attacks
in MS and retards disease progression, there is a need to develop therapies that

25 could lead to remyelination and recovery of neurologic function (Abramsky and
Ovadia, 1997, Pohlau et al, 1998).

Injury to CNS induced by acute insults including trauma, hypoxia and
ischemia can affect both neurons and white matter. Although most attention has
been paid to processes leading to neuronal death, increasing evidence suggests that

30 damage to oligodendrocytes, which myelinate axons, is also a specific component of
CNS injury. Thus oligodendrocyte pathology was demonstrated at very early phase
after stroke (3 hours) in rats, suggesting that these cells are even more vulnerable to
excitotoxic events than neuronal cells (Pantoni et al. 1996). One potential candidate
mediating cell death is the marked elevation of glutamate concentration that

35 accompanies many acute CNS injuries (Lipton et al. 1994). Indeed, beside neurons
oligodendrocytes were also found to express functional glutamate receptors



16.02.2007 2 belonging to the AMPA/kainate subtype. Moreover oligodendrocytes display high
vulnerability to glutamate application (McDonald et al. 1998). Trauma is an injury oqél'zﬁ?_aﬂﬁﬁf the
nerve. It may be spinal cord trauma, which is dapage to the spinal cord that affects all nervous
function that is controlled 5 at and below the level of the injury, including muscle control and
sensation, or brain trauma, such as trauma caused by closed head injury. Cerebral hypoxia is a lack
of oxygen bplanifingllyadhreAfdRAYKaliralenisyiiepes, Maneoresr oligpideniyrocptesr displagdido refer to a

lack of oxygaRdi IR, 8 §iathraite DBRERFIMARIDEHREMESI1 658)e hypoxia, symptoms may range
from confusion to_10 irreyersible brain damage, coma and death. Stroke js usually caused by

ischemia of the brdffMAJSRD Y AARdS K e nGiveadt TP 06 fBRal: 58] rRIB?of brain
disorders imhidtiiiydasagé torihe &picbiors dhbatoaitectsyhlk nehe bioho digrpliyabisiwgntaiteadl the brain is

nterrupteca iy Eﬁé}\%ﬂ%i&%l%&%%?ﬂﬁ@ﬁ&ﬁ?%&%ﬁb@ﬂ%ﬁéﬂdﬂé‘é&%ﬂ%TQP%rg’an”mary blood

supply to the rough 2 arteries In the neck (the carotid arteries), which then branch off within

the brain td"aWIdpRUghasdayma caesed RyHraed peadiiMa of the brain. Even a brief interruption to
the blood flow carcerstsal Kgssriases i ainokyaerosp&aticalipgictie teidbld e evisprieras, vary with the

area of the brain affected commonly include such pr, b\% as chapges in vision, 20 speech
changes, oaencérerggreed? bc\?éﬁ%ﬂne[ ((?)er"sneﬁsg?%drfkﬁﬁ r&‘%éﬁc%g t%é: %ﬁ?%?%h%gn%gseml?ﬁebfg%l of
consciousrkerending enothe fexerityl of thasapasidosyepvms magviesacoiioe beaflisiemdan the area

are degtroyeg dripistediradaiagdreunangii ddatnage to that area of the brain or even death. A stroke
affects about 4 out of 1,000 people. It is the 3rd leading cause of 25 death in most developed

countries, includir] #{€ USs UpHacFRSEE MstRRPALR s Olirdgataify whnSilSwifRlee risk doubling
with each decshtoaiieunlandiSéaskborudctidentt ftaopl@oupr alge b Hiavedbedlimtdivass lose stroke. The
disorder o i o] h ofpeN lqned.a n oss of brain
functions (%ﬁol@é%ﬁgg&%ﬁéitg)&gchziugdg%ymaglobs@éé{fn tﬁ%@pcir%u I%{t?%ip%i%gﬁ %f%ﬁ%’lﬁgin. The
specific ndRSTogted SRRy et TesIR FyAftNe BiEstiBHoR efehlPed iRdhehadyeTiid cause of
the digprdgiridmair aleonasupplEaose’ yrirdiscattdlghdXl antdirahaming thatkretdtedndgiaficient blood

S et TR ol 81 o (N SHE Bk TRENRILGREHEL ARG A fRlgg? clots that
specific area of the brain. Even a brief interruption to the blood flow can cause
decreases in brain function (neurologic deficit). The symptoms vary with the area of
the brain affected and commonly include such problems as changes in vision,

20 speech changes, decreased movement or sensation in a part of the body, or
changes in the level of consciousness. If the blood flow is decreased for longer than
a few seconds, brain cells in the area are destroyed (infarcted) causing permanent
damage to that area of the brain or even death.
A stroke affects about 4 out of 1,000 people. It is the 3rd leading cause of
25 death in most developed countries, including the U.S. The incidence of stroke rises
dramatically with age, with the risk doubling with each decade after age 35. About
5% of people over age 65 have had at least one stroke. The disorder occurs in men
more often than women.
As mentioned above, a stroke involves loss of brain functions (neurologic
30 deficits) caused by a loss of blood circulation to areas of the brain. The specific
neurologic deficits may vary depending on the location, extent of the damage, and
cause of the disorder. A stroke may be caused by reduced blood flow (ischemia) that
results in deficient blood supply and death of tissues in that area (infarction). Causes
of ischemic strokes are biood clots that form in the brain (thrombus) and-blood clots
35 or pieces of atherosclerotic plaque or other material that travel to the brain from



35 or pieces of atherosclerotic plague or other material that travel to the brain from 16.02.2007 3
another location (emboli). Bleeding (hemorrhage) within the brain may cause symptonﬂ’sgtagtégién/ic
stroke. The most common cause of a stroke is strgke secondary to atherosclerosis (cerebral
thrombosis). Atherosclerosis ("hardening of the arteries™) is a condition in 5 which fatty deposits occur
on the inner lining of the arteries, and atherosclerotic plaque (a mass consisting of fatty deposits and
blood plateletsheevetationT (Embeli)uditeedinth e (hermnyriagelopstisiowiye Athairosolyrotiausque does
not necessayilySASRA sikrkestidigre are many small connections between the various brain
arteries. If the blood flow gradually decreases, these small connections will increase 10 in size and

"by-pass” the obsTIR IS EXMEMAEAYPeIRTAEERe s ERk S 95780 6ANC i ABRIPEHERSFoN, even a
totally bloclsstediigirshromposis caAitensglaiosic (Hedidiéaing settendriaies) e ahasnigiowithin the brain
IS that the arterie en that, 75% of the. blo S be oc nd.there will still
be adegqua?éﬁﬁrgo?gﬁy;\c)vgf%gt@at8§%2 § trtlle{e?:)}g%r ES 'fétrﬁﬁm%o%%&%g keg?s%tr%weg %gﬁ%égt'ﬁy
thrombosis)!@siHeosa coRaR orPNsisting i plediylcdensgitsitandlredk piatrialshslerrlorssciEietic heart

disease or glighgies JMPlitiRemNifeErEpaf e ARraeleront paglie gl slingcakeasiy The person

may or may not lose conscigusness. Strokes caysed b mbol's%movi bloqd clof) are most
commonly S¥5%e@ 5§ eCoﬁc-igrr?/ 3% éﬁ?a%gséﬂ?m ecf?\'ﬂ)'éél%?%lét% ﬁd&%ldﬁ%"é’éa&@"bf heart
disorders tnterteenftthedcodHobrgnadadlyg deuisses) yeats sroall tratedotiotisewitiipasgasgpecially
wherg dherg igiathgrasgiproticpiagushsth i BRUS EYRIREpUSIRS. flopeRiRaghauyh becomes

stuck in a small artery in the brain. This stroke occurs suddenly with immediate maximum neurologic
deficit. It isGRieEabeTstiatiRRPYeRAyIBaLDIacker PEaRY RN SAYSEHE W RYRARIUST the heart
are commaoxkesenrd sufidty imsctististe withth ele brale iswataheaaaéiies aretiatys.dnaughgado the brain is

often mor vere t ith_a.stro u e r [ i ay or may not
be Iost. The S ale DR e oo h g M el i eah B IR MIEE (0% P ce
(hemorrhadfctikatodep fdredipiferal Neuropathy is a syndrome of sensory loss, muscle weakness and

atrophy, decreases {HRHRDGHRIGROI | BtRskerBALYEE BT HIRINEBRYIB MPBENIh iR AN¥Idepbination.
The diseasgegnp? ,agr(? tog#tgkn%eerneeri\ée Lgrrpd%rlllcy)lpn%uraotﬁgrtc@g’epc%?cOFI(—:r-g?tredisease or diabetes
mellitus. This type of stroke may occur at any time, including at rest. The person may
or may not lose consciousness.
Strokes caused by embolism (moving blood clot) are most commonly strokes

20 secondary to a cardiogenic embolism, clots that develop because of heart disorders
that then travel to the brain. An embolism may also originate in other areas,
especially where there is atherosclerotic plaque. The embolus travels through the
bloodstream and becomes stuck in a small artery in the brain. This stroke occurs
suddenly with immediate maximum neurologic deficit. It is not associated with activity

25 levels and can occur at any time. Arrhythmias of the heart are commonly seen with
this disorder and often are the cause of the embolus. Damage to the brain is often
more severe than with a stroke caused by cerebral thrombosis. Consciousness may
or may not be lost. The probable outcome is worsened if blood vessels damaged by
stroke rupture and bleed (hemorrhagic stroke).

30 Peripheral Neuropathy is a syndrome of sensory loss, muscle weakness and
atrophy, decreased deep tendon reflexes, and vasomotor symptoms, alone or in any
combination.

The disease may affect a single nerve (mononeuropathy), two or more
nerves in separate areas (multiple mononeuropathy), or many nerves simultaneously

35 (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



nerves in separate areas (multiple mononeuropathy), or many nerves simultaneously 35
(polyneuropathy). The axon may be primarily affected (e.g. in diabetes mellitus, Lymg ﬂ%%@ or
uremia or with toxic agents) or the myelin sheath gf Schwann cell 16.02.2007 4 (e.gg. i e or
chronic inflammatory polyneuropathy, leukodystrophies, or Guillain- Barre syndrome). Damage to
small unmyelinated and myelinated fibers results primarily in loss of temperature and pain sensation;
damage to (argeimgewiespe ¢hfitriesindanimatomorlyreyseopiivtdekeddeiophiesorn&Snidlaimpathies (e.g.

due to |ead§aﬁé<i@§/)‘ud¢&%9n©é’r§§ggckobEﬁ\d@lomﬁﬁ@i’n‘éié&Uﬂmnrﬁﬁiﬁﬁaﬁadf@@}@) ridmarily affect
motor fibers; _othegs e.P. due_to dorsal root?gﬁn lipnitis of ¢ancer, Iepros\z, QIIIDS, di?betes mellitus, or
Yirl § S

chronic pyrRISRAEYAbSE58hSARTER N &t USROS JAMARE OB NYBYIRE o ducing
sensory syfitpses Giscasimtatpr praprideeptiresdefiertssSameohsedof@thies (GuglalneBailsadyndrome,

Lyme disease, i — b : Y NN DS
determd];ne t glgi&gse.l Trgﬁegiaiss"ﬁbﬁrr?ég? com4 mé?rcgiﬂiglgf‘%%ggilzed in%’?arlmé%yiﬁgaerve.

to a sin
Violent mudBatar 4B80siyBhe6T 818 A dRtE95Rsh Ok ganglinalis iR 8 ¢ EHTO%U@Bﬁthy, as may

repeated srgabétes masitesy oiairronipRipadoiie ahtaistionyQerasiey dfetio i aidredl Resnmers).

Pressure op entiapment parahysisusialicis afects sunsrisialnarves (W adia) petaneal) at bony
prominenceqs f'g.g. uﬁ%g Ll slepep or dlgrlng AAESTRES TN thils OF CACheatE persons and often in

alcoholics) are @isminveMesniglg (éndgGHilleirRariéravsdsgmeroriiee Riseasacdiahelgsimaliysalso result
from tygnorgnRANyHINEIREP IR EHARP IReGHIGARRON RN AR SHRBRRhPPRIERR S 0. in gardening).

Hemorrhage into a nerve and exposure to cold or 20 radiation may cause neurgpathy.
Mononeuropathy MNP f HEMAFESCMMEP s ol HHBWe[ﬂ@pélFﬁ)‘?smlly
secondary Wiaehageusvalat udativitg osd doscitdegopeargeidnsiba rddo Jeint riayJpoodeces s\focibme, RA),
sarcoidosis ¢ di S ' : idqsis), aripfecti dj ( Lyme
disease, HIV lzjgé%%grlé%o%%.qhﬁﬁgoré?g%éggn%mnégy@uﬁ%pggf?bIgérﬁ@oﬁgﬁgﬁf%p@tehy y dfﬁggf invasion of

the nerve (EXFARSXPrIRRIPR 0By BIh NARNEGES) BEEREUEHA NYBRTAN RS AlYSIRt HBalIY toxin (e.g.

indipfgherigfeutaBupeidicRNVEIREEIGkRR, (Ridialn gerbialil) BAbemy pesainelidee (9glyagingpathy that
sometimes ol owsimpunizalions, s prebatyales augimmune 20 Toxe agenis generally cause
polyneuropgﬂﬁy\gu{ SOmLines mononeuropa’?hy, ey cluge emetine, %exobaar%ol?a, 53 bital,
chlorobutarasi at narrow canals (e.g. in carpal tunnel syndrome). Pressure paralysis may also
result from tumors, bony hyperostosis, casts, crutches, or prolonged cramped
postures (e.g. in gardening). Hemorrhage into a nerve and exposure to cold or

20 - radiation may cause neuropathy. Mononeuropathy may result from direct tumor
invasion.

Multiple mononeuropathy is usually secondary to collagen vascular disorders
(e.g. polyarteritis nodosa, SLE, Sjégren's syndrome, RA), sarcoidosis, metabolic
diseases (e.g. diabetes, amyloidosis), or infectious diseases (e.g. Lyme disease, HIV

25 infection). Microorganisms may cause multiple mononeuropathy by direct invasion of
the nerve (e.g. in leprosy).

Polyneuropathy due to acute febrile diseases may result from a toxin (e.g. in.
diphtheria) or an autoimmune reaction (e.g. in Guillain-Barré syndrome); the
polyneuropathy that sometimes follows immunizations is probably also autoimmune.

30 Toxic agents generally cause polyneuropathy but sometimes
mononeuropathy. They include emetine, hexobarbital, barbital, chlorobutanol,
sulfonamides, phenytoin, nitrofurantoin, the vinca alkaloids, heavy metals, carbon
monoxide, triorthocresyl phosphate, orthodinitrophenol, many solvents, other
industrial poisons, and certain AIDS drugs (e.g. zalcitabine, didanosine). -

35 Nutritional deficiencies and metabolic disorders may result in polyneuropathy.

B vitamin deficiency is often the cause (e.g. in alcoholism, beriberi, pernicious



sulfonamides, phenytoin, nitrofurantoin, the vinca alkaloids, heavy metals, carbon monoxide,
triorthocresyl phosphate, orthodinitrophenol, many solvents, other industrial poisons, and.certain
AIDS drugs (e.g. zalcitabine, didanosine). 35 Nutrifional deficiencies and metabolic ésaﬁd'égmay
result in polyneuropathy. B vitamin deficiency is often the cause (e.g. in alcoholism, beriberi,
pernicious 16.02.2007 5 anemia, isoniazid-induced pyridoxine deficiency, malabsorption syndromes,
and hypereneesiss, gisvickardhinglueed, neyuidpdnty desiciency rsnalaygoiiimoidgndrpmesyesd sarcoidosis,
amyloidosig, Qg HERRig- RiaRRIGS. TPEIHE AR RIURSSEASRE RO HSIAL RN SUFPRAHEY (Most

common), multiple mononeuropathy, and focal 5 mononeuropathy (e.g. of the oculomotor or
abducens EASFRHIORISyANYIRIdRSiR nB)dnae R PiBBRIRE UGSy §A8. FBHBRIGRAPeRAMAlRlopathy
(multiple ragtpMpoliyTaplupathy, amosid dowasieT), orulipikonalonefieiaagiathyr asnd [ataneoplastic
syndrame. Specific monpneuropathies: Single and i eyropathies are 10 characterized
oy b e S A SRR " e
mononeuropathy Maligpaniaeinay truse RAYNSIHPRRIN Vi /BaNariena sesnepratine fsviEpe Extensive

involvemenh@iGrady RRRERSHEY SMpIGEE thvrlvicumPMiitsHER NeRRAalY igofign gaused by
trauma to the nerve in the ulnar groove 15 of the elbow by repeated leaning on the elbow or by

asymmetriRYBAERBTHH MR A Bhildhood fracture (tardy ulnar palsy). The ulnar nerve can also be
compressed at tHépealfitalrmomoekurapasilessiaSiegld sasdnsoultipleficiiondine btipatléesmanial half of the

HE _ : : : o
at f'qgefsc%fa?yaténg?yn@g*m% Rhedld QH@?’%?%}‘S@V%% jfgg}gﬁ?y@%m ‘&Qi?esaﬁg%t\éé?a an

atrophied. Severe chr ulnar palsy produce y Nerve conduction studies
can identiffPeReesiMudiriemasiopc PRy, ifife Yreraaiticnthenpavescmate riptitYderdrdlsatgical repair

is attempteshcEh@cidarédsinelysyEftensmd CRvEs Eneht i prREF onepfd e madisimorteedn the volar
aspect of the wrist be%rﬁeen the transverse superficial carpal ligament and the longitudinal tendons of

forearm mlﬁ’g@[@g‘{‘}%’[ &% the hand. It may be unilateral or 25 bilateral. The compression produces
paresthesias in thelnadia¢valraisyaispeltentauset iydtrasmpdn the therverién thelybeamgrooneetimes pain

OCCUrgsProxinal LI By GRPNARISIEh R e SUGRAISR BNEsFhpHENSE (BB Giawthafiepis severe at
night. A sensory deficit In thta%almar aspect of the first three fingers ma)éfollow; the muscles that

control thuffAI9edclBRU PO AR heRAUNAE NSNS AR AtRe e gapressed at

the cubital tunnel. Paresthesias and a sensory deficit in the 5th arnd medial half of the
4th fingers occur; the thumb adductor, 5th finger abductor, and interossei muscles
are weak and atrophied. Severe chronic ulnar palsy produces a cilawhand deformity.

20  Nerve conduction studies can identify the site of the lesion. Corservative treatment
should be attempted before surgical repair is attempted.

The carpal tunnel syndrome results from compression of the median nerve in
the volar aspect of the wrist between the transverse superficial ¢arpal ligament and
the longitudinal tendons of forearm muscles that flex the hand. It imay be unilateral or

25 Dbilateral. The compression produces paresthesias in the radial-palmar aspect of the
hand and pain in the wrist and palm; sometimes pain occurss proximally to the
compression site in the forearm and shoulder. Pain may be more severe at night. A
sensory deficit in the palmar aspect of the first three fingers may follow; the muscles
that control thumb abduction and opposition may become weak and atrophied. This

30 syndrome should be distinguished from C-6 root compression due to cervical
radiculopathy.

Peroneal nerve palsy is usually caused by compression of the nerve against
the lateral aspect of the fibular neck. It is most common in ernaciated bedridden
patients and in thin persons who habitually cross their legs. Weakness of foot

35 dorsiflexion and eversion (footdrop) occur. Occasionally, a semsory deficit occurs
over the anterolateral aspect of the lower leg and dorsum of the: foot or in the web



30 syndrome should be distinguished from C-6 root compression due to cervical radiculopathy.
Peroneal nerve palsy is usually caused by compression of the nerve against the Ia{%r_ SHE6t of the
fibular neck. It is most common in emaciated bedgdden patients and in thin persons who habitually
cross their legs. Weakness of foot 35 dorsiflexion and eversion (footdrop) occur. Occasionally, a
sensory deficit occurs over the anterolateral aspect of the lower leg and dorsum of the foot or in the
web 16.02204% beipeep beewtstratideZist anedaRardaise (BieatantTiscus oadiyt ¢onsrraditivecfaservative for

compressiyg AEHIRANE SRR e AHRSRIE Do LS RGIPIRBASIIBRAIIES MR susiually followed

clinically and usually improve spontanéously. If recovery does not occur, surgical exploration may be

indicated. 3R MQNRAIRIFA AN A5 YAy KHFRIQYRiISRANIEBE ¥ o i SRE¥RIY 8P8SeNPferve against
the humergscargsargidat expioratiiapes deandieaterick of a chair during intoxication or deep sleep.

Symptoms include, e IS i t S (i n sionally, sensory loss
over tht% dorsal as%ge\éjté'ﬁq ﬁglg?%gr@%éé%@igﬁfsgﬁy s'gl(;é.g %tgg'?ri%%to %@%%)rntoo ?k#ﬁ? of
compressiferperaginst 1oeiirshath g 3 a5 the Avpdthiianad oueatte Daghehaehaiodeingffecting
senslpry,hm@tfﬁ,acazm_i\ ‘@%@@Q%éﬂ?ﬁﬁwﬁﬁwwgﬁﬁwﬁgf affestagaﬁrm)enes&éﬁs’&g O(r the |
myelin she nd, in either form, e acute (e.g. Gujllain-Barre syndrome) or chronic (e.g. rena
o). 16 RTIGR R FoR S MO SR T (e HRIBEheSHREN Rl e Rl e
develops sitedgssfmrs omuseientiseatipents.ist fsggilantly bthginsofvitosepressiven bpeomedities in the

lower,gxtreqaifigsdhiat are often more severe distally than proximally. Peripheral tingling, numbness,
burning pain, or deficiencies in joint proprioception and vibratory sensation are often prominent. Pain

is often worse at FOMRFaRRINeSy He d5iG ey mmetichinlan SHRelngySeRsewr BYMOmperature
changes. largpwaisoaases. fihete sirnutthiraiiaysignepimen saffydpsise texiaallyyliviter steckieg-and-glove

distribution ill erd epdon s are_dimini or . Pal s.ulcers on the
digits or Cﬁnereréagé'sgﬁﬁ%ﬂf %a?y '_egglieé w&'n@éfﬁgrﬁc@%ﬁdgéio%ﬁﬁﬁ -ggﬁgo%yrgdr?%%o%jr%}]ceptive
deficits maShIOMiF 1S gakepsldaisahalities. Motor involvement results in distal muscle weakness and

atrophy. The aut@yihkuRYOYSHRIKSIBMBtalbdie andidenalbs gl aripstieméntatyeast teasling to
noctumal e VIO ot e mente o YA e et Bgins with sensory
abnormalities in the lower extremities that are often more severe distally than
proximally. Peripheral tingling, numbness, burning pain, or deficiencies in joint
proprioception and vibratory sensation are often prominent. Pain is often worse at
20 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 profound. Sensory or proprioceptive deficits may lead to gait
25 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, impotence, or postural
hypotension. Vasomotor symptoms vary. The skin may be paler and drier than
normal, sometimes with dusky discoloration; sweating may be excessive. Trophic
30 changes (smooth and shiny skin, pitted or ridged nails, osteoporosis) are common in
severe, prolonged cases.

Nutritional polyneuropathy is common among alcoholics and the
malnourished. A primary axonopathy may lead to secondary demyelination and
axonal destruction in the longest and largest nerves. Whether the cause is deficiency

35 of thiamine or another vitamin (e.g. pyridoxine, pantothenic acid, folic acid) is
unclear. Neuropathy due to pyridoxine deficiency usually occurs only in persons



hypotension. Vasomotor symptoms vary. The skin may be paler and drier than normal, sometimes
with dusky discoloration; sweating may be excessive. Trophic 30 changes (smooth 48P Ekin,
pitted or ridged nails, osteoporosis) are common in severe, prolonged cases. Nutritional
polyneuropathy is common among alcoholics and the malnourished. A primary axonopathy may lead
to secondary demyelination and axonal destruction in the longest and largest nerves. Whether the
cause is dédisienisosEzid tfiahBienfastsorther aimdéfident. ydepsmdenpantpyritaxneiohalolic acid) is
unclear. NgyRPad MBS, PVIREX S AL TGRRRUHE ULNIGRE SO iRiRRISeRfeHiRZ 3007 7 taking

isoniazid for TB; infants who are deficient or dependent on pyridoxine may have convulsions. Wasting
and symmHBHRYdARAIYS i faniRIagresT ARl RomElims iACRamRaNed LY SERSEReSSPapidly,
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common sensorimotor neuropathies begin at birth and result in greater disability. In sensory
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pain and temperature sensation is more prominent than loss of vibratory and position

sense. The main problem is pedal mutilation due to pain insensitivity, with frequent

infections and osteomyelitis.

20 Hereditary motor and sensory neuropathy types | and Il (Charcot-Marie-Tooth
disease, peroneal muscular atrophy) is a relatively common, usually autosomal
dominant disorder characterized by weakness and atrophy, primarily in peroneal and
distal leg muscles. Patients may also have other degenerative diseases (e.g.
Friedreich's ataxia) or a family history of them. Patients with type | present in middle

25 childhood with footdrop and slowly progressive distal muscle atrophy, producing
"stork legs." Intrinsic muscle wasting in the hands begins later. Vibration, pain, and
temperature sensation decreases in a stocking-glove pattern. Deep tendon reflexes
are absent. High pedal arches or hammer toes may be the only signs in less affected
family members who carry the disease. Nerve conduction velocities are slow, and

30 distal latencies prolonged. Segmental demyelination and remyelination occur.
Enlarged peripheral nerves may be palpated. The disease progresses slowly and
does not affect life span. Type |l disease evolves more slowly, with weakness usually
developing later in life. Patients have relatively normal nerve conduction velocities
but low amplitude evoked potentials. Biopsies show wallerian degeneration.

35 Hereditary motor and sensory neuropathy type Ill (hypertrophic interstitial

neuropathy, Dejerine-Sottas disease), a rare autosomal recessive disorder, begins in
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Genetic analysis is available, but no specific treatment, Vocational counseling to preé?are young

patients forRALBAS: B YPeash PIAGTPIRCOsEIAY. BeatifiUhe HadBg NaRSoRIFHTst &atdioesic surgery to
S'Fabilize thmm@petﬁqmgmrﬁmmmmmgeﬁeo@mm/dielpases comprisg, among others, _Alzheimer's
discasy Parkinsqqes eaie e BRBRSIRAIIRA ARY BRBLCAABIALPLRNSIALS).
Alzheimer's disease Is a disorder involving deterioration in meéntal functions resulting from changes in

brain tissuePaKiasACR dissags MRt By aifisRasFanthHMyaticeipharsa delrotitHAMdod vessels,
primary degeneraiigheitieestiiseasedisliaseisdriér aivaning ietéklchioneirsriisrasanstidad called senile

dementia/Alzheimer.s typ éS AT). |tis the mo mmon cause pf intellectual.decline with aging. The
incidence isreaspaepl)'{}% iﬁ”loa e@ né)ﬁf of (5?&)83538][)1&2( s ‘égsegrggrr'% %%é}v%cr)arﬁlelﬁsss% tﬂf\“ more often

than men afaused s dispriais ahtbrlelpadaiorRReH sPHaN Alpgeneratike SameTlir andudbitisemical factors
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and other sinsistancds ERpriesotiels $aotbrofir N0 mesple. This disorder affects women
slightly more often than men and occurs primarily in older individuals.
The cause is unknown. The neurochemical factors which may participate in
20 generation of the disease include lack of the substances used by the nerve cells to
transmit nerve impulses (neurotransmitters), including acetylcholine, somatostatin,
substance P, and norepinephrine. Environmental factors include exposure to
aluminum, manganese, and other substances. The infectious factors include prion
(virus-like organisms) infections that affect the brain and spinal cord (central nervous
25 system). In some families (representing 5 to 10% of cases) there is an inherited
predisposition to development of the disorder, but this does not follow strict
(Mendelian) patterns of inheritance. The diagnosis is usually made by ruling out
other causes of dementia.
Researchers have found that in families that have multiple members with
30 Alzheimer's, there is a particular gene variation which is common to all of those with
the disease. The gene, which produces a substance called apolipoprotein E4, is not
said to cause the disease, it's presence simply increases the chances that the
disease may eventually occur. There are many people who have the E4 gene and
never become afflicted with Alzheimer's.
35 The onset is characterized by impaired memory, with progressive loss of
intellectual function. There may be mood changes, changes in language capability,
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properly transmit messages, and this results | 0SS of musc nction
extrapyramidal area). Dopamine, which is one of the substances used by cells to

transmit impulses (transmitters), is normally produced in this area. Deterioration of
this area of the brain reduces the amount of dopamine available to the body.

20 Insufficient dopamine disturbs the balance between dopamine and other
transmitters, such as acetylcholine. Without dopamine, the nerve cells cannot
properly transmit messages, and this results in the loss of muscle function. The
exact reason that the cells of the brain deteriorate is unknown. The disorder may
affect one or both sides of the body, with varying degrees of loss of function.

25 In addition to the loss of muscle control, some people with Parkinson's
disease become severely depressed. Although early loss of mental capacities is -
uncommon, with severe Parkinson's the person may exhibit overall mental
deterioration (including dementia, hallucinations, and so on). Dementia can also be a
side effect of some of the medications used to treat the disorder.

30 Huntington's Disease is an inherited, autosomal dominant neurologic disease.
It is uncommon, affecting approximately 1 in 10000 individuals (Breighton and
Hayden 1981). The disease does not usually become clinically apparent until the fifth
decade of life, and results in psychiatric disturbance, involuntary movement disorder,
and cognitive decline associated with inexorable progression to death, typically 17

35 years following onset.
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Sclerosis, ALS, isa disorder causing progressive loss of nervous control of voluntary muscles

because of Ry URIRYIHS: REiAIT MO s HYNGHaM dRPapifdREoBe aHEBHShIRE e B®SEierosis, also
calledi bou wigbEsprissasgerea clinsetksidatiotviraioss détite eseatnydupantwbridnuscles. The nerves

20 controlling these m ' iIsappgak, yhich r in f cle tissue due to the
lack of nervous st?\ &Lﬁ%%&ﬁ%ﬂ%@ggiﬁgﬁ%?ﬁlgnﬁ%og |%ﬁ%ﬁgké%%?é%iéﬁ%%%glgé%vgltﬁfthe voluntary
muscles (tfeSEURFaNEGhSEiyakIe@Ry-Anuscles 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

20 controlling these muscles shrink and disappear, which results in loss of muscle
tissue due to the lack of nervous stimulation. Muscle strength and coordination
decreases, beginning with the voluntary muscles (those under conscious control,
such as the muscles of the arms and legs). The extent of loss of muscle control
continues to progress, and more and more muscle groups become involved. There

25 may be a loss of nervous stimulation to semi-voluntary muscles, such as the muscles
that control breathing and swallowing. There is no effect on ability to think or reason.
The cause is unknown.

ALS affects approximately 1 out of 100,000 people. It appears in some cases
to run in families. The disorder affects men more often than women. Symptoms

30 usually do not develop until adulthood, often not until after age 50.

Traumatic nerve injury may concern the CNS or the PNS. Traumatic brain
injury (TBI), also simply called head injury or closed head injury (CHI), refers to an
injury where there is damage to the brain because of an external blow to the head. It
mostly happens during car or bicycle accidents, but may also occur as the resulit of

35 near drowning, heart attack, stroke and infections. This type of traumatic brain injury
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brain, whicfig insiteatioq sk lhotUisaBN Ay SFELIUIE ayisrbreRsaik lerasueS R ARamdised or
widespread damage. Also, the brain, a soft mass surrounded by fluid that allows it to "float,” may
rebound a&éfﬁ‘?tgﬁie skull resulting in further damage. There may be a period of unconsciousness

immediately followimgreheayshazapetiodwficincnasciass masires)ededély dollowing thettmitoathe twisting

and repounding, ically. brain. inj ti j ising to many
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|
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strains of REMANYFeRAIAN. produced by rotational movements of the brain within the skull. 20
Therggnay be smpliigamaainaginagioBeQirsiBusrdamaas injanonnamiyich ape GrRly be detected
mlcrOSCOpli%a;l)lzét, in particular when a skull fraction is present. Large contusions may be
associated with an intracerebral haemorrhage, or accompanied by cortical
lacerations. Diffuse axonal injuries occur as a result of shearing and tensile strains of
neuronal processes produced by rotational movements of the brain within the skull.
20 There may be small heamorrhagic lesions or diffuse 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 damage or meningitis.

25 An open head injury is a visible assault to the head and may result from a
gunshot wound, an accident or an object going through the skull into the brain
(“missile injury to the brain”), This type of héad injury is more likely to damage a
specific area of the brain.

So called mild brain injury may occur with no loss of consciousness and

30 possibly only a dazed feeling or confused state lasting a short time. Although medical
care administered may be minimal, persons with brain injury without coma may
experience symptoms and impairments similar to those suffered by the survivor of a
coma injury.

In response to the trauma, changes occur in the brain which require

35 monitoring to prevent further damage. The brain's size frequently increases after a
severe head injury. This is called brain swelling and occurs when there is an increase



Secondary brain damage occurs as a result of complications developing after the moment of injury.
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10 of the spinal column, which is usually demadnstrable radiologically. Damage to the cord depends on
the extent 6PTHERFRFMRNEES Sdeeh b SRBMEILESR and RRRiPestanediersthiadvadnmiye, which are

contusionsstagese fmimaignseshiaygs, anpichearerraagicsiat osienandisecanstayotiansagmdwhich are

extradural heamatoma, infarction, infection,and edema. 15 Late effe f cord damage include:
eecending e R e R e B B SR e

syringomelgpfarciion dpfeetior asleadena paraplegia, such as urinary tract and chest infections, pressure
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20 Myl e o ot arengnd Helve FBares o o AR S oo and M mic
effects of paraplegia, such as urinary tract and chest infections, pressure sores and
muscle wasting.

Neurologic disorders may further be due to congenital metabolic disorders.

20 Myelin sheaths, which cover many nerve fibers, are composed of lipoprotein layers
formed in early life. Myelin formed by the oligodendrogiia in the CNS differs
chemically and immunologically from that formed by the Schwann cells peripherally,
but both types have the same function: to promote transmission of a neural impulse
along an axon.

25 Many congenital metabolic disorders (e.g. phenylketonuria and other
aminoacidurias; Tay-Sachs, Niemann-Pick, and Gaucher's diseases; Hurler's
syndrome; Krabbe's disease and other leukodystrophies) affect the developing
myelin sheath, mainly in the CNS. Unless the biochemical defect can be corrected or
compensated for, permanent, often widespread, neurologic deficits result.

30 For instrance, Krabbe disease or globoid cell leukodystrophy is a disorder
involving the white matter of the peripheral and central nervous systems. Mutations
in the gene for the lysosomal enzyme galactocerebrosidase (GALC) result in low
enzymatic activity and decreased ability to degrade galactolipids found almost
exclusively in myelin. Continued myelination and/or remyelination in patients requires

35 functional endogenous oligodendrocytes or transplantation of normal
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nerves or agelifdue danegerl iojheyvésabranyelinaiie &geusl injury)esehehtalivnidexfentsiase is also
evidence that elination may coniribute to .schizophrenia. Extensive myelin | s usually
folloned by SO saagler THagls MEE iaE B Ayl AR 51

irreversiblesqR@aRRFenia.crgemsdit BisHnoless s inskrlly i olomed by, ayanak pegenewiinarafidn, and

complete gpVeyy Qbnestay fuagirrraAchbeERIGICHRIER ARIPYSINRiREDIS! MewaRigal cord, brain,
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encephaloregetitityisf Aéuchiftmctiniy eahibe papida SxritialGie S yiimataiméaoof, thaispiredcardcur
spontaneoyshy or optic nerves) is the predominant finding in the primary demyelinating
diseases, whose etiology is unknown. The most well known is MS.

Acute disseminated encephalomyelitis, postinfectious encephalomyelitis is

20 characterized by perivascular CNS demyelination, which can occur spontaneously
but usually follows a viral infection or viral vaccination (or, very rarely, bacterial
vaccination), suggesting an immunologic cause. Acute inflammatory peripheral
neuropathies that follow a viral vaccination or the Guillain-Barré syndrome are similar
demyelinating disorders with the same presumed immunopathogenesis, but they

25 affect only peripheral structures.

Metachromatic  leukodystrophy is another demyelinating disease.
Adrenoleukodystrophy and adrenomyeloneuropathy are rare X-linked recessive
metabolic disorders characterized by adrenal gland dysfunction and widespread
demyelination of the nervous system. Adrenoleukodystrophy occurs in young boys;

30 adrenomyeloneuropathy, in adolescents. Mental deterioration, spasticity, and
blindness may occur. Adrenoleukodystrophy is invariably fatal. Dietary and
immunomodulatory treatments are under study.

Leber's hereditary optic atrophy and related mitochondrial disorders are
characterized primarily by bilateral loss of central vision, usually affecting-young men

35 in their late teens or early twenties. Leber's hereditary optic atrophy can resemble the



but usually follows a viral infection or viral vaccination (or, very rarely, bacterial vaccination),
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in MS. Mutspiastis iwenasstefiRal) Iagierited mitochondrial DNA have been identified.

HTLV-associated ppaloaHaur8isirvIVdaaeass @i Coieuibpaases S aapociatagriih infection by
the human T-cell | mphotroI%hi_c virys, Is characterjzed by spastic weakness of both legs. Further

neurologic S| e 8MBY YIRW ROPDIFRE S mal myelination, an overview of which is given
below. Imnmune: Acuteip&uifeined aGeillaihr&aceé Cilvomidm Chnoei® dmyelneairemydiRaipgeuropathy

(CIDR), Mng@ﬁethgRy’\g\%lﬁﬁ?,aWﬂFBW%fﬂiﬂam’ﬁifmwth%f@g%ﬁkg},ﬁdtoP

Syndrome, Anti-Sulfatidé Antibody Syndrome (with serum M-protein), An syndrome,
SO S0FS SRR R YO B AR TS SRR 0 RGBT Skin
changes, Rarfieteiiils, AgGIIZ GiidoantibpdysiedrpOE MBS cagiaitahe] SPlyieardpaintheria,
Chioroquind HEBTRe oo B B el M tncul Bhed R P RHAEINE g &
axonal: AnrlaMantheD Hogrtlisssyndeanie ©pasasinnd)-Gold, Suramin, Taxol. Hereditary:
Carbolaydrate-defirigiiisalypHEIRINBEANMEAIHEBaNRo A AL BRI ah Rk aWNarRfyNdrome,
o s BRaormisnly deseliaund CRBod S RRE0S b3t disease

Perhexiline, Procainamide, Zimeldine; Mixed demyelinating & axonal: Amiodarone,

Eosinophilia-Myalgia syndrome, Gold, Suramin, Taxol.

Hereditary: Carbohydrate-deficient glycoprotein, Cataracts & Facial

20 dysmorphism, Cockayne's syndrome, Congenital hypomyelinating, Congenital
muscular dystrophy: Merosin deficient, Farber's disease (Lipogranulomatosis),
HMSN & CMT, Dominant: |A, IB, lll, HNPP, EGR2, Thermosensitive , Recessive: ll|

- (Dejerine-Sottas); 4A,; 4B; 4B2; 4C; 4D (LOM); 4E; 4F; HMSN-R; CNS, X-linked: IX,
Krabbe, Marinesco-Sjogren, Metachromatic Leukodystrophy, Niemann-Pick,

25 Pelizaeus-Merzbacher (PLP), Refsum, Prion protein (PrP27-30). GIlu200Lys
mutation, Creutzfeld-Jakob disease, Mouse model: Prion over expression, Salla
disease, SOX10, Tenascin-XA, Uneven packing of peripheral myelin sheaths,
Ehlers-Danlos phenotype.

Metabolic (unusual). Diabetes (due to concurrent CIDP), Hypothyroidism,

30 Hepatic disorders.

Mitochondrial: MNGIE Syndrome, Myopathy & external ophthalmoplegia,
neuropathy, Gastro-Intestinal Encephalopathy, NARP Syndrome, Neuropathy,
Ataxia, Retinitis, Pigmentosa.

Infections: Creutzfeld-Jakob disease, Diphtheria, HIV: Associated CIDP,

35 Leprosy: Lepromatous; Mixed axonal-demyelinating; Colonized Schwan cells, Variant
Creutzfeld-Jakab disease.



HMSN & CMT, Dominant: IA, 1B, lll, HNPP, EGR2, Thermosensitive , Recessive: lll (Dejerine-Sottas);
4A; 4B; 4B2; 4C; 4D (LOM); 4E; 4F; HMSN-R; CNS, X-linked: IX, Krabbe, Marinesco-Sjbgren,
Metachromatic Leukodystrophy, Niemann-Pick, Zﬁfelizaeus-Merzbacher (PLP), Re2R0Pfion
protein (PrP27-30): Glu200Lys mutation, Creutzfeld-Jakob disease, Mouse model: Prion over
expression, Salla disease, SOX10, Tenascin-XA, Uneven packing of peripheral myelin sheaths,
Ehlers-Danlos phematiipe. Metaitxlicciinusial): tkehetesdgiue tiee cofalivininy Clitemdtgitethyroidism,
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Pigmentosa. InfecliBiiple reeiemsis-JMSD isaaselignmnatenademyeitangatispaspp! 8% Leprosy:

LepromatoyssridixaskAxpab sy elenEnahsiolarsed Sepangerlinitiagiant Lprogrdeldedakob
disease. 15 16.02. 7 Further details can be taken from the following internet-site:
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relapsing-remisieg ff AMIRA FRSICR CUHES ridRolhasiiBR ABbrJRTMPURAHBSHHLRASRoS counterpart
in the peripheral ‘nervous syg%%rg PNS) is chronic inflammator demyellnatln%é)ol radiculoneuropathy

(CIDP). In SifI¥SHN A48 NRYIRRRRS e Tnss GialnBAr Thrdiomen YN defnyelinating
polyradicul s epatayuer dieskmindtad -Bacepisyothyanis (ABEMNIthePONS .aBotiaMBeanigseminated
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different exogenous assau Ith genetic factors can result in a disease cdurse that finally
fulfils the distfhcasretigifaelarsrcaotresitesasdigrasricosmadbatdinaltydfuifis ghendiagnastinyelinating

lesion and gaesa. NABBANEIBEHSSE OMRBitarg R\ bar athet e phrtiANaeRfdivatRpagamyelinating
diseases. Itis ,15 characterized as z?g aut(aegr}myne disorder, in which leukocytes of the immune

system IauﬂEﬂ SR RENGNS HIR 95t "5 e central nervous system (CNS). The grey matter
may also be involvd8. AtlHbegmtsé paoweretiolotheofatyés demiatinating odisgasdsg dtors may

include-gengis, hacteriphane] wiRhiRfRsHo Bidris ClasaifANiRS LR FotALAY Sagee). itis
characterized by alternating relapsmgi/remlttlng 20 phases, which correspond to episodes of neurologic
dysfunction'?églﬁ’?g@e‘"\‘}@%ﬁ on the white matter of the central nervous system (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
20 phases, which correspond to episodes of neurologic dysfunction lasting several
- weeks followed by-substantial or complete recovery (Noseworthy, 1999). Periods of
remission grow shorter over time. Many patients then enter a final disease phase
characterized by gradual loss of neurologic function with partial or no recovery. This
is termed secondary progressive MS. A small proportion (~15% of all MS patients)
25 suffers a gradual and uninterrupted decline in neurologic function following onset of
the disease (primary progressive MS). There is currently no clear curative treatment

for the severest forms of MS, which are generally fatal.
The basic hallmark of MS is the demyelinated plaque with reactive glial scar
formation, seen in the white matter tracts of the brain and spinal cord. Demyelination
30 is linked to functional reduction or blockage in neural impulse conduction. Axonal
transection and death is also observed in MS patients (Bjartmar et al., 1999).
Pathological studies show the majority of involvement limited to the optic nerves,
periventricular white matter, brain stem and spinal cord (Storch et al.,, 1998). The
effects of these CNS deficiencies include the acute symptoms of diplopia, numbness
35 and unsteady gait, as well as chronic symptoms such as spastic paraparesis and

incontinence.
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oligodendrocytes and myelin. ComELement- and antibody-mediated cytotoxicity may cause the
majority of aiYaRdin sHPMErFatiSHRSCANRR! FaRGERASTIgnafifl, dhgh act to damage

oligodendrocytes and myelin. Complement- and antibody-mediated cytotoxicity may

cause the majority of damage in some patients, while Fas-ligand signaling, and

release of pro-inflammatory cytokines like TNF-a by CD4+ T cells may attack white

20 matter in others. Activated macrophages may also play a role through enhanced

phagocytosis and factor secretion. This causes widespread demyelination and

subsequent loss of conduction efficiency among the axons of the CNS. Subsequent:

repair mechanisms can, however, give rise to remyelination once the inflammatory

process is resolved. The remyelinated axons of MS patients are recognized

25 pathologically by the thin appearance of the sheaths around the remyelinated axons.

Additional sodium channels are often found inserted into the demyelinated axonal

membrane, compensating for the loss of conduction efficiency. Oligodendroglial
precursors may enhance remyelination in MS lesions.

The oligodendrocyte performs a multitude of functions related to its

30 production and maintenance of the myelin sheath. This provides insulation, support

and conductance enhancement for the axons of multiple neurons. A single

oligodendrocyte may myelinate up to 50 different axons. Myelination is restricted only

to certain, large diameter axons; dendrites and other cell processes, such as those

of astrocytes, remain unmyelinated. Axons appear to exert control over-the number

35 of myelinating oligodendrocytes, since axonal transection in the paradigm of the rat

optic nerve inhibits myelin renewal and oligodendrocyte precursor production
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others. Activated macrophages may also play a role through enhanced phagocytgsis and factor
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Barres and Raff, T9@omeiighaiiansu@in ptbartfait i afreaingrEedodaman 1 dhengliabgddy factors
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are carefully matchgd within the CNS. Oligpdendrocytes, the perjne | support cells, of the CNS,
myeliﬂgte RIQFalMaE Cé%rbcge%@?%%f%fa% ré%‘n%ytr}ﬁsl"ecﬂ%%graﬂl iéﬁ%&’yp@%ﬁ rl]gﬂe%i'ﬁeaxonal
survival anchiangetison\deeding cisistoothe futtdgndlingréissuen bivgoddadrotitandstenddienly one
process 10 SR AR JBYEHING thed BfolhiRe Sliedeny sindieaild Hacarecialized domain of the glial

cell plasma membrane, rich in lipid and low in protein. It serves to support axons and. 10 improve the

efficiency of electftaf &It ieipriandreryies dsvalendhyMnasc &g R BRiBEFhg off into the
surroundingréisarsor Toelinodethef Resvertrientatheosiesfirttibe whatanalosigrisle cordn (Nbigre saltatory

condugancs, SRR 041 2duldyaloprlentan s saien. A Vel aarndafed precursor

cells in'the subventricular zone of the brain‘and spinal cord (Nait- 't at, |
precursors ERBsEFiferat Rrelei exiYiE 2MATENg tPathscvRnd Aegisstenteresolnyasigisginglthe ventral

region of therMidvsHaicwdiRalbefore myelination (Hajihosseini et al., 1996). The process of
myelination occurs in the post-natal brain. During post-natal development, these
precursors migrate to the neuron tracts that are to be myelinated.

20 Oligodendrocytes mature from their precursor cells in a defined and specific
manner (reviewed e.g. in Rogister et al.,, 1999). Oligodendrocyte development
follows a defined pathway at which each stage is demarcated by several cell-specific
markers: endothelial neural cell adhesion molecule (E-NCAM), vimentin, A2BS5, the
POU transcription factor Tst-1/0Oct6/SCIP, pre-oligodendroblast antigen (POA),

25 galactocerebroside (GalC), O1, O4, and the myelin-specific proteins PLP, MBP, and
MOG. Neural stem cells give rise to bipolar pre-GD3" cells, which become O2A
precursors. These cells can give rise to either oligodendrocytes or type 2 astrocytes.
Progression continues through the pre-oligodendroglial and pre-GalC" stages, before
actual differentiation into oligodendrocytes. The end stages of the oligodendroglial -

30 lineage are defined by these cells’ inability to proliferate. Mature oligodendrocytes
express the cell-specific markers GalC and sulfatide (SUL), in addition to expressing
myelin-specific proteins.

Oligodendrocytes therefore differentiate from mitotically active, migratory
precursor cells. Once these cells have become post-mitotic, they transcribe and

35 translate genes encoding myelin-specific proteins. The elaboration of the myelin
sheath wrapping the axon is brought about by direct contact between the processes
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of the mdelln sheath, whijch in its final form resembles a liquid cristal containing macromolecules in
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stoich|ometnmﬁsablmmmqnahedweermbeimmaabstrmcthmaﬂ:lpﬁatems of the myelin sheath, since
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sheath structure. The ina ocytes to sustain repair of demyelinated axons contributes
to the cumu?ﬁﬁ%‘ﬁﬁﬁﬁdﬁ%&ygamlGﬁ%a?ﬁet@r‘?zﬂt@qw@ P Bwrinatngro Wf@?@féﬁﬁﬂﬁﬁ)n in MS
patients coutdiipatéactmxatisduptisnantl torsmbminyblinpengtestséonationslisability raagsiataihgvith the death

of axons I 6 GNS. Hug dRuGIRAY0 HIRIPUAS MAeddB R GRS Wil nature of the

active MS lesion. Naked axons and the absence o Inating olig o endrocytes |nC|cated the
disruption ofHeRReA RfyaRAriYR %@Y?ﬁﬂ%?‘%"m%%ﬁyéﬁﬁﬁﬁnﬁaﬂy phases of the disease

(Prineas et al., 1993). This presents the realistic prospect that developing strategies

for promoting myelin repair could prevent permanent nervous system damage.
Success probability is particularly high in younger CNS lesions, where early

20 remyelination has already been shown to take place. However, the myelinating or
remyelinating oligodendrocyte is a cell under extreme metabolic stress, which under
pressure of even minor additional insults can be irreversibly damaged (Scolding and
Lassmann, 1996). This decreases the probability of spontaneous repair in an active
MS lesion, where inflammation and other detriments pose obstacles to remyelination.

25 Strategies promoting myelin repair may thus stack the odds further in favor of
remyelination and axonal protection in active MS lesions.

The adult human CNS has been shown to contain oligodendrocyte precursor
celis that are capable of proliferating, and which could mature into myelinating
oligodendrocytes. In addition, it appears that the endogenous oligodendrocyte

30 precursor populations adjacent to MS lesions are depleted during the chronic phases
of the disease, due to inhibition of these precursors’ ability to proliferate and
differentiate (Wolswijk, 1998). Such precursor cells are generally quiescent in the
environment of a chronic MS lesion, preventing them from actively contributing to
remyelination. The situation in chronic MS lesions could therefore involve factors that

35 hamper oligodendroglial regeneration or lack factors necessary for the stimulation of
the oligodendrocyte precursor cell population (Wolswijk, 1998). This concept led to



15 process associated with MS. About 40% of MS lesions were shown to exhibit evidence of abortive
remyelination, especially in the early phases of the disease (Prineas et at, 1993). Tl]T eSEHHS the
realistic prospect that developing strategies for pqgmoting myelin repair could prevent permanent
nervous system damage. Success probability is particularly high in younger CNS lesions, where early
20 remyelination has already been shown to take place. However, the myelinating or remyelinating

oligodendregytryisothesi Whstes e siRIBAt iRy LS MBSShBdNC RANSLinltes uIsupHrRESMENINOr

additional inriplts catn bebir{ev rsigly amf':\ged Scolc}inaq.and .|Jhassmanr] 1?96). Tpis de? eases the
... Inflammation but _should ’also_favor g\)(em ion e. rﬁ:-mrxe inta |ngac<d=ls cou .

probability Of Spontaneous répair in an active esion, where inflammationand other detriments

pose obstagfiginatedrayedvaliety 0bssurersyinc!pringsung vingetiigasieadioejan Detivertk tiree odds further

~in favor of gemayeliasianrARd RYANMANORFING sCiediadesi precdrasradi MumeBgeNS has been
shown to contain oh%endroyteﬁgrecursor cells that areﬂcaé;able ofé)rollferatlng, and which could

matureintc ARG G QUERAradRELsH, oRHCES RS TRLAlR A8 ARItie8iRyodendrocyte
30 precursby fapiolstisus caj deasit tibhBlastigrsviir dadtyyl dbdtGdR)risggtes thgoaimedresaesnof the
disease, dye tq inhibiti f " Ahlit I} nd_.di jate wijk, 1998).
Such prect o SRS dF AR el i gl e el AR L g
them from YEfiPERABSHHFIbUIHRG 1&riRsRBIR{ o 9FBk situation in chronic MS lesions could therefore

involve factors thah&ditioaaeerdehgedenths BbakiRgs REERIS BITEIAgKIiRtersMasryeanatag the
stimulgtion of the oligodendrocyte precursqr cell population (Wolswijk. 1998). This concept led to
%OO T@rﬂ%s ?\ RS? {ﬁ'ow&#g %Htt?t'ﬁ s?tpdfe?opciﬂr@rmecyv réhrr]\ ogﬁbag)%row{ﬁ ??c'?or

16.02. hyﬁotﬁggs Rafan BRIt erapy shou mited to"suppressing
inflammaticrs butestoentsaldo fammalmyeddeltoref Teeredipednatinliallisgrowdr dagtaate2from a

variety of spHEGRSRFEEIRG SUR MiECligsdandraayiekAWMe {9 BRIk AsdKs@ from these
survivors, or the adjacent precursor cells. It has been 5 shown that mature oligodendrocytes can be

induced to REWIEERLRRI AN SR MRS Sh YRR OpX HliFras b RorehRIMES USRI XY (bFGF),
suggestingandetr@asnrefapse deaeeicyniro thb Ak odeingr ogdde | iofclige (Mdmhiothdenayelinating
disease (Gyixgpa ~GH y [t Vi icial effects of
remyjllgna%%?dgr%gﬁgﬁr?gg sl%ﬂ iso?ge%aséug}lg égrs@lti/léggljgé gf(r%g\ﬁ E%Qﬁ%éﬁéﬁgggp?%med with
glial growtrsH¥tRsand i RERAMSREL K BxaRtifrBedegahe)d k¥¥e. Glial growth factor 2

(neuregulin/GGF-)tharCiiSnanoratidas tarckirg plentisveliggesverdayiér (PDGF) and
IGF-1, have been demonstrated to promote remyelination and have therapeutic
effects in EAE models (reviewed in Dubois-Dalcq and Murray, 2000). The success

20 achieved with the stimulation of remyelination, through inducing cells of the
oligodendrocyte lineage to proliferate and/or differentiate, indicates that prospects for
remyelination as a therapeutic strategy for MS are favorable. It would also be
important to identify molecules that inhibit myelin synthesis, since these could lower
the effectiveness of repair strategies such as oligodendroglial cell transplantation in

25 MS.

The process of remyelination could work in concert with anti-inflammatory
pathways to repair damage and protect axons from transection and death.

Oligodendrocytes may be induced to remyelinate axonal tracts in the CNS,
thereby contributing to amelioration of the disease condition. Remyelination

30 enhancement would counteract the previous destruction wrought by invasion of
immune system cells into CNS tissue and their attack on myelin sheaths.

Several analyses of oligodendroglial differentiation and multiple sclerosis
lesions have been performed using microarray visualization of differential gene
expression (DGE, Scarlato et al,, 2000; Whitney et al., 1999). These have utilized

35 significantly different array technologies to assay varying sets of genes. Analysis of
gene expression in both differentiating oligodendrocytes and multiple sclerosis



proliferation and survival, was shown to delay disease onset, reduce clinical severity and decrease
relapse frequency in the EAE murine model of MS (Marchionni et at, 15 1999). Neuregulin was shown
to have a beneficial effect on mature oligodendrogyte survival and is produced by A8 %QQFnandez
at at. 2000). Other growth factors, including platelet-derived growth factor (PDGF) and IGF-1, have
been demonstrated to promote remyelination and have therapeutic effects in EAE models (reviewed
in Dubois-Dedrshanebviuriradic2ed0sigrikcattaesmgOsaanitive cewptbsbierstion uiayiein-gberifiyelination,
through inducing cglls, of. ali rQC [N . rolifer ifferent indicates that
prospects foF B e e e U, mportan:
to identify riwiBY.Evich WaBikARMNASPetiRgly edriatReawses Hdci @e rcel Csle aamffdss of repair

strategies yebsReitDrstgarpaliRcaid mermiPsHalREKiAS (Baribiedraceasoof. remyelination could

work in_concert with anti-inflammatory pathways to repair damage and protect axons from transection
and death. Oligodendrocytes may be induced to remyelinate axonal tracts in the CNS, thereby
contributing to amEisteationtiof iealibighte ebodithony&ted siinatiatrirdhathisnee prentiventiid

counteract tae, BreMgHE AfRIHAHOMRIYERH R BYIHESIARAEIMBIUNSSKS IR selinIndpRNS tissue and

their attack on myelin sheaths. Several analyses of oligodendroglial differentiation and multiple
sclerosis 1E5@RSIRERLRENERTBRANSE ﬁiﬁfﬂ@%’i%@usﬁ&%f&?&’lﬂfﬁ&%%ﬁﬁgﬂ@r expression
(DGE, ScapatspheryiaaeDihathiteelats aydiSBRpdthedinding aitizatighlyigohisandy eiferent array

olgocthar oot HERER S R RS e &) S S e i
the expres$ibrigguesdndicpesifi raehalicity, atifnstionshthal dmvaivecpaginponareddsthesag
differentialldpes Arta dnotifa NV iHeh akRref ke elvar teHaR dRIB DPNP ¢ RERBEISHABeaREE Il cycle
control, cytoskeletal reorganization and membrane traffickin carlato at at,, 2000). 5 Osteopontin is
o highy ph OB AOITARIT S A AN FRIEE SRR I8 Ab AeAtar CRESHY YRR B Rracelllar
matrices offisovidedrsorreethov®PhNG iotriguiogeiasidhty thte gheseacsatiity oblyhis penateiacid sequence
and sifgs ofySer/Thr, Bhgsalionlatian thakargiaie Jusimemactipbiading. wadhighligpnserved
RGD 10 motif that mediates cell attachment/signaling. Expression of osteopontin in a variety
immunological responses, tumorigenesis, bone resorption, and calcification. The
ability of osteopontin to stimulate cell activity through multiple receptors linked to
several interactive signaling pathways can account for much of the functional
diversity (Sodek et al.).
20 Osteopontin has also been shown to be expressed in primary sensory
neurons in the rat spinal and trigeminal nervous systems, both in the neuronal cell
bodies and in the axons (Ichikawa et al., 2000).
Osteopontin mMRNA is expressed in the adult brain as shown by in situ
hybridization. Expression was found in neurons of the olfactory bulb and the brain
25 stem, and in the latter it was found in functionally diverse areas including motor-
related areas, sensory system and reticular formation (Shin et al., 1999).
Another study investigated the spatial and temporal expression of osteopontin
mRNA following transient forebrain ischemia in rats. The transient induction of OPN
mRNA after global ischemia occurred earlier in the striatum than in the hippocampus.
30 It was pronounced in the dorsomedial striatum close to the lateral ventricle and in the
CA1 subfield and the subiculum of the hippocampus before microglial cells became
more reactive. It also could be detected in the dentate hilus, and to a marginal extent
in the CA3 (Lee MY, Shin SL, Choi YS, Kim EJ, Cha JH, Chun MH, Lee SB, Kim SY,
Neurosci Lett 1999 Aug 20 271:2 81-4).
35 Osteopontin is also called Eta-1. WO 00/63241 relates to methods for
modulating immune responses, in particular methods for modulating type 1 immune



of tissues indicates a multiplicity of functions that involve one or more of these conserved motifs.
While the lack of a clear phenotype in OPN "knockout" mice has not established gsdgfimibge role for
osteopontin in any tissue, recent studies have prgyided some novel and intriguing insights into the
versatility of this protein in 15 diverse biological events, including developmental processes, wound
healing, immunological responses, tumorigenesis, bone resorption, and calcification. The ability of
osteopontinréepsiesaieing hrmciivity i isiugia-mMybiple Teremiaosytekactiiatisaveretiedpeatiive signaling

pathways o3 aesail BTN e REHo RIS GERIH B AR Ae R oS i

been shown%o l§§ expresse'#a_ﬁn primary sensory neurons in the rat spinal and trigeminal nervous
systems, b&iRAfHee n@fbn4lisRaeSodidsQHAMAR aslisRidathikdiduding., 2480). @sieispontin MRNA

is expresseghifdhedatleiéitiol) anshameeby AN SitddDidisidiZstiosebponass@iscwasd Qi@ & neurons of
the olfactor%@%l&l% gpd hehbrain ZSSgtercr’],targ)d int lIatter it.was fOUELd in functio;gla/ %rse areas
includiﬁg motor- Telatel 'gread'g,esrévr'ls&?/ sfste?nugﬁ(ﬁ’ r&iéﬂf&%’?&%‘gtldﬁ%ﬁ%ﬁ g le.,' 9393: Another
study invesétstidititorspatiaisteapestinibial e xpsesxpiaing b dnedptailtiin redttignfdilolGlinjdabnsient

forebrain isgRisBhEasE B RdERRREPMRHILB AR ORVEARINA afigiraRahis ehesmia occurred

earlier in the striatum than in the hiﬁ?ocampus. 30 It was pronounced in the dorsomedial striatum
close to the’aRa9¢ iR A NUAPHE3#4A 1 subfield and the subiculum of the hippocampus before
microglial cells bebateréeromsrareca stivelasats cyiokindsetide textidit imtiinfilemtaitonylLentardito a marginal

extent, jn t . -Shin Sl.. Chel.YS, Kimn EJ, Cha. gh un J §:§Q Y, Neurosci
Lett l&) 9 Ar}iﬁbg;sq}%f%%l&ﬁ)% 3950%\;%t éq?é‘nt%?s g%s%s]ca eg Ié%?l.lwlo’\%%%éﬂﬁﬁﬁg a es?o methods
for modulaBiRparietiiBeraaprAbEacHYHAiIBUMMARBIRBEE RS 3R aRHRAE KisthremaiRA$ESL6.02.2007
21 responspdifeingh mpshdatpssketity; liteatrdnlypeehogi@Batiakaa- liNesterporidiniasteopontin
modulators are said to usefu] for treatment of infections,.immune _.disogders and diseases,
pre - W O R N D o s
_osteopontimdistiﬁmf@mf\ﬁ/@eatmm_iwmeh Bh@@ﬂiﬂs@g@@f@_alw@mmﬁbﬁﬁmmﬁg diseases,
includyag M@, arfdn bR %ﬁ%ﬁdarmgﬁ@gls@@ﬁw'ﬁwmﬂﬁw IMPRAEODeYicidnlpical
Applications of the Modulas rg Mehho s of the Invention”, D "Autoimmune Diseases", on page 51 to
53 of WO 0676@52?1'? (AIDS ? nd chronic non-A, non-B hepatitis.

Further, interferons (IFNs) are glycoproteins produced by the body in
response to a viral infection. They inhibit the multiplication of viruses in protected
cells. Consisting of a lower molecular weight protein, IFNs are remarkably non

20 specific in their action, i.e. IFN induced by one virus is effective against a broad
range of other viruses. They are however species-specific, i.e. IFN produced by one
species will only stimulate antiviral activity in cells of the same or a closely related
species. IFNs were the first group of cytokines to be exploited for their potential
antitumour and antiviral activities.

25 The three major IFNs are referred to as IFN-a, IFN- and IFN-y. Such main
kinds of IFNs were initially classified according to their cells of origin (leucocyte,
fibroblast or T cell). However, it became clear that several types may be produced by
one cell. Hence leucocyte IFN is now called IFN-q, fibroblast IFN is IFN-B and T cell
IFN is IFN-y. There is also a fourth type of IFN, lymphoblastoid IFN, produced in the

30 “Namaiwa” cell line (derived from Burkitt's lymphoma), which seems to produce a
mixture of both leucocyte and fibroblast IFN.

The Interferon unit has been reported as a measure of IFN activity defined
(somewhat arbitrarily) as the amount necessary to protect 50% of the cells against
viral damage.

35 Every class of IFN contains several distinct types. IFN-B and IFN-y are each
the product of a single gene. The differences between individual types seem to be



Interferons are a subclass of cytokines that exhibit anti-inflammatory, antiviral 10 and anti proliferative
activity. On the basis of biochemical and immunological properties, the naturally-occurring human
interferons are grouped into three classes: interferon alpha (leukocyte), interferoﬂ%@t%-% blast) and
interferon gamma (immune). Alpha-interferon is currently approved in the United States and other
countries for the treatment of hairy cell leukemia, venereal warts, Kaposi's Sarcoma 15 (a cancer
commonlyraditibtidgep@tieniatruiéanaty fssyiatieguired Immune Deficiency Syndrome (AIDS)), and

chronic non-A, ngn:B hepatitjs, Further, interferons (IENs).are glycoprgteins proguced by the body in
response to a viri?'i\%e%t%ﬁ. {ﬁﬁe??ﬁ i%li\fetﬁee Mt licczfljtri]oéf}}'r(’)']0 g%gsoeusp iﬁgslryﬁggtgﬂw s \éonsisting of a
lower moleduster\oEigiN-prataias IFfNcheymosomekbipmtemdg sbésfit2ad thembetionf vidkN induced by

one virus i§5e§f§céia/tﬁg%ﬂi@%£ .rﬁgﬂl‘?eolfFNQ-%fj\éﬁ#?:@ .Jdg?%t%@ however species-specific, i.e.

IFN produced by one species will only stimulate antivi ivity' In cells of the same or a closely

relate@ species. |ENsovardtHENHSageoalh biecparmdenatind 16 piitd8&otieg peidmtiithantitumour
and amw"ﬁhﬁfé‘r“ﬂﬂﬁég?jgélEBﬁvﬂi‘é@?lﬁﬂﬂ‘?@@%@%‘rﬁﬁ@%@é‘ﬂw%ﬁ"Qn&':r@s@rﬂ@tﬁze'\‘&y- Such main
in

kinds of IFNs were initially classified accordinﬁ to their cells of origin (leucocyte, fibroblast or T cell).

However, E%@aﬁ‘@é@ai&%@&ﬁ#al@ﬂe? sehRJIYER BaCHRh2eRS ErBduUeRIdBRyte IFN is
now calledmbfyratidibistokardr F\ad FiN-6BandifegelIndNypdE N thdiapeif algersfedrbaype of IFN,

lymphoblastqid, IEN, produced in the 30_'Namaiwa" cell line (derived from Burkitt's lymphoma), which
cens 10 SRR O FRPBr BT Ry A0 HPSTREE| D THE T P A 1S been
reportéd a@ammgfél\@fdmrds:ni\_ﬁwtlnﬁaflmdu(wfﬁemmtmnﬁﬂwyiaémammIatkUQS_sary to
protect 50% of the, ¢ellf AAAINRL N HRIPRIE Nt T IFRSS AaYMhRARIAUEEREV&Ral stinct types.

IFN-3 and IFN-y are each the product of a single gene. The ditfferences between individual types

seem to b@(3¢ BRS¢ nEtuR ket eRlIsAgainst eoRRslirceRNAatidh aipRI¥sRIidetRE ARGt diverse

group, corgajoow BRoidlzdNPEp. vitaees iard doaits-efrdriNed RNAS. OFr6h A swIEledlideontaining at
. least 23 members, of ‘{Vht'ﬁh 15 are act;ybe qgéj Eran%crpbed. M‘a\turg IENs-a is rl% €9|_I|¥c {&ated. 5 IFNs-a
i i

and IFN-p saer%ugﬁ?ﬁe Lame Ie%%'fﬁ (5%5 6F188%3mino 5?5%15') Wil esmi’farr%?glrgglca actuivities. IFNs-y are

146 ahﬁino@@hd@ﬂﬂb@qm%nd rdls dpsnyakHR. £t al, 1980) deduced the complete amino acid
sequence of the protein. It is 166 amino acid long.

Shepard et al. (Shepard H. M. et al, 1981) described a mutation at base 842
(Cys — Tyr at position 141) that abolished its anti-viral activity, and a variant clone
with a deletion of nucleotides 1119-1121.
20 Mark et al. (Mark D.F. et al, 1984) inserted an artificial mutation by replacing
base 469 (T) with (A) causing an amino acid switch from Cys — Ser at position 17.
The resulting IFN-B was reported to be as active as the ‘native’ IFN-B and stable
during long-term storage (-70°C).
Rebif® (recombinant human Interferon-8) is the latest development in
25 interferon therapy for multiple sclerosis (MS) and represents a significant advance in
treatment. Rebif® is interferon(IFN)-beta 1a, produced from mammalian cell lines
and virtually identical to the naturally occurring human molecule.
The mechanisms by which IFNs exert their effects are not completely
understood. However, in most cases they act by affecting the induction or
30 transcription of certain genes, thus affecting the immune system. In vitro studies
have shown that IFNs are capable of inducing or suppressing about 20 gene
products
IFN-B may act by three major pathways in MS: .
. regulation of T-cell functions such as activation, proliferation and
35 suppressor cell function;



and p classes less closely. Only IFNs-y can activate macrophages or induce the maturation of killer T
cells. In effect, these new types of therapeutic agents can be called biologic response modifiers
(BRMs), because they have an effect on the 10 response of the organism to the tumew? 266ating
recognition via immunomodulation. In particular,4yuman fibroblast interferon (IFN-p) has antiviral
activity and can also stimulate natural killer cells against neoplastic cells. It is a polypeptide of about
20,000 Da induced by viruses and double-stranded RNAs. From the nucleotide sequence of the gene
for fibroblast interferon, dRAsEABYTeObnibénaPoB¢ions afciavisivgesDagwR-Ealiatioarydk R. et al,

1980) dedugpshiereritiietecpipiiracighseqiererialishe RIOt@HRIbIE/L6armiINRemstoigng. Shepard
et al. (Shepa&f H. M. et al, 1981) described a mutation at base 842 (Cys -> Tyr at position 141) that
abolished it§ %'f-]\?lsral activity, and a variant clone with a deletion of nucleotides 1119-1121. 20 Mark

et al. (Mark D.F. et al, 198g}infsurtetTaect mitwiation @ad drilplieplindmiefaNé 2EottE)BRBiEh (A) causing
an amio agbewkeaiearrieys -> Ser at position 17. The resulting IFN-p was reported to be as active

as the 'native' IFN-p a e during long-term storage (-70C). RebifO (recombinant human
Interferon-p) is theﬁ} éksdpiée%\/ﬁélcﬁt) érr]l%ﬁ‘l efcioatm'tsrg (e}rg}%%ﬁfeéf?&y/ f’ér'H%ﬁﬁ&ﬁst s%?ggﬁsg(mg) and
represents aubiguificenusigdvtines ihmegeapetemeskehif(ds erirneningi-RibesinmReroting:d from
mammalianggldieesciardiy(rroisidanicatiay horbe iyt QRfHERR bdbarrealierdle Zhe

mechanisms by which IFNs ex?rt their effects argwrllj% completely understood. However, in most cases

they act by BAIWYM GRS AINGIGRG IS SPARREA Y EQHEND e BRI PR SRR R immune
systempIn vislapseasdass magdecitgpothe thadeR s the disgatdsiand iddeategaotivtyppsessamyimidout 20 gene

products IFNGRMAYRGHIORHERS BRUIAE R BYSELYSorGEIkAISRIES Jr hkddnsiigRsStEh as

activation, proliferation and 35 suppressor cell function; 16.02.2007 23 _madulation of the production
of cytokined"dBRARRRIIEIIA MulinenTelaissy oy iiiintangRl {P2Pegtt4ibh DeYRMRRSry,
antiinflammae9s): tyaskirde4; ) regulation of T-cell migration and infiltration into the CNS via the BBB 5
(blood brain barrier).
15 Citation of any document herein is not intended as an admission that such
document is pertinent prior art, or considered material to the patentability of any
claim of the present application. Any statement as to content or a date of any
document is based on the information available to applicants at the time of filing and
does not constitute an admission as to the correctness of such statement.
20
SUMMARY OF THE INVENTION

It is the object of the present invention to provide a novel means for the

treatment and/or prevention of a neurologic disease.
The invention is based on the finding that the protein osteopontin promotes
25 glial cell proliferation and differentiation, thus promoting myelination and regeneration
of nerves. In accordance with the present invention, it has further been found that
osteopontin has a beneficial effect in animal models of multiple sclerosis and
peripheral neuropathies.
Therefore, the present invention relates to the use of osteopontin, or of an
30 agonist of osteopontin activity, in a neurologic disease, such as traumatic nerve
injury, stroke, demyelinating diseases of the CNS or PNS, neuropathies and
neurodegenerative diseases.
In accordance with the present invention, osteopontin may also be used in
combination with an interferon for treatment and/or prevention of neurologic
35 diseases. The use of nucleic acid molecules, and expression vectors comprising
osteopontin, and of cells expressing osteopontin, for treatment and/or prevention of a



The PRISMS study has established the efficacy of Interferon beta-la given sub-cutaneously three
times per week in the treatment of Relapsing-Remitting Multiple Sclerosis(RR-MS). This stud

showed that Interferon beta-la can have a positivg effect on the long-term course Gm-gﬁ%ucing
the number and severity of 10 relapses and reducing the burden of the disease and disease activity as
measured by MRI. (Randomised, Double-Blind, Placebo-Controlled Study of Interferon beta-la in
Relapsing-rrmigitgd\disénse Baerosithit e paneeit 18231idh2THeNtonemirefurthePBovides-1504.) 15
Citation of apy document herein is. intended as ission that s ument is, pertinent prior
art o cond I HLIGA, FErHOSTAR B e aBtha 30 3 et Bt catement
as to contelfgsthe i ene Ry RTERRarmaseutiealrCcaes iablteiigigailable to applicants at the time
of filing and does not constitute an admission as to the correctness of such statement. 20 SUMMARY
OF THE INVENTIO Ifi e abiect of the inventian to provide a novel means for the
treatm@nt and/or PrevERto e nettologic Becase TheRvention is based on the finding that the
protein osteopontifigrdrAosowas a)liistogliannotiepiating thed 'eviitsr@fitizieopentis prprassing myelination
and regeneratipgiral HRMMASS 18 ApPEARCFeAie e A AReIlREHieBqiaR S UL Dega found that

osteopontin has a beneficial effect in animal models of multiple sclerosis and peripheral neuropathies.
Therefore, YheHREARER 0L AtB AV RAIST ! FIRAZVIESERBRENS poMiTUBol AfP WohlshigeSosteopontin
activity, in aheupniogic tiatasat sndnatietraiindadieanefveupnizone sinekireearysikinasisks diseases of the
CNS Q PNrS netglopathies and neurodegenerative diseases. In accordance with the present
invention, osteopontin may also be used in combination with an interferon for treatment and/or

prevention of neutifaglc B3shdwsathes faif ereguaiionueferstagaontiie MR 2nst Ry rad3A vectors
comprising QsRarRANES. kel callfetsrresSinpsirRPBYtMaiMArER M aiifferediostagryestion of a 24

16.02.2007_neuralogjc disease js al thin the present invention. The inventioy, further provides
pharmaceu?ﬁ:@lggﬁ?ﬁ 6’%&78?1’%‘%%#n@r?s?ﬁ??s‘te"é’ﬁ&%ﬁﬁ é’ﬁ&egﬁﬁm%i%x ,Hﬁ%é'a 't'oil%lf er with one
or more pha_ﬁnebeﬁwmally_ac_:ceptable excipients. 5 BR_IEF DESC_RIPTION OF THE DRAWINGS Fig. 1
A shoyys a histogrpm derichasdheRy &lsRéeSIREPRRIIFEPESS80opontin and its known

isoforms as well as C and N terminal contsructs.

Fig. 3 schematically depicts the plasmid Pac containing the coding sequence
for osteopontin.

Fig. 4 shows a histogram illustrating the fold upregulation of osteopontin’

20 mRNA in oligodendrocyte cell line oli-neu treated with cAMP for 6 h (1), 2d (2), 6 d
(3) or 10 d (4) as compared to control. Columns 5 and 6 depict the osteopontin
mRNA levels from a cuprizone experiment. (5): 3 weeks of cuprizone treatment, (6):
5 weeks of cuprizone treatment.

Fig. 5 shows schematically the plasmid pDEST 12.2 comprising the

25 osteopontin coding sequence.

Fig. 6 shows schematically the plasmid pDEST 12.2 comprising the
osteopontin coding sequence plus the coding sequence of EGFP, a fluorescent
marker.

Fig. 7 shows schematically the plasmid pDEST 12.2 comprising the

30 osteopontin coding sequence with a HIS-tag.

Fig. 8 shows the proliferation of oli-neu cells after insulin starvation and 24
hrs treatment with osteopontin expressed in baculovirus (Baculo-OPN) or HEK cell
expressed osteopontin (HEK-OPN). Read-out is fluorescence of Alamar Blue, a dye
staining living cells.



after different times of cuprizone treatment, as measured by TagMan (r) analysis. 315 w. Cup = three
or five weeks of cuprizone treatment, 5 w. cup + 11316 w. = five weeks of cuprizone treatment and
after withdrawal of cuprizone one/three or six wegks of 10 recovery. Fig. 1 B shows tH&{8%i2€gdlation
of osteopontin, MBP and PLP mRNA compared to control C1 levels as measured by TagMan(r) in
different stages of cerebellar development. C 1 to 20 = postnatal cerebellum at day 1 to 20, CA =
adult cerebellumFEith Bigh@wsclrentdseatysgepse ctineestfuptalitecitiosted pasulin atahvesdkolown  isoforms

as well as (AN (BRI RAPSBIISaFike? SRRBIAlEANeRiriadbe plrsmichfeaptaining the

coding sequence for osteopontin. Fig. 4 shows a histcr?éram illustrating the fold upregulation of
osteopontiPP RIFEIEA FebRyBERSEFLRSRPREMIME G BN eated with cAMP for 6 h (1). 2d (2), 6 d
(3) or 10 d (4) as Ermpareddescasr proffetatuis & alicheulepiist HieoaieonortarvaiBNAlgvels from a

cuprizgne experiment. (5): 3 weeks rizone treatment, (6): b weeks of.cuprizone treatment. Fig. 5
showsgschgrﬁnggwganﬁywﬁge %iﬁg%ﬁ@kgﬁ%@fi@oﬁéﬁp%@r%s%?g %%Feg t%%bno%%%cgmgorsgauence. Fig. 6
shows schitemuan fragment of @B epeTtinA-eonipalsias@Nbsteopontin coding sequence plus the

coding sequence g EGFRhaiiarRsieb MatimoHidtochemig Sahamaticadithe plasralgd PDEST 12.2
comprising the 30 ost?ﬁ o%n codin seﬁqﬁuence with a HIS-t,?gé.} ig. 8 shows the proliferation of
o

F
oli-neu cell WL LN i8R FIPIPESRA ERTUTH BN BHEREAM R A S8 OB aculovirus
(Baculo-OBNy GRNEKeatdt; B pransgdifistibopahtBy (P Ekaite). fiéhdfCDPN theatedgwixed of Alamar

Blue,ﬁdyeco%@migglgym@% Honb2 798k, Fig. 9 shows the dose response curve of proliferation

of insulin starved oli neu cells after 24 hours of treatment with baculovirus expressed osteopontin
(BAC- OPN) or HEIR-cE? &RprssdRe insresssnth MBE kRIS irigyainatibes Mk epigdion of oli-neu
cells after ingtiiestityatitm anabaciieviie ekpiébsedhsstéopdangtirdanerionisisespliess®y osteopontin
(BacOPN) g{l%r'& N-terminal fragment of osteopontin (N-terminal BacOPN). Fig. 11 shows the MBP

immunohistochemistry in mixed cortical cultures
Fig. 13 shows the proliferation of CG4 cells after treatment with different

15 dosages (10 pM, 10 nM, 100 nM) of in vitro phosphorylated E. coli expressed
osteopontin (OPN-E-coli) or baculovirus expressed osteopontin (OPN Bac).

Fig. 14 shows the perivascular inflammatory infiltrates present in spinal cords
of EAE mice treated subcutaneously with vehicle (PBS), vehicle plus 0.1% BSA, 1,
10 or 100 pg/kg of AS900011 (osteopontin) or with a combination of 100ug/kg

20 AS900011 and 20000 U/mouse murine interferon beta (mIFNB) or 20000U/mouse
mIFNP alone.

Fig. 15 shows the percentage of demyelinating area present in spinal cords of
EAE mice treated subcutaneously with vehicle (PBS), vehicle plus 0.1% BSA, 1, 10
or 100 pg/kg of AS900011 (osteopontin) or with a combination of 100ug/kg

25 AS900011 and 20000 U/mouse murine interferon beta (mIFNB) or 20000U/mouse
mIFNpB alone.

Fig. 16 shows clinical scores at the end of treatment, the inflammatory
infiltrations and the demyelination in EAE mice treated subcutaneously with vehicle
(PBS), vehicle plus 0.1% BSA, 1, 10 or 100 pg/kg of ASS900011 (osteopontin) or with

30 a combination of 100ug/kg AS900011 and 20000 U/mouse murine interferon beta
(mIFNB) or 20000U/mouse mIFNP alone.

Fig. 17 shows the body weight of neuropathic mice induced by sciatic nerve
crush treated with vehicle, 1, 10 or 100 pg/kg of osteopontin (Ost), 1Q ng/kg of a
positive control compound (4-MC) or 100 pg/kg of denatured osteopontin (Ost-D).

35 Fig. 18 shows the amplitude of the compound muscle action potential in the

neuropathic mice treated with vehicle, 1, 10 or 100 ug/kg of osteopontin (Ost), 10



treated with 100 nM of baculovirus expressed recombinant osteopontin. A = control; B = OPN treated,;
C = magnification of B; D = another field of OPN treated mixed 10 cortical cells, where no axons are
visible. Fig. 12 shows the increase of MBP proteigjn myelinating, mixed cortical cultfre2.28f6r LIF and
baculovirus expressed osteopontin treatment as measured by ELISA. Fig. 13 shows the proliferation
of CG4 cells after treatment with different 15 dosages (10 pM, 10 nM, 100 nM) of in vitro
phosphoryladsich Bof eppesitive $aatonstRa NN (4NEY-6r-aok) @/ka oflewiatRgsetsbaFieopontin
(OPN Bac)gugig_ §4 shows the perivascular inflammatory infiltrates present in spinal cords of EAE
mice treate guB utaneously with vehicle (PBS), vehicle plus 0.1% BSA, 1, 10 or 100 pg/kg of
AS900011 (osteofiishtit) shovth thedattnartintod 00WRYROMISBOBoANRCXBED i0/theuse murine
interferon Relg (EUFNP 20N MpHSERIEN (318!8Pa 0bidigley BHVLRIGSREHCRILBIG P

demyelinating area present in spinal cords of EAE mice treatéd Subcutaneously with’vehicle (PBS),

vehicléplus@kepEaspositiveoctrah 0Qimeg Wh G0 P1 198teapsreiyenatingdheaiaspriiiion of 100g/kg
25 AS9000dsangl 20000 U/mouse murine interferon beta (rnIFNa) or 20000U/mouse mIFN(3 alone.

Fig. 16 shows clinjcal scores at the end of treatment, the inflammatory infiltrations and the
demyelination in Mcseﬁ%%tgg sgu %tlﬂ?gn%ottls]s yc\(/jv'?? ?/”e%cﬁ%”s(%%g?}'\?&rﬁ’a%ﬁlﬁ%'B.Y!% BSA, 1, 10
or 100 g/kgnefired oy triices tteatpdvith) eehidth, 30 d Combithiigkgfof Giddapdk88I0B1)1 thd 20000
U/mouse muyrijne inter ' OO/ e To By s the body
weight of ngg)r%%g?r? %%%&éi)ng(ﬁggglgyw{ 5’%%5%!’?:2 e}?/‘(ey é}lﬁ%ﬁtyeﬂgl@ﬁ ﬁﬂ%&%@ﬁﬁ%i%fggﬁ 00 pg/kg of
osteop@ntif@stdd)- 10 g/kg of a positive control compound (4-MC) or 100 g/kg of denatured

osteopontin (Ost-[Pjy 31 RHeWS fHOpETdERATBRINISG M RfeaombeRURCRBUSSIRoREAR pRigNtial in the
neuropathic mice treated with vehicle, 1, 10 or 100 314k of ostegpontin (Ost), 10 26 16.02.2007 g/kg

of a positivESRESELNFSIF! (4T Re o gy Qi (e AR @ A-PASHYG. 19 shows
the latencycaintist comymuad4-MS)|er adiiopgriajetideinatined ostetppatiiqO¥te)reated with vehicle. 1,

o or 100 PO OFRI5ARAAIA GlsPnchRoe: R BeRl B REKELASFBRL K dGb g 100 97ko of
denatured osteop st-D).
15  with vehicle, 1, 10 or 100 pg/kg of osteopontin (Ost), 10 ng/kg of a positive control

compound (4-MC) or 100 ng/kg of denatured osteopontin (Ost-D).

DETAILED DESCRIPTION OF THE INVENTION
The present invention is based on the finding that osteopontin is differentially

20 expressed during oligodendrocyte differentiation and during the development of the
cerebellum. It has further been found that expression of osteopontin cDNA in
oligodendrocytes leads to a differentiated phenotype of these cells in vitro. Upon
expression of osteopontin, oligodendrocytes display a phenotype similar to the
phenotype of a differentiating, myelinating cell. In addition to these in vitro findings, it

25 has been shown that osteopontin, and in particular the combination of osteopontin
and an interferon, have a beneficial effect in an established model of multiple
sclerosis. In an experimental model of peripheral neuropathy, osteopontin had a
pronounced beneficial effect on nerve activity, and significantly reduced the
percentage of degeneration and enhanced the extent of myelination.

30 The experimental evidence presented herein therefore provides for a new
possibility of treating neurologic diseases, in particular those linked to nervous and
glial cell function. These findings are particularly surprising because WO 00/63241
teaches to inhibit osteopontin in order to treat multiple sclerosis.

The invention therefore relates to the use of osteopontin, or of a}w agonist of

35 osteopontin activity, for the manufacture of a medicament for treatment and/or
prevention of neurologic diseases.



Fig. 20 shows the duration of the compound muscle action potential in the neuropathic mice treated
with vehicle, 1, 10 or 100 g/kg of osteopontin (Ost), 10 g/kg of a positive control compound (4-MC) or
100 g/kg of denatured osteopontin 10 (Ost-D). Fig, 21 shows the percentage of déy8R@ezated fibers in
the neuropathic mice treated with vehicle, 1, 10 or 100 g/kg of osteopontin (Ost), 10 pg/kg of a
positive control compound (4-MC) or 100 pg/kg of denatured osteopontin (Ost-D). Fig. 22 shows total

number of fibers pridicishin thsseeporlathiasicedeaistkid.5 witheschElgull-isiy®r HiPnarkg of
osteopontin (Ost), 10 g{kq .of a positive control compound (4-MC) or 100 g/kg. of denatured
osteopontir? {B%E)(ngh %é&ﬁ%ﬁ%@%ﬁ'ﬁléﬁ@%@ﬁNﬁ%ﬁﬂ Ef%\gnpg'enscgnﬁﬁ\}grﬁion is based
on the findieighties dSisthesatietiabifféd8htiafiefen ekmbsstBeurifbeolsgatienceooftdaif@nentiation and
during the deiionmRnt GbH¥reaerrRRaRUR. SE@IiuNberbeehiodnddhal s¥RlRmMRIONRhgsteopontin

cDNA in oli odendrg%%/{tes leads to a differentiated phenotype of these cells in vitro. Upon expression
of ostedporfi§, EETLARTBPERNES: RASpIST S RS ITENEIFAES (R PhoRtRIRRNIR Laf¥efbntiating,
myelinatindroeil. dniaadiiticuchb thesmurineirdévideger iral5 dsedpeetins hasviptizatassthegomgin, and in

particular t3egaHRINaUN P SRR InaREL AN SUBHBKAIN AR A DeRRENEE! Rilg oLl R established
model of multiple sclerosis. In an experimental model of peripheral neuropathy, dsteopontin had a
pronouncefEBdHBEdRARAde I HE KR IFEIVROIBRIE BIgHIM@NSly reduced the percentage of

degeneration and g & dodieopsitint ohsnusdaatinain3 Guithe rexnate s entabidemcadiesented herein

therefore provides for a new pagssibility of treating, neyrologic diseases, in particular those linked to
nervoﬁi anrgubqigfc%ﬂo?uﬁr]}a ,’8§" heséjé;tpiina m%g zi‘rgetu[{zea]tllr1 caér §”§ r[')?fg%fén e(()a:fzggglféeww /63241
teaches to @#gsipostisojsorinrasseddntdunctionalitigistiocleforizs That idiftantiain theedetefeofelates to the

use of osteppaRlbihOf ARRGARINGC! IBRIEIPOMRLCUMNIBRAAERAN ARGl BARedicamen
r

for treatment and/or %reventlon of neuro 0_&[& Iseases. 27 16.02.2007 The term "osteopontin”, as

used hereifPhErRRYYRHON: SHYTASKIANRM: oSSR SiRliTe NRVIRG the 2R arakao¥iefte/¥rat has been
known sincdetligniated @§Niag({€reibatigetalled Had:ldhigibt estelophaid). DR6lkegne@eNEhuman

osteoppntind r&q. hersi o ed se I SHING. erm
A e SR TS e e
murine, boVick ISR SsHBBHRATREdoR Y-y /¢ al. (2000), and characterized e.g. by

Saitoh et al. (1995) and Kon et al. (2002).
A thrombin cleavage leads to two in vivo proteolytic cleavage fragments
comprising the N- and C-terminal portions of the protein. Phosphoylation of

20 osteopontin, in particular of the C-terminal portion of the proteins, may be important
for osteopontin function. The term “osteopontin” as used herein, is therefore also
meant to encompasses these proteolytic fragments and differentially phosphorylated
osteopontin forms.

The term ‘“osteopontin”, as used herein, further encompasses isoforms,

25 muteins, fused proteins, functional derivatives, active fractions or fragments, or
circularly permutated derivatives, or salts thereof. These isoforms, muteins, fused
proteins or functional derivatives, active fractions or fragments, or circularly
permutated derivatives retain the biological activity of osteopontin. Preferably, they
have a biological activity, which is improved as compared to wild type osteopontin.

30 The term “agonist of osteopontin activity”, as used herein, relates to a
molecule stimulating or imitating osteopontin activity, such as agonistic antibodies of
the osteopontin receptor, or small molecular weight agonists activating signaling
through an osteopontin receptor. Osteopontin mediates its function through at least
two groups of receptors. First, it interacts with av-integrins (av3 and ov@5 integrin

35 receptors via an RGD (Arg-Gly-Asp) cell attachment motif under the positive
influence of manganese (Kunicki et al., 1997). Second, it interacts with CD44 variant



sufficient identity in order to maintain osteopontin activity, and as long as the resulting molecule will
not be immunogenic in humans. The term "osteopontin”, as used herein, further relates to biologically
active 10 muteins and fragments, such as the najgrally occurring isoforms of ostERP2nZa07
Osteopontin is expressed in functionally distinct forms that differ at the level of transcription
(alternative splicing) and posttranslational modifications (phosphorylation, glycosylation). Three splice
variants of iifhirasev&nd@nTee farfedeisia)aie b OFhe@pdimtireis bddie vesl |t BéLilnetvgthTnos2opontin),

OPN-b 6‘,”qn%'?é%tfb&%ﬁﬁ@d%!\'%iﬂeb%é‘rﬂéu‘Pﬁilﬂ’aff g eéaP%dagﬂHéﬁ‘t‘ﬁ? (W AkiOgepicted in Fig.

2). The isoforms were described e.g. by Kon et al. (2000), and characterized e.g. by Saitoh et al.
(1995) and'Kelved . intrastion Wilhintsericleecrrierfe AaRlitsraNBNNSYAYY latsbiitierentialiage fragments
comprisingoihmddraptgese Ths dl-reminaspotibe orokibJohos Ry Iatiacesf|L29205-OIROTYIN, in
particular of the C-teyminal portion of the proteins. may be impartant for osteopontin function. The term
"osteo ontfﬁ} gg%s?&’ hef Blr,ulsét'thséﬁe o?(tagéls% nelfé%ﬁ%rén%?orﬁ%sgfest{ﬁgge Fp))er((;)(?gg)cfﬁic"i;ragments

and differeatietinpassgshbryhadarrasasepishoh @ftthactiviy icrenusestdefRintin", as used herein, further
encompasses isoff{@ferr > SydaY o SROMSAIRI NSotiiRetiaRalsier iMatas s@ative dagtiogs or

fragments, or circularly permutated derivatives, or salts thereof. These isoforms, muteins, fused

proteins ord8ftorBARANG RYEQRANENY MEYALEr AANES s SUFTLiRSIRTYMMRALetflerivatives
retain the kattbdicerd v igxtodcedtdap o Rophpaaisntsththe narplrobariesjcalf aaliatyf wach is

mproypd a3 GRmARIGAE Widdree ASIEAIRN Hod Qe LB RIRRIR ALOBEORARLIRAGIVTY . as used

herein, relates to a mdlecule stimulating or imitating osteopontin activity, such as agonistic antibodies
of the ostigbieiiRtiRfeefiitpresttiation Aioriuratiarightcedsrmétshecrligadgnspaimdingastgh an
osteopontinsigte BE brolEaRGENEN fraslitiars iy NESiprottae gheblositibn b ieaMesopftrrceptors. First,

it interacts with av-integrins (avp3.and a\é(;§5 integrin. 3b.receptors via an RGD (Arg-Gly-Asp) cell
attachmentg\{ ' 8f% (Re ecg/iﬁeﬁn[%oaé)ﬁvféorlnnﬁﬂ ntgg'%F gr%rﬁlacr:%r:'jl"rrﬂeusré'(Kunicki et at, 1997). Second, it interacts
with CD44 varianiThg &0 . 2ogatingodndnpregentiog T ras Csedreralpatafid sre apdsrstashelieved to be

involvag injhe HiRIRIAGHIPN iwiiifrig4 4attdhiladhe, NarRemiralnarbef eviaergntin Religysd to be
involved in interaction with mte(grln e(églFtors,, proliferation, survival and differentiation of

macrophagS"RER Q5 YRS Bb R AR YRGS a1sBINKRILES | BYTP IS dis58SRiedse. Any
agonist, sticonalmatorenhaccempaingimg ohtheskgecegimrase. When “treating” neurologic

disease, the substances according to the invention are given after onset of the
disease, “prevention” relates to administration of the substances before signs of
20 disease can be noted in the patient.

The term “neurologic diseases”, as used herein encompasses all known
neurologic diseases or disorders, or injuries of the CNS or PNS, including those
described in detail in the “Background of the invention”.

Neurologic diseases comprise disorders linked to dysfunction of the CNS or

25 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, disorders of the peripheral

30 nervous system, cerebrovascular disease, or muscular disorders. For definitions of
these disorders, see e.g. http://www.merck.com/pubs/mmanual/
section14/sec14.htm.

Preferably, the neurologic diseases of the invention are selected from the
group consisting of traumatic nerve injury, stroke, demyelinating diseases of the

35 CNS or PNS and neurodegenerative diseases.



encompassed by the term "agonist of OPN activity", as used herein. The term "agonist of osteopontin
activity", as used herein, further refers to agents enhancing osteopontin mediated activities, such as
promotion of cell attachment to extracellular matgy components, the morphogenesitSoP2&0df the 10
oligodendrocyte lineage intomyelin producing cells, to promote the recruitment, proliferation,
differentiation or maturation of cells of the oligodendrocyte lineage (such as progenitors or precursor
cells), to promote Treupratie ct@ne njalisrohyhmnokgo den 8yt theeGhSrivmapbetosamand cell injury.

The terms dreafing; AR Rrev RN SAfSRLJETSE: ShQulpdeiHNFErskaRgybaAP BraKenting,

inhibiting, attenuating, ameliorating or’reversing one or more symptoms or cause(s) of neurologic
disease, ad"¥@mtigs s‘i}?ﬂbﬁoms, diseases or complications accompanying neurologic disease. When
“treating" neurologigokbispagehdha sstrstpneasoRiacer 8ing dhdhmeal oy ensibraiatdivesadgeanset of the
disease. 'prevepfionIslatanlo.adminislialion offhe suRsinarsRciole Spme.al g discase can be
noted in the patien SFhE term neurologic diseases”, as u ed herein encompasses a RiBwn
neurologic teewlegicdefistslicpsisedihiuadassrahbleod Sitruati®) lacersPiibedraiesdidised in detail in

the "Backggpuishafdrsuintientingy- Bieyielegissiacasastratprinaiiperepsm (pkeshirgygrnction of the
CNS or 25 PNS, such as diseases related to neurotranfdrgission, headache, trauma of the head, CNS

infections, RIEGRS-8hATMIRRE B ECHIAMR AT HENRARLE! 2L MRYRLER Mg R LA BRGHNEE the cerebral
Iobe§ disortzbealiimi tpmkmli)erﬂlesﬂjpgr(hmu#mﬂnagg)ddmy'elmbrgﬁrdmaﬁmsddyﬁupmmmtﬁmentia,
craniqgervipgliinGliRRALPAEMABES SR EitRrlese. sPRED e sesliRR SR ders
disorders of the peripheral 30 nervousn%géem, cerebrovascular disease, or muscular disorders. For

definitions 8thefedespsis deptetyab trgmbesisivand. therefot the iyentinnaplsa relatesién We/sec14. htm.

Preferably,ttbgtment ofagitethsersosi€f the invention are selected from the group consisting of

traumatic nerve mgj% strg]mbgreom ﬂlnatln%glsanG of the 535 CN% or PNS Flnd neurolgegeneratlve

diseases. 29 16. 8‘? raumatic r%m%yinjurr)? ?n%?/stgo%cs n e PRISTIME EX mli" sr'ﬁay be brain or

spinal cordwealiessiRol @igphar sisiegiased drercieéndanTelexesa ciagt yapanttaisympiomsn” above.
Strokqgnay,Rpéausediby BHpoxidRbaiRrheNaAisamPraiRall infisa calledifeerequascular
disease or accident. Stroke may involve loss of brain functions _
(mononeuropathy), 0O 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, or uremia or with toxic
agents), or the myelin sheath or Schwann cell (e.g. in acute or chronic inflammatory
20 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
25 pyridoxine intoxication, may primarily affect the dorsal root ganglia or sensory fibers,
producing sénsory symptoms. Cranial nerves may also be involved, such as e.g. in
Guillain-Barré syndrome, Lyme disease, diabetes mellitus, and diphtheria.

Alzheimer's disease is a disorder involving deterioration in mental functions

resulting from changes in brain tissue. This may include shrinking of brain tissues,
30 primary degenerative dementia and diffuse brain atrophy. Alzheimer's disease is also
called senile dementia/Alzheimer's type (SDAT).

Parkinsons's disease is a disorder of the brain including shaking and difficulty
with walking, movement, and coordination. The disease is associated with damage
to a part of the brain that controls muscle movement, and it is also called paralysis

35 agitans or shaking palsy.

Huntington's Disease is an inherited, autosomal dominant neurologic disease.



(neurologic deficits) caused by a loss of blood circulation to areas of the brain. Loss of blood
circulation may be due to blood clots that form in the brain (thrombus), or pieces of atherosclerotic
plaque or other material that travel to the brain frag another location (emboli). Bleeth@REMbIrhage)
within the brain may cause symptoms that 10 mimic stroke. The most common cause of a stroke is
stroke secondary to atherosclerosis (cerebral thrombosis), and therefore the invention also relates to
the treatment of &mypdebiobaterd Hutanasis &S patayiserddrecasisitatmwgresside dose of sensory

loss, musce, wRRKBRSSA ATaRBYy IRESERICShERBRJEBAABSIRIIES R R VBSQIOIRMRYmPtoms, 15

alone or in any combination. Neurgpathy may affect a sm%Ire nerve (mononeuropathy), two or more

nerves in st rSREmERifie AM¥REIRNIFopAIRA . SCIRRSP ndlves @lisditkrtoGenna's
(polyneurogaidnse, iba disorderdpvbleipgiinssity #iécatechie. gontrdialbetesatesllitus, Lyme disease, or
uremiag. or with tox n e linns e g i r nic
inflam?snatory 20 ﬁgw?@%r%ﬁﬁ@%%eﬂﬁys&trggﬂ@%ﬁ ém%ﬂ%ﬁ_ﬁégﬂgr?fﬁ%%gu? hEere
neuropathiE8MiiC1RTYRIE beyiteRle N c ot Akes At ARPSIRGSERRItIDENADR PRgressjvee due to lead

toxicity, dapsgre. uss lickditbepsiphysmyeniatitpnsBases 18/ eupmesyathiney seayHargnarily affect
motor fibers. Others, such qose due.ta _dorsal root ganglionitis of cancer, |eprosy, AIDS, diabetes
RS ER: i J e SRSy

mellitus, or W SHFCc>YB %Vrl 5 Cp RIS OIS QIR ?lﬁ or sensory

SINORICSHON Thay PrMan
fibers, produthRy. seadditjosythprerare aralsianoppbasicadistrders sveblasdheinftaasnatgnin

Guillajp-Bagegr¥NREaME pbiyragidiRG AR o iARF B RBE ! Ui B SN RER zéag@berﬁstﬁésease is a

disorder involving deteriorafion in mental functions resulting from changes in brain tissue. This may

include shrif¥hi@Be Bruls fsseminalgd,erqs RV ALl AOLTMHE s SNPdiffuse brain atrophy.

Alzheimer's diseaBarthalsmarabtsyise nilis oleleantiedAlghisemarsutgpathEs A Wit arknsanals disease is a

cisorder of . il TSRS T -0 KRS TRV Shgperdipaton The
disease is associated with damage to a part of the brain that controls muscle movemént, and it is also
called paraWeiisassagightdnnel SARHEPaIsY AYMMSIEAvE Db By hieiRsepmerpnigdcRdmal

domingnt nesiralogifuHiRea IR RIEBMBRAToAN WP QRbi Lare rab S iatasithé\biSeds as disorder

causing progressive Ios§ of nervous contrql of voluntary muscles, including of destruction of nerve
. cor ancg with the BFSS%I\'“ van l%n. . . . .
cells in the “Brainand spinal ¢ord. Amyotrophic Lateral Sclerosis, also called Lou Gehrig's disease, is

a disorder involvirlierolpgictbisersiersaturibeobmdde tascongenital metabolic disorders. In
a preferred embodiment of the invention, the neurologic disease is therefore due to a

congential metabolic deficit.

20 The congenital metabolic disorders encompassed by the present invention
may be e.g. phenylketonuria and other aminoacidurias, Tay-Sachs, Niemann-Pick,
and Gaucher's diseases, Hurler's syndrome; Krabbe's disease and other
leukodystrophies. They may affect the developing myelin sheath, mainly in the CNS.

Neurologic diseases caused by congenital metabolic disorders have also

25 been discussed in detail in the “Background of the invention™.

Less well known neurologic 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 “Background of the invention” above.

30 In a further preferred embodiment, the neurologic disease is a peripheral
neuropathy, most preferably diabetic neuropathy. Chemotherapy associated
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 more symptom(s) or disorder(s) accompanying or caused -by diabetic

35 neuropathy, or complications of diabetes affecting nerves as described in detail in
the “Background of the invention2 above. Diabetic neuropathy may be a



5 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 degyglinakyyo
disease. Its counterpart in the peripheral nervouggystem (PNS) is chronic inflammatory demyelinating
polyradiculoneuropathy (CIDP). In addition, there are acute, monophasic disorders, such as the
inflammatory 10 demyelinating polyradiculoneuropathy termed Guillain-Barre syndrome (GBS) in the
PNS, and aslysatirpathnatbu dintigbicalpefyrerofADE MnantheneNes Rlehéimtatgoyilydisorders

comprise ngiserRathieRaVithBRROrmalropytinatiay. sweh e “3? ﬁ‘i@)ﬁ%t‘ié@ﬁ@p‘é‘fﬁb? iBafdegfound ‘?f the
invention" above, as Weg as carpal tunnel s%n rome. Iaﬁaumatlc nerve m&g may be accompanied by
15 spinal cBIARMNSHABY Hicf%r’r?ﬁl‘lﬁﬁ%ng,‘ 58 AeCkisB WIRGIS tRE e8] 7 d8ordance with
the presenbiulemixtor. dd@bicgys disoialaverveait foayhelsbde railttiptEomypmoiteLmptdlpivbeisorders. In a
preferrgd ?j@g%qim%tﬁgr%‘é nenion.deA nggg@gégegi§ease is therefore due to a congential

e

metabolic deficit. 20 The congenital metabolic disorders encompassed by the present invention may

be e.g. phenylketdRuet aAd Bites"aRiRlaEgd U S oipesh e NIevIRdIsicRiISHRr Gucher's
diseases, hieHBEsmtig ABeaksaDeryclinatsg asdadeprisaraly siconbries. dérayenayimffect the
developing myelin sheath, mainly in.the CNS. Neurologic diseases caused. by, nital metabolic
cisorders | GURE 38 g O, el R SR BRI 9L W ko
neurologic digkiglsescigwsiiMBthas twelkas ey elisatingsdiseasse nfidhe necipherala@mfivtomatosis, or

Multipjg Sysjetarmtranty)(MER). BHEneioishsdeddbaidvayn astechibricChitansritgih the present
invention, have been described in detail in tghe é?r§ kgrqund of the inventjon” above.%n a further
preferred e RIOMIREIRSRE VedieHane HRRRlay (DR kRSP RARSBARS AORKSIaraHRly diabetic
neuropathya<C trem otfierepsterys deineslina togo pelyradicilereisopatife rtededddoilimBawdth the
present invgyrp;g?gm'g tgsm "diabetic neuropathy” relates to any form of diabetic neuropathy, or to one
or more syniptom(s) or disorder(s) accompanying or caused -by diabetic 35 neuropathy, or

complications of dfafetEeRERIEHEHSMPOHTERE &b I vRatipnreRies dektie JIRaBIeAL invention2
abovesDiabationeusopatiby Biay heusod6gen2eilive disealm eThopribiodagardraticepaisesyeropathy,
mgg;e”?é SR ATUIBRCRESroBlCL RS s S RSIGHEH WD B AR TR europathy.
Huntington’s disease and ALS.
Preferably, the osteopontin is selected from a peptide, a polypeptide or a
protein selected from the group consisting of:
20 (a) A polypeptide comprising SEQ ID NO: 1;
(b) A polypeptide comprising amino acids 1 to 168 or 170 of SEQ ID NO: 1,
(c) A polypeptide comprising amino acids 1 to 16 and 170 to 314 of SEQ ID
NO: 1;
(d) A polypeptide comprising amino acids 170 to 314 of SEQ ID NO: 1;
25 (e) A polypeptide comprising SEQ ID NO: 2,
(f) A polypeptide comprising SEQ ID NO: 3;
(90 A mutein of any of (a) to (f), wherein the amino acid sequence has at
feast 40 % or 50 % or 60 % or 70 % or 80 % or 90 % identity to at least one of the
sequences in (a) to (f);
30 (h) A mutein of any of (a) to (f) which is encoded by a DNA sequence which
hybridizes to the complement of the native DNA sequence encoding any of (a) to (f)
under moderately stringent conditions or under highly stringent conditions;
(i) A mutein of any of (a) to (f) wherein any changes in the amino acid
sequence are conservative amino acid substitutions to the amino acid sequences in
35 (a)to (f);



mononeuropathy, for instance, the disease affects a single nerve, such as the oculomotor or
abducens cranial nerve. It may also be multiple mononeuropathy when 5 two or mor, nes

affected in separate areas. In yet a further preferrgg embodiment, the neurologic disorderis 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 diseéjaseacﬁalh@peninﬂufoahnémed3)meiys1fencﬁ9rhw)1eﬁhaﬁmtacmamtmwodiseases such

as chronic jgf WB’erﬂW@g'&%PNQWQIXF%W?%IP@?%QthV (CIDP and acute, monophasic

disorders, such as the inflammatory demyelinating polyradiculoneuropathy termed Guillain-Barre

syndrome (GBS). Acfl‘fﬁrf@“ﬁ%ﬁé& WHISHETR SPTRRIIRR/@RYAOTNAL8E EoMAn ¥ Ameat 15 and/or
prevention pleadzestpsiaeiReralivs, deense. a*ﬂnwteufmmgemﬁnsatueadcsaasm@ pRIgisiechirom the

group on5|st|n helmers diseas Parkl ons isease and ALS.
Preferably, The os%é@gohtm is'sele %S‘ ronq a e8t| ed'lggp ypep%d'é or 4 r?))teln seﬁegted from the

group consiiiefiofopanapiRGolfre Mamatd gy SEQRY Ne: mutaed 9@Iﬂ§etﬁldert§t§fhprlsmg

amino acid%slet%p%ﬁﬁnordue'@f SE Rellamiirding) &RPARYIHABEEBPBHENI GMIRY agdeeel to 16 and
170to 314 of SEQ ID NO; 1; d) A po%pﬁq de comprls amino acids 170 to 314 of SEQ ID NO: 1;

25 (e) A pol{pEak BErpkA rylatad AapSo eBtidE M ?E?nﬁ’@l’é@%fﬂ@es @) A
mutein of aresidués) tu¢h asitiezaeritee rasdoesaatdreeipliowsy masitivnke 5t U0 14, 335066431 60 % or 70

% or % 9% it least.ene of the ,sequgn inda) 14’ t f any of (a)
to () \E/iv?uch |g 6%0(2%%3&% gé?)ﬁléA%%Sgﬁnc?\‘/{v ?((:) g F?Hlbsrltiqz}gsqtﬁhggéo 15"’%&2%@%%%3“% DNA

sequence o dhg 2nh§: &2(%)4%7@)? ndae n?é@e?étbl?@‘inﬁ@%%ﬁ&l%%?@?%d%?%@?ﬁy stringent

conditions; Addicaaigin mba@yémfe(abﬁas(éhwmn ageshangesd thaseinaaeidsaamiaoce are
conservatlvq qmln aC|ddsubst|tut| ns.to the. ami Cld auences in 35 (a) to (f); 16-02.2007 32 Q)

ate resi n or rtomlmc os
a salt or anqso orm, fuse rO{eln unctlonall erlvgtl IvVe fraction

The person skilled in the art wil appreCIate that even smaller portions of
15 osteopontin may be enough to exert its function, such as an active peptide
comprising the essential amino acid residues required for osteopontin function.

The person skilled in the art will further appreciate that muteins, saits,
isoforms, fused proteins, functional derivatives of osteopontin, active fractions or
circularly permutated derivatives of osteopontin, will retain a similar, or even better,

20 Dbiological activity of osteopontin. The biological activity of osteopontin and muteins,
isoforms, fused proteins or functional derivatives, active fractions or fragments,
circularly permutated derivatives, or salts thereof, may be measured in a co-culturing
assay, such as the one described below in Example 8. Mixed cortical cultures
contain oligodendrocytes, as well as other CNS derived cells (such as neurons,

25 astrocytes, microglia), and induce or up-regulate the typical genes involved in
myelination, like PO, MBP or MAG, upon incubation with OPN or the mutein, isoform,
fragment, active fraction, functional derivative or salt. Expression of these genes can
be measured by quantitative real time RT-PCR (TagMan® RT-PCR) analysis, which
is explained in detail in the examples below. A further simple assay to measure OPN

30 activity is an oligodendrocyte proliferation assay, comprising incubating an adequate
oligodendrocyte cell line, such as oli-neu or CG4 cells, with OPN or the mutein,
isoform, fragment, active fraction, functional derivative or salt, as described in
Example 7 below, for example.

Preferred active fractions have an activity which is equal or better than the

35 activity of full-length osteopontin, or which have further advantages, such as a better
stability or a lower toxicity or immunogenicity, or they are easier to produce in large



or circularly permutated derivative of any of (a) to (f). Active fractions or fragments may comprise any
portion or domain of any of the osteopontin isoforms, such as an N-terminal portion or a C-terminal
portion, or 5 any of OPN-a, -b, or -C, as shown irg¥ig. 2. The GRGDS motif may béﬁ)P@S@ﬂQ%r
absent, or mutated. The heparin binding site may be mutated so as to render osteopontin devoid of
heparin-binding. Full length osteopontin, or any active fragment thereof, may be phosphorylated at
one or mor8ysntiierolORAFSErtRePHES dTde feErrasIillesk imdhe st #dlappmeeriataviigt positions: 8,

10, 11, 33, Aficirs 1L fidgent3astbrindifralldtkivhilides Bdn béQehblatdddylanirghd /9, 199,
203, 208, 212, 218, 223, 227 238, 242 247, 251 254, 239% %ﬁg%zgm 287,292, 294, 295,
e

Addtionally?%'éei%?m %8 pAo}lei‘?BFlo’gﬂggeh%vB’é M h@mé"téh&ﬁf’é (le 'Psidues, in

order to mimssgyhesphenfiengrshatidxe person skilled in the art will appreciate that even smaller portions
of 15 %Steopontinmésbhﬁewae&m@g%tﬁﬁ% irasHARinvrGH ARy A6Y Ry BERfidRJCaBrSIng the

essential amino acid residues re%uire for osteopontin function. The person skilled in the art will further

appreciate S¥RIRYIRIGs ey B AeTved QM aiuiAL SRR mYcheAR BRdE SHBsRE ddhtin, active
fr_actio_ns orm;ipppﬂeféjawmwmdaﬁmbmﬁmmd_apmbinaﬂl mdptiesaiaimﬂay_,mmadaetter, 20

biological a§H¥i.‘—¥8%§%gqu&°&H?e;@?&n%&#P&@é&&%‘%ﬁ@%ﬁ’}%&?RPQH%{%%@EB%W 5 cfﬁgécg{ ms, fused
proteins or functional dérivatives, active fractions or fragmenits, circularly pérmutated defivatives, or

salts theredfelfagnsenigterabhsinimaneoianerrieasonysysiRMasuse apCHeseateardiitv in Example

8. Mixegsl coglgal cultures contain oligodendrocytes, as well as other CNS derived cells (such as
neurons, 25 astrocytes, micro Ii@_‘a d induce or pp-regulate the typical genes involved in
myelination, fike PO S8 PRI ISO RSN SU (SRR B P IR S ment, active
fraction, furmimoal deréafiibeoapaito Bxisraesidvesf ohesoajarat Dstaopbetimeasuedcgd)bantitative real

time RT-PCR-CTaaMamte Rl PSRLE0siS dUishs /5esmiARsibi drinb BsdaRelss below. A

further simple assay to measure OPN 30 activity is an oligodendrocyte proliferation assay, comprising

. ) yle .
incubating 249RsLiRI4RE BAKEAFRALRYEE QLIGRIRORANIN Y ROHE PN ERNSIARFAPY G or the
muteins isoéetvityfrefothe résaltingephition akibothpase d evitrathee wildsiheass tiespasittiad Thebxample 7 -
below, for e le. Pref tiye fraction n Ivity,which is. r than the 35
activity of fu'ﬁ- gér%gh%gtﬂég%[%}, g? Wﬁgh%ag e%%k%er%%@n%gi@s@c%?@ ;rt')@?tgrgnsé%%ility ora
lower toxicitg@nigHesrRSR ateoknewy teehpigsie swifaiedhetefanarge 33 16.02.2007

Muteins of osteopontin, which can be used in accordance with the present
invention, or nucleic acid coding thereof, include a finite set of substantially
20 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 invention include proteins encoded by
a nucleic acid, such as DNA or RNA, which hybridizes to DNA or RNA, which
25 encodes OPN, in accordance with the present invention, under moderately or highly
stringent conditions. 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,
supra, Interscience, N.Y., §§6.3 and 6.4 (1987, 1992), and Sambrook et
30 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 minutes, 2 x SSC and 0.1% SDS for 15 minutes; 0.1 x
35 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



guantities, or easier to purify. The person skilled in the art will appreciate that muteins, active
fragments and functional derivatives can be generated by cloning the correspondl 6%%
appropriate plasmids and testing them in the co-cgjjturing assay, as mentioned abovée e proteins
according to the present invention 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
expressionstingency actaditiausin Asok dopeinde xpredbvon lepgtbmefsiite aBNMA coravensesikaryotic,

such as insgfostieotid BF@B%@*?&YJ&H %@W%%ﬂrﬁsiﬁ&éy%mﬁu%@ho@ scafls or HEK- 10
cells. As used herein the term "muteins" refers to analcé%&of OSteoBéH ntin, in which one_ or more of the

amino acid TRGJuRDBPS ANuMTE stdolSoRERISARIR S dBS HPamalaY AT FBIREERS, or are
deleted, or (iAd@)insteadnir®SEriSee Adeasehreumrdded to the natural sequence of osteopontin,

withoutchanging fonsigesahidhertadriily ghins siling il sisgseomgRiadiiuhe wild-type

osteopontin. These muteins are prepared é/ known synthesis and/or by site- directed utagenesis

techniqueshemaiRgptwih Iéﬁvaﬁ?‘iéEﬁﬁ‘t‘hBB% feale 'ﬂ%réfo? Rluteidlif FeRsshBRIYARE® can be used

in accordanig@riyitvdie prefeeatiyiniveaEQR, (@i B0 C ataishspeDg, trasast, 700l deladinigeBet of
substantiall 20 corre |n CES, as ubstitution pe tldes or polynucleotides which can be
routinely ob Hiffee c?é)'éa%fy b%lﬁr?g%r%@lﬂ in tht§ya?{ ENIthOITJé) r%cfue experimentation, based on the
teachings and gwﬂ&ﬂt@p@b@tﬂwﬂét@lﬂﬁmemw hvordmece poirpartige seguensasmion include

proteing engasied fAvré sukRIGEtde SeDREINAeRirRINGY WhishHpAI2RS 1R QRNAEE RNA, which 25

encodes OPN, in accordance with the present invention, under moderatelﬁ or hgq]hly stringent
conditions. W'@rdfjegmwgmrﬁdﬂcﬂﬂo"r@c é?@??ﬁﬂ'ﬁ’ﬁ/ﬁ?ld\?glﬁ(‘?ﬂd&n%’ 8 {9&BHIRg conditions,
which thosaci ocdmesyosikiénoethef dttecdwae ptilynatieatifes torasvistpolypeptidtc sequenbes et al., Current

ProtocoIS| %?ﬁ%@ @@pﬁ% ,é@ﬁa%fln[ﬁgrg.&ggﬁgeé\lbgm%% r@d"l (1987, 1992), and Sambrook et

30 al. (Sam roo Fritsch Maniatis, T olecular Clonlng A Laboratory
Manual, Cold Sprlﬁ@rﬁﬁ%&"%%&ﬁ?&yth%esés O@ﬂ&@@ﬁﬁ@%ﬁﬂ?&i’%‘h"%nﬂ ot IHERERON, examples

of stringentragpaid arsidnnlnee. Wagbing Aondtiwessbquidicdzelowdherriatdatack Tangakthehybrid under
study in, e. % 2x SSC and 0.5% %[8)5 or 5 min tes 2xSSC a %%o 1% SD%V joly 15m nutes 0.1x 35

SSCand 0 8/6 §Dr§ax e f%orr% Rt SS%n eerthugrg:ﬁs TRy 95 Sogh ggC for 30-60

minutes. THoapsdfiareitharyoskilointipik aenuad@esmcﬁnﬁance the degree of alignment. A %
identity may be determined over the whole length of each of the sequences being

compared (so-called global alignment), that is particularly suitable for sequences of
20 the same or very similar length, or over shorter, defined lengths (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 J et al1984), for example the

25 programs BESTFIT and GAP, may be used to determine the % identity between two
polynucleotides and the % identity and the % homology between two polypeptide
sequences. BESTFIT uses the "local homology" algorithm of Smith and Waterman
(1981) and finds the best single region of similarity between two sequences. Other
programs for determining identity and/or similarity between sequences are also

30 known in the art, for instance the BLAST family of programs (Altschul S F et al, 1990,
Altschul S F et al, 1997, accessible through the home page of the NCBI at
www.ncbi.nim.nih.gov) and FASTA (Pearson W R, 1990, Pearson 1988).

Preferred changes for muteins in accordance with the present invention are
what are known as "conservative" substitutions. Conservative amino acid

35 substitutions of osteopontin polypeptides, may include synonymous amino acids
within a group which have sufficiently similar physicochemical properties that



16.02.2007 34 stringency conditions also depend on the length of the DNA sequences,
oligonucleotide probes (such as 10-40 bases) or mixed oligonucleotide probes. If mixes pgppes are
used, it is preferable to use tetramethyl ammoniugg chloride (TMAC) instead of SSC. See Ausubel,
supra. 5 In a preferred embodiment, any such mutein has at least 40% identity or homology with the
sequence of SEQ ID NO: 1, 2 or 3 of the annexed sequence listing. More preferably, it has at least
50%, at leasutaOtiticrt leatwer0omembenst e groupowilbpetseioby the lbiakgdsd ofudetitity afr homology
thereto. Ideptityrsegts fralatanshiR PAIWERD HUArOhIoHE PRIVASHRIC RASIHFRCES Shidd two or more

polynucleotide sequences, determined b comparln%the sequences. In_general, identity refers to an

exact nuclRfitR BRI RR Bradil heaRPyrHdngdiPeavRIgsSnYEReK AtRENGESBIynucleotides
or two polynemide,wmasif ths hreirtiohs oveelittiensrgtly Mee;setpwaoﬁadaeﬁtg;,ce@pared. For
sequer}f esﬂggf?hﬁﬁﬁ,rea}%??E@a@?ﬂn%%??&?oé}ﬂ?%?& '}%?ﬂg\?@%ﬁyaignpﬁa@éa&gu Jefgypined. In

q t C nedto g

general, the two sequences to be compared are alig Ive a maximum correlation I'Setween the
sequencesWhigl argneiitcr|de mdunstignalspafoimatiner 8de erstrine JesidupecBrateidshantte the degree

of alignmernhufeiifes jHeditsdnayseerasstanedrover ity ibelectane Riviear pahia starences being
compared So-called 'gIQbaI alignment), that is particularly suitable for sequences of 20 the same or
very simila f&ﬁ%ﬁ‘ﬁf”&’ oV rf’shorter, defined lengths (so-called local alignment), that is more suitable
for sequences of @inefgrablieribehsinettysuutoaming @eithgrovesdarstithasecdatimed| oy ¥ aflero or more
sequefCes g WA NtHe BiBHyhBYS SifsSRAEYrAipe araSb abinda Rerdgreansin
Sequence Analysis Package, version 9.1 (Devereux J et al11984), for example the 25 programs
BESTFIT affdnest HE%E?{%"MstQS RYRUTRHR-AMINS, AL AIGHRS e AR IplieAURId AR s and the %
identity andlthe % homology between two polypeptide sequences. BESTFIT uses the "local
homology" algorithm of Smith and Waterman (1981) and finds the best single region of similarity
between two sequences. Other programs for determining identity and/or similarity between
sequences are aldABbEhown in the art, for instance the BLAST family of programs (Altschul S F et al,
1990, 14\ltschul S Bretetted BWroupsFSiRIEhMBUS A HhiIRdaBEs page of the NCBI at

www.ncbi.nlm.nih.gov) and FA%T% (Pearson W % 1990: Peaason 1988). Preferred changes for
T \ino A . : nor\wﬁlotus foup " o TP
muteins in accordance with the present inventionare  what-aré Known as "conservative" substitutions.

Conservative amino acidSer Ser, Thr, Gly, Asn
Arg Arg, GIn, Lys, Glu, His
Leu lle, Phe, Tyr, Met, Val, Leu
20 Pro Gly, Ala, Thr, Pro
Thr : Pro, Ser, Ala, Gly, His, Gin, Thr
Ala Gly, Thr, Pro, Ala
Val Met, Tyr, Phe, lle, Leu, Val
Gly Ala, Thr, Pro, Ser, Gly
25 lle Met, Tyr, Phe, Val, Leu, lle
Phe Trp, Met, Tyr, lle, Val, Leu, Phe
Tyr Trp, Met, Phe, lle, Val, Leu, Tyr
Cys Ser, Thr, Cys
His Glu, Lys, GIn, Thr, Arg, His
30 Gin Glu, Lys, Asn, His, Thr, Arg, GIn
Asn GIn, Asp, Ser, Asn
Lys Glu, Gln, His, Arg, Lys
Asp Glu, Asn, Asp
Glu Asp, Lys, Asn, Gin, His, Arg, Glu
35 Met ' Phe, lle, Val, Leu, Met

Trp Trp



35 substitutions of osteopontin polypeptides, may include synonymous amino acids within a group
which have sufficiently similar physicochemical properties that 16.02.2007 35 substit@ida. Bé@ieen
members of the group will preserve the biologicalginction of the molecule (Grantham, 1974). It is
clear that insertions and deletions of amino. acids may also be made in the above-defined sequences
without altering their function, particularly if the insertions or deletions only involve a few amino acids,
e.g. 5 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
deletions and/or insertions cdfRLEithin the purview of the present invention. Preferably, the
synonymous amino acid gronpscaERdfarsil t0ss i Sydifymotid MekrdPagfggably, the synonymous
amino acid groups are those defined in Table II; and most preferably the synonymous amino acid
groups are those defined in Table f\"™WREI%| 15 Preferred GratBYBIHBRMUs Amino Acids
Amino Acid Synogymous Group S&eSer, Thr, Gly, Asn Arg ArgS&in, Lys, Glu, His Leu fie, Phe, Tyr,
Met, Val, Leu 20 Pro Gly, Ala, Thr,ﬁﬁz Thr Pro, Ser, Ala, Gly, "l‘-\% (E% Pgs Ala Gly, Thr, Pro, Ala Val
Met, Tyr, Phe, lle, Leu, Val Gly Ala, Thr, Pro, Ser, Gly 25 lie Met, Tyr, Phe; Val, Leu, lie Phe Trp, Met,
Tyr, lie, Val, Leu, Phe Tyr Trp, Met-®he, Ile, Val, Leu, Tyr Cyslses leaPleyMetis Glu, Lys, Gin, Thr,
Arg, His 30 Gin Glu, Lys, Asn, His, Ry, Arg, Gin Asn Gin, Asp, Alarppsn Lys Glu, Gin, His, Arg, Lys
Asp Glu, Asn, Asp

Thr Thr
10 Ala Pro, Ala
Val Val, Met, lle
Gly Gly
ile lle, Met, Phe, Val, Leu
Phe Met, Tyr, lle, Leu, Phe
15 Tyr Phe, Tyr
Cys Cys, Ser
His His, GIn, Arg
GIn Glu, Gin, His
Asn Asp, Asn
20 Lys Lys, Arg
Asp Asp, Asn
Glu Glu, GIn
Met Met, Phe, lle, Val, Leu
Trp Trp
25
TABLE Il
Most Preferred Groups of Synonymous Amino Acids
Amino Acid Synonymous Group
Ser Ser
30 Arg Arg
Leu Leu, lle, Met
Pro Pro
Thr Thr
Ala Ala
35 Val Val

Gly Gly



Glu Asp, Lys, Asn, Gin, His, Arg, Glu 35 Met Phe, lle, Val, Leu, Met Trp Trip 16.02.2007 36 TABLE II
More Preferred Groups of Synonymous Amino Acids Amino Acid Synonymous Group 5 Ser Ser Arg
His, Lys, Arg Leu Leu, lle, Phe, Met Pro Ala, Prg7 hr Thr 10 Ala Pro, Ala Val Vall&6eg.260Gly Gly
lle lle, Met, Phe, Val, Leu Phe Met, Tyr, lle, Leu, Phe 15 Tyr Phe, Tyr Cys Cys, Ser His His, Gin, Arg
Gin Glu, Gin. His Asn Asp, Asn 20 Lys Lys, Arg Asp Asp, Asn Glu Glu, Gin Met Met, Phe, lle, Val,
Leu Trp Trp 25 TABLHE!I Most Preferred Groups ofl&yMeh®idus Amino Acids Amino Acid
Synonymous Group Sepizer 30 Arg Arg Leu Leu, llppMet Pro Pro

Tyr Tyr
Cys Cys, Ser
5 His His
GIn Gin
. Asn Asn
Lys Lys
Asp Asp
10 Glu Glu
Met Met, lle, Leu
Trp Met

Examples of production of amino acid substitutions in proteins which can be

15 used for obtaining muteins of osteopontin, 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).

20 The term "fused protein” refers to a polypeptide comprising osteopontin, or a
mutein or fragment thereof, fused with another protein, which, e.g. has an extended
residence time in body fluids. An osteopontin 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 osteopontin, and

25 their muteins 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 osteopontin, and do not confer toxic

30 properties on compositions containing it.

These derivatives may, for example, include polyethylene glycol side-chains,
which may mask antigenic sites and extend the residence of an osteopontin 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,

35 N-acyl derivatives of free amino groups of the amino acid residues formed with acyl
moieties (e.g alkanoyl or carbocyclic aroyl groups) or O-acyl derivatives of free



Thr Thr Ala Ala 35 Val Val Gly Gly 37 16.02.2007 lie lle, Met, Leu Phe Phe Tyr Tyr Cys Cys, Ser 5
His His Gin Gin Asn Asn Lys Lys Asp Asp 10 Glu Glu Met Met, lie, Leu Trp Met Examples of
production of amino acid substitutions in proteinsaghich can be 15 used for obtaininé%ﬁpe%@%f
osteopontin, 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™ArONS&ECHHS (IAUSREAPE dhak 87 §erh b IRy Sesidurr) SBTPEMRHARL et al; and
lysine substitigtidgoroteins presented in US patent No. 4,904,584 (Shaw et al). 20 The term "fused

protein” refers to g@@%@gt}ﬁ&&&{gpggigﬁe%%?&g}pqmteqﬁ@am%%ﬁw@gnﬁsgqlt‘éig,rees%fmfused with

another protein, which, e.g. has an extende esidence time in bo uids. An osteopontin may thus
be fused toEBHE FRVREMANYIAGEIRM COPIRCHIRY S 1o RRIMRSREEREAIR Of e RAteiAt thereof.

"Functipnalsigsias \wenserisgether eiith ceyetidriividres R asteapamiined Rerisirerguteins and
fused proteinséwhich'épagﬁgt% prr%%rgsd frprg thr% fgpcsti%?qu‘gro%g,mwﬁiﬁhco Ceur side chains on the
residues oPHENOP' O} rmlnaFgroups,Qny L& KhSwn T RAE art, Adare Ncludet’#the invention
as long as tesiguesnbynthsmaselvase rrexltied ckrigtsietian: hae puhstaotiallys gioyilaneagtivitytyoof the protein
which is s%gggggﬁdmsimilar to the activity of osteopontin, and do not confer toxic 30 properties on

compositions containing it. These derivatives may, for example, include polyethylene glycol
side-chains, whichhd§"MasSRISRREAIR LRIECSaIR Rt 5t O &eiBonde 3P UrS RRIAoATH in body

10  addition salts of amino groups of OPN molecule or analogs thereof. Salts of a
carboxyl group may be formed by means known in the art and include inorganic
salts, for example, sodium, calcium, ammonium, ferric or zinc salts, and the like, and
salts with organic bases as those formed, for example, with amines, such as
triethanolamine, arginine or lysine, piperidine, procaine and the like. Acid addition

15 salts include, for example, salts with mineral acids, such as, for example,
hydrochloric acid or sulfuric acid, and salts with organic acids, such as, for example,
acetic acid or oxalic acid. Of course, any such salts must retain the biological activity
of OPN relevant to the present invention, i.e., exert a proliferative effect on
oligodendrocytes.

20 In a preferred embodiment of the invention, osteopontin is fused to a carrier
molecule, a peptide or a protein that promotes the crossing of the blood brain barrier
(“BBB"). This serves for proper targeting of the molecule to the site of action in those
cases, in which the CNS is involved in the disease. Modalities for drug delivery
through the BBB entail disruption of the BBB, either by osmotic means or

25 biochemically by the use of vasoactive substances such as bradykinin. Other
strategies to go through the BBB may entail the use of endogenous transport
systems, including carrier-mediated transporters such as glucose and amino acid
carriers; receptor-mediated transcytosis for insulin or transferrin; and active efflux
transporters such as p-glycoprotein. Strategies for drug delivery behind the BBB

30 further include intracerebral implantation.

Functional derivatives of osteopontin may be conjugated to polymers in order
to improve the properties of the protein, such as the stability, half-life, bioavailability,
tolerance by the human body, or immunogenicity. To achieve this goal, osteopontin
may be linked e.g. to Polyethlyenglycol (PEG). PEGylation may be carried out by

35 known methods, described in WO 92/13095, for example.



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, 35 N-acy!l derivatives %f

groups of the amino acid residues formed with acyy moieties (e.g alkanoyl or carbocyclic aroyl'g roups)
or O-acyl derivatives of free 38 16.02.2007 hydroxyl groups (for example that of seryl or threonyl
residues) formed with acyl moieties. As "active fractions" of osteopontin, muteins and fused proteins,
the present invenfibaretarerdnem preiairad farqsima iset snef PRRSPBI R gies.PRIRPBPRB iSrotein 5

molecule alppgpatepether with associated molecules or residues linked thereto, e.g. sugar or
phosphate residues, or ate of the in molec or the s eS| ues by themselves,
provided said fra Tﬂ)n halg% %{ﬂ?/ s#ﬂ)-l'fg gf% ) gh ec')nry nr ﬁ Theeterlf'ﬁ )éggtﬁ'grem refers to
both salts ofarapbess! fgrdlmetmod|lediridlg)0fwmnoThsaﬂu§lohade)grdmpst.ooomxlambientuIe or
analogg thejgaly effdel @hw%wber%psn@v be forgredhyimeeada kaawl ihfagRNg include

inorganic salts, for example, sodium, calcium, ammonjum, ferric or zinc salts, and the like, and salts

with organ|@BS§E§‘H§WH§3%%@B"?Br%Fﬁﬁ'@”%dﬂ lengiSad linker Wﬁé‘tlﬁ’&rﬁ)fﬁﬁ‘ﬁﬂ@%rgmme or
lysine, pipestlithe, peogeineeaBartive [iBiu-RisedMeljlitiion Exaaliteinotude 1bamimsnptid Salkewvith mineral

acids, such xam r chlqgx i UAC acid, lts W S, such as,
for example%%«l:lce FC(:é amdgc!))r %lcé;md Ef%%grgy g'r%i%%?ﬁéga?gcri’n%asﬁ%’tg %&Eﬁ%agﬁél activity of
OPN relevaﬁtrmﬁedpk@é,w@m\%ﬁﬂmm@.,Séﬁéﬂn&q)mﬁetaﬁv@emm%ngmyt@@ 20Ina

preferﬁgc:] ema@difaemﬁfrélaalimw&ﬂ Q@@Wﬁﬁﬁiﬂﬂﬁbr%kﬁ&ﬁﬁ@aeﬁgégeéﬁﬂﬂpé%%ﬁeefmeﬁde ora
protein that otes the cr of t rain barrier (" ’ Is serves for proper targeting
of the moleﬁgﬁ@ng‘fﬁe'g]?e'ﬂf accigﬂ sth%glfpf &4 i Wi %ﬁ éNgﬁ €iRg Y\}éd'ﬂ? % ease.
Modalities fexpiesgiatelaxsty Tt do fisibre rBBRisntttitiste plisificitidre B B, faited poteismotic means or
25 biochemically iy (geismaisP eI SRBERAFRRISUSLBRIHRHI FILL e LAlRgHes to 00

through the BBB may éntail the use of endogenous transport systems, including carrier-mediated

transporter&&diRh %{saﬁlu&&%'%ﬁ*\’éfaﬁfﬁf@raem ibigd \é?gdr&gﬁ?dy ﬁf@dlnaf%@qpén%?tgﬁsqa? insulin or
transfegin; amgl @EBvéoaititng tfahapardgsIy éhr asargivcaptitdeisofdtrategidg foldouiesleligery behind

the BBB 3Q,{uy Qﬁ{aﬂ@%’%ﬂetﬁ% ecfe%%rr%%%' SPRIGBIEReiRY SRAhG T YR Yra2hPRIGaRRIAIN may be

conjugated b polymersin o
such as isoforms 1gG, or 1gG,, or other Ig classes, like 1gM, for example. Fusion

proteins may be monomeric or multimeric, hetero- or homomultimeric. The
immunoglobulin portion of the fused protein may be further modified in a way as to
20 not activate complement binding or the complement cascade or bind to Fc-receptors.

The invention further relates to the use of a combination of osteopontin and
an immunosuppressive agent for the manufacture of a medicament for treatment
and/or prevention of neurologic disorders, for simultaneous, sequential or separate
use. Immunosuppressive agents may be steroids, methotrexate, cyclophosphamide,

25 anti-leukocyte antibodies (such as CAMPATH-1), and the like. _

The invention further relates to the use of a combination of osteopontin and
an interferon for the manufacture of a medicament for treatment and/or prevention of
neurologic disorders, for simultaneous, sequential, or separate use.

The term “interferon”, as used in the present patent application, is intended to

30 include any molecule defined as such in the literature, comprising for example any
kinds of IFNs mentioned in 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.

35 In particular, any kinds of IFN-c, IFN-B and IFN-y are included in the above

definition. IFN-B is the preferred IFN according to the present invention.



to improve the properties of the protein, such as the stability, half-life, bioavailability, tolerance by the
human body, or immunogenicity. To achieve this goal, osteopontin may be linked e.g. to
Polyethlyenglycol (PEG). PEGylation may be carigd out by 35 known methods, deé%r@%@WWO
92/13095, for example. 16.02.2007 39 Therefore, in a preferred embodiment of the present invention,
osteopontin is PEGylated. In a further preferred embodiment of the invention, the fused protein
comprises an imnilnedgtoblintedepfubia (IFNe[)isasnusealirthel ipegseot inieatishoit iBdndeast peptide

which can be;as shor A%d HRBBIPMAFERSIYSBEIEA%] RbIMRIPHJART SXRBES fiRgmino acid

residues in length. Said linker may be a tripeptide of the sequence E-F-M (Glu-Phe-Met), for example,
or a 13-amMiFaGhiAnes byddliAnaeBRipRRiHgRNRETR ftey)-RIgk@MNRlie or eukaryotic host
u-Val-Leu-cdysGlywelnas lite-dads, inotionslcibeiatees, azicape nbimieguamt # ayieitite. immunoglobulin
sequence, for 10 | T ing fusi rotein has impro erties, such as an extended
reside%ce time in @%ﬁ%‘s%éﬁﬁé)g br%nqg‘g@eﬁgé& épéeotk:’r;%%a%/ﬁ'&fﬁf\?ﬁscrégggd H‘@)Ypar%ession level.

The Ig fusieferagdaiesthelifanstionatisEauns ¥hisk ageatasroitarching pat thasesidugsede thed

embodimeR], gsEaRaE rdupedop MaRORAEWH eGP Bre 1 Isrénalasass if teéariMidhis fused to
heavy chain regions, like the CH2 15 and CH3 domains, of humanr‘EEGl for exam&le. Other isoforms

of Ig molecile eI B BRI TR AT RSRUISRIN, SRR o/ SteilZd A0 AR B TR ThBsent
invention, biotigiaslisofiwitn of B2 wotej@G4asdetusbéy dbsesslite agNhdabiitartopbind-theon proteins

may b mogamesis: e WiBst BrieAnald ABep isGHigng e BEnRgoRsHiRP RN of the fused

protein may be further modified in a W%a_s to 20 not activate Complement binding or the complement
cascade oPRREHISTENERERRTEONBIRONRIBINGIh Ritvalivesinay RrveirPicRl anaithetnaeh of
osteoponti@nshrbshifraenosuphsephate agsidués e vitRaufanihre oferivatidkcanaint fandreatment

d/ i f ic disord for simult ' t .
o e e e B 2% amtevkocyte

antibodies (such &PCREIPREHavativeshaaxkdnclude ialirhalisreriensrirthateareexeaiedss a

combipatiogRieseORe ARG qGBupiesiereacion thrranHE e wiepmMatdiyansaideddrpatment
and/or prevention of neu oIoY%ic disorgers for simultaneofﬁs, selﬂl?Jenti I, or seé)éarate se. The term

"interferon" QL E% ?ﬁy{ LY %rafgﬁtéﬂﬂﬁcgc{ﬁgﬂ? %f FRAGES & Efﬁﬂ%'ﬂ? ogm; 'H@cule defined
as such in duyllineviatiese (€gmalkanoyifor eadnopidiarayoyl groups) or O-acyl derivatives of free

hydroxy! group (e.g. that of seryl or threonyl residues) formed with acyl moieties. Such
derivatives may also include for example, polyethylene glycol side-chains which may

20  mask antigenic sites and extend the residence of the molecule in body fluids.

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 proteins genetically engineered to exhibit fong lasting activity in the body, can
be used according to the present invention.

25 The term "derivatives” is intended to include only those derivatives that do not
change one amino acid to another of the twenty commonly-occurring natural amino
acids. _

The term “"salts" herein refers to both salts of carboxyl groups and to acid
addition salts of amino groups of the proteins described above or analogs thereof.

30 Salts of a carboxyl group may be formed by means known in the art and include
inorganic salts, for example, sodium, calcium, ammonium, ferric or zinc salts, and the
like, and salts with organic bases as those formed, for example, with amines, such as
triethanolamine, arginine or lysine, piperidine, procaine and the like. Acid addition salts
include, for example, saits with mineral acids, such as, for example, hydrochloric acid

35  or sulfuric acid, and salts with organic acids, such as, for example, acetic acid or oxalic
acid. Of course, any such salts must retain the biological activity of the proteins



kinds of IFNs mentioned in the above section "Background of the Invention”. The interferon may
preferably be human, but also derived from other species, as long as the biological%ﬂ)\ﬂ'%éggmilar
to human interferons, and the molecule is not imppunogenic in man. 35 In particular, any Kinds of
IFN-a, IFN-0 and IFN-y are included in the above definition. IFN-0 is the preferred IFN according to
the present invention. 40 16.02.2007 The term "interferon-beta (IFN-(3)", as used in the present
invention, kosteepertintendclbbiertan speriraldt rievaatda, e dreserdimenisatte b biological

fluids or agitianemdioHYAIRESPORHIRG FdeshIBICBIRSINRATE PERKBIYOSigliRgkaryotic host cells as well
as its salts, functiﬁ_aal derivatives, variants, analogs and fragments. 5 "Funféio.nal derivatives", as used

herein, covers de Sﬁ B0 A 3 FSE%B‘&?@%G%O% it %rc?ti&acfra%u s RIRKS & Sr as side
chains on gtabittyidoéste tipeotdiner Ateronijughte obpsydsnmbdersdtnowp iande te, olyalre included in

the inyenti h ' | e, not destroy the
biologlfgal gg%fge@‘l@? ﬁ??t éb@%@ﬁ?gggﬁe a@%@%ﬂ%&ﬁbi |{)}ﬁtr%)%§§ the 10 corresponding
receptor and initidfeartBptareigiad ambediraerhet tisniryartion. thedateréeremis dmastsanms containing

it. DerivativegpRey)nane mbrnpesterapigiies.Sieh as carbohydrate or phosphate residues, provided
such a derivative retains the biol?%'ézgl ctiv%%/ﬂ;)f_the protein and remains pharmaceuticall

acceptable. For eXSHBRS Y8 1§28 Y Rt TARGC LY. ReguglAl L 8L TaRRAISY y5 amides of

the carboxwitirthepisteyfesaction with ammonia or with primary or secondary amines, N-acyl

derivagves or freq AniperghaURG MM BARE I dESHRR fRIBRCHNEBACAGN I \WEY S 4R.0- alkanoyl
or carbocyclic aroyl groups) or 0-acyl derivatives of free "hydroxyl roueB rée}.gé(that of seryl or threonyl

residues) fAMAARIRZRYA HRABHLS. WQmadaiohhody weightiy i dthpreksaethylene
glycol sidetsitingiyhich abayt 2@oganly/kgidgdoldysieighard sxteind thg/kgsiiboag wéigme. molecule in
body fluids. Of patticular | tance i roteip. t s begn derivatized. or bined with a
complexing ager?tf[ﬁoebg %ﬁgﬁs{@n‘%ﬁ.e&%g&%p e%%?a%%%e?g%%%, eg%@né%%%ue% gBove, or
proteins genatetaniuse fihaefeaticameanbiol e Ideatigenttand/ai prevssdioneihamevsiagisccording to
the presenpjsyatioghéfeihhthdéeHucigRI4alv esoliziie BeRBrHsds CHdadaly Hinsaslqibmidves that do
not change one.amino B’dd tp another of the twent)é coramon%-occur[ir%?aﬁ%ural amino acids. The
0 [

term "saltseﬂ%%'i?pr@fg? ] %Bjtﬁ Qe rbsl’%%ﬂjbﬁ(/rl'ﬁ TN O EF'S R ’Eé’i}‘% Bhino groups of

the proteinsansistinigeal: above or analogs thereof.
(a) A polypeptide comprising SEQ ID NO: 1,
(b) A polypeptide comprising amino acids 1 to 168 or 170 of SEQ ID NO: 1;

20 (c) A polypeptide comprising amino acids 1 to 16 and 170 to 314 of SEQ ID
NO: 1,

(d) A polypeptide comprising amino acids 170 to 314 of SEQ ID NO: 1;
(e) A polypeptide comprising SEQ ID NO: 2;
(f) A polypeptide comprising SEQ ID NO: 3;

25 (g) A mutein of any of (a) to (f), 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 (f);

(h) A mutein of any of (a) to (f) which is encoded by a DNA sequence which
hybridizes to the complement of the native DNA sequence encoding any of (a) to (f)

30 under moderately stringent conditions or under highly stringent conditions;

(i) A mutein of any of (a) to (f) wherein any changes in the amino acid
sequence are conservative amino acid substitutions to the amino acid sequences in
(a)to (f);

() an isoform, fused protein, functional derivative, active -fraction or

35 circularly permutated derivative of any of (a) to (f).



30 Salts of a carboxyl group may be formed by means known in the art and include inorganic salts, for
example, sodium, calcium, ammonium, ferric or zinc salts, and the like, and salts with organic bases
as those formed, for example, with amines, such4as triethanolamine, arginine or Iysilﬁé??pgﬁ!@i%line,
procaine and the like. Acid addition salts include, for example, salts with mineral acids, such as, for
example, hydrochloric acid 35 or sulfuric acid, and salts with organic acids, such as, for example,
acetic acid or oxalite AuigletorelLirdy 89 Baadainistaiedaetn?ied PIMHRIFATEM0IBFYethe proteins
16.02.200¢ ¢t byastennestitaangedtidnbeta, respectively) relevant to the present invention, i.e., the

ability to bind to tiﬂe mcaorrﬁ%gpggfﬁ rr?scee%% a}ns% iﬂitiﬁtesreceé%tgg s\}ﬁ]g éigg.lé%%rf%r% S pay also be
conjugated to polymer)é in order oqmprove the gta%lﬁ?y ot the proteins. A conjuga & between

Interferon pxpnessienpRiVibe gepglwrnerded pyctigPECkinasiddaalerideripeenhnoes/Bedr77, for

instange. 18 8RAHMY iRraiedpstamarERYdidirgivention, the interferon is Interferon- p (IFN-p), and
more preferably IEN- 3f1a. O_steoponttin is, pref r%}al use simulﬁaneousl , sequentially, or separately
with the interferor "EOSS plR 8§ 855%%0‘?fﬂ%ﬂ '5¥ecﬂte &sBYY ﬁ\@eﬂﬂ%?@é‘?&ﬂﬁoﬂﬂﬁ"g used in an

amount of edyopiti€e® Gl ¢xptess oy /kectdr besjuereigh & xpredsion O€iao déhuegbes ardoadit weight or

about 1 to ,maikg ﬂiéOQHYtHI(%j%%%r%Q%%éP%Mi@%%WSi%F-J@Pa&%\’&%%@é I relates to the

use of a nucleic acid molecule for manufacture of a medicament for the treatment a r prevention of
a neurolog®  MeagstasHISYNBIRYN $REATRSeiteSLItAR: | SEGIERERnpRLER ARuRTEMAeid Fuence
encoleidﬂg aaﬁﬂémep&dqmmiﬁagmmm%}amrﬁmmspermmdﬁmmiﬁaﬁ@f?w gsisting of: (?)
A polypeptide comprising SEQ ID NO: 1: (b). A polypeptjde comprisin ino acids 1 tp 168 or 170 o
SEQ 1b UK. SHeES ASTSulR e SRS i PR AR S Reco b o 1
(d) A polyptiperie covantiagausindhgsisressiaon oflestsiogertin millithen bedy Aitvolypeptide comprising
SEQ ID NO: 2; (Fyf\ ROPBRIPHIE ERBBYIFIES SER ExMEAsiBn29d@dA i1 deignal may ddriidto (f), wherein

the amino acid sequence has at least 4%% or 50 % or 60 % or 70.% or 80 % or 90 % identity to at

least one oﬁﬁgr's arﬂfévﬂ{@éél?ﬁt?éf tBa(‘ff‘ een shown to be very efficient in the transfer of

15  genes, in particular within the 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
osteopontin across the blood-brain barrier. Such vectors may target for example the
transferrin receptor or other endothelial transport mechanisms.

20 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 osteopontin in a cell normally silent for expression of osteopontin, or
which expresses amounts of osteopontin which are not sufficient, are also

25 contemplated according to the invention. The vector may comprise regulatory
sequences functional in the cells desired to express osteopontin. 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 operably linking the regulatory sequence with the gene, the

30 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 osteopontin in the manufacture of a medicament for the

35 treatment and/or prevention of neurologic diseases.



(h) A mutein of any of (a) to (f) which is encoded by a DNA sequence which hybridizes to the

complement of the native DNA sequence encoding any of (a) to (f) 30 under mode{ t% ﬁ}gent
conditions or under highly stringent conditions; (i#\ mutein of any of (a) to (f) wherein any changes in
the amino acid sequence are conservative amino acid substitutions to the amino acid sequences in
(a) to (f); 0) an isoform, fused protein, functional derivative, active -fraction or 35 circularly permutated

derivative of any bPgafWeTHionSurdienreiss tha Retitatdeas PrENI§NBlcalivMRstibrshtas a naked
nucleic acistdaatrCWstebpdriby iNbramametakaurejesttianmiédiciy-ienther ceeprissientoamegriences, such

as viral sequence, useful for. expression otthe gene .encoded by the eic acid molecule in the
numan ol LRSS da e Sl DB A e e e B i otiment,
the nucleiowisittmdedivaldtiadid tedheprsoniiai@prEsbmedtmasddynce. Expression vector

sequesnf{est are \t/v?rﬂﬁkmﬁntshthar&f&ﬂeamle?m@riﬁﬁammus&we&wm?@,fca%@eﬁi%ﬁ ion of the
gene of interest. They may.comprjse regulatory sequence, such as promoter and 10 enhancer
sequenced’s gfééﬂ[)ﬁﬁ‘é?ﬁé?% Wcéré?a%ﬂaﬂéoﬁaﬁﬂfﬁ %&tfg'ﬁ?ﬁ%%th‘@h" e CATYLIRE therapeutic
approach _ihetmmuﬁeailyqraﬁfgativg andjuntpmmmg:t_imindiaedisa. Mvamageailyslgffﬁnﬁ\@(_pr_ession_ of
osteopontigl hen e iiteoln SRIBTEITP LA R AIREIPERIANEVSRIBL S Bispiviral derived

vector. Lentiviral vectors have been shown to be very efficient in the transfer of 15 genes, in particular
within the ENBINOTHRPRREHBStablished viral vectors, such as adenoviral derived vectors, may also be

used @ccording taHeedefisnibarofAgRagateeveeily ampiatises imesdetdoeaabmpaeshmpassage of
osteopontin across the blood-brain barrier. ucq,fve{;tors mas/t ré:]%tf r ex m@{e.;he tﬁnsferrin
effec ss of i ity o tﬁ]

t
t . .
receptor Olc’:aOr{flleé’l’ évnhcli% he(ﬂ%l? tPaonS',%SI‘ e&wee%anlsms.'%}?n a preierre %%%o&me' o g invention, the

expressioeigongiegient arinthattés awbipkierdenthe hiostingewvtiich tHe ademiristeredtdrdor inducing
and/or enhaaipithergsleaRISUSIRIRSHSHSR, Mo HaRROpiien @) Galky 8umalinsikeed farexpression of

osteopontin, or. which ex{%r?sses amounts of 0 teopgﬁtin which are not sufficient, are also 25
contemplat8il 4O58R% S 1R5 ISR AN YRBIVER SRS SA PR SRS SRIH I, REWES functional in
the cefis delhivediri@edRiegetstadgdontin. Such regulatory sequences may be promoters or enhancers,

for example. Thefﬁ@"’é@{% ﬁ%‘?é’&@ﬁ@ of the pharmaceutical composition according to the

invention can be administered to an individual in a variety of ways. The routes of

administration include intradermal, transdermal (e.g. in slow release formulations),

intramuscular, intraperitoneal, intravenous, subcutaneous, oral, epidural, topical,

20 intrathecal, rectal, and intranasal routes. Any other therapeutically efficacious route.

of administration can be used, for example absorption through epithelial or

endothelial tissues or by gene therapy wherein a DNA molecule encoding the active

agent is administered to the patient (e.g. via a vector), which causes the active agent

to be expressed and secreted in vivo. In addition, the protein(s) according to the.

25 invention can be administered together with other components of biologically active

agents such as pharmaceutically acceptable surfactants, excipients, carriers,

diluents and vehicles.

For parenteral (e.g. intravenous, subcutaneous, intramuscular)

administration, the active protein(s) can be formulated as a solution, suspension,

30 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.

The bioavailability of the active protein(s) according to the invention can also

35 be ameliorated by using conjugation procedures which increase the half-life of the



may then be introduced into the appropriate locus of the genome by homologous recombination, thus
operably linking the regulatory sequence with the gene, the 30 expression of which is required to be
induced or enhanced. The technology is usually rgjerred to as "endogenous gene efA 7(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 osteopontin in the manufacture of a medicament for the 35
treatment antblecpikeire tio hwhae badggfcrdisaagss. libhRidg . e 200écdlbadnuetydibgiéngiyesirelates to a

cell that hasag gcgfbggtiiﬁqﬂg p’@gigg%ﬁ? Eéjg%(}%rqu' 3?' manufacture of a medicament for the
0 ' ic'di cell't

treatment and/or prevention of neurologic'diseases. Thus, a herapeutic approach may be used in

order to deliver thelBfudherarewisplypabestysrtameiidsh @hahebagyve pratainiehtiwh ®etrer relates to

pharmaceutiGatfsHasien saRanliss! Hbudisg Hday pecye phstaiRNgHe rarpaRiMEMihef pietialogic
diseases, which com riTe a trtlerapeuii;c Ily effeﬁtlvg amou ht of afl)s‘teo(é)osqtin eh[;d a thTrap<?uticaIIy
effectivd afioUn{ BT arr ntgﬂgr%)ﬂ?o&? n Iy?ﬁﬂ EF grag Sutica f&&ive BmdaHEorEn

rat SuticaiR?
immunosuppdeysistration. T kieed efimital ncondiiesr nohcibeticrtiealc dinsludieg ithmeadesirabiihcahpass any

carrier, whigh doamngtdnishiessivilpEectyegsss.ef dbe SiplagicRlRgyyity of the active ingredient and

that is not toxic to the host to which it is administered. For example, for parenteral administration, the
active protein(s) mAy FerRKlicaly #ifscinG: ABMgE dinsysh ifhetinhsh fdministesadn B8 saline,
dextrose sobsiespattininexédsalbubunefivel Refiger sosol th®melinglayit veisegsedianis efodye

pharmaceut] it] rdi inventi wnister {ndividual in a
variety?gf Wé%%@%ﬁté%%%%fgrﬁ r?@tf} tﬁ%ﬁ?ng% dSé%ﬁtﬁgé]ﬁ%agﬁwﬁéber%ﬁ%@ﬂg}&)g%\% release
formulationy@rigty fhiaeiors, ineupiadiestaapantiavehaimacekioetisnpiswerinsd, Bpidowe, Wpical; 20

intrathecal, iRphHistatdAlpaRsHI (ggh@ﬂ@ng%@mrgwag%gi@gm g&&%@ngﬁe, dzMinistration
nerein a OB B TAET18 G ARBEIREN S LSS e i SRR T LSRR, @18 DR o vecton).
which causesfactdasired.agent to be expressed and secreted in vivo. In addition, the protein(s)
accordjgg to the 2 INKROHAR & AB5BBURSHIRMH tegﬁtPF‘éféYEB&’tB&rL&%WE’r?%"f‘xr_‘é?n%fuhi%‘?gica”y
active agents such as Pharmaceutlcally acceptable surfactants, excipients, carriers, diluents and
vehicles. about 0.0001 to 10 mg/kg or about 0.01 to 5 mg/kg or body weight, or about 0.01 to
5 mg/kg of body weight or about 0.1 to 3 mg/kg of body weight or about 1 to 2 mg/kg
of body weight. Further preferred amounts of osteopontin are amounts of about 0.1
to 1000 pg/kg of body weight or about 1 to 100 pg/kg of body weight or about 10 to
20 50 pg/kg of body weight
The route of administration, which is preferred according to the invention is
administration by subcutaneous route. Intramuscular administration is further
preferred according to the invention.
In further preferred embodiments, osteopontin is administered daily or every
25 other day.
The daily doses are usually given in divided doses or in sustained release
form effective to obtain the desired results. Second or subsequent administrations
can be performed at a dosage which is the same, less than or greater than the initial
or previous dose administered to the individual. A second or subsequent
30 administration can be administered during or prior to onset of the disease.
According to the invention, osteopontin can be administered prophylactically
or therapeutically to an individual prior to, simuitaneously or sequentially with other
therapeutic regimens or agents (e.g. multiple drug regimens), in a therapeutically
effective amount, in particular with an interferon. Active agents that are administered
35 simultaneously with other therapeutic agents can be administered in the same or
different compositions.



For parenteral (e.g. intravenous, subcutaneous, intramuscular) administration, the active protein(s)
can be formulated as a solution, suspension, 30 emulsion or lyophilised powder in association with a
pharmaceutically acceptable parenteral vehicle (,g. water, saline, dextrose solution)@a0d.200iives
that maintain isotonicity (e.g. mannitol) or chemical stability (e.g. preservatives and buffers). The
formulation is sterilized by commonly used techniques. The bioavailability of the active protein(s)
according to the iriteniroemntion disdh &5 rbiates &icratethby fisinigeatingy gatieurpiogie disessehich
increase th 0 4 e e d g the
molecule togwie%ﬁq fa%(ﬁﬁtgﬁns% dggcr?bgg} %%?P@%}E’Paﬁg& g%p%ﬂca%fggr?’t\llv% 92 1%54(% pThe
therapeutic8fit F\/eoén%u?ﬁs emishefivestionamia) IFivEE Lrtineabh 9esthry vihadles, including

the type of pn@tmacéheoaifymbebtbﬂ@ﬂamm, 5 any residual cytotoxic activity exhlblted by the
antagopists, the rqute |n| fration aI cgn |t|on of th |en incl e desirability of
pists, e e ahad i ARG Aedlisaccandion USRI BL NG the

maintathing a non-toxic level of &n Bont n acti tHefapedticallyetteltive amount”
is such tharatirm idtmeasdtdheteahanosftanivatiamnowntsch peieonsalinffettairameagenisdlofic disease.

The dosagesidbashniistaiRy, ansIngIhRIHEIHIPR RARES: togathiEdvidua! yWllrvafedeRsRding upon a
variety of factors mcludlﬁ é%’ R ee}i) ontin, Eharmacoklnetlc ropertles the route of administration,
a

patient conARREALARIGLR A UtUR the, BresEBHDYEORAN: health, size), extent of symptoms,

concurrent treatments, frequency of treatment and the effect desired. 15 As mentioned above,

osteoRgntin oan DR SGRAARE SN I A RRIAI ﬁﬂéﬁ%%wpa&tm\g@%%eh%ut& 0105

mg/kg or body weight, or about 0.01 to 5 mg/k weight or about 0.1 to 3 mg/kg of body weight
or about 1 tePYRlisNes! bFBob fRrsight pF@ﬁhéP @@'Pebsé'i‘ﬁ dr\t% &’J@[@tﬂb’bﬂﬁﬁ'&?eoéﬁ@ﬁnts of about

0.1 to 100@pekerrbnsts weighsmtiraaptdrporaea fbg/kgféfémdyhﬁﬁéﬂhtmﬂa@ﬁgtélDd@ta'ZO 50 pg/kg
of body wei route of admipistration, which is preferr daccord oth inyentio
admlnlstrat%?%%ys bet a?]reé‘o(jsxr{;ﬁ{gs?n grr{ﬂ;tcgulaﬁﬂg mlrﬁasﬁa(t:%n IS(}%II‘ ﬁ Nferre accordlng to

the |nventmpﬂi¢ﬁt§rw5eﬂ]9réﬁé‘?@ﬂ°§ml§t§%ﬁmmg ﬂigté'@fﬁ{ﬁﬂﬁ‘?%%@mlh%ﬁﬂe@ﬁj@iﬁﬂcﬁmw 25 other
day. The dajlyorestated sy isterdivcaiven in divided doses or in sustained release

Reference to known method steps, conventional methods steps, known
methods or conventional methods is not any way an admission that any aspect,
description or embodiment of the present invention is disclosed, taught or suggested in
the relevant art.

20 The foregoing description of the specific embodiments will so fully reveal the
general nature of the invention that others can, by applying knowledge within the skill
of the art (including the contents of the references cited herein), readily modify and/or
adapt for various application such specific embodiments, without undue
experimentation, without departing from the general concept of the present invention.

25 Therefore, such adaptations and modifications are intended to be within the meaning
an range of equivalents of the disclosed embodiments, based on the teaching and
guidance presented herein. It is to be understood that the phraseology or terminology
herein is for the purpose of description and not of limitation, such that the terminology
or phraseology of the present specification is to be interpreted by the skilled artisan in

30 light of the teachings and guidance presented herein, in combination with the
knowledge of one of ordinary skill in the art.

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
35 notintended to be limiting of the present invention.



form effective to obtain the desired results. Second or subsequent administrations can be performed
at a dosage which is the same, less than or greater than the initial or previous dose administered to
the individual. A second or subsequent 30 adminggtration can be administered dygip @opErfor to onset
of the disease. According to the invention, osteopontin can be administered prophylactically or
therapeutically to an individual prior to, simultaneously or sequentially with other therapeutic regimens
or agents (e.g. muﬁﬁﬁﬂMﬁh‘fgiregimens), in a therapeutically effective amount, in particular with an

interferon. Active Eg@mfPLfEmar@ﬁdaﬂi&iﬂmer@%ﬁ&%mwmar@@ﬂégéwtm%wm%’mwﬂm@gentS can be
administered in éhe Same glffe 3nt composmons 45 16.02.2007 The invention further relates to a
emye na|
method for mprising administering to a patient in need thereof an
effective amount of osteopontin, or of an agonist of osteopontin activity, optionally together with a
pharmgceutically gpgpigdle carrier. 5 A method for treating a neurologic disease comprising
administering to a patient in need thereof an effective amount of osteopontin, or of an agonist of
osteopontin activity S optionally together with a pharmaceutically acceptable carrier,
is also within the preserdlimantiesi 10nkll referebees cisethbiiesq, iméud'rngwmtmrzahaﬂiC@rs or
abstracts, qun?gng LisnRRIPOed tieR- LT I0% 8§ ?Q&?‘ RlISAIA r'{‘rs'%s%%dﬂ ?q ffPre'gn patents
or any other Pererence S, are entirely incorpor eference herein. inc n& 1as tables,
figures andqmqm.%eﬁté‘@ﬁﬁtﬂh’é\@hécﬁ%Y@réVM%Htﬂiﬁ%aW§tﬁé"ekﬂ#ewéénﬁé?QWOth@references

Eited Whirt‘hmgd?fefsn&ﬁ‘ér@iﬂ‘ﬂdtbeiﬁiméf9@§éh§8t'|'<2?|y Wr@ﬁ]mg;weﬂmw rie.ftqr@neanﬁiﬁfzrence tctn
nown metho seps convention s, known methods or conventio ethods is no
any way arSHZsick YAt ‘# pec%lgg’gscsfﬁ'{) n IPERshaNRNn PSP Wes‘ént f{’:}ﬁ\‘gﬂﬁ%n is
disclosed, tahgyidendmm@scbmnstbietedlee&ﬁ&mt 20 The foregoing description of the specific
embodiments wil gdulidKEmghe afBNSHAlguALr Al dRRAIoB (G INErSifan o, gePlying

knowledge within the skill of the art (including the contents of the references cited herein), readily
modify andR¥8OHeRdi96YGatstis 'H}?pll@éitﬁﬁi’sﬁ?f’gﬁgcﬁ’ eBrefdn E1ESGisadeRdmeyte
experifpentptispiy yuithouh deparimpstbita tb@rﬂ&mra&mrw@{ & thaypraseproufetiemtiating herefore,

such adaptglgs ad, moieptiansalie lisileinehe WG RRIN.S LRRgRE G valents o

&I |
the dlsclose(f Bodlmen(fs base§ e teachln
neu cells have a round shape and are most|y bipolar like oligodendrocyte precursor

cells, cAMP treated cells generate multiple processes, have a flat phenotype, and
even produce flat, extended “sheath-like” structures

20 Additionally, an in vitro myelination assay using mixed cortical cultures can be
used to enable visualization of functional myelin in vitro. This system provides the -
possibility of studying how oligodendrocytes contact and myelinate axons in the
presence of other CNS cell types (Lubetzki et al., 1993) In this system, biological
factors can be tested, which might influence the proliferation of oligodendrocyte

25 precursors or act on the differentiation and survival of oligodendrocytes, such as
influencing the formation of real myelin segments. The need to study the process of
myelination in vitro has led to the development of a range of assay types, including
aggregating brain cell cultures (Matthieu et al., 1992), cerebellar slice cultures
(Notterpek et al., 1993), and co-culturing systems (Shaw et al., 1996; Barres et al.,

30 1993). These models have the advantage of permitting the study of oligodendrocyte
behavior in conjunction with other cell types and how these cells are stimulated to
produce myelin. Demyelination can also be provoked in such systems via specific
insults, and the response process of remyelination can also be studied.

35



guidance presented herein. It is to be understood that the phraseology or terminology herein is for the
purpose of description and not of limitation, such that the terminology or phraseology of the present
specification is to be interpreted by the skilled artigan in 30 light of the teachings and gyjéags,
presented herein, in combination with the knowledge of one of ordinary skill in the art. Having now
described the invention, it will be more readily understood by reference to the following examples that
are provided by whyvafdlhnsteltaystans are 35 not intended to be limiting of the present invention. 46

16.02.2007 EXAMBLESEXAMRIE Tauteanentitisgiiarantaly sxaressasbinisagornd in vitro

models of demyelinating diseases 5 Methods In vitro model systems The Oli-neu cell line has been

establishedWHRIgnEIeanSiSHNPSt SlidiRidhdi¥giRAde R e Rt d3PRcsiashicriiabtiva! retrovirus
encoding thaddekewfongerssrivaamalitalbiel aaﬂmwmwenhma(msmsmwnerwaﬁﬁwwn to be 10

induced to dlﬁEEEﬂtl&t%lQﬁ@E%%g?ﬂ Ri 8r§ ]hELMb% % qu\/I%Hn tg %ulgur ldmerdlugr/n (C\)]tung et at,

1995). This provmﬂed e possibility’o studymg o} go rocytes as an |solate0eceqp pe. The
morphologynantmatiagrasismactBelsdingdheameesen sain andPrimatsiaYriens teayisvgseioli-neu,

derived frop %mozmplm@mga@émﬁmtﬂaéd@lsgwmelaébﬁ fonneRied Fandiiariang:after 6 days
of pro-differ ntlatln atm nt with 1- ? a‘r??wﬂrglbu cAMP iffers subs antially. Whereas untreated
Oli- neu cef&eiﬂ\‘?g%? u‘ﬂ@ FEPROLRA e oE&|§y’B¥B%|£P‘iﬂ? o?%@ﬁ& ESRESHRURIEP ells, cAMP
treated cell$hpdlecsaraurimeltijles pnodebsEblShENal Sdistoptenotg®Sd)and even produce flat, extended
"sheajy-like” struciyias,Phostallinpalye a8VBIY LR IDKEIRLAR-AGRA URIDE RE<6H sREIGgkECultures can

be used to enable visualization of functional myelin in"vitro. This system provides the possibility of

studying hdFDIFRSERIBRARESEES Ed?ﬁé(ﬂ’ﬁYﬁi‘ﬂH‘?@fH{a‘Ra%ﬁ‘éelH‘&Br?ﬁ%%%ﬁﬁg?ﬂe&l’i'é\e@ﬂis cell types
(Lubetzki etrieliia@n Irirthisrdyisten, gaplogiomle fantigatcandethesteskonbivbnsiotvdefyipgce the

prolferation ol SlapHSARio A En Riecursifs anash on e dllaremiainn and s aigL gt

ollgodendroc es, SucH as Influencin formation of redl myelin segments. Tte need t study the

process of thWe[ﬁmﬁﬁlﬁi'Mrbm@I%ﬁist'b Qﬁ@@i@%l@ﬁﬂnb‘tﬁ"éf d P8Ry ewe ety ipperslendtuding
aggregatingdirparé elevelbpiasiidriiyeination, Wi, sesaRelmisligrcoligas PNS is still

being formed, and remyelination, which occurs in an adult paradigm, it has been
necessary to formulate models that specifically address the process of remyelination.

The Cuprizone model
20 One of the most well known and widely used of the remyelination models is
the Cuprizone model for remyelination in the mouse. This involves oral administration
of an organic compound, Cuprizone, a copper chelator that has been shown to be
selectively toxic to oligodendrocytes (Morell et al., 1998).
.Demyelination and remyelination occur in the corpus callosum of Cuprizone-
25 treated mice. These pathological conditions can be visualized by staining with anti-
CNPase antibody or MBP antibody. Myelin is stained with Luxol Fast Blue-periodic
acid Schiff (LFB-PAS). Remyelinating oligodendrocyte precursors can be visualized
using antibodies for PDGFa receptor or NG2.
Administration of Cuprizone to mice over a period of 3-5 weeks results in
30 extensive demyelination of the corpus callosum. Concomitant with demyelination,
synthesis of myelin-specific gene transcripts is upregulated after 3 weeks of
Cuprizone administration (Morell et al., 1998).
Subsequent cessation of the Cuprizone regimen creates an environment
conducive to recovery, such that 6 weeks after ceasing Cuprizone feeding, the mice
35 exhibit extensive remyelination in the corpus callosum. Thus, the Cuprizone model!
provides a complete in vivo paradigm within which to study aspects of demyelination



(Notterpek et al., 1993), and co-culturing systems (Shaw et at, 1996; Barres et al., 30 1993). These
models have the advantage of permitting the study of oligodendrocyte behavior in conjunction with
other cell types and how these cells are stimulateghto produce myelin, Demyelinatioﬁscg% be
provoked in such systems via specific insults, and the response process of remyelination can also be
studied. 35 47 16.02.2007 In vivo model systems There exist a wide range of experimental in vivo
and in vitroamd desisykdinationtigte sdicnisgesMostidé the mbsancenotitseall dfitratéah totth€NRssical animal

model of MEsgxpermania! AlFedisensrrhalady slitsyEifEod hstasemagy Suprialions on this

model, which has been adapted for use in a wide range of mammalian organisms, including the
mouse, rat’eAPIFRR ol aanis (HiraRtyehaPd#Y8t al., 2000). Additionally, methodologies have

been formulated for "mimicking” the proposed viral component of MS in animal models such as the

encephalitogenic Her' rg]lfgi I g A(pF1 t > Q-ARimal models for

exclus?{/ely studyirﬁi%ﬁeﬁiatiqn%%a&%ﬁsg;bg@rg %e@?%p@n?ﬁ%ﬁ)s} §s%:(?q-t‘h3§§ g;%\?en useful to
observe theisaddHecTadbinh dpvalved g reuisn $A aRntaINiRg b iReaissight into the mechanisms
underlying oligodendroglial or Schwann cell differentiation, migration, and proliferation, following the

"recapitulation hy thesi1s_" %Frﬁnlklin an Ialints, 1999?\.?H0(¥vev r,in order to 15 compare
developmental m%l'%'n, PSSR WA TREENE il being formed, and
remyelination, whighogocRrded dor a3 wepks aeigan powder ¢k aietnewdaiing t0. B3tnttuatonedels that
specifjgally(@qI PR the process of remyelination. The Cuprizone mode! 20 One of the most well
known and widely used of the remyelination models is the Cuprizone model for remyelination in the

mouse. This involZS4 a3 afAifRE R MRERSr 2 BriQnretshist san @i dhe’s 8sBe ehelator that
has been s{@updw); be selectively toxic to oligodendrocytes (Morell et al., 1998). .Demyelination and

remyelination occi. | .car I URK - 25 tre / A4S ] gical
conditions can be%é?@vg{;ﬁ]ﬁgéﬁﬂ?g%ip él%l’\lggz%sde %é%it%ﬁ%@ BP%tﬁ)@giy. yelin is
stained witfellPWeARY S Biweskdgeaverkerriat piraINoBpLsydeserdiph&liMBloligodendrocyte

precusgors can begrisuslgefédufinG ansiiadiss Sopbiered ieeeRIMAINING D. 3¢ rCindsiiation of
Cuprizone 8”rc1)1v|vce%_%ver Q_&gn d of 3-5 weekg results in_30 %éte%ggl\éﬁae{jau&%!matlon of the corpus

callosum. CONCOMItANT Wi gerrﬁfgl\fﬁ%%%r,'o on anormatpo
Group 6: fed for 5 weeks on a powdered diet containing 0.2% Cuprizone,

followed by a 6-week recovery period on a normal powdered diet (6wR).

20 Brains were collected from the animals in each group at the end of each
treatment at fixed times. Mice were first anesthetized and perfused via the left
ventricle. Brains were collected and serial coronal sections were made at the level of
corpus callosum-caudate putamen (striatum) and hippocampus. Brain tissue
sections were embedded in paraffin for immunohistochemistry and in situ

25 hybridization.

Histological tissue preparation
Formalin was prepared by diluting 1 volume of formaldehyde (Fluka, 36%
p.a.), and 1 volume of sterile PBS, with 8 volumes of sterile water. A silicon tube
30 adapted to a peristaltic pump and fitted with a 20G, 1-1/5 needle was filled with 10 mi
of PBS. The tube was then filled continuously with 40 m! of formalin, with care being
taken to prevent air bubble formation.
Animals were anesthetized with sodium pentobarbital (Sanofi®), diluted 1:1
with sterile PBS to a concentration of 3 mg/100 ml, prior to intracardial perfusion with
35 fixative to permit subsequent histological analysis of organs and tissues. Each
mouse received an intraperitoneal injection of 0.05 ml (0.75 mg/kg). Once animals



synthesis of myelin-specific gene transcripts is upregulated after 3 weeks of Cuprizone administration
(Morell et al., 1998). Subsequent cessation of the Cuprizone regimen creates an environment
conducive to recovery, such that 6 weeks after cggsing Cuprizone feeding, the micé R30It
extensive remyelination in the corpus callosum. Thus, the Cuprizone model provides a complete in
vivo paradigm within which to study aspects of demyelination 48 16.02.2007 and remyelination. Its
advantagewére diowsiicthgisdimbs wetedixgthfitrapios (RESCHKDerdas), Brrigimthameiie exbiusive study of

myelination @9@§§ﬁ§b§§r&leﬁr@$a%ﬁéﬂr8ﬂ85@“E)ﬁiﬁfeﬂ%ﬂé%l@éﬁ?é’ﬂamrﬁéﬁﬂan@%& anFor
Cuprizone treatment, C57B1./6 female mice QS weeks old, 20 +C§%&é/r)e$§(}used in the study, which

involved 6 RIS, BadR &4 .a?ﬁ?ﬂ& R i SR € (510 S e i NGith 87 Ral Pvdered chow:
Group 2: fattddomgnweakshen fupberdaret thet ighttamdrig helefCaighei ZBme eg@riupdsvijft&roup 3: fed for

> weeks OAPOWERTEDIELEOURIAY B S AAD Solnbl MR GFON Rtk Hcisliaeks on a

powdered diet containing 0.2% Cuprizone, followed by a 1-week reCovery period on a normal
powdered 8t 1 RiiRYerek iagisinn Peragndicylarclok 8 RS YRR Sradeaia: LHAENIRG thomcuprizone,
followed by:4vi8 \wetakitie asaatiygorstotlinrnhe moitdiel (Tow derard wist i3ld RitHksrdeps: §ad the 5 weeks on a

powdered diet containing 0.2% Cuprgizone, followed by a 6-week recovery pefiod on rmal
powdered H?Z{t (%B\';{/l@ 'Eﬁﬁi?ﬁ% cé%r{e%goﬁ gc ed _r%lfrsi geegmﬂﬁgﬁg?ncﬁ%%ﬁtgfgﬁéﬁ fﬂleee#g of each
treatment axaixeermtied. falewerkbhy fsmifersaadi e dheneppe @i sachvinouke|cfhe /braicndBrains were

colledigd aginapustcerRhSAGHAI VU BIRAGR Aidbecteurd Rf aRaTHESRARPSORIGBHAaKR Putamen

(striatum) and hipppca%s. Brain tissue sections were embedded in paraffin for

immunohistBii8mitd A7 A sfalcon®yHh8iF9fioh. N9 IoYIEAfUER[D prelbdPidREdheRlin was
prepared shailgéachi volumestirier PRSI eiivd thé-tukiteridf Yeftpat. y4a0doteralgme THesRB® PBS, with 8

nesdle waS AR WA 100 OPPERS 0ANA08 Thte TS R E A Ac A TP sormain, with
care beingTrekbraio peaviepheredabdlsdmahatioh wenintalt intereppnesdthatehe @ Withms slitem
pentoparbita) {3aRAL Mo Fils4EE dalquets compatible with the inclusion machine. Embedding
of the brain and spinal cord in paraffin was done using an automatic Tissue Tek
Vacuum Infiltration Processor E150/E300 (Miles Inc. Diagnostics) according to the
program described below:
30 minutes in 50% ethanol
20 60 minutes in 70% ethanol

60 minutes in 70% ethanol

60 minutes in 80% ethanol

90 minutes in 80% ethanol

30 minutes in 96% ethanol

25 90 minutes in 96% ethanol

120 minutes in 96% ethanol

30 minutes in 100% xylene

60 minutes in 100% xylene

Four 60 minute incubations in paraffin (Histosec, Merck 11609); last stage is

30 for embedding.

All solutions were kept at 40°C with the paraffin at 65°C. Once the tissue
sections were ready, the brain and spinal cord sections were placed in the desired
orientation on plastic chambers for paraffin block inclusion. The paraffin liquid was
poured and allowed to cool quickly at 0°C on a cool plate. Paraffin blocks were

35 processed in a microtome for sectioning (5-10 um). Sections were then mounted



with sterile PBS to a concentration of 3 mg/100 ml, prior to intracardial perfusion with 35 fixative to
permit subsequent histological analysis of organs and tissues. Each mouse received an intraperitoneal
injection of 0.05 ml (0.75 mg/kg). Once animals 4§,16.02.2007 were drowsy, their litéh8 fixed
with pins (25G 5/8 needles) through the skin onto a Styrofoam board. The abdomen of each animal
was cleansed with ethanol and an incision made with sterile scissors in the skin at the level of the
externo. Thentabdianertreatedhglassribtesut(Butieehightt Blnd™h thMerefelsidet. The ef4ddi®)was lifted 5
with a pair ef{Rieh Wﬁﬁh&@i@gr@gp@ WaaReaer dnriwbRidiagengl incision, and a bilateral
incision perpendicular to the rips was made to expose the thoracic cavity with the beating heart in the
middle. The heart was held with forceps and the right atrium immediately cut to allow venous
bleeding. The circ@iaticaiafrd0 ml PBS was permitted, followed by 40 ml formalin in the case of each
mouse,. The brain ap ) SRinal cor: [ e f i .and.placed in 10 ml
formali‘r‘sl solution iﬁnéqéa? rﬁﬁ E\%gﬁf@ﬁﬁ%@?&?ﬂ% rr?ogljr\i{ﬁ #h@f}?’%ﬂ Iir% jglﬁ%%r‘? v%ﬁé‘?ﬂ%% Vé‘ﬁanged by 10
ml sterile PE®EfigeiomRIE T8FUsReRdICovalRy eteHBOtes atiah. 138 IhepelBavried again and

the material yiepdg el s fraskdesr BRetsandep e, RmMiTNBEresnand P iIaHERIRtMRSS cut into
approximately 0.5 cm slices 15 and placed intg plastic basquets compatible with the inclusion

machine. ENSeRefiRgmEEAth LM dp <pfal sty Grelscyivie qeadiian BNOMWAESC Tissue Tek
Vacuum InfditedictadRusiogtherTEZSIWEeB@@ (Stkebdioey)Diagnostics) according to the program described
below; 30 minutes in 50% ethanol 20 60 minutes in 70% ethanol 60 minutes in 70% ethanol 60
minutes in 80% ethanol 90 minutes in 80% ethanol 30 minutes in 96% ethanol 25 90 minutes in 96%
ethanol 120 minuf&¥Adsealionthanol 30 minutes in 100% xylene 60 minutes in 100% xylene Four 60
minute incubationg §tap RN rwadistoksted MerakGILRBR ) célis! Sagdnedineemirddingaifll solutions
were kept ARG WIS ARl Al S8C QNG A% MRS TIRRIISHE FEA bagas brpig and spinal
cord sectioRg wera place i fHe desnad

the Tr-ZOL® extraction protocol (Life Technologies AG, Basel, Switzerland).

15  Poly(A)" RNA was prepared from total RNA samples using Qiagen OLIGOTEX™
columns (QIAGEN Inc., 28159 Stanford Avenue, Valencia, CA 91355, USA).

DGE Analysis using cDNA Microarrays

Microarray experiments were done at Incyte Genomics (Incyte Genomics

20 Inc., 3160 Porter Drive, Palo Alto, California 94304, USA). DGE analysis was

performed using Incyte's Mouse GEM™ 1 gene expression microarray
(http://www.incyte.com/reagents/gem/products.shtmil).

The Incyte chips used in these assays were loaded with cDNA molecules

corresponding to 8734 genes, both known and unknown (EST sequences). Incyte’s

25 technology permitted micro samples of each of these genes to be spotted on a single

array. Each cDNA molecule corresponding to a known gene or EST was 500-5000

bp in length. The Incyte specifications gave a detectable dynamic range of 2 to 2,000

pg for individual mRNA in a sample. The quantity of RNA required for each array

experiment was 600 ng of poly(A)" RNA. Stated levels of detectable differential

30 expression were given as ratios larger than 1.75.

Signal Normalization and Expression Level Determination

Ratios computed from the 2 fluorescence intensities provide quantitative
measurement of the relative gene expression level in the 2 cell samples being

35 analyzed. The ratios assigned to each gene are computed based on normalized
expression levels. A normalization factor is computed by dividing the total expression



orientation on plastic chambers for paraffin block inclusion. The paraffin liquid was poured and
allowed to cool quickly at OC on a cool plate. Paraffin blocks were 35 processed in a @c&tgﬁé%for
sectioning (5-10 m). Sections were then mounted0 16.02.2007 onto silane-treated gfass S
(SuperFrost-PlusTM, Menzel cat. no. 041300). Following mounting, slides were stored in a dust-free
environment. Cell Culture 5 Oli-neu: Mouse oligodendrocyte cell line (Oli-neu) cells were enriched via

centrifugatioh thf ¢eeend saninel (R-shydketetalexpEsoneraiitae frabsampla Fueldisfetasd in 75-mL
flasks at 37fc fyad alple@dctitirelsd sapHRE oPERIEGEAEAR PYADRESIHIRARdiENZAEBNM dbcAMP
added direct{é t%ce I culturelm(iq}gm. RNA was extractegl Hsmg tgée ngﬁ’l ’\?ﬁl hod se?ﬁbelow). 10
RNA IsolatidiTrotal RRAIRBER o B AR G- HELREIR!NE &‘f S felted MAUYEDIYE sections and
mouse post-natal hdtdie bedlins expigtsiontleielcbppizatagetegessasinte thantrleX ©1.09 thdraction

protoc (LifR, gl ogiBRaGPAs) SiRer il LRRPIHALBNA yas Espare figgy otal RNA
IGOTEXTM _columns (QIAGEN Inc., 28159 Stanford Avenue, Valencia, CA

samples usin? Qiagen OLIG( .

91355, USAS! 'B@E}_ L-Nnaﬁ%@"ﬁgiﬁ@“e—D'lﬁﬂ(EMicroarrays Microarray experiments were done at Incyte
Genomics (Incyte SiacwrraspldhitsididatehRerteromived BahulsteoGaliforntarAgdibnl) the). DGE
analysis w rfqrm ing ncyte! M sion microar.
(hftp://wwwa!l%ncg{/%e.ét}:1I rr? r%%%ﬂ%?&/é%rﬁ%%g E%%%%E?rrﬂ?%ﬁ ﬁgy%)fc sugséﬁé{a%ﬂ? g&aéﬁgsegays were

loaded withafINyeeaBIeeURSS delipbipoiadifietERsSureess, ofbrelbien affdeshiRRoIBMEIES T
sequelmesnmgmﬁ%&ﬁtasml@mlné w&fmgtﬁféég_ié%@%mﬂéx@ %ﬁl@@ffgt-;@rﬁﬂlg&ﬁ;%% ;saé)kg(% sgotted on
a singie array. cach C molecule corresponding to a own ge or was - pn
ot Tl SatERiR R ARSa0S JA R I AN POV S 3Rt o0, P Rohvicual
mMRNA in a Saohpla. FileaLmipatisdRisl Aareqlesed reliablectbutrdiye e xganinmentideasadditiarglof poly(A)'
RNA. Stategh{evRisiaH eﬁ%e%ﬁa%@fﬁml%ﬁpasw?&ﬁie@g%wB/é%ngas»s@;'@a.larger than 1.75.

Signal Normalization and Expression Level Determination Ratios computed from the 2 fluorescence
intensities provide quantitative measurement of the relative gene expression level in the 2 cell

samples being 35Rusalitged. The ratios assigned to each gene are computed based on normalized

Models used for analysis of differential osteopontin expression

Table IV shows the models, which were used for extraction of mRNA and
chip hybridization (DGE analysis), as described above.

20 TABLE 1V: Models used in DGE analysis
Models Treatments Controls
1. In vitro Oli-neu cells + dibutyryl-cAMP | Oli-neu cells (untreated)
oligodendrocyte (6 hours)

differentiation model | Oli-neu cells + dibutyryl-cAMP | Oli-neu cells (untreated)

(6 days)
2. In vivo Adult frontal brain + Untreated adult frontal brain
Cuprizone Cuprizone (3 weeks)
demyelination/re- Adult frontal brain + Untreated adult frontal brain
myelination model Cuprizone (5 weeks)
Adult frontal brain + Adult frontal brain +
Cuprizone (3 weeks) Cuprizone (5 weeks)
3. Developmental Mouse post-natal day 10 Mouse post-natal day 2 (P2)

myelination (P10) cerebellum cerebellum




expression levels. A normalization factor is computed by dividing the total expression 51 16.02.2007
of the second sample (P2) by the total expression of the first sample (P1). This facton s ghesqprlied
to the expression level of each gene in P2. Once #zs normalization step has been applied, the gene
ratios are computed according to the following rule: Let E1 be the expression level of a given gene in
sample 1 and let E2 be the 5 normalized expression level of the same gene in sample 2; if E2 > E1
then ratio=E2/E1 Rafiygientiiéer. PEEReniatien afdvelibsrpedica®ereperformed simultaneously in
competition, the Ipgyisosiive lREARBIOTY PaRNATIBIDIESISE I HRfGERtRINGoQIRIen cxPFARSIAD changes
and becomes Ie&s reliable far, ttg]e easureme#}%(g absolute expression levels. 10 Nevertheless, it is
possible to R eg%n&%pcressmn AV VARIRS Yo comparing pairs of sample RNA populations that
were not actually Jlapigc¥ishows thegeauiatiahiphsSued fargiyzlicopexific geses @iesantalimble but they
can proyvideddiigRalniefesmaloMfcraRERPBIGIAS AT VaRBE B8P k4o RYS IR RepBiRgy assayed. 15

Results Models used for analysis of differential osteopontin expression Table_ IV shows the models,

which werefTRBPeR gi&ra(’,’f%‘ﬂ(@ﬂﬂ @WR%H"%P&'H%HH%@H%E@Mys?g)'sef??e&ﬁbed above.
20 TABLE poditiesletsntret bmvBr@ingnetiysie Mbiliels Sineatthe megGatitrolsf dyklivistouQlirakeu cells +

dibutyryl- c%ﬁﬁg éfﬁﬁgrc%ltﬁ (g @ﬁ.}% Wgc&e‘@" E}ﬁ%‘};{gfﬁrg tl%lgn oe(;%‘g)ll neu cells

+ dibutyryl- neu cells ( ntreate S) 2. In vivo onta braln + ntreated adult

frontal brawﬁ’@[ﬂ%%h@fdl]?ﬁ&&%‘?ﬁ \mearyek oY dhgating conlguRersisad Beairdicaldt@ated adult
frontak §rainadaraipaianerreanblypaaans (epretlsdinyoitdientaderain + Adult frontal brain +

Cuprizone (3 weeks) Cuprizone (5 weeks) 3. Developmental Mouse post-natal day 10 Mouse
post-natal day 2 (P2) myelination (P10) cerebellum cerebellum 16.02.2007 52 Positive control for
DGE: Regulation dfﬁmyaiﬁ;épgwﬁdwﬂe@on of myelin-specific genes in microarray assays on

in vivo myelination models.

Gene Name Accession Cup |[Cup |P
Number 3w 5w 2110

Myelin basic protein AA059540 1136 | 11.3 | +7.9

Myelin vesicular protein/myelin and AA519027 335 |11.7 |0

lymphocyte protein (MVP/MAL)

Cyclic nucleotide phosphodiesterase 1 | W63987 229 | 111 | +29

(CNPase)

*Postnatal cerebellum day 2/10
15
The above table shows how some myelin-specific genes were regulated in
the microarray assays performed on RNA from different in vivo models used to study
demyelination, remyelination and developmental myelination. The changes in
expression of these myelin-specific genes indicate how the process of myelination
20 can be studied at the level of transcriptional regulation using microarrays.
After 3 weeks of cuprizone administration, the demyelinating effect of the
treatment can be visualized in specific areas of the mouse brain. Therefore, at 3
weeks it was expected to observe the downmodulation of various genes associated
with myelin synthesis and/or myelin maintenance. The downregulation of myelin-
256  specific genes as observed via microarray serves as a confirmation of the accuracy
and reliability of the experimental system. The data presented in Table V shows that
the mRNA levels for MBP, downregulated 13.6-fold, and cyclic - nucleotide-
phosphodiesterase 1 (CNPase), downregulated 2.9-fold, were reduced at 3 weeks of
cuprizone treatment compared to controls. However, the RNA levels for both these



As positive control, it was first tested if differential regulation of myelin- specific genes could be shown
using DGE. Table V shows the regulation observed for myelin-specific genes present on 5 the Incyte
microarrays. Differential expression values for eagh gene are reported from both the 3lGEk2%
5-week time points of cuprizone treatment. This data is a positive control for verifying chip reliability.
Since the regulation of myelin structural genes under our experimental conditions is well

characterig@nethdahseienedeiprbdsigRbriideld Jesley metmalderels trrseery¥elv@lepcsSused to
indicate a)wéBiRcsLEapentedarhasagyienthg apnasbrili§iyant pitemodrlSttbABlify Yo In vivo

regulation of myelin-specific genges in microarray assays on, in yivag m e@gation.models. Gene Name

Accessioneéﬁ?p {fuprﬁJflgl h?‘r?ggrr‘ §\¥vq§v(\)/sﬁ%§yﬁ¥/ee i @}8 f)t{gfe}‘ﬁélﬂgg RE)OEL@_L%S.B 11.3 +7.9 Myelin
vesicular protein/myelin and AA519027 33.5 11.7 0 lymphocyte protein (MVP/MAL) Cyclic nucleotide
phosphodiesterags;fie MR fdadiatbh biloste SpéttPase) “Postnatal cerebellum day 2/10 15 The

above table shows how some myelin-specific genes were regulated jn_the microarray assays
performed on RNEHdAf oﬁ’ﬁ@‘erﬁ/ﬁ}?mtl‘ﬂoﬂ’éﬁ HespHlategdq et o%%&@ﬁr@ti@ﬂ?re%yéﬁxgiion and
developmetuatimyyeination. The changes in expression of these myelin-specific genes indicate how
the process of myelination 20 can be studied at the level of transcriptional regulation using
microarrays. After 3 weeks of cuprizone administration, the demyelinating effect of the treatment can
LN > 9894 OH HNSTGHEVSASNC QXD Camal Off OPAR0F to observe

the deyvnmagdiimie a eint ATSASEHISGSW IRTRPER AYSANTSiSAMER®) myelin maintenance.
The downregulation of myelin 25 specific genes as observed via microarray serves as a confirmation
of the accuracy and reliability of the experimental system. The data presented in Table V shows that
the mRNA levels Méthidis, downregulated 13.6-fold, and cyclic, nucleotide- phosphodiesterase 1
(CNPase), downrglgﬁlgtgg i:%{g!éege?r% rﬁduced at 3 weeks of cuprizone treatment compared to
controls. However, these 53 16.02.2007 genes had returned to 1.3- and
1.1-fold below noirhaltBMAstesplates, iy hagMan® analysis were generated from total RNA

15 samples via reverse-transcription (RT) using the TagMan® reverse transcription

_____ 84750 a2 a

reagents (P/N N808-0234). All RT reactions were performed in a 100-ul volume
containing: 10 pl TagMan RT buffer, 22 pl 25 mM MgCI, solution (5.5 mM), 20 pul
deoxyNTPs mixture (500 pM of each dNTP), 5 pl random hexamers (2.5 uM), 2 pl
RNase inhibitor (0.4U/ul), 2.5 pl MultiScribe™ Reverse Transcriptase (1.25 U/l) and
20 38.5 ul RNA sample (1 pg total) in RNase-free H,O. Reactions were performed on an
Eppendorf MasterCycler at 25°C for 10 min (incubation step), 48°C for 30 min
(reverse transcription), and 95°C for 5 min (inactivation step). All synthesized cDNAs

were stored at -20°C in 20 pl volumes.

25 Primer Design and Verification

SYBR Green Real Time PCR forward and reverse primers for all confirmed
genes and GAPDH (house keeping control) were designed using the Primer
Express™ software from PE Biosystems according to the published sequences and
ordered at 0.02 uM concentration from Interactiva (Interactiva: The Virtual

30 Laboratory, Sedanstrasse 10, D-89077 Ulm). The specificity and optimal primer
concentrations were tested for each primer set. Potential genomic DNA
contamination was monitored by performing PCR reactions on negative control
cDNA samples that had been subjected to reverse transcription reactions in the
absence of the RT enzyme. Absence of non-specific amplification was c'onﬁrmed by

35 analyzing the PCR products via agarose gel electrophoresis on 3.5% MetaPhor gels

or pre-cast NuSieve® 4% gels.



weeks of cuprizone treatment, indicating that the biological system was attempting to establish
remyelination by boosting synthesis of the structural myelin proteins. 5 Differential req%I%tjzo
osteooontin: On the chip, Osteopontin was upreglated at 3w (+2.2) and 5w (+2.8) Cuprizone.
EXAMPLE 2: Confirmation of differential gene expression of osteopontin by 10 real-time quantitative
Reverse Transcriptase (RT)-PCR Assay (TagMan(D) Methods cDNA Template Generation The cDNA
templates for Tagiian@yeuealiaieniadicgtasethe caavenees RNAe Deampmesilit PeireeERe-transcription

(RT) usingdfigghadMan BLrRYRing RRMAIRIOANARARE RS ot GNFRthl BlidreEdRACHPNS were
performed in a 100-Al volume containing: 10 [it TagMan RT buffer, 22 pl 25 mM MgCI2 solution (5.5

. | P
mM), 20 pELES:SNPHBS AR HE LAV "§Y ﬁdaﬂI”T'ﬁ)?rg%f%ﬁdBtﬁ? REDGR&LS 89995, 2 pI RNase
inhibitor (Ocdtiédporimg| tdudiE@shripembt Reaire el Tien<BeipBank (Ac2BSsipn) anchBér 38.3hal RNA sample
(1 pg total) in R -fr ; iQn f ndarf MasterCycler at 25C for
Lo i (e e B e B R et step)
All synthednaliglebNAs were stored at -20C in 20 pi volumes. 25 Primer Design and Verification SYBR
Green Real Time PCR forward and reverse primers for all confirmed genes and GAPDH (house
keeping control) were jgned using the Pyj xpressTM software from PE Biosystems according
to the published ng%le%leéag%ﬁ'ﬂe@rﬂ%?ﬁ’ét%?%%&’(ﬁ@ntraﬁon from Interactiva (Interactiva: The
Virtual 3(GenedVatagy, SatuestrassEagldnBBLAGOIM). TTagian®ddl GO SEQUENOENer
concentrptions were tes grt]or;e?ac RI?I er set. Potential|genomic DNA contamination was monitored
by perfoiming PCR reagtions on nggative control cDNA samples that had been subjected to reverse
transcripifaciaedtions inthe abseRsteoptndirR168hRzyme |ABESETEXCHCGOBABATEE BiTAGcation was

confirmehiy SBRALAING §80d” CROEY VAR EATOSE @é&%@éﬁ%ﬂﬁ@%@%ﬂphor gels

or pre-cgst NuSieve(r) 4% gels. 16.02.2007 54 The aboy\e table indicates the sequences of the
gene-speeﬁiﬁ‘i@tﬁﬁ X signed far performing TagMan(r) analysis to confirm differential expression of
genes shown to be differentially regulated on microarrays. The names of the genes

10 TagMan Reactions
SYBR Green Real-Time PCR was performed with 5 ul / well of RT-products
(0.5 ng total RNA), 25 ul / well of SYBR Green PCR master mix (Applied Biosystems,
CA, USA) with AmpErase Uracil N-Glycosylase (UNG) (0.5 Unit / well) and 20 pl of
primers (300 nM). PCR was performed at 50°C for 2 min (for AmpErase UNG
15 incubation to eliminate any potential carryover by removing uracil incorporated into

the PCR products generated from previous TagMan runs), 95°C for 10 min (for
AmpliTaq Gold activation). Then samples were run for 40 cycles at 95°C for 15 sec,
60°C for 1 min on the ABI PRISM® 7700 Sequence Detection System. The reverse-
transcribed cDNA samples were thus amplified and their C; (threshold cycle) values
20 were determined. All C; values were normalized to the housekeeping gene GAPDH.
Where possible, samples were run in duplicate or triplicate to gauge the
reproducibility of the result. A single specific DNA band for all confirmed genes and

GAPDH was observed upon electrophoretic analysis.

25 Calculation of Gene Regulation via Cycle Threshold (Cy)

The principle of real-time detection using the SYBR Green PCR master mix is
based upon the direct detection of PCR product by measuring the increase in
fluorescence created by the binding of SYBR Green dye to double-stranded DNA.
This permits quantification of the relative increase in a gene-specific émpliﬂcation

30 product based on PCR growth curves.



corresponding to each primer pair and the GenBank accession number of the 5 sequence used to
design each primer with the PrimerExpressTM software are also included. TABLE VI: Ptimer. d
for RT-PCR analysis Gene Name Acces. TagMangg) OLIGO TagMan(r) OLIGO SEQUéé@g%ﬁﬁber
NAME Secreted AA Osteopontin-166F AGCCTGCACCCAGATCCTATAG phosphoprotein 108928
Osteopontin-235R GCGCAAGGAGATTCTGCTTCT 1 (osteopontin) 10 TagMan Reactions SYBR
Green Real-Time MeaRufRsReRé rRfrraeecifith cPNAvEResiesT et t{° (0.5°ABMB 33D, iS5 | / well of
SYBR Gregardfiedasier qintdiealien BspSHBRMS,céreHS ) o AmphesserideaciANAslycosylase
(UNG) (0.5 Unit / W %l%r}d %Q | of ntmers 300 'lVI\) PCR WaF.bpelrformed |at 50C.for 2 min (for
AmpErase OREAS SR bRtioN t6 ml(ﬁ € an;?epao e(remal carcr?/ovgrqnysam ovirt ura%lfa?wc%rporated into
the PCR prhssiogicaeraferemesm re\dalikr atigpMisuprenidip 0B dosaraptrifr¢for areaplidhgrGold
activation). hiieaea BB e RN OaAYfiemian %‘?Qﬁermggéﬁ& Q" doMleRll R AB!

PRISM(r) 7700 Sequence Detection System. The reverse- transcribed cDNA samples were thus
amplified aﬂﬁ%ﬁ%@(ﬁ%ﬁhﬁ@%ﬁ@‘\%ﬁ?@g P dPis £asemiRECHN toragsriet {Ps@Wormalized to
the housekmnngtge?mm@kﬁiDHcowdeetmﬁmsahﬂbqaampkﬁstMtetauRmdumategb"ﬁérph@ate to gauge

the reprod esult. A's I C9 nd _GAPDH was
observed u ﬂﬁaé%ctrﬁﬂﬁt%réﬁcaaﬁalgé?’y e h?atlor? azfggrglﬂ;g% aﬁ%ﬁ v?aﬁdy?cfa%reshold (CT)
The pr|nC|p@@ﬂi@&l&lﬁféﬁ@f@@l&ﬁ'@@ﬁé‘?ﬁe@ﬂdsﬁ@éé??m%é&eﬁahm ishea8eenupon the direct

deteclign ofditeRdpipduehboataqaseliois: e ireage danipiorescantngiralarduibe @iaging of SYBR
Green dye to double-stranded DNA. This ermlti%uantlflcatlon of the relative increase in a

gene-specificBFAPIfrE RS0 REfITFRET BAPER FPIMANAUR SENERIS 6N surement of
specific cDMéappeEisfthiel atiiterdtoa footheotagotftens therkCmefdhat Gugetificadonand Glhl& converted

from a messen%ser R'\{ﬁ‘e rreséloondlnﬁ qlthe spec%flctger{e reltat|v3 xgcat callbrat I[Esamg ? serving as a

)f sin ative.quanti on va Ou r <-:-I ﬂ?
physiological're &ven R taliBration s provi e'B ya sangp rom a contr un reated
condition. reétaa\x@q@rammnaagnl@mnmaemes@@rs completed via normalization to an

endoggnous control (in this case, GAPDH) to account for any

Normalization of Fluorescence Signals in TagMan® Reactions

SYBR Green-dsDNA complex fluorescence signals are normalized to the
passive reference or negative control reactions containing no template DNA.
Normalization was performed via division of the emission intensity of SYBR Green-

20 dsDNA complex in the experimental reaction by the emission intensity of the passive
reference. This yields the R, (normalized reporter) ratio for the reaction:

o R, = R, value of a reaction containing all components including
template DNA
25 . Ra = R, value of an unreacted sample (no template DNA)

. AR, = (R,") = (Ry) where:

R," = (emission intensity of SYBR Green-dsDNA complex)/PCR with template
(emission intensity of passive reference)

R = (emission intensity of SYBR Green-dsDNA complex)/No template

30 (emission intensity of passive reference)

Calculation of Fold Requiation from Cycle Threshold (Cy) Values

AR, represents the magnitude of the signal generated by the given set of
PCR conditions for a specific reaction. The cycle threshold parameter constitutes a
35 measurement of the relative increase in amplification of the gene-specific product,

which represents relative abundance of a specific transcript in an experimental cDNA



variability in the initial concentration and quality of the total RNA used to generate template cDNAs
and in conversion efficiency of reverse transcription reactions. Calculation of relativ. w%g

values was performed by taking the mean CT 10 galue for the replicate reactions runfor €ach sample,
calculating the difference (ACT) in mean CT between target samples and the. endogenous controls,
subtracting the mean CT of the calibrator for the target from the ACT of that target (AACT) and finally
expressing RReWaHAR dtde dnafcatidie\erele rRainhattwh ass?-‘dﬁtt‘éﬁﬁbﬁ@é"fﬁ@@)émaéﬁtlﬁ‘e up- or

gown regula\t;%rgnmra@temamtrﬁéswmnalma QEHH@W@Q@%tS:‘Qﬁ%@dBVE@M@H(r)

eactions reen- com rescence,s e nor 1Zz€ ive
reference o 'héﬁ & & o‘f¥8§<§tldﬁ§% I?%gaﬂoat‘gl"rgﬁ?ﬂg ?Sri?}f’ r?oﬁﬁﬂgﬁfl\etg ?/\%Q?gerformed via
division of tharamédsidis usedfoity oaBNRBRNGfatifferntiaiparesrpraesidn. theesifievaluestateeaction by
the embss'%uesﬁg\awyfaf éaemaéﬁyepéefﬁéeg}ew Emeedg§é@%lﬁ<tf{@9mml&eey&%0&ftﬁwﬁ“0 for the

reaction: R" = R" value of a reaction containing all components including template DNA 25 R,'= R"

value of an3hiRcieass QWSIQTHWQH{H&[%O@WC%W&WM{'? deeetetlhere: R") = (emission intensity
of SYBR Green-dsliNAlcgatipex)fPeRtivat yteimtikaien (meslmmm&ﬁw@ﬁpaﬁm&r@fﬂ@nw) R, =

(emission intensity.of N Iex/ |55| ni enS| of passive
reference) Eaﬁcﬁlgflon%o o?g egu? t%ﬁp?\r rg@élycqg res %{Eﬁ%’ﬁ{ﬂ npﬁe&egents the
magnitude difterertgniCye ire meantfyrthetyisem toegelf saraptesoantitithesefodegepetficartsation. The
cycle thyeshpld pasaag cﬁ[:[ HTHLLRSCR corReasHaBrRbribasRiBliYRInciRa s Ingrppyification of

the gene-specific product, which represents relative abundance of‘a specific transcrlpt in an

experlmentﬁiféét\m%bf ipglly. the pelptivatiavantifisation alug éoryibr tabast Avasiaspressadistically
significant |g§r§a®et@%ﬁj§g imérskidptestgsl J%W@g?g&,&dﬁf@@g agpieRsiygrage standard deviation

of R" for the early cycles, multiplied by an adjustable factor. The cycle threshold parameter is used for
guantitation of differential gene expression. Specific values are 5 calculated for each gene-specific
growth curve baseResltise point or cycle at which an increase above background fluorescence

intensjltg s deteCtelQeal-time quantitative reverse transcriptase (RT)-PCR (TagMan) provides a
sensitive and reliable approach to confirming and elucidating changes in gene
expression. The TagMan sequence detector (ABI PRISM® 7700 Sequence
Detection System, Applied Biosystems, Foster City, CA) integrates a PCR-based
assay with hardware/software instrumentation to provide a system for high-

20 throughput quantification of nucleic acid sequences. This combines thermal cycling,
fluorescence detection, and application-specific software to permit the cycle-by-cycle
detection of the increase in the amount of a specific PCR product.

Expression of several highly regulated genes pinpointed via microarray
analysis was verified using the TagMan® platform. In each case, as far as possible,

25 a time course for each model system being used was included. This permitted more
data to be gathered regarding how specific genes behaved during a complete
process:

Changes in gene expression could be quantitated via TagMan® via direct
detection of an increase in the PCR product via measurement of fluorescence

30 created by the binding of SYBR Green dye to double-stranded DNA, represented by
amplification products specific to the gene being assayed. Measurement of specific
cDNA species relative to a control sample is performed by quantification of cDNA
converted from a messenger RNA corresponding to the specific gene relative to a
calibrator sample serving as a physiological reference. Calibration is provided by a

35 sample from a control or untreated condition. Relative quantification of the cDNA
species is calculated with normalization to GAPDH to account for any variability in



All calculation of relative quantitation values was performed by taking the mean CT value for the
replicate reactions run for each sample, calculating the difference (ACT) in mean CT b%v& %ﬁfget
samples and the endogenous controls 10 and subtracting the mean CT of the calibrator Tor the farget
from the ACT of that target (AACT) Finally, the relative quantification value for the target was
expressed as 2"ppc' to gauge the extent of up- or down-regulation in gene expression. Results 15

Real-time duitiatiegnvenisatiosand uEiptadhr total GRlATused 40 )gersriestemptaieigPAARd reliable

approach tgomfiHeiBenaedioheitladneycbraeges T ERBERIN Asst86nd he TagMan sequence detector
(ABI PRISM(r) 77Q0 Se%uenc Detectio

= nce _Det osséﬁtem tAﬁgligd thi)OSc}é?If}msehg%tgraC% CA) integrates a
PCR-based assay i Bardware/sonware s?r%'i%g'n ation to Br iR systaem v&Y I%? 0 throughput
quantificatiartiofencolese sbidysegaeniogshe tderopelibatios/reamysinatjol mpradigresssotiateidtection, and
applicafion;apefilicapfbuneeteggrmit the cycle-by-cycle detection of the increase in the amount of a
specific PCR product. Expression of several highly requlated_genes pinpointed via microarray

analysis was veriffeePHLF g (FRHVANRRENBRAD Y. ATIEQRANERRXRIESRIPA M e IR2988, time course
for each meetalshsation bedadgl eredshaeniic|Bided. R)isThermiRted fevets détastedperdimitivaned regarding

how speci GR0 He WSS g BRTIP R ALORSTS] GRMCERSgBB X iR guld De

guantitated via TagMan?r) Via direct detection O%n Increase In the PCR product via measurement of

fluorescen@dmypig¥atinsd by theBih @t BF foldaltes RReksoidrasimrat e dedPDNA, represented by

amplifigation prodoetesnetific éplieesisinavasingoasray@etdl eamstrement ME B oliseieDBIA species
relative to a control sam I Is pe ormzﬁ%i by %uantlflca}poar} of ctD$1A convgrl_;le\% fré)m g messenger RNA

correspona’i%%epoe{ﬁ%ogpem i gene‘"f%ia V2 (078 CAlbrator sam ews;ecrl\J/?hg as a ph?Sf"oqoglcal reference.

Calibration s)prowededingirgs Srstieafscandmpodantritie raf meteapdntionidittbe. deemeliratioantification of

the cDNA gpgqigaysiisation sy BpthemBialRRAH IR YN SEFRUNhEN SehiysRRRRIY In
16.02.2007 57 initial concentration and quality of the total RNA used to generate template cDNAs

and in the ATLPEIAM iciency of reverse transcription reactions. Expression of secreted
phospigsoprotein 1 Kastdofi) nthovgetie wesuls alf/ osttopoatinmexprssienstenbiss fradevedpfiireg
demyelinatiog IRy NLRLLREHRA FRRZES S AGSLiehMy R ARsy GHREE ARFiRaCE8Hy postnatal
development, days C4 to C8, which is the time period of initiation of myelination in
the cerebellum.
Microarray results had indicated upregulation of osteopontin in mouse frontal
.20  brains during cuprizone treatment. This analysis extends the profile of osteopontin
expression to include both the demyelinating and remyelinating phases of cuprizone
treatment, and shows that the osteopontin expression profile peaks during the
demyelinating phase of cuprizone treatment, and during the recovery period returns
to near baseline levels
25 The resuits are shown in Table VII below.
The results of TagMan® analysis of osteopontin expression confirmed its

upregulation in the brains of mice fed with cuprizone for 3 and 5 weeks.

TABLE VII: TagMan® analysis of osteopontin regulation in the Cuprizone

30 model
Tissue type Experiment Expression levels  regulation
Frontal brain  Cup. control 1.00 Control level
Frontal brain  Cup. control -1.32 down
Frontal brain 3 w. Cup. 17.51 up
Frontal brain 3 w. Cup. 23.43 up

Frontal brain 5 w. Cup. 20.25 up




Results of TagMan experiments for osteopontin expression in the cuprizone remyelination model are
shown in Fig. 1 (A). The mRNA levels of osteopontin were found to be upregulated 18 fold in mouse
frontal brains after 3 weeks of cuprizone adminisygtion (3 w. Cup.), and 25-fold aftefl6.0&8KkE 6f
treatment (5 w. Cup.). 10 Osteopontin expression was downregulated after 1, 3 and 6 weeks of
regeneration further to 5 weeks of cuprizone treatment (5 w. cup. + 1w, 3w, and 6 w.). These
findings indeaigtaimiaiportant. role of osteopontas 4sthe demyelinatipg and remyeliantion phase of the
model, since re linatio hen demyelingtion is still ongaing. 15 Fig. 1 (B) shows the results
of osteopon%hore@%?égﬁon%ﬁ%ﬁyéxglgg;ng & erebellum. Ostec%)ontin MRNA is transiently
upregulatedF@emfabbsainly péwn&t- deveidpment3days C4 to C8, Which is the time period of initiation
of myelinatiproinaiiteierepiumugVicogrRy resgls had indicatedygpregulation of osteopontin in
mouse frontal 20 brains during.cuprizone tfreatment. This analysis extends the profile of osteopontin
expression J‘?H&?b %a‘ﬂothll‘iﬁ”eqa Z? i ?nemyelinating pﬁ"@ses of cuprizone treatment, and

dRayetintiting anc
shows that frrordstewaiontirbexrepsioh wrétile pdales during the delewelinating phase of cuprizone

treatment, aag duringithe reaogly. Refigdgeturpgato near baseling|gygisigmThe results are shown in
Table VII below. The results of TagMan(r) analysis of osteopontin expression confirmed its

upregulatiorf A% Belhs S c8Pret WthFuprizBhe for 3 and 5 WeeRECTIRYS! E viI: TagMan(r)

analysis of osteopontin regulation in the Cuprizone 30 model Tissue type Experiment Expression

levels regulation Froighpraia, Cupy canttol t- g Coniiolisue) branialbran cup
Frontal brain 3 w. Wi

gy -

Op. 17 b Frontar ora W 282t s t oitar ora W, .-u 20.25 up 58
16.02.2007 Biebntal brain 5 w. Cup. 23.43 up Frontal brain 5 w. Cup. + 1 w. R. 1.79 up Frontal brain 5
w. Cup. + 1 w. R. Jy4ndasFrontal brain 5w. Cup. + 3w. R. 2.95 up Frontal brain 5 w. Cup. + 3w. R.

456 u
p5 Blot Preparation

For specific genes, tissue specificity of expressioh was assayed using mouse
Multi-Tissue Northern blots (Clontech Labs, 1020 East Meadow Circle, Palo Alto
CA). These contained 2 pg of poly(A)* RNA per lane from different tissues of the
adult mouse. Separate blots were prepared for analysis of differential gene
10  expression in both in vitro and in vivo situations. RNA isolated from the brains of
cuprizone treated mice at 3 weeks, 5 weeks and the 1, 3 and 6-week time points
during the recovery process (up to 6 weeks) was used on one set of blots. Whole
brain RNA from different postnatal day stages was used on a second set. Finally, a
time-course series of RNAs was prepared from Oli-neu cells grown in culture and
15 treated for different lengths of time with dibutyryl-cAMP. This RNA was used to
prepare a third set of blots. New blots were used with each gene-specific probe to
ensure maximal detection efficiency and minimize variations in resuits due to uneven
stripping after hybridization. All blots were hybridized twice, first with a probe against
the gene of interest and then, following stripping, with a probe against mouse

20 glyceraldehyde-3-phosphate (mGAPDH) to control for variations in RNA loading.
RNA (10 pg/well) was loaded onto a 1.2% denaturing agarose gel containing
formaldehyde and 56X MOPS (209.27g 3-(N-morpholino)-propanesulfonic acid, 20.5 g
sodium acetate, 50 mL 0.5 M EDTA pH 8.0 in 5 L with sterile H,O, to pH. 7.0 with 12
M NaOH). Each RNA sample was mixed with 2 pl ethidium bromide (0.01 mg/mi), 2
25  pl §X 3-(N-morpholino)-propanesulfonic acid (MOPS), 3.5 ul 37% formaldehyde and
10 pl formamide. Samples were then heated at 65°C for 10 minutes and quick-chilled
on ice. Two microliters RNA loading buffer (50% glycerol, 1 mM EDTA, 0.4%



Frontal brain 5 w. Cup. + 5w. R. -1.16 down Frontal brain 5 w. Cup. + 5 w. R. 1.04 Control level
Frontal brain 5 w. Cup. + 5 w. R. 1.07 Control level EXAMPLE 3: Confimation of differential
osteopontin expression by Northern Blot Method® 5 Blot Preparation For specific gene%e,st%?sgg07
specificity of expression was assayed using mouse Multi-Tissue Northern blots (Clontech Labs, 1020
East Meadow Circle, Palo Alto CA). These contained 2 g of poly(A)+ RNA per lane from different

tissues of tHeMBHRTMAbee St "hIcUNErCYRBRAS PR aRde D1 D8RR SPEWIR 10

expressionnimediatéy\piior at iy @sithieigens. RNA isolated from the brains of cuprizone treated

mice at 3 weeks, 5. wees A ihe 1y 3 a0d G ssk e 0N, AW R recoypry Pigaess (up o 6

weeks) was used on orie set ole brain RNAfrom different postna ay stages was used

on a secorfarmaidpiysiy, 40Qirft- XMOBS 2781 RNAEREstpdrEd®oat Glvhemcelishrown in
culture; anqeagtm.eme iaisisirinad lpaiheverrighe Rith BinsmyicdbRItTEH BRbkeNasRed to prepare
a third set of blots. New 5l0tSTWEée used with efacég ?F;e{g\g-s%ecific robe to ensure maximal detection
efficiency SPRNANRITYORdTGNs MMISIRDdHE RlRNSeEn TARDRAG SfRsentiHaiZhalaAMAI blots were
hybridized Buikindirstnglitrea ErapaendgiiR3t INApesingf BB estlatidnthas, deborbad {Tgping, with a

probe agagphHOU ALOWERBIEBIMEE R PRAsEIAC-MOAREN) 18 asaieldce veriglay in RINA

loading. R ontoal.2 enaturlrrﬁ%a_?a'rose gel containi %fmaldehyde
i

and 5X MOHS Moorerd, G. Reidmam difioPprlpanssistieilidl oA Yearfer atfisiancyso mL 0.5 M
EDgﬂmr)]l-(lj| &&igr@ékgdtbﬁt@éi}ﬁry%i% feAitrah® aviamla&e%w?@ldﬁdléﬁoh' Iﬁgﬁﬂ\ﬁ ansleaé\u(@s mixid Withl
2 pd ethidium bromide, (0,01 m 2 25 d.5X 3-(N-m olino)- onic aci OPS),35A
3196 forme TRy U 10 ATERIARE 0% SR BN e R Ao BR8P iites and
quick-chilldgtweerse shiaets nitrdNkatrRN A3MUdifikeh upPEG G ook rts MpendiurD PACOD. 4% 59
16.02.200%, brapertienol blue and 0.4% xylene cyanol dye) was added to each sample immediately
prior to Ioad%ng on the gel. Each gel run was -3 hours in a 1X MOPS running buffer (1L = 330 mL 37%
formaldehyde, 400 mL 5X MOPS, 270 mL DEPC-treated H20) at 5 V cm' (gel 5 length). This was
followed by an ovRrobePriebekdtiansfer to a positively charged nylon membrane (HybondTM-N,

Amersham Life Sﬁigéngéti\ém%ﬁgﬁme@I%?Sbéét%‘e%hﬁl%ed using gel-purified restriction

fragments of cDNA clones (~500 > 800 bp in length) corresponding to genes of

interest. DNA fragments were randomly labeled to a specific activity > 10° cpm ml”

~ with ¥*P-dCTP using the HighPrime™ labeling system (Roche Diagnostics AG,

20 IndustriestraBe 7, 6343 Rotkreuz, Switzerland). Unincorporated *?P-dCTP was

removed via gravity-based elution of the probe mixture through a Pharmacia NAP™-

5 column containing Sephadex® G-25 Medium (DNA Grade in distiled water
containing 0.15% Kathon® CG/ICP Biocide®).

25 Hybridization and Signal Detection

Probe hybridization was performed using ExpressHyb™ (Clontech Labs,

1020 East Meadow Circle, Palo Alto CA) according to manufacturer specifications.

Blots were exposed following hybridization to Hyperfilm™ MP (Amersham Pharmacia
Biotech, England) at -80°C in autoradiography cassettes. Stripping the probe

30 following exposure was performed by incubating the biot for 10 minutes in sterile
H,0/0.5% SDS solution at 90-100°C and then allowing the blot to cool for 10
minutes. Stripped membranes were sealed in plastic and stored at -20°C until

needed for reprobing.

35



Buckinghamshire, England HP7 9NA) using SSC solution as described (Terry Brown, UNIT 4.9,
Current Protocols, 1993 [ed. F.M. Ausubel, R. Brent, R.E. Kingston, D.D. Moore, J.G. Seidman, J.A.
Smith, and K. Struhl]). The RNA transfer efficiensg 10 was checked by viewing the HePRot2R€ and
flattened gel under UV light. RNAs were cross-linked to the membrane via Stratalinker (Stratagene,
USA). Blots were stored between sheets of Whatman 3MM filter paper at room temperature prior to
hybridization. 15 B#§H¥%reparation Radioactive 32P-labeled probes were prepared using gel-purified
restriction fragmesishefc DA cloaBsis- SN >BeAdRIn Ibegihkaprssronding tesgenasrpf interest.

DNA fragmen rer TP using the
nghPrlmem gggllng%%gﬁ@nb(?gp%w%%%%ﬁc?sﬁ%ggﬂ%}§é¥f dé’%‘?r?qeé%{g r%”‘?%%ﬁ%?k%}euz
Switzerland). 2f{Akdipseagitivity PrdETrulRsY: PRIBY afalksigrafigt paldisaterneefics @frobe mixture
through a E’Iﬁw NART YlvénColkBNFOMBIRING Kef PAIBE M) Fﬁa%'i_hIMGé“lém Gl ddspde in distilled
water containi lPﬁ?, Ka\thoéI P BOCId ). 25 br|d |on Slgnal etection Probe
hybrldlzatlf)‘?gM%ﬂOBe Weel & %}E‘f 85891 '%Qllgﬂpe Egb id?@ gs'f Me% Q\/echIe, Palo
Alto CA) amejmm@mﬁmmmﬁgmolfmahmdmmmrmpaeeumlloNan.gNlemirzation to

ryperfilm M ME-ARerRARLRIR G Biaiand a0 BBGHURIAdRY Qccassettes.
Stripping t%robe 30 following exg‘e’e ure was performed by incubating the blot for 10 minutes in

sterile H2SPPEDS SPESRANANIY 42 ir B60E A iRIGFRS allowing the blot to cool for 10 minutes. Stripped
memipganes wereCirdat Noptastichioisl weveestep aridusinig m&deﬂa‘tydr&pmbhegbr%ﬁQJﬂG 02.2007

Results Norﬁsh% blq %rt] glgdhggrmrqul%gl ﬁ‘%%@ &Q%ng?%gf % gb ggglgg&/w %%on technique

in large- sca eren gene expression stu a tS sensitivity and accuracy

permits anlaNéuérammsﬂtﬁﬂmmgg@@mwtﬁ dekp‘aégsﬁﬁmmasgweﬁ dleifity of mﬁm@mbut also the

magnitudeqgiglitierepii ukaomaliasUrs e BIPRHMTaRIMAABaRAIKR! 6PGEHIOBRprEdsidRakes it a
reliable method for confirming DGE, results obtained via mlcroarr%/anal ysis. Also, Northern blots

provide inf8ARatEHIRdaiTS FarRURBELSYs Bhe50s AMbeIRIALR e BRHEE %ﬁﬁﬂﬂﬁ’gt&brrespondlng
to thetHendydfriditec $b. a blot of RNAs isolated from the brains of mice treated with cuprizone.

In this manner, it was possible to compare the Northern blot analysis to the
TaqMan® analysis of the expression of osteopontin in the cuprizone model .

Figure 3 shows the open reading frame for mouse osteopontin inserted into
the pT7T3D-Pac vector as ordered from Incyte Genomics. The grey region is the

20 coding sequence and the arrow represents the complete cDNA for osteopontin. The
clone insert was flanked by EcoRI and Notl restriction sites. To make a probe for use
in Northern blotting in order to analyze tissue expression of this gene, an 893-bp
fragment was cut from the clone using the Hincll and Styl restriction enzymes. This
fragment was gel-purified and labeled for use as a probe.

25 The expression of mouse osteopontin was ascertained via Northern blot
analysis using a custom blot prepared with RNAs from the brains of mice from each
stage in the cuprizone model, including recovery and untreated controls. The blot
was probed first with a radioactively labeled fragment of the mouse osteopontin
cDNA, stripped following exposure, and then reprobed with a radioactively labeled

30 fragment of mouse GAPDH. This was used as a positive control to account for
differences in observed expression levels based on variations in the overall amounts
of RNA in each lane on the blot.

The expression of osteopontin in the brains of cuprizone-treated mice
reaches a peak at 3 and 5 weeks of Cuprizone feeding, with slightly higher

35 expression at 5 weeks. During the recovery phase, levels of osteopontin mRNA
diminish relatively rapidly, with an appreciable reduction in expression 1 week after



10 Custom Northern blots were prepared using RNA isolated from the brains of cuprizone-treated and
control mice. These were probed with radioactively labeled DNA fragments from clones sent to us by
Incyte Genomics. The ability of Northern blots toggproduce the results observed vidl PAHVEINY
analysis of gene expression was verified using a radioactively labeled probe against mouse
osteopontin 15 hybridized to a blot of RNAs isolated from the brains of mice treated with cuprizone. In
this mannethdt vessgtisssible cupcaoneareedmdloftherievitst afabptéopontie MERWAargtirantdysis of the
expression pfasiFRNANIRHNSSN ZRBCTIIRS Blisy3 FRRYS HiBIRRRRKFESHshfspBe for mouse

osteopontininserted into the pT7T3D-Pac vector as ordered from Incyte Genomics. The grey region
is the 20 cluithy sEEgHER PR e hrTaAYapR: Y tife ChPPRABAIN AXBFESSIEBpBNRE The clone
insert was HBaphashbyriodeRbaaditigrié realiction sites. To make a probe for use in Northern blotting in
order tg analyze tissue expression of this gene, an 893-bp fragment was cut from the clone using the
Hincll and Styl restriction enzymes. This fragment was gel-purified and labeled for use as a probe. 25
The expression oEXAML E<toReaulation:of gs dn/Rlie § blot analysis using a custom blot

prepared with RN&stliasBiitie StpiassRimwceiode fieby Riag8iind0s tratddanth R, Wasluding
recovery and untreated controls. The blot _was Erobed first with a rz:dioactivel labeled fragment of the

mouse ostEBFHTHRT INRLIAP RRARSHSWING ERBULR R PRPIR AT &% B RITES daifattively labeled

30 fragmershofntbesesGlitsRibithinku sSnihe oligodasdrqpytesy és aaimgdced doocottfolr (\difterences in

obseryed expressIgneNls RIRRH AME{IHONS 1 TSRS AlLARRSIN Y &J@B@h%‘?ﬂﬁm@”e prine

blot. The expression of osteopontin in the brains of cuprizone-treated mice reaches a peak at 3 and 5
weeks of CH®fzén8 fabfliRvinsaliopty (SRiheD. 35 dxpliBasoHrPsegURtiaRs WasIrRgAHE9ecovery
phase, levatsoiiriie tleatiiarnnfdNa\tdinrisade Bikyady anisier (dlelaopostespaita reENALion in
expression L cel ater P14 02,3007, (he sessatian oruRIzqne [eedind. Thedgels of osteopontin
MRNA retum 0 pproxima eely rmal levels aner b weeks recovery. Kid'e quaﬁ ﬁve‘ly‘ comparable

to the resulis shesieddhat TheyNrRiags)atiealpiioveorratipaitanr 8)xgrdSsiwaakstiod commrRrmiymodel (see
Figurggl AkrentaXoidR Wad corgHiatRMefuprtRABRNANLRY JeRA SRIEStES IRRIONENEXRIESSION in

oligodendrocytes %)Ii-neu) treated with CAMP was measured by TagMan analysis. The results are
shown in FIEAMEBlumns 1 to 4

EXAMPLE 5 : Expression of osteopontin in oligodendrocytes
Method

20 Oli-neu cells were transiently transfected following the calcium phosphate

precipitation method. Briefly, oli-neu cells from the exponential growth phase were
seeded (10e5/ml) into 6-well plate the day before the transfection is perform'ed. A
solution of 100 pl of 250 mM CaCl2 was mixed with 5 pug of plasmid DNA. An equal
volume (100 pl) of 2x HEPES solution (140mM NaCl, 50 mM HEPES pH 7.05)
25 supplemented with phosphate from 300 mM stock solution of Na2HPO4 and
NaH2PO4 at pH 7.05 was added to the Ca/DNA solution. Exactly one minute later,
the mixture was gently added to the culture plate and incubated for 4 hours at 37°C
in CO; incubator. After this time, the medium was replaced with fresh medium and
the cells were then incubated for 24-72 hours before harvesting and analyzing by
30  Western blotting.

Results
Different mouse osteopontin constructs, in pDEST12.2 vector (pDEST12.2-
osteopontin-EGFP, pDEST12.2-osteopontin-His6, pDEST 12.2-osteopontin, see Figs.
35 4 to 7, and pCIE-EGFP as control plasmid) were transfected in oli-neu cells. The
.protein was produced and secreted by the cells as detected by specific commercial



show the results obtained in the oligodendrocytes. As compared to control (value = 10 1), 6 h of
treatment with CAMP (col. 1) led to an upregulation of osteopontin mRNA. After 2 d of CAMP
treatment (col. 2), a 12 times upregulation was mgasured. Prolonged treatment for 6 to,}04 (6§h73.4)
led to lower levels of osteopontin mMRNA. A comparison to the regulation of osteopontin mRNA in the
cuprizone model (col. 5, 6) showed that the upregulation of osteopontin after 3 and 5 weeks of
curpizone amfiboftimstéRBEAByatess oAfHNS) [Ehe E@FEYidagien dorsligot eradte tyeosarfieridgd of cCAMP
treatment K bl dshlBssianaAbooieRBgRlavE: tacrsrikenyies YRRd hpflsnsu cells were

transiently transfected following the calcium phosphate precipitation m Briefly; oii-neu cells from

the expon&ﬂfaf@?mﬂ%ﬁagﬂme sBe QHICANEATRE NBE IS EHER I AR UA REayIB RSt transfection
is performezdxmibaaebmmmtrwsmaﬁm@on%qwﬂghmhmdwwm@mi thqtlasteah&HNA. An equal

volum (10 of i 0 H 5 supplemented with
phosp ate 110 36%%1?5«%%%@%@%&%@%%d%'\31 2P 8§E é‘% éf%gzwa%aggged to the
Ca/DNA sonmahplegﬂﬁaﬂywmﬁu@me@MMmmmt@g Qérﬁﬁ}‘??@e@mé’ﬁﬁ‘éf@%ﬁrélplate and

incubated E%Lﬂctams%atva?ﬁs.mls}ceatiﬁ@mwolégyeéﬂaimvmaamg migdu&ﬁdﬁ@es/t@placed with fresh
medium and the gells were t?en incubat 2 hours before harv nﬁ an ag nalyzing by 30

Western blotting. Sits ot eren erwgﬂgéao%te i ntfh cor%&?cstg'o% p EtoF’(pDESTlZ 2-
osteopontinlE@EPdl[@DE&T&bemﬁmdﬁomwtbﬁs@cﬂsmmamemm sod Fgefee4 to 7, and
PCIE-R{GFhasfeny ddianmirleiiece Brasissiidn M-ure&SS. itRed PO BiRRRAREYHced and
secreted by the cells as detected by specific commercial 62 16.02.2007 antibodies (R&D Systems,
AF808). th@’ﬁ@‘—iﬁpfhgged construct made the monitoring of the transfection easier and 24 hours after
the transfection, a speC|f|c change of cell morphology (increase in ollgodendrocyte processes) could
be detected in ¢ SPR \gltqE e Hf’at gsteopontin 5
drives the mouse™© on-' drocyte 0 moTpr n‘%gm‘é'phenotype

i : 4888hHontin transfected oli- neu cells was very similar to the

morphglogy of a rox@éwmm\ qdﬁ@ﬁt&@@ﬁemmssmespaﬁaﬁmer@ﬁra@m iRecyRIRESIoN Of

oste0poNtiy QI ey e 5 BRI TR g AR S55FUa dRU A YERIon A0 therefore

the demyelinated corpus callosum and striatum bundles at 5 weeks of cuprizone

treatment, a time point associated with prorninent microglia recruitment to the sites of

demyelination. In order to visualize the activated microglia cells, a CD68 staining at

20 consecutive sections was carried out, and the similar expression patterns suggest
microglia expression of osteopontin.

Interestingly, osteopontin was also found in cells lining the anterior ventricles.

This region was described as the adult subventricular zone bearing multipotent stem

cells for the production of neurons, astrocytes and oligodendrocytes. Double

25 stainings with NG2, PSA-NCAM, PDGFa receptor will be performed in order to

determine the oligdendrocyte precursor cells expressing osteopontin.

EXAMPLE 7: Effects of osteopontin protein on oligodendrocyte proliferation

A murine primary oligodendrocyte (oligodendroglial) cell line immortalized

30 with the t-neu oncogene (“oli-neu” cell line) was used in this experiment. The

establishment and properties of the oli-neu cell line as well as the culturing
conditions are described in Jung et al. (1995).

The aim of this study was the measurement of the effects of OPN on

oligodendrocyte proliferation in a oli-neu proliferation assay. Cells were plated

35 subconfluently. They were starved for 24 hours in insulin free medium before

treatment with either control or recombinant proteins. Cell numbers were quantitated



10 indicate a beneficial effect of osteopontin in diseases linked to oligodendrocyte dysfunction.
EXAMPLE 6: Expression of osteopontin protein in specific regions of the brain in the cuprizone model
15 Osteopontin immunohistochemistry was perfogg}ed on various time points during t@0arkP07
remyelination in the Cuprizone model. Strong signals were found in the demyelinated corpus callosum
and striatum bundles at 5 weeks of cuprizone treatment, a time point associated with prominent

microglia reghirnenRatoRe Fieaoh desiystisatiasad oordealsudsynd Zoihn retivgtedweieroglia cells, a
CDES stairing o 20 fonseeilivecseriians uas carried out andhe Simirexaression patterns suggest
microglia expréssion of osteopontin. Interestingly, osteéopontin was also found in cells’lining the
anterior veinthiblian ahofgletionvawaresbased or the sdulpaissveteritigadkoidB stamdprdultipotent
stem cellsdgxthe production of neurons, astrocytes and oligodendrocytes. Double 25 stainings with
NG2, PSA-NCAM, PDGFa receptor will be performed in order to determine the oligdendrocyte
precuréor cells exM%‘§§|ﬁ'g osteopontin. EXAMPLE 7: Effects of osteopontin protein on oligodendrocyte
proliferation A muBgqeipriems\aotigoftemdescyte (oligodendroglial) cell line immortalized 30 with the
t-neu oncogene (\QhisNeV: Ijﬁi in. this experiment. The establishment and properties of
the oli-neu cell Iin%&gﬁglcggt @?Ltj turslenfjé?&c%#%itions are described in Jung et al. (1995). The aim of
this study was thel@xeialiarma300t8AaererissipO PN NBligodendrocyte proliferation in a oli-neu
proliferation assayagPuEreighagwireubconfluently. They were starved for 24 hours in insulin free
medium before treatment with either control or recombinant proteins. Cell numbers were quantitated
63 16'82.2007 W?t?ﬁggﬁigr blue, giving a fluorescent read out. Calculations for potentiation were
based on the companswrellite (ESF1 Nantdl)12a1265d t896Y. The calculations for inhibtion of
proliferation were Rased pRdNBIGSMPALFAN I NeARah R akyidagd curve. 5 Material Equipments
and soft wares Wallac Victor 2 multilabel counter (excitation at 530-560 nm, emission at 590 nm)
Graph Pad Prism software 10 Reagents

Components for Sato medium were as follows:

Product Supplier Stock pl per 500mi
DMEM Seromed F0435 500 ml

Transferrin Sigma T-2252 100 mg/ml (1 mg in 10ml PBS) 50
Sodium Selenite  Sigma S-9133 1 mg/2.56 ml PBS 50
Insulin Sigma 1-1882 10 mg/ml (100 mg/10ml PBS) 500
Putrescine Sigma P-7505  80.5 mg/ml (PBS) 500
Progesterone Sigma P-0130  0.62 mg/ml (EtOH) 50
TIT Sigma T-5516  1.7mg/ml (1/3 HCI 1N+2/3 EtOH 100
(Triiodothyronine)

L-Thyroxine Sigma T-0397  2.88 mg/ml + 1 drop NaOH 1N 100
L-Glutamine Gibco 25030-024 200 mM 5000
Gentamycin Gibco15750-037 50 mg/ml 250
Sodium Gibco 25080-052 7.50% 13000
Bicarbonate

Horse Serum 5000

15
BioCoat flat bottom plate, coated with poly D lysine (356461) from Becton
Dickinson); R3-IGF1 (11146 from Sigma); DbcAMP (D-0627 from Sigma)



oli-neu cell line (Eur J Neuro 7:125-1265 (1995)) Alamar blue (BioSourcelntl. Inc., Camarillo,
CA93012) Components for Sato medium were as follows: Product Supplier Stock p1 per 500mi
DMEM Seromed F0435 500 ml Transferrin SigmgyT-2252 100 mg/ml (1 mg in 10ml PBS)H008pdium
Selenite Sigma S-9133 1 mg/2.56 ml PBS 50 Insulin Sigma 1-1882 10 mg/ml (100 mg/10ml PBS) 500
Putrescine Sigma P-7505 80.5 mg/ml (PBS) 500 Progesterone Sigma P-0130 0.62 mg/ml (EtOH) 50
TIT Sigma T-5518tethady/ml (1/3 HCI 1N+2/3 EtOH 100 (Triiodothyronine) L-Thyroxine Sigma T-0397
2.88 mg/ml + 1 digpiNaidH & Red9%kinGiippiagdgiPpco 25030-024 200 mM 5000 Gentamycin
Gibco15750-037 50 mg/ml 250 Sodium Gibco 25080-052 7.50% 13000 Bicarbonate Horse Serum
5000 15 B|0C0a9|hP%tF§H§p?é?e aghstent Reisaretngser Pabskdapinsnsestidle BRlSnson):
R3-IGF1 (ktd pltiteh &idBiv) pBSADOE/{{Bi06 DrercratedodBbaydipladd? 'El@é)éelld@tbmi@mltlvatlon of
cells f rin | S Il I [ rate Cells
were p ate gﬁ‘%g%o&ﬁ%&%gﬁ égn%%%ev%%%ﬁé al'éﬂgmg;(e%g%%é? %Déﬁglnwlde%e S ?‘#@ﬁ -3x/week. In

order to spiiBIAYswierMER \hasSiela wene QWS%W&HEW'G&%@HQ&"’V@W PRYPElas 1 MMEDTA. Cells
\évgre géogvn in aomldpagg@ﬁ%nwtha{ f&f&mmemﬁmmﬂpw §ﬁi01M%glum with N
% F 9 M In this experiment, oliz-neu ce s o no her t passage 16 were use
Cells were wgé) %ﬁaﬁéBﬁEg}%?ﬁt% n&u46‘f§[§ oéllg eII \%Peﬁ ale%a RIE2USED starvation in
Sato mediGellsivars irsadiat Alimabednicentatiomof Aﬁ@@ Qellhmnveﬂmlﬁﬁumwmiatec}aﬂmﬂmamar Blue
stockyyas adeefidn thenevashinaHbalsd far additional 2.5 hours. The fluorescence was monitored

at 530- 15 560 nm excitation and 590 nm emission wave length. Plates could be read up to 4

Alamar blue staining
After 48 hrs in CO2 incubator, 10 pl of Alamar Blue stock was added to the
wells and incubated for additional 2.5 hours. The fluorescence was monitored at 530-

15 560 nm excitation and 590 nm emission wave length. Plates could be read up to 4

hours and up to 1 million relative fluorescence units.

Experimental design
As controls, 100 ng/ml R3-IGF-1 (positive control), or 1 mM dbcAMP
20 (negative control), or medium without insulin, or 100 nM of boiled OPN, were used.

Experimental samples were 1 nM, 10 pM, 0.1 pM, 0.01 pM or 100 nM of recombinant
osteopontin. Controls and experimental samples were diluted to the desired
concentrations with a final volume of 50 ul in Sato medium minus insulin and added
to wells. Oli-neu cells were grown in insulin-free medium for 24 hours, and then

25 treated with controls or experimental samples for 48 hours. Detached oli-neu cells
that were freshly starved for 24 hours in medium minus insulin, were harvested from
the growth flask with PBS plus 1 mM EDTA. The cells were prepared at 300,000
cells per ml and added 50 pl per well. Then, the cells were incubated 48 hours at
37°C in a humidified CO2 incubator. 10 pl alamar blue were added and the cells

30 were returned to incubator for 2.5 hours. Then, 70 pl from each well were transferred
to black 96 well plates and the fluorescence was measured immediately.

The proliferation of undifferentiated oli-neu cells was measured after 24 hours
in response to different amounts of osteopontin, which was produced using the
insect cells (BacOPN), or a mammalian expression system (HEK-OPN). ' The growth

35 rate was quantified by measuring the cellular metabolic activity with a
fluorometric/colorimentric growth indicator, Alamar Blue. This agent contains an



hours and up to 1 million relative fluorescence units. Experimental design As controls, 100 ng/mi
R3-IGF-1 (positive control), or 1 mM dbcAMP 20 (negative control), or medium without insulin, or 100
nM of boiled OPN, were used. Experimental samgples were 1 nM, 10 pM, 0.1 pM, 0.011pNI2200T nM
of recombinant osteopontin. Controls and experimental samples were diluted to the desired
concentrations with a final volume of 50 | in Sato medium minus insulin and added to wells. Oli-neu

cells were gtsationrieduttion drdiertarumptormave hots, HiriapesNos arh@p0gnes dorerdes 8t experimental
samples faedSonebfo PRIATEAGEHuREENCEH G rivah Weseiikashlyuiial addoicdd Srwk iInTRedium minus

insulin, were h d from_the growth flask with PBS pl TA. The cell d at
300,000 CEAE BoP I SHEAMEEH PP BF T, TrAPTHSL ELAL WAVEAhCINALR HETRRLL 57 I o

humidified £821iQ68bator. 10 | alamar blue were added and the cells 30 were returned to incubator for
2.5 hogrs. Then, 70 gl from each well were transferred to black 96 well plates and the fluorescence
was measured immediately. The proliferation of undifferentiated oli-neu cells was measured after 24
hours in responsB?ﬁ‘HPﬁ‘erent amounts of osteopontin, which was produced using the insect cells
(BacOPN), or a mgiamsliag sndsrsamo i PigiedtgHiek-OPN).'The growth 35 rate was quantified by
measuring the ceu‘ul rog(leet?ebsolic activitg witrtl)sae ryu r%}ﬁtrigco’h%im%rtltrigs?ﬁrgv\grbﬁhndigﬁﬁ:, Alamar
Blue. This agent contains an 555 02/900 7 xidation. redliction ihdicator tRat Shows Bot
fluorescenbecuyVicusryesersasbianth Hekpeelkerorersedicilegenriabarofafrdetipileinuby resulting from
cell gfgwihnJifiifgadeBireytd 285y bisIegicie demstjoessinsrparestiet AbditGP4dramnadiR kikaspatent
5,501,959. 5 Results The results are_ shown in Figs. 8 to 10. A dose response was observed with
recombinafRYERRFIRIRORIIHN SEEE%PVN@’&HFE&%H RS (a0 c(?eﬁ’\éﬁ';@g@o'."ﬁgﬁgpféjration of the
protein by id & hiv$egafestdent ththeabodgiekiprolifeitytiars Eig et edthial Hitidnfaf BacDRwiofls expressed
osteoponti : f ed | endent
increase o? b@ﬁg%ﬁgkﬁﬂ%ﬁ% Féf;él\(/vme(l%%gg grﬁ) gﬁéﬂﬁ?@&f%ﬁgl (?5%1 iﬁ%ﬂ%ﬁekOPN (Fig.
9). In additf@FesRNdBEhAMIHP RGGHIHAIEE 6HEEPbIsEfRIIA4rsR b idcridMtesM 6&FN-8PN isoform a
(see Irig. 2whbtexpreeiali-a) ihserasamprensesliffisas pesterilsvdh eepledfiipd theoiriifersaidasted in the

prOIIf(:"ratlogssay in comparison to the full-length protein. The truncated protein was active

(10nM, 100 nM), see Fig. 10.

EXAMPLE 8: Effects of osteopontin on the expression of myelination markers

20 in mixed cortical cultures

Mixed cortical cultures, grown on coverslips, were treated with with Bac OPN

(100nM) for 12 days from DIV (days in vitro) 5-17. At 17 days in vitro the cultures

were fixed and stained with an anti-MBP antibody. The results show that BacOPN

coverslips had more highly branched MBP positive oligodendrocytes than controls

25 (Fig. 11). In addition, whereas in control cultures (Fig. 11 A) no myelinating

oligodendrocytes were seen, OPN treated cultures (Fig. B, C and D) are rich in

oligodendrocytes, which wrap around axons and form myelin segments and

internodes. (Fig. 11 B to D). Counting of segment clusters revealed that while no

segments could be observed in the control, three different OPN treated samples

30 showed 16, 22, and 18 segment clusters. These results indicate that the treatment of

cortical mixed cells with osteopontin leads to a differentiated phenotype of
oligodendrocytes, which is characteristic for myelinating oligodendrocytes.
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assay in comparison to the full-length protein. The truncated protein was active (10nM, 100 nM), see
Fig. 10. EXAMPLE 8: Effects of osteopontin on the expression of myelination markers 20 in mixed
cortical cultures Mixed cortical cultures, grown oréé:overslips, were treated with with BRoDFN7
(100nM) for 12 days from DIV (days in vitro) 5-17. At 17 days in vitro the cultures were fixed and
stained with an anti-MBP antibody. The results show that BacOPN coverslips had more highly
branched MBP pd@&ihMRblif @ eFifiecty/tef dstappontiroler? heFigxdrdisloradéitdBPR virnenéeasi in control
cultures (FI‘QH %% &L’I&égyaeaji%tégg :g!iggq(ﬁ@grg@gg\s were seen, OPN treated cultures (Fig. B, C and
D) are richT godendrocytes, which wrap around axons and form myelin segments and internodes.
(Fig. 11 B to D). A¥Rfthld A et iisieerdeemeritaiaMBhileralein dormRane apdidhee observed in
the controlgfjuReabdfarcOPR RBhdtieRtgdaedpiredtbrianaidi®s22, and 18 segment clusters. These
results indicate that the treatment of cortical mixed cells with osteopontin leads to a differentiated
pheno?ype of oligodendrocytes, which is characteristic for myelinating oligodendrocytes. 35 66
16.02.2007 EXARaEnoCittisess of osteopontin on the expression of MBP in mixed cortical cultures
as measured by MBPEIHSAMRE FASBIWAS 4ashiBt IR IS BRARMRRBIISHbIpsLease and thus

myelination in OPN and LIF treated mjxed cortical cultures, 5 Primary Cultures The source of the

material wiR0BHRAOMPTINERt MR { Samalro MicH /893K RRSSPUHTH rEGIRYASNKARL female mice
at 16 daysdiestated wecdedingryo thecpeotdiss axft&.dmetzkirdirg. tactinicpsotare| dif dadimtexkiviet al., cortices
were fSSORAIGH VigLd: psaa§'gﬁ%tloeieg&amsod'mglamﬁ%éﬁ%(%m@g,nﬁfﬁ?@@gtrocyt%’
oligodendrocytes, microglia and neuronal precursors) were seeded at 1*105 cells per well onto
poly-L-lysiftigadendraediess Miepaliaand navsnal riesyrioistiverd srrasdort datt GRY. RE Recombinant
Protein TregdMemo IPQRIS SitfeipREechatéar st IS it iRCHIBIN BN tP5OLRINRIRPSHIA & ORI O,
recombinant mousF leukemia inhibitory factor (LIF) purchased from AMRAD Laboratories, at
concentratﬁﬁ%‘dfel‘g/ml, 100 ng/ml, and 10ng/ml; mouse baculovirus-produced full-length osteopontin
at concentrations of 100 nM, 10 nM,

15 Recombinant Protein Treatment

Treatments were performed using recombinant proteins (positive control,
recombinant mouse leukemia inhibitory factor (LIF) purchased from AMRAD
Laboratories, at concentrations of 1 pg/ml, 100 ng/ml, and 10ng/ml; mouse
baculovirus-produced full-length osteopontin at concentrations of 100 nM, 10 nM,

20 and 10 pM). All proteins were diluted in culture medium to the appropriate
concentrations from stock material, prior to addition to cells in vitro. Cultures were
allowed to grow for 5 days in vitro and then were treated for 17 days subsequently.
Medium was changed every 3 days.

25 Microwell Plate Protocol for Sample Harvesting

Cells were lysed and samples harvested after 17 days in vitro (DIV17). Cell
lysis was performed using triple detergent buffer.

Triple detergent buffer

30 Final concentration
50ml TrispH8.01M 50 mM
8.77 g NaCl 150 mM
2 mi NaN; (10%) 0.02%
5 ml SDS 20% 0.1%
35 10 ml NP40 1%

5 g sodium deoxycholate  0.5%



20 and 10 pM). All proteins were diluted in culture medium to the appropriate concentrations from
stock material, prior to addition to cells in vitro. Cultures were allowed to grow for 5 days in vitro and
then were treated for 17 days subsequently. Medium was changed every 3 days. 25 Aligrowygt Plate
Protocol for Sample Harvesting Cells were lysed &id samples harvested after 17 days in vitro (DIV17).
Cell lysis was performed using triple detergent buffer. Triple detergent buffer 30 Final concentration
50 ml Tris pH 8.0 1M N 0 % | S 0% 0.1% 35
10 mI NP40 1% 5 éggéll%nyggeggfgﬁ@%% %wg%%% %Oﬁg%jﬁgllg%rg?i%e@nﬁi@rs tablet
(Roche no- PEYple dptrraenidudipisoleinn eAarifésRtergent buffer solution prior to use. Medium was
removed from mixedediicalaslicnesednfies Wixebachhipan capadedamPesvhpradarigd plates. Cells
were washed gently. twice with 5 of 1X. 5 PBS and then 50 Id of triple detergent byffer was added
to each well® %45{‘5%%}7%@@98%&] ‘ajti f?(ltgsthe@séév ?avr%ﬁ eesd gpél h%vﬁcgtgﬁgﬁ]ﬂ* -Ifgég{)rior to
analysiss BEAP andithesS@yl httiie ceBQanP hyiten wasagded tderacheme! oM paitidedthrmulation
based 10 o BielnebiRiARd (S king B pPIPLs AP IRHOCA Alipatligaton of total. protein.
This method combines the well-known reduction of Cu'2 to Cu*' by protein in an alkaline medium with
the highly sensitive and selective colorimetric detection of the curprous cation (Cu}') using a unique
reagent containing BgARRaeiniksaald. The purple-colored reaction product of this assay is formed by

the chelation 15 ofopalechieg pfRGA NIKPRS.CHALANSIOU.FHISMEEE SO caraglex exhibits a

strong absorban_ce at 562 nm that is linear wit inc;reasm protein‘concentrations over a broad
workind®ang® Sigtchaninie 2600 fonthe coerimetiadstasion e gyanifispiionahietathe final color
continues togigtepom s imahow nbliaed diwwelthdateredanion degaldponent’isysipute sfficiently to
allow large naunmail?éﬁn%f %%%{8!%%81 ?ﬁeb%ﬁg‘%éﬂs%ﬁé”%% ][s“ lacivg Mactompleqular strucgure of
protein, the number of peptide bonds an € presence of folr amino acids (cysteine, cysteine,
tryptophan the curprous cation (Cu™") using a unique reagent containing bicinchoninic acid.

The purple-colored reaction product of this assay is formed by the chelation

15  of two molecules of BCA with one cuprous ion. This water soluble complex exhibits a
strong absorbance at 562 nm that is linear with increasing protein concentrations

over a broad working range of 20 pg/ml to 2000 ug/ml. The BCA method is not a true
end-point method-the final color continues to develop but, following incubation, the

rate of color development is slowed sufficiently to allow large numbers of samples to

20 be done in a single run. The macromolecular structure of protein, the number of
peptide bonds and the presence of four amino acids (cysteine, cysteine, tryptophan

and tyrosine) are reported to be responsible for color formation with BCA.

Microwell Plate Protocol for Determination of Total Protein Content
25 25 pl of each standard (BSA concentration: 2000 pg/ml, 1500 ug/ml, 1000

pg/ml, 750 pg/ml, 500 pg/ml, 250 pg/ml, 125 pg/ml, 25 pg/ml) and samples were

added into the appropriate microwell plate wells. 25 ul of the diluent (triple detergent
buffer) was used for the blank wells (working range 20-2000 pg/mi).

200 ! of working reagent (mixture of 50 parts of BCA Reagent A with 1 part

30 of BCA Reagent B), was added to each well. Plate well was shaken for 30 seconds

and incubated at 37°C for 30 minutes. After incubation the absorbance values were

measured at 570 nm.



and tyrosine) are reported to be responsible for color formation with BCA. Microwell Plate Protocol for
Determination of Total Protein Content 25 25 | of each standard (BSA concentration: 2000 g/ml, 1500
g/ml, 1000 g/ml, 750 giml, 500 pg/ml, 250 g/ml, 125 g/ml, 25 lag/iml) and samples were added into the
appropriate microwell plate wells. 25 | of the diluent (triple detergent buffer) was use@ 82 #eddlank
wells (working range 20-2000 g/ml). 200 I of working reagent (mixture of 50 parts of BCA Reagent A
with 1 part 30 of BCA Reagent B), was added to each well. Plate well was shaken for 30 seconds

and incubated at gfp tor A0\ RINEiesAAfter incubation the absorbance values were measured at 570
nm. 68 16.02.2007_ MBF Sandwich ELISA 96-well flat-bottomed sterile microplates (Costar) were
incubated overnigi® WelLat batemed sifrilo BrcirIBlod(CepBR VS RBsiEPYRIDight 855000 in 1X

PBS. 5 50+i-0f #ith dietamnifBrdyanotipnovamasie diesszeia wailiidd e :5eab day.Xesmtibody
solution was remfo ed from al| wells ir] the plates na/a bloﬁdnﬁ{ step was performed using 50 pl of a
Ry

1% BSA sORHOR' 3ﬁ'lﬁ§§?8po A SPWHAN Wk 5’5638 d¥ffled for 1 hour at ambient temperature.

Plates were roboTicalhewathedhe amd iyl lsolitigrineas| cakiogedtpmstgvBIBSAlthe griaté® Incubation

was performed iti ial diluti th 2 i r lesin 1%

BanPBS T R e B B e R PR > 2. The
dilutions useghwiellnwRieskinasvasimedemesd foe I hion 6f @rliphblemresatore. (3mgstiveresults of the
BCA Protebéirady Waihsavstinas fellowing theliflBdrthd&tditusirgPBSr@eh.2 pY; 3.1 pg. Following

incubation with the MBP. standard and protein samples, plates were. washed 3 {imes inin 1%
BOATBE, A sectNE BRI AT EU IR AT o PSS cah R D S Be e
10-0038, 1pepilielikitediandl & SWUPIBS iPItYe BS&ERE b dted fuc@wellindate 20ThenpiBit temperature.

Following thls a1 R o PIAES K/ S5, AORIAALCIREISI TR FhoABREnC bRl iR goal antirabbit
biotin (Vector BA-1000, 1:10,000), added in 50-pl volumes to all wells after dilution in 1%BSA/PBS,

was perforAiermiradnafieacaltupiion RinplatRipteim seatepensing dhewasHtss #6118&iBSthe incubation
as 25 indicateeimbesay. Thefingrénas bsllowswas performed with 50 pl of streptavidin-conjugated

15 100 pg; 50 pg; 25 ng;12.5 pg; 6.2 pg; 3.1 pg.

Following incubation with the MBP standard and protein samples, plates were
washed 3 times again in 1% BSA/PBS.

A second incubation was performed using a polyclonal anti-MBP antibody
(Zymed 10-0038, 1:300) diluted in 1% BA/PBS. Plates were incubated for 2 hours at

20 ambient temperature. Following this incubation, plates were again washed 3 times as
above.

Incubation with goat anti-rabbit biotin (Vector BA-1000, 1:10,000), added in
50-ul volumes to all wells after dilution in 1%BSA/PBS, was performed for 1 hour at
ambient temperature. Plates were again washed following the incubation as

25 indicated above.

The final incubation was performed with 50 pl of streptavidin-conjugated
horse radish peroxidase (strep-HRP) (Amersham RPN 1051, 1:8000) diluted in 1X
PBS being added to each well. Plates were incubated for 1 hour at ambient
temperature.

30 Following the washing step, the reaction was revealed using
orthophenylenediamine dihydrochloride (OPD) (Sigma, solution prepared by adding
1 tablet to a 20-ml volume of water). This reaction was blocked via addition of 3 M
HCI or 30% H,SO,. The optical density was measured using a multi-scan fluoroplate
reader (Labsystems Multiskan EX) at 492 nm,
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horse radish peroxidase (strep-HRP) (Amersham RPN 1051, 1:8000) diluted in 1X PBS being added
to each well. Plates were incubated for 1 hour at ambient temperature. 30 Following the washing step,
the reaction was revealed using orthophenylenedjamine dihydrochloride (OPD) (Siglzjma solution
prepared by adding 1 tablet to a 20-ml volume o?water). This reaction was blocked @Q%&%gn of 3M
HCI or 30% H2SO4. The optical density was measured using a multi-scan fluoroplate reader
(Labsystems Multggéanes X) at 492 nm. 35 69 16.02.2007 Results As shown in figure 12, MBP protein
levels were increased 3 fold in.bacOPN gﬁ nM) treated cultures at DIV, 17 com (r?%% control
cultures. This ob%?vsoﬁ%n & '88??5%9“6 vis8 Véé%\f stgmﬁacéeﬁggﬂi ef%f’fé tg ﬁ\lﬁlovirus
expressed (FOORN treatdid aalitntrs @tt® M eldu sonadiddmtonteol Cuftyesiainiibis. ébsaiviitibi 10: Effect of
osteopontig, p, G4 qiferAIANLLAC Srbariine dackiRl LRI GHiBge RigRAcagngdecell line,

which was spontaneously obtained from primary A2B5 oligodendrocyte precursors. CG4 cells 10 are
a comfonfy R & cligapRI eV P RS RIRIRIE Rt R IXEIRNEP S urvival. The CG4 cell line has
the following advantages: High proliferative rate like oligodendrocyte progenitors (02A-like) (GD3,

A2135-positive cells),, 1.9 Mo e In condi d medium (with effective growth- 15 factor
concentrations) ob % 1o [‘H?%%[go f 89 el i n J.C. et al. 1992) obtained from

ATCC . Defined rfieelic@dwithdne FB8)rehimmotalizetsaligneendintaice! ios wpehomsinstead of
B104 condiipipesheyediy rorrink HermtisinwingBbosligeasndrcytt pifaipislieciniels
oligodendrocytes O4,%ﬁJC-pos tiv f;an Fe tri ef.ed ith a defined medium; Differentiation into
ctoctos FELEA TSR, VHER G 5185 HO S BROEEALR e BB alyb FMBEHELs of the Coa
cells was uEhel @St selhlineffext thitfotlo® Al adBaptageisis (expressed in E-coli or insect cells) on
proliferation. R&D.Systeméa-;@lblpé H‘éeqa?ét‘ﬁﬁ?é’o&yb@ﬂbr‘%}fg%}Hﬁiﬁiiﬁ@d(‘@ﬂhﬁﬁé}ssw’ which

was then in vitro phospho ed with protein kinase 2 (GST fused) in a 60 sl volume as Tollows:
(GD3, A2B5-positive cells);

o Low cost maintenance in conditioned medium (with effective growth-

15 factor concentrations) obtained from B104 rat neuroblastoma cell line ( Louis J.C. et
al. 1992) obtained from ATCC .

. Defined medium (without FBS) can be used (supplemented with
FGF2+PDGF) instead of B104 conditioned medium for proliferation during short
periods;

20 . Differentiation into oligodendrocytes (O4,GalC-positive) can be
triggered with a defined medium;

. Differentiation into astrocytes (GFAP-positive) can be triggered in the
presence of FBS.

Passage number 35 of the CG4 cells was used to test an effect of two OPN

25 proteins (expressed in E-coli or insect cells) on proliferation. R&D System E-coli
produced osteopontin (Cat.441-OP) was used for this assay, which was then in vitro

phosphorylated with protein kinase 2 (GST fused) in a 60 pl volume as follows:

Kinase buffer 6x: Sample Buffer 2x pH6 |
30 Hepes 50mM Tris-Cl 0.125

MgCl; 10mM Glycerol 20%

DTT 1 mM DTT 0.2M

Sodium Vanadate 0.2mM Bromopheno! Blue 0.02%

Beta glycerolphosphate 25mM
35
ATP_mix (60uM)




Kinase buffer 6x: Sample Buffer 2x pH6 30 Hepes 50mM Tris-Cl 0.125 MgCI2 Glycerol 20% DTT 1
mM DTT 0.2M Sodium Vanadate 0.2mM Bromophenol Blue 0.02% Beta glycerol phosphate 25mM 35
ATP mix (60uM) 70 16.02.2007 30 pi ATP at 600} 5 pl of 32pATP 265 pd H202 Ingrdgriggytart the
reaction ATP mix was added and the incubation was performed 5 at 30C for 1 hour. After 90 minutes
incubation at 30 C (with ar station), 100 pl Glutathione Sepharose beads (Pharmacia) were added to
the reaction mix tgatuwAasPrsesERMY washed in PBS in order to eliminate protein kinase. Then, the mix
was incubated f%;’ 0 eflap rﬁ:I, room temperature with gentle agitation. The suspension was
centrifuged at 50 or' 5 Rihutes to sediment the beads. Then,' he supernatant 10 was dialysed
overnight supern@é®ubH4Q, against PBS. The proteins was quantified by BCA (Pierce). Kinase
reaction: 10 p 0 Kj . -cali ris-HCL ph
8 10 pl kin%sgﬁefg%ﬁ%ﬁ%ﬁféf@ﬁx 0 |JFTJ};Sh e?a%%%ggég@%@ %%’%%%r%ﬁb%%ﬁoméghorylated
OPN frotets3Rerefpredtdid 10N, 9Q ORIOHEER inBehAtiofb AL S Ha dvdtB rrgittieridRLHEGA cells. As

a readout &aﬁ]}éﬂ(?me@mmd (l)dé!él!bb@%l(&ﬁéiﬁﬁiétb@ﬂw' l'erlé\@itwmat@ttn? ﬂela‘é%ﬁ@aﬁhﬂmhfﬂwelrel Culture”d
in 70% N1 defined medium (D contajning 4.5g'1 glucose,.2 mM mine, 100. 25 Ulml penicillin,
100 pojmi STRIBT TR £ S ek LS G RIRRRE LTS GAHaHERerin. 100
mM putresitinehBec fMrsorkuhoge Rinicomateigeradunel Withirgeatiel 3gtatien 04 berslispersiomedium ( N1
withorit Biqjjay CLiagedat S0l AG X nintie S8 SUdVASHR HIDBBSSS N RN -YFBiIipE-fA0MP.9/M)

treated 24 well plates seeded with 3x104 cell/per well. 10 nM BrdU was added the at the same
10  was .dialysed overnight supernatant at 4°C against PBS. The proteirs was quantified

by BCA (Pierce).

Kinase reaction:

10 pl Casein Kinase at 0.05 pg/pl
15 10 pl E-coli OPN at 0.5 pg/pl

20 pul 50 mM Tris-HCL ph 8

10 ul kinase buffer 6x

10 pl ATP mix

20 Proliferation assay

Bac OPN and in vitro phosphorylated OPN proteins were #iested at 10pM,
10nM and 100nM concentrations on proliferation of CG4 cells. As :a readout BrdU
(Amersham) was used as decribed in Avellana et al. 1996. The celiis were cultured
in 70% N1 defined medium (DMEM containing 4.5g’'l glucose, 2 mh glutamine, 100

25 U/ml penicillin, 100 pg/mi streptomycin and 1 mM sodium pyruvate and
supplemented with 5 ug/m! transferrin, 100 mM putrescine, 30 nM =sodium selenite
and 10 ng/ml biotin) and 30% B104 conditioned medium ( N1 withouast Biotin) ( Louis
J. C. et al. 1992) . The assay was performed in poly-ornithine (100 gag/ml) treated 24
well plates seeded with 3x10° cell/per well. 10 nM BrdU was added the at the same

30 time and cells were incubated for 18 hours. After fixation, immunocytochemistry was
performed with an anti-BrdU antibody to detect cell divisions. Cells wrere also stained
with Hoechst 44432 staining (Sigma) to allow total cell numbers couruts. Images were

acquired and analyzed using the Leica QWin Image Analysis System.

35 Results



30 time and cells were incubated for 18 hours. After fixation, immunocytochemistry was performed
with an anti-BrdU antibody to detect cell divisions. Cells were also stained with Hoechst 44432
staining (Sigma) to allow total cell numbers cousrgfs. Images were acquired and amglmgegbqﬁng the
Leica QWin Image Analysis Systems. 35 Results 71 16.02.2007 The results are depicted in Fig. 13.
Baculovirus expressed osteopontin leads to increased proliferation of CG4 cells. The most
pronounced effecTheuts bits aoseemdted @ ¢dgpcehtration of 10 nM OPN, although 100 nM of OPN led
to proliferation asé%%knd&?ﬂ?%?i@%?@&) gé?ésg orfin-fe &’4‘ RERRRAL P At rpnegaroliferation of

CG4 cells. Analysis of the mor treate versus non-treated CG4 cells revealed that

while in theedsatidie rfBQﬁTfBF%‘PRféﬂFE%’ matb@kyﬂs’%‘?\/@&ﬁ@ﬁﬁl dlearerneenimatiensafvdferitierentiated in
that most ahhe et agyelopense CcrNasd W ieoliéstentrliarIVas Wites e RERPROHRAEISING

bacuIOV|ru%e>éores)zﬁ% rsl(()s)ch‘: ENqon é)%A ﬁ%ﬁ’?l% k e[lér#wtro F e}gphqglated OPN lead to CG4 cell

dlffereﬁtlatlon as opontln on MOG-induced experimental

autoimmune enceMﬂi}@rﬁy@ﬂlﬁae(EmhnlmM@&@PUrﬁ@géegf eesuL fpoiseaterd B4 ©FIN; AS900011)

is a cytoking iz IgistraRie NRECEHIBEIHETagEhesRalbAERERI B BYSERHAY OFfetrMiaton. survival
and cytokine secretion of various cell types. OPN was identified in a differential gene expression

(DGE) apptSachaliftaie Qiﬁ‘?@mé{%%tl dhat festhal tsurpls aslopsrh paRret s 2y
oI|godendrdmf;&eemmbonv(laeerﬁorarrmbnﬁzmmc’edauaagt bacliigeitles drxyrgss pde PHHI €. Wadhi recombinant

bacul iru I t nner (ICso:
3.7p se% amp qus In add|| n, S%%ég()@ﬁm %cvpi/{e&d%ﬁle c%ﬂ (gfr?rt%mgt f?ﬁr%%:}g%g&m€CG4 cell line

and prlmar“y*\%"r)ospheres (see example 8). OPN is expressed in the demyelinated corpus callosum
brain 25 region of mice treated with Cuprizone, where expression was strongest in microglial cells

(see example 1). %2%&[’: ?QN%FngSSPnOV\/%g oob%rv%(r:l] i S uggntrlg)L(Jlglti l%%ngea@VZ), which

has been sugges

tion (see

: plpla Ay« pliheewith various immuno-regulatory properties, may
also play a role a$§9&qu@§g§®f neuronal and glial function. The purpose of this study was to test
the therapeutic effect of OPN in

Osteopontin (OPN AS900011) is a cytokine with pleiotropic functions

including those in adhesion, migration, differentiation, survival and cytokine secretion

of various cell types. OPN was identified in a differential gene expression (DGE)
approach with the aim of detecting genes that could regulate remyelination and
20 oligodendrocyte function (see Example 1). Treatment of oligodendrocyte precursors
with recombinant baculovirus expressed OPN (AS900011) increased proliferation in
a dose dependent manner (ICs: 3.7 pM, see example 7). In addition, AS900011
showed an effect on the differentiation of CG4 cell line and primary neurospheres
(see example 8). OPN is expressed in the demyelinated corpus callosum brain
25 region of mice treated with Cuprizone, where expression was strongest in microglial
cells (see example 1). In addition, OPN expression was observed in the sub-
ventricular zone (SVZ), which has been suggested to generate oligodendrocyte
precursors that participate in remyelination (see example 4). It is hypothesized that
OPN, a cytokine with various immuno-regulatory properties, may also play a role as
30 a modulator of neuronal and glial function.
The purpose of this study was to test the therapeutic effect of OPN in the
model of MOG-induced EAE in mice.

Test method
35 The method of induction of EAE used for this study has been adapted from
the protocol published by Sahrbacher et al. (1998). Protection of animals used in the



model of MOG-induced EAE in mice. Test method 35 The method of induction of EAE used for this
study has been adapted from the protocol published by Sahrbacher et al. (1998). Protection of
animals used in the 72 16.02.2007 experiment is4n accordance with Directive 86/609/Et6c)%A/¥éed
by the Italian D.L. No. 116 of January 27, 1992. Physical facilities and equipment for accommodation
and care of animals are in accordance with the provisions of EEC Council Directive 86/609. The
Institute is émﬂyrimehoi&éd@y@dmpetuﬁh\!ﬁmtharﬁﬁ#@ﬁf&ﬁ@ummt@ byAthpdtaianf his protocol

concerning\anifigl GRIB MR DeeRgRPTENEA-IY tHRaiREECHg ?Iﬁé%ﬁ@?br@b%&?%@gh%amho”Zed by

ltalian Ministry of Healtib (Decree No. 51/99-B). Test system 10 Species, strain, substrain and sex:

C57 BU6J ?@Fﬁaﬁé?ﬂiﬁ@lﬁ(ﬁﬂetfﬁb‘iﬁ@,&d@fﬁﬁlﬂ@(@g Rrevisians PEEES Arannil Diretivg) colony was
supplied bpelcr]EhRiveatilttdids(Gdicauthedzrsy balghmhettifit Yeteriferhdeaslachiohaitite test system:

The Cp7 ebgﬁgéﬁw@ﬁ&%%&%@g%ﬁﬁna@%w@qgsh %@&%&%@Cﬁ?&ﬁ#@ﬂ has

document uscepti to EAE. Su arles River ltalia S Via Indipendenza, 11 23885 -
Calco (Lecﬁ@t)eﬁﬂaﬂéﬂhrﬁﬁﬁoﬁ'%‘?‘F@bﬁ !?'éfﬁ%lzﬁéf&ﬁé 'ﬂ?@%\dﬂ@'ﬂ%%t’éﬁamtlﬁ@ﬁ@%mhe animals
will be obsginggdsglaily to ascertain their fitness for the study. Age and body weight (at randomization):
About 8-week old; 18-22 g. 25 Housing: 10 animals/cage in air-conditioned rooms. Temperature: 22C
2 Relative humidity: 55% 10 Air changes: about 15-20/hour filtered on HEPA 99.99%. 30 Light: 12
hour cycle (7 a.mIest pyatenTage: Makrolon(r) cage 42.5x26.6x15h each fitted with a stainless steel

coveryfeed rack. gpggiu}g' gq}%g%mrg}ﬁ Sapszhottom. The waste that drops through the

C57 BL/6JICO female mice from the IFFA CREDQ (Saint Germain sur
I'Arbresle, France) colony was supplied by Charles River Italia (Calco, fLecco, ltaly).

Justification for the selection of the test system:

The C57 BL/6JICO mouse was chosen as an experimenial model; this

15  selected strain has documented susceptibility to EAE.

Supplier:

Charles River Italia S.p.A.

Via Indipendenza, 11

23885 - Calco (Lecco)

20 Acclimation:

At least 5 days before the study is initiated. In this period the animals will be
observed daily to ascertain their fithess for the study.

Age and body weight (at randomization):

About 8-week old; 18-22 g.

25 Housing:

10 animals/cage in air-conditioned rooms.

Temperature: 22°C £ 2

Relative humidity: 55% + 10

Air changes: about 15-20/hour filtered on HEPA 99.99%.

30 Light: 12 hour cycle (7 a.m. -7 p.m.)

Cage: Makrolon® cage 42.5x26.6x15h each fitted with a stainkess steel cover-
feed rack. A grill is inserted on the cage bottom. The waste that drops through the
grill onto the cage bottom will be periodically disposed of.

Animal identification:

35 By an ear tag. Cage card will give experiment number, dos;age group and

date of compound administration.



grill onto the cage bottom will be periodically disposed of. Animal identification: 35 By an ear tag. Cage
card will give experiment number, dosage group and date of compound administration. 16.02.2007
73 Diet: GLP 4RF25 top certificate pelleted diet produced by Charles River Italia's 1iegd begrrsee
Mucedola S.r.l., Settimo Milanese. To facilitate n@@rishment of sick animals, from day 7 wet pellets
are placed every day on the cage bottom. The 5 Producer supplies a certificate of analysis for
nutrients and cont% nants the levels of which are within the limits proposed by EPA-TSCA
(44FR:44053- 440 g July 26, 1979). RBM has the animal food re-analyzed at least twice a year for
bacterial contamirfStRMRAZS drn icestifisiéd Ipelletetibitieh Predumed iy SRaneuitRiven Mtaties the

municipal maigy vigépdeg Rxsisdoi\tar isditiris dvmprkdistrituigelitag Mliwshntedhsragimals by an
automatic valve S%Stfem Plasgc boEIe e used in addition to (é] the automatic waterlng(g gstem
o5 I "

Periodically ¥ ¥RA] ey RiP Al BBEIE R LTRY n¥h et Petiom minants (e.g.
solvents, pd%lt@dd@)%Imh@Qrﬁep@ﬁ@namfa?mWﬁ%si@ﬁhbh&@etenétmtam@aﬁgemaltm@m|ts of quality

of the 15 drmw%rmﬁmﬁéqm &éheo',%EﬁM@@RV@&ﬂW@s@%@@@'nﬂNSﬁat might

interfere Wlth the o tlves the study, not expected %o be gﬁesent in diet or drinking water. Test

substances: R/?L?I)in hf%a?a edW8 (IB {5 EREYERSD A1 585N N YR | FRMRRFEIN procedure:
Mice were mumtammcmai)brﬂ)ibyImmetlatges"edmbthmeh frenkrdmalsl of an emulsion composed of
20Q gg MOG35.55pgRtide (Neosystem Strasbourg, France) in Complete Freund's Adjuvant (CFA,

Difco, Detroit, U. SA)contalnln &?‘I %of Mycobacterium tuberculgsis. Immediately after, they

receival an i. p. |nJEE‘?anrb'? 'P&(ﬁﬂﬁg} %E?dlé%ﬂ_tﬁf?d EafhAisEPEes U s.A)
dissolved in"dd0hitdrot tbuffeafintald byadil aD10triédic Valiensysion, Plaxts hbffles,qoelaseB)inOn day 2 the

animals werg,giien g §RCaidhBnd ekl @ﬁ%”ﬁ&ﬁi&#&%&?dﬁﬁ%&ﬁa@é}yg afBR-8Yg6 received a
second dose of 200 pg of MOG35.55 peptide in CFA injected s.c. in"the right flank. Starting

approximat&NeTARiRIegls govpt fﬁ?@‘ﬁ?&l"éﬁ'ﬁr@%lﬂ@m@@tﬁr@&ﬁ@vﬁmﬁrg§§ﬁﬁ@?§arﬁ’%ls arising

from the tailotiret abhemichihgndoptioyiieal characteristics. The acceptance limits of quality of the
15  drinking water are those defined in the EEC Directive 80/778.

Contaminants that might interfere with the objectives of the study are not
expected to be present in diet or drinking water.

Test substances:

Murine, 6 his-tagged Osteopontin (AS900011) and mIFNJ

20 Immunization procedure:

Mice were immunized (day=0) by injecting s.c. in the left flank 0.2 ml of an
emulsion composed of 200 ng MOG3s.s5 peptide (Neosystem, Strasbourg, France) in
Complete Freund's Adjuvant (CFA, Difco, Detroit, U.S.A.) containing 0.5 mg of
Mycobacterium tuberculosis. Immediately after, they received an i.p. injection of 500

25 ng pertussis toxin (List Biological Lab., Campbell, CA, U.S.A.) dissolved in 400 pl of
buffer (0.5 M NaCl, 0.017% Triton X-100, 0.015 M Tris, pH=7.5). On day 2 the
animals were given a second i.p. injection of 500 ng pertussis toxin. On day 7, the
mice received a second dose of 200 pg of MOGas.55 peptide in CFA injected s.c. in
the right flank. Starting approximately from day 8-10, this procedure results in a

30 gradually progressing paralysis, arising from the tail and ascending up to the
forelimbs,

Study design:

The study involved 7 groups of 15 animals each. All the groups were
immunized with MOG;s55 peptide in CFA and pertussis toxin, according to the

35 immunization protocol and treated as follows:



forelimbs. Study design: The study involved 7 groups of 15 animals each. All the groups were
immunized with MOG35.55 peptide in CFA and pertussis toxin, according to the 35 immunization
protocol and treated as follows: 74 16.02.2007 Gygqup 1: positive control group dosed witt6@R/2007
vehicle alone (PBS + 0.1 % BSA) by s.c. route. Group 2: positive control group dosed with mIFN/3
vehicle alone (PBS) by s.c. route. 5 Group 3: dosed with 1 g/kg s.c. of Osteopontin (AS90001 1)
Group 4: dosed wirdup pg/kg spositi@steapantyrddirS06l with G¥Btipvehibis edondt {ARS ¢/kg s.c. of
Osteoponti )Gr : dosed with 100 sg/kg s.c. of Osteopontin (AS900011) plus 20,000
U/mouse s%%r%%lgzé}ls@%&%g7 dosed with 20,000 U/mouse s.c. of mIFNf The number of animals
per group is the mfFd¥arA: numbRYSHINGV ARG ER! HeLardfsed ity mENAvehisis\aansntBRkcological
effects. Velyglec P&ieplus 0.1%BSA will be used to dilute Osteopontin to the appropriate 15

concentration. PBS will he used to dijute mIFN” to the ropriate c tion. Administration route:
Osteop%ntin (AS9 6‘1‘1)36& the %%SféJ &'Tﬁb‘%{h% ﬁ&&ﬁ%&gﬁggﬁaﬁnﬁ@@ﬁ S.c. in a volume of 10
ml/kg. mIFNf at th&dagedof 20,Edd/midude wikdes adhsisiepentis. (A88aoaditime of 200 pl/mouse.
Group 1 will be dosed s.¢. with 20 P I 1 9%BSA in.a.vplume of d group 2 will be

5o SRR AN LRGSR B DXL HLEYin o

. S
dosed s.c. with 20 r%‘ff) BS/mou%Sggﬁﬂratlon bPtreatmient e nt or groups of this study was

started for each arGinmoapei.the apeearanite 408 clifigabstoré Qdtenpdntitl ASSBBE0ddNtplugd for 35

consecutive, ZgneaymndiRemn &f ggjmliﬁi@ﬁration: The compound and mIFNp were administered as
solutions in the appropriate vehicle. Resgective formulates will be prepared in accordance with the

Spons®'s instruc@RYPI0 Clinidapreh¥Er £9HR0 U/mouse s.c. of mIFN

The number of animals per group is the minimum number allowing an
accurate assessment of observed pharmacological effects.

Vehicle: .

PBS plus 0.1%BSA will be used to dilute Osteopontin to the appropriate

15  concentration. PBS will be used to dilute mIFNDO to the appropriate concentration.

Administration route:

Osteopontin  (ASS00011) at the dose of 1, 10 and 100 pg/kg was
administered s.c. in a volume of 10 mi/kg. mIFNg at the dose of 20,000 U/mouse will
be administered s.c. in a volume of 200 yl/mouse. Group 1 will be dosed s.c. with

20 PBS plus 0.1 %BSA in a volume of 10 mi/kg and group 2 will be dosed s.c. with 200
ull PBS/mouse.

Duration of treatment:

The treatment of groups of this study was started for each animal at the
appearance of a clinical score =1 and will then be continued for 35 consecutive

25 days.

Form of administration:

The compound and miFNB were administered as solutions in the appropriate
vehicle. Respective formulates will be prepared in accordance with the Sponsor's
instructions.

30 Clinical observations:

Starting from day 7 post-immunization the animals were individually examined

for the presence of paralysis by means of a clinical score as follows:

0 = no sign of disease
35 0.5 = partial tail paralysis
1 = tail paralysis



Starting from day 7 post-immunization the animals were individually examined for the presence of
paralysis by means of a clinical score as follows: 0 = no sign of disease 35 0.5 = partial tail paralysis
1 = tail paralysis 75 16.02.2007 1.5 = tail paralysjg + partial unilateral hindlimb paralyiésmza: talil
paralysis + hindlimb weakness or partial hindlimb paralysis 2.5 = tail paralysis + parti i
paralysis (lowered pelvi) 3 = tail paralysis + complete hindlimb paralysis 5 3.5 = tail paralysis +
complete hindlimbi faraliyit gatalysie rtipatiabuhilatena pairahsts patalydisnb paralysis + weakness or

partial paralysis o fofalimhsia MAMHAS KedRASOBEaHRIMMAlithS pisRals took place in a quiet

room. Clinical signs were 10'monitored daily in each group of treatment |n a blind fashion by a
technician who is 2maial@FelysisiheRTABREI TR BARlsR d el £6Mdle monitored daily. Animals
considered to be i8 padil pistigsis ercompibhndiabgiticiyeidl be examined by the staff veterinarian or

qutorgedpersongel i s 0GB URIRY SNIEY RBIIIIG e pan or s

urs arter ast treatment, samples will be collected (under
pentobarbital anadsthdaihpPa@hisisach RiRftiab Daralysivilt bueaknesscd Rartelithasafyeiecfure and
serum samgprsis be kept stored at -20C. Frozen sera will 20 be then shipped to SPRI for the relative
determinations oféqnéﬁ)owndﬁeru %%oncentration. Histopathological examinations: At the end of
treatment, the anithal8 ' UE ﬁé rbital anaesthesia, will be perfused-fixed with 4% formaldehyde
via the left ventriclobsérvatichedf $hinahoatis tak wikheziiefallguiet disynctEtinia sigmsivezten formalin.

Spinal gorchalifsrutl i BEEIBEb bR BIAAR S HIHCRINAGN oy RIBiAGUAR iRNaIOYlin and

eosin for inflammation, and with Kluver-PAS (Luxol fast blue plus Periodic Acid Schiff staining) for the
detection oHBRWAIEIRIAIRHIMENIHe performed. Data evaluation: 30 Results of clinical examinations are
expressed as the Beiweighibf se®emimals were monitored daily.

Animals considered to be in pain distress or in moribund condition will be
examined by the staff veterinarian or authorized personnel and, if necessary,

15 humanely sacrificed to minimize undue pain or suffering.

Blood sampling:

Twenty four hours after the last treatment, blood samples will be collected
(under pentobarbital anaesthesia) from each animal. Serum will be separated by
routine procedure and serum samples will be kept stored at -20°C. Frozen sera will

20 be then shipped to SPRI for the relative determinations of compound serum
concentration.

Histopathological examinations:
At the end of treatment, the animals, under pentobarbital anaesthesia, will be
perfused-fixed with 4% formaldehyde via the left ventricle. Then, their spinal cords

25 will carefully be dissected out and fixed in formalin. Spinal cord slices will be
embedded in paraffin blocks. Sectioning and staining with hematoxylin and eosin for
inflammation, and with Kluver-PAS (Luxol fast blue plus Periodic Acid Schiff staining)
for the detection of demyelination, will be performed.

Data evaluation: _

30 Results of clinical examinations are expressed as the mean (x SEM) score
within each group. The effects of the test substances will be compared with that of
the vehicle-treated positive control group. Differences of clinical score values among
groups will be analysed by Kruskal-Wallis test followed, in case of significance, by
the pairwise Wilcoxon test, at each measurement time. Body weight data will be

35 evaluated by one-way ANOVA followed, in case of significance, by Tukey test. The
S- Plus® software will be used.



within each group. The effects of the test substances will be compared with that of the vehicle-treated
positive control group. Differences of clinical score values among groups will be analysed by
Kruskal-Wallis test followed, in case of significangg, by the pairwise Wilcoxon test, at each
measurement time. Body weight -data will be 35 evaluated by one-way ANOVA followed 6102 25303f
significance, by Tukey test. The S- Plus(r) software will be used. 76 16.02.2007 Results: The results
of this study are shown in Figs. 14 to 16. Histological analysis of the perivascular inflammatory
infiltrated revealeﬁégahsis there was a trend towards a lower amount of perivascular infiltrates in OPN
treated animals, especially at the lowest administered amount of 1 .tg/kg. The combination of OPN
and IFN(3, WhlchTB%fééH'fﬁ(ﬂﬁrﬁ'él%%%Q@@@%ﬂ%Fl’gﬁelaﬁr?ﬂam of multiple sclerosis, was more

efficacious than aqigiEgiRIcmETEA aie E&MIammm&wlﬁmn%dL@Mﬁd tipgtpercentage of
demyelinajed areas w s geur d (Fig. 15). Again, .in anlma tre d with a trend towards less
demyéln GERER couﬁa e'6 §er%e§”?rhér%%%m bf Rion ord ér}?dr Bﬁl' %ﬁg g%&_?ﬁly significant
reduction ahicheieyespatiatly whibe Wmetvednmnﬁihrwwmﬂm oihd ewaitigt dheecoyrddinatiann that was

e RO Qe 2 3 Fland S &5 B GlILCH SaiFRPaPGHER e o O

the treatment, t e |n atory infiltration nation measu Inthis's 83 Although
the cllnlca5§lﬁ5ﬁé§ob‘§éﬁlémfﬁoﬁﬂpﬁ@§'t§d frre \edranigralignifiehnPNwer thaN tﬁ@r@@ntrol the
combinatiqgsgggﬁuﬁqmblm)led to a pronounced effect on the clinical scores, which was as low as

ith th t terf b t Thi tion i t t of
the irfammatory WA P TS LA VTR AL D gL LIg vl AR rcanty
reduced aftearicaisigatiohwiffOBRNina IRt (Figal®). lkss demytinates falleas nepubd tles were
obtained "6&%Hdh‘hQ%@HBﬂBHGn(%fSWQﬁ&)dﬁﬁqga%'%% #dhs dRpRecahirebansh BP0 markg 25

s.c. did not reduce perivascular infiltrations and demyelination with statlstlcal significance. The

treatment ARFAYRIBRIRDYISTOBS SYRDIBKCE loyvridhaadns exisntabASMyRIRAIN P2 iMAtations (55%)
and demyelbsetasd (WBAFEN\Aeare (Rig-NIIBdta at the same dose was combined with AS900011 at the

dose of 100 ma/kgs £ & RAMAZAN R MaLiSeored Sei@n Ly 3l HEBRIPEY tRU'FRLRRS(/170) and
the inflammatory infiltrations and the demyelination measured in this study. Although
the clinical scores observed in OPN treated mice were not signiﬁcantly lower than the
control, the combination of OPN and IFN led to a pronou'h'ced' effect on the clinical
scores, which was as low as with the positive control, interferon-beta. This
20 observation is in agreement with the measurement of the inflammatory infiltrates and
the extent of demyelination. Both parameters were significantly reduced after
administration of OPN and IFNB (Fig. 16).
In summary, the following results were obtained in this study:
Osteopontin (AS900011) tested alone at the doses of 1, 10 and 100 mg/kg
25 s.c. did not reduce perivascular infiltrations and demyelination with statistical
significance. The treatment with mIFNbeta (20,000 U/mouse s.c.) induced a
reduction in perivascular infiltrations (55%) and demyelination (53%). When
miFNbeta at the same dose was combined with AS900011 at the dose of 100 mg/kg
s.c., a significant and marked reduction in inflammatory infiltrations (71%) and
30 demyelination (81%) was observed.

Histological data correlated with clinical scores observed at day 35 (end of
treatment), when animals were sacrified and spinal cord collected for histological
analysis. Osteopontin (AS900011) tested alone at the doses of 1, 10 and 100 mg/kg
s.c. did not significantly reduce disease severity. The treatment with mIFNbeta

35 (20,000 U/mouse s.c.) significantly reduced disease severity. When miFNbeta at the



30 demyelination (81 %) was observed. Histological data correlated with clinical scores observed at
day 35 (end of treatment), when animals were sacrified and spinal cord collected fo a'big)écé?cal
analysis. Osteopontin (AS900011) tested alone a#zthe doses of 1, 10 and 100 mg/ﬂé‘ yon not
significantly reduce disease severity. The treatment with mIFNbeta 35 (20,000 U/mouse s.c.)
significantly reduced disease severity. When mlIFNbeta at the 77 16.02.2007 same dose was
combined g#thexioseGGEIcambiaehbwittoA$8006tlat the doseaistiRAma/sigaificarstatisticsdiye of clinical

signs was ghag4f dEhesR daiamicarbadbesnaied osteopontin and miFNbeta treatment is
effective in reducing both clinical and pathological effects in the mouse EAE 5 model, and may

therefore be an efAlEH IR SHAPES Al HHeComBIBTs OB KMABINEDS. PR &reatteg s osteopontin
on neuropihsfiectiveeth nedseimtic brthy elimiash andn pehblogichreaffetiten SnCiveA fhoesenBdENd muscle
action potenfial) EMG £leriramyoBranyiah rlasim e impid dagigrSC : subcutaneous 15
s.e.m.: standard error of'the mean vs : versus Introduction Neuropathies are usually selective as to
the type of PNS neurone affected 20 (e.g. sensory versus autonomic) and indeed also to the subtype
of neurons (smallgyessir Brae). Peeietvg @fffertintiessictpamiihadirsiany ikdmiEdI$d animal
model for %e,%rt%sﬁin éh(?uré %or%géective effects of neurotrophic factors. Traumatic nerve injury,
plexus lesi ' a serious complication of accidents. In addition, pressure on
peripheral nerve that can cause myelin damage frequently 25 seen in disorders such as carpal tunnel
syndrggm or is assuhaio@ ¥ spinal column orthopedic complications. Axotomy produces
phenomena, like cell death, reduced axonal conduction velocity, and altered neurotransmitter levels in
damaged neuronSMERSFITORHIINYFAR PRIGRRAEABA an additional process of interest in relation to
neuropathic stateENfGcMaleatr@nyogidphigstley J.V. 1995). 30 A fundamental question in cellular
neurobiology is tn%ﬁgqlﬂ%ﬁfiﬁ?b\F?w[ﬁ%&SFaﬂon after injury or disease. Functional nerve

regeneration requires not only axonal sprouting and elongation, but also new myelin synthesis.

15 s.e.m. : standard error of the mean
vs . versus
Introduction

Neuropathies are usually selective as to the type of PNS neurone affected

20 (e.g. sensory versus autonomic) and indeed also to the subtype of neurons (small
versus large). Axotomy of peripheral nerves is the most commonly used animal
model for appraising the neuroprotective effects of neurotrophic factors. Traumatic
nerve injury, plexus lesions and root lesions are a serious complication of accidents.
In addition, pressure on peripheral nerve that can cause myelin damage frequently

25 seen in disorders such as carpal tunnel syndrom or is associated with spinal column
orthopedic complications. Axotomy produces phenomena, like cell death, reduced
axonal conduction velocity, and altered neurotransmitter levels in damaged neurons.
Crush lesions allow for regeneration, an additional process of interest in relation to
neuropathic states (McMahon S. and Priestley J.V. 1995).

30 A fundamental question in cellular neurobiology is the regulation of nerve
regeneration after injury or disease. Functional nerve regeneration requires not only
axonal sprouting and elongation, but also new myelin synthesis. Remyelination is
necessary for the restoration of normal nerve conduction and for protection of axons
from new neurodegenerative immunologic attacks. The primary goal of.research in

35 neurodegen'erative disorders is ultimately to develop interventions which prevent
neuronal death, maintain neuronal phenotype and repair neuronal and myelin



necessary for the restoration of normal nerve conduction and for protection of axons from new
neurodegenerative immunologic attacks. The primary goal of.research in 35 neurodegenerative
disorders is ultimately to develop interventions which prevent neuronal death, main %/'%%%Eﬁnal
phenotype and repair neuronal and myelin 78 16762.2007 damage. Many studies have béen devoted
to the unraveling of molecular and cellular mechanisms responsible for the complete regeneration of

aXOtom‘.ZEddéfRiQaé."Rh’ath s?&#ggmsaéﬁ%wgﬁt Sl GB%% i ‘éﬁﬁ%ﬁ%%‘f’e%%%?%n'é‘k‘gp/af“rd“"e.d
expression 0 ngu_rotroghlc actors and corresponding receptors’may play an wnportan?1 role in the 5
ability of neRRShapemS: &eRAPSIeifRIsteueraw iets cegeoriatioRighmrtamzast SRitAbMOtef nerve

regeneratiofewithis/ griautseReRtes 900] FoRpIRIRNNSS AQMPosN s lkeanasyba-dipregsmntbrfactor (IGF-1),
ACTH (Lewis at ﬁ‘l’ hllgs?g' tStganrgdeto?rl.slgﬁﬁﬁ te%tgzterone J%\eg. 11%93?! S§&57e7f16¢ Fournier at al.,
1993) and IS )ﬁcactec 0 (Raecchl ﬁ SO0, %é%, P (ﬁg;'pﬁ hao¥a VA i?. 10 e present
study Was it ®oIre seanerationnrevgun shugieh havaisbowa asignifgrpisiapyateat different
doses. In this HBpdakadRsEim afftcinit P miieleii®Ashpastiaxs ahisausd Yi@Ndgmeor neurons)

survival and regeneration, on linati acrophage, inf nation could lead restoration of
motor func?fll‘ben. ﬂvé'tgegae%tgfatqﬁﬁniby%@Tﬂegiéﬁvrvésd ggc%’fdi@%qa%gr%%ﬁreagigﬁoﬁt g%% ‘ensorimotor

functions ates\erieptnraddrRasstlignss. IREFEASA (hahwmipreaieait \189R) dledifoidrivicrigidal recordings

and histomgraBernRteCaANYSIS veya-Redeae iRl pawdiel. Materials and Methods 20 Animals
Eightyfour 8 Week(]s-old females C57b1/6 RJ. mice (Eleva anvier, Le Genest-St-Isle, France) were
[

e
used. 1I“hey were U?d@&eﬁﬁg 'ﬁ%uﬁ’??nc%"i 9 tjé()lt:-ovgﬁﬁvg%ghB?ﬁvSp@r%%BﬁraSﬁ6“, EB'f?/ehicle nerve
crush operdteatesodith @ternonticaistifiestobdosemdn(thisgiege! @pesitive efigsh fRibontin (10 pg/kg) ;
RIS R i A e e O
maintained W%l'f{‘ai%%'hb%{t)dm\ﬁfﬂ(p%ﬂ?ga %H?E%Pat‘iﬂ%‘%zqﬁ%’zg? ahd’ S?%R?éi%bd’ﬂdﬂﬁta rk cycle
(12h/12h) viunctaod divd wegenaratitablmad heitomagsuresk pacaerding e rdheandetdration3@fin accordance
with ingitutioRaLARGBHNER HGROBNAT HsHSHIRUAP SEdIe RRERAbIeVRIaraNpREbRTIRRHAWIth IP

injection of 60 mg/k ketamine ) . . . .
electrophysiological recordings and histomorphometric analysis were performed in

parallel.

Materials and Methods
20 Animals
Eightyfour 8 weeks-old females C57bl/6 RJ mice (Elevage Janvier, Le
Genest-St-Isie, France) were used. They were divided into 7 groups (n = 12) : (a)
vehicle sham operated group ; (b) vehicle nerve crush operated group ; (c) nerve
crush/osteopontine (1 pg/kg) ; (d) nerve crush/osteopontin (10 pg/kg) ; (e) nerve
25 crush/osteopontin (100 pg/kg) ; (f) nerve crush/4-methylcatechol (10 pg/kg) ; (9)
nerve crush/denaturated osteopontin (100 pg/kg).
They were group-housed (5 animals per cage) and maintained in an
incubator 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

30 inaccordance with institutional guidelines.

Lesion of the sciatic nerve

The animals were anaesthetized with |P injection of 60 mg/kg ketamine

chlorhydrate (Imalgéne 500°, Rhone Mérieux, Lyon, France). The right sciatic nerve

35 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 30 s with a -



chlorhydrate (Imalgene 500(r), Rhone Merieux, Lyon, France). The right sciatic nerve 35 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 30 s withg 79 16.02.2007 haemostatic forcgpg jwige, 1.5
mm; Koenig; Strasbourg; France) with a 90 degree rotation between each crush. Planning o
experiments and pharmacological treatment 5 Electromyographical (EMG) testings were performed
once beforbabmestajisrfordans(faisitinkp anoh e Koknig: i raabiogr & \Wernesioithvim $@rndegpreration. The
day of nervechissbalikeeneaas &eraidered as day (D) 0. No test was performed during the 4 days
following the crush. Body weight and survival rate were recorded every day. 10 From the day of nerve
injury to the end of the study, osteopontin and denaturated osteopontin were administered daily by SC
route whereas daldnifiediohexperimetty madqtiipmaesqagcimeatmiBntAt the 4th week, 4 animals per

group were sacrfged. . seIGRSEMER Jlrsscld L RedamaAROlsied| 20alal, 10

Electrophysiologica ectrop ogical recordings were performed using R uromatic

2000M eled@otbger]imiad orsh (wegkatrings3 wreks ialewingitbe opa@tigthesthetized by
intraperitoneal injegioaHf d0RmMe/kaukatamnaciashostisitfbanalgens 2096) N e wasMerieux,

Lyon, France), The ngrmal hody tem ture was majntained at 30C with a heating lamp and
controlled R 068}%%§P{W@rﬁ48r¥é@?5?§[1€?&4?%%8|85% cientific, lllkirch, France) placed on the tail.
Compour_ld mugclB@dximigimqndal(r&iN/BAFa)msrmmm_ed varbedg)_astrocnemius muscle after a single
0.2 mestimulationepfNqr3Catls BPIHedk Ankitys D" HERKI NS SR4) 2 EstBbdodtite aRapPlitude (mV),

the Iatencyéﬁr}lrn;) and the duration (time needed for a depolarization and'a repolarization session) of the
action potéieatyraied Relsenrain MRS AGMitISE e HAbARY S RS WherePS Pl ISHIRBr units, while
the distal laseagyengiketdshieiesipertdon fremPe conduction and neuromuscular transmission
velocites. 30 Morhqmeluic,analvsis, NIRhamels arabraisaigm aerionmed gele afist the nerve
crush. Four randomly Selecte Aninals per grodps were use or this analysis. They were

dissected to perform morphological analysis.

15
Electrophysiological recording
Electrophysiological recordings were performed using a Neuromatic 2000M
electromyograph (EMG) (Dantec, Les Ulis, France). Mice were anaesthetized by
intraperitoneal injection of 100 mg/kg ketamine chlorhydrate (Imalgene 500®, Rhone
20  Mérieux, Lyon, France). The normal body temperature was maintained at 30°C with .
a heating lamp and controlled by a contact thermometer (Quick, Bioblock Scientific,
{likirch, France) placed on the tail.
Compound muscle action potential (CMAP) was measured in the
gastrocnemius muscle after a single 0.2 ms stimulation of the sciatic nerve at a
25 supramaximal intensity (12.8 mA). The amplitude (mV), the latency (ms) and the
duration (time needed for a depolarization and a repolarization session) of the action
potential were measured. The amplitude is indicative of the number of active motor
units, while the distal latency indirectly reflects motor nerve conduction and
neuromuscular transmission velocities.
30

Morphometric analysis

Morphometric analysis was performed 3 weeks after the nerve crush. Four
randomly selected animals per groups were used for this analysis. They were
anesthetized with IP injection of 100 mg/kg Imalgéne 500°. A 5 mm-segment of

35 sciatic nerve was excised for histology. The tissue was fixed overnight with a 4 %
aqueous solution glutaraldehyde (Sigma, L'lsle d'Abeau-Chesnes, France) in



anesthetized with IP injection of 100 rng/kg Imalgene 500(r). A 5 mm-segment of 35 sciatic nerve was
excised for histology. The tissue was fixed overnight with a 4 % aqueous solution glutaraldehyde
(Sigma, L'Isle d'Abeau-Chesnes, France) in 80 1§402.2007 phosphate buffer solution tﬁk@%- W/and
maintained in 30 % sucrose at + 4C until use. The nerve was fixed in 2 % osmium tetroxide (Sigma,
L'lsle d'Abeau-Chesnes. France) in phosphate buffer for 2 h and dehydrated in serial alcohol solutions
and embedtiesphaEpuier seietier thlitsuéd hane mhrintaikrt ih a0+ %7 Gacdestngt3rdafsuatils

polymerisafjgq. fHaMRYRESRa3eRi MY 4 oRmNEIerBREe 1l Micspiamp el cHadngs, of 1 % of
toluidine blue (Sigma, L'Isle d'Abeaqu-Chesnes, France#{foerln aq:‘ﬂ ehydrated and mounted in
Eukitt. waﬁﬂﬁgsiffbﬁgm%%@% g 8&&%6’9& giafl Bpiede %\Qﬂ% UIRIA™ okyo, Japan)
and _morphenmdd@ialﬁpgnmﬁsrltpmiﬁadr_tmé.m @/ewdl_nnipmtezﬂims ﬁﬁﬁeiwmps _fmilth a
semi-aytorg3|addlioliab CrAak eI (BincRBle ARy a HaldSiBepslig vere
studied. The oIIOW|n%£arameters were calculated: the percentage of degenerate fibers (per field)

7

and total ngtAled &ffibarLidakidipgbie Siamaobii's hfksawdhesnasa Warss o adirusing one

factor or repe@i@shyetsd ehamadsikafiv it Tieasyag eulioieewample Wie & cbBardarametric
tests (mann whitnexﬁ&gat}. dunnett's tzﬁt Was.Ls ed f%thaerr])wrrl%n dg%%%onr]ia}te. the level of significance
a

was set at Bs'<n8.8%. e resulte ware x';lj‘roeSse 03 maan” AN &rror B?tﬁréal ean fss.e.m.). 20

Results Alpgifoangshai’ Suandemizrdrdives erenerversprapiedwithsasenmceieenatedcdigitalehicle n2)

died o day {238 hRAYSHIClSHHMAE BRIGHE RSN I shaysikd: Rere cansisduense of
anesthesia durln,%qthe EMG evaluatlorlr.?t%S Animal Welght As illustrated in FI%. 17, a S}%Ii] ficant

intergroup (AR ERRPIATIRISR KF retaioH R GSh s PRIFE AR 2t AR I8 08GR R RS TIBFL IS and p <
0.001 ; repeatcdtaieasibresofNergA]. 30 All different groups displayed an increase of body weight
throughout the study. 35 81 16.02.2007

Data analysis
15 Gglobal analysis of the data was performed using one factor or repeated

measure analysis of variance (anova) and one way anova, and non-parametric tests
(mann whitney test). dunnett's test was used further when appropriate. the level of
significance was set at p < 0.05. The results were expressed as mean + standard

error of the mean (s.e.m.).

20
Results
All the animals survived after the nerve crush procedures. A mice (nerve
crush/vehicle n°2) died on day 7 and 2 (vehiéle sham operated n° 3 and N° 6) on day
14, as a consequence of anesthesia during the EMG evaluation.
25
Animal weight
As illustrated in Fig. 17, a significant intergroup was noted in the body weight
evolution throughout the study [F (6, 132) = 1.93 and p < 0.001 ; repeated measures
ANOVA].
30 All different groups displayed an increase of body weight throughout the
study.

35



Electrophysiological measurements Amplitude of the compound muscular action potential (Fig. 18):
There was a significant intergroup difference in amplitude of the CMAP throughout the study [F (6, 18)
=49.185 and p < 0.001; repeated measure ANOéﬁA] 5 (Fig. 19). After the nerve injuT@;QaRI- als
submitted to nerve crush displayed a significant decrease of CMAP amplitude in comparison with
sham operated group (p < 0.001 ; Dunnett's test). Moreover, on D 7 and D 14, CMAP amplitude of

mice treated with HiechsisiopmIbGIcH M¥bogeméntd-methylcatechol at 10 pg/kg, were significantly
higher than the n(i\rvel(;r%shéy&hlcle one ,('%< 0.05,; Dunnett stg;:‘?%%!]})}o sighificant difference was noted

between nerve crashivenicle grgu%orgﬁ uner'\r/'gsc?r‘dgﬁﬂg!ggtggpon' 160 pd/kg. 15 Latency of the

compound musculeresetiwasesigalfigap. Tdergreupusiftaranss iy apmlitude refichet Bédgroup

difference g igheist IENAUGMARlaieNSuAl 185 3RY D 2 D202 EbPertBdRibasaREAKRIVAREasUres
ANOVA]. %Eé% éz?ﬁ nerve crush groups presented an increased CMAP latency in comparison with
r u

sham (?pe p (p < 0.001 ; Dunnett's test). Moreover, osteopontin treatment 20 at 10 and 100
pg/kg showed a sigftéiictng eect, indeesddihtaniyald thaymitiedu ps wersesigoitcadishiay@dlier than that of

nerve CrUSRMRRERIELS L) EhiaPUARBHEAE T coRieimliRale g b dlfgtenga eween the

nerve crush/vehicle and nerve crush/D-osteopontin 100 pg/kg groups. 25 Duratio the compound
muscular aStRAYotEMMEER{eSH): There was a significant intergroup difference in the CMAP duration
thoughout the studlgridoier,18h=[E2571%aadp 94§, 0CMAR paaititute asuiicéd Nfextad (gh 20). Since D
7, a significant increase of CMAP duration bser %jj in nerye crush groups (sham operated group
s el crage SO alS AR RRSRY B IO UK TS SR R mantin 100
pg/kg displiiriitaecnettoerushymeticiampe ipricd- 8%arDupnelt 1itas- crush/vehicle group (p < 0.001;

Dunnett's test). ONPsikhinbshP diferbHes WERURSIIaSSVEShahsivB rqsH fastaagpslguspgon in
comparison with the Eﬁéve crush/vehicle %Zoup : (@) nerve crush/osteopontin 10 35 pg/kg ; (b) nerve

crush/osted}%ﬁ?iﬁrﬁfﬁ &ﬁé&“{%ﬁ‘%k‘?&& 59'/4-methylcatechol 10 pg/kg. 16.02.2007 82

15 Latency of the compound muscular action potential (Fig. 19).
As illustrated in Fig. 20, a significant intergroup difference was found in the
CMAP latency [F (6, 18) = 2.521 and p < 0.001 ; repeated measures ANOVA]. On D
21, nerve crush groups presented an increased CMAP latency in comparison with
sham operated group (p < 0.001 ; Dunnett’s test). Moreover, osteopontin treatment
20 at 10 and 100 pg/kg showed a significant effect, indeed latency of these groups was
significantly smaller than that of nerve crush/vehicle one (p = 0.017 ; Dunnett’s test).
There was no significant difference between the nerve crush/vehicle and
nerve crush/D-osteopontin 100 ug/kg groups.

25 Duration of the compound muscular action potential (Fig. 20):
There was a significant intergroup difference in the CMAP duration thoughout
the study [F (6, 18) = 25.15 and p < 0.001 ; repeated measures ANOVA] (Fig. 20).
Since D 7, a significant increase of CMAP duration was observed in nerve
crush groups (sham operated group vs nerve crush groups : p < 0.001; Dunnett's
30 test). Moreover, at D 7 nerve crush/osteopontin 100 pg/kg displayed a duration
significantly shorter than that of nerve crush/vehicle group (p < 0.001; Dunnett's
test).
On D 14 and D 21, three groups presented a significant decreased duration
in comparison with the nerve crush/vehicle group : (a) nerve crush/osteopontin 10
35 pg/kg ; (b) nerve crush/osteopontin 100 pg/kg ; (c) nerve crush/4-methylcatechol 10

Hg/kg.



Furthermore, no significant difference was observed between the nerve crush/vehicle and nerve
crush/D-osteopontin 100 pg/kg groups. Morphometric analysis 5 Percentage of degengpar@dbers (Fig.
21): Statistical analysis revealed a significant integgroup difference in percentage of degenerate fibers
per field (p < 0.001; one way ANOVA) (Fig. 22). All nerve crush groups displayed a significant
increased percentage of degenerate fibers (p < 0.001, Dunnett's t&%tg. Moreover, nerve crush/treated
mice presented a pHFERITEYNE 16 giffRrenesn a5 OPRBNRACRRIVRRMILNE oRSTIF (p < 0.001;
Dunnett's testjshMetiitey andtherlZe astaamokte(boating!RQ) Hodalemloyexup displayed an higher
percentage of degenerated fibers than the osteopontin-treated groups (p < 0.001; Dunnett's test).
Total number of fibers (Fig.
morphometric ana¥iRNAZASIHE AHANBIE
Francey, Five sectpgieqaaaghbnabgbiisige mpesegignwere analyzed. Only the functionnal myelinated
fibers were recordgg Pgtitcg co )puter \gallltkae desgﬁtr}era e.dt fib(regg mcﬁt%'inﬁ with a d(%?%eneration the
myelin sheath are RGL recorde T o CORERSARIHENIVEA0ER ModE 5%@%?8?% B2 model of
peripheral refutegeniratd fibreaiRae fiekier b nenerwel ARV tifidbig)i At ermvéilseushare lost, due

lo the meclalaldiubiayds akighifdie RERAIAEGERAIIATR dhARIBRIbAE RGP 25 latency

is not immediately affected hut shows an increase at 21 days due to additional degeneration of small

diameter filRHOMftSeci5ilarMIFEMGTe RFEWRaEYshematedatBingniersPtRteR, BREFRIMAGRes). The
CMAP1dlurasignificantyclased thiadahat op aeke arakhyvibhialedgroty (s 00O Isturdmea tesbich are
comparabl e days H’_rb ' his issdu e a sh lesi llow for 30
regeneratic?%@é%bagrditig%al pr?ggégbg;ﬂﬂltéfggt iﬁﬁr%@tio{%%ér?e&%ﬁh?%?ggg %*s%gbo%nil
sprouting/reRfSARMREsH A slegrns@ipdeiberschianohgresieraemtie-traaled 8 P ifRepAMRO B steopontin
showed a ppuigsée efidet in the nerve crush model in mice. Sensorimotor functions were significantly
restored at 7, 14 and, 21 days postinjury in a dose dependent manner and morphological studies
performed at 21 ﬁféglpggréﬁ'g tssf'bé\rﬁ g#'éfg%%kant decrease in the percentage of degenerating fibers
and a 1%.02.2007 Sections were observed using an optical microscope and morphometric

.analysis was performed with the aid of the Visiolab 2000 software (Biocom, Paris,
France). Five sections per animal, 2 fields per section were analyzed. Only the
functionnal myelinated fibers were recorded by the computer (all the degenerated
fibers meaning with a degeneration the myelin sheath are not recorded).
20
Conclusions
The nerve crush model a very dramatic model of peripheral neuropathy.
Immediately after the nerve crush most of the big diameter fibers are lost, due to the
mechanical injury, leading to the strong decrease in the CMAP amplitute. The CMAP
25 latency is not immediately affected but shows an increase at 21 days due to
additional degeneration of small diameter fibers by secondary, immune mediated
degeneration (macrophages, granulocytes). The CMAP duration is increased at day
7, peaks at day 14 and returns to levels at day 21 which are comparable to the 7
days timepoint. This is due to the fact that at 21 days, crush lesions allow for
30 regeneration, an additional process of interest in relation to neuropathic states. This
axonal sprouting/regeneration was also evident in control groups at the three weeks
timepoint.
Osteopontin showed a protective effect in the nerve crush model in mice.
Sensorimotor functions were significantly restored at 7, 14 and 21 days postinjury in
35 a dose dependent manner and morphological studies performed at 21 days post
crush show a significant decrease in the percentage of degenerating fibers and a



83 increase in total fiber number. OPN is as effective as the control molecule used in this study,
4-methylcatechol and heat inactivated, degenerated OPN protein does not show an)ﬁ a%l%l}f%w effect
on functional or histological parameters. This posj§ive effect on functional and histologic ery
may be due to OPN effects on: 5 - direct protection of fibers from secondary immune mediated
degeneration; accelerated remyelination and protection of axons; accelerated regeneration/ sprouting
of damage@ress;innotaddmt mymlerddiPid doam effetivenasrihehegresl IDdzcae. 022007 1.
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2. The pharmaceutical compound according to claim 1, wherein the 10 neurologic disease is selected
from the group consisting of traumatic nerve injury, stroke, demyelinating diseases Bﬁ. ral of
the peripheral nervous system, neuropathies andseurodegenerative diseases. 3. Thé pharmaceutical
compound according to claim 1, wherein the 15 neurologic disease is caused by a congenital
metabolic disorder. 4. The pharmaceutical compound according to claim 1, wherein the neurologic
disease is a peripfdrdiraefopatn§ites-SusteapRarkacaific2champsimdMacBéfearpetigdietim 4, wherein
the neurologic diseasedsigiebriiz vetrenipyiabidtee harmoaefdioabparapressiaceptising to claim 2,
wherein the demyelingting Ol'S%?See'stiﬁ?a%'%%'%hsec'ﬁé&’%? é('\a/llls%d%gsn?' TR aC%HH&F‘q'gCOmpO“Wd of
claim 2, wherein the ReUrodeJeRBrative disease IS selected trom Alzheimers di ease, Parkinson's
disease, Huntington'saligrdesdrasutesngag opyrinatawnatief Neuesomnan Reserech e thaceutical
compayind according #ggleggm dgavherein the osteopontin is selected from the group consisting of: (a)

A polypeptide comprisjn ID NO,. 1; (b) ol tide comprjsi mino.acids 1 to 168 or 170 of
SEQ ID NO: 1: (c)‘%’ Igﬁ%ﬁﬁifé’tgmﬁf% 4y é\n%ﬂ%%ﬁé’ag T‘?& Tﬁ(ﬁg%-%‘t%sﬁii‘%? 8EW&D NO: 1:
16.02.2007 91 (d) A puipcbpidie cmidppreiteinsansay: ddetyifidaion 31 4hef E@IDES@NibiEe) A
polypeptide comprising S 3G o7, R RDURERIGE £ OMRLISANI REQRND: 34 WA mutein of any

of (a) to (f), wherein the amino acid sequence has at least 40 % 5 or 50 % or 60 % or 70 % or 80 % or
90 % identity to at lea@P®HE ol dbsrMEse fualed (f): (h) A mutein of any of (a) to (f) which is
encoded by a DNASeguineg Whwh IBduiidizer ®.thEressepleNent ChthsiaratiRanidA Gequence
encoding any of (a) tQ,(f); j utein of any ) tp, (f) yeherein an an in the amino acid
sequence are consey\ﬁéé\s/é%n@i‘rﬁg;géﬁ? @frbsti Utig;r(\é@o“@hﬁé' a\pin?iﬁ%‘ﬂgg% g‘e%?uear?ge%?r? '(}1 to (f); and (j)
a salt or an isoform, fi¥¥ddl proadipisriafcaenal axpreasian drtmutiplgtRatespsis lesions using

cDNA microarrays. Annals of Neurology 46(3): 425-8, 1999.



circularly permutated derivative of any of (a) to (f). 15 9. The pharmaceutical compound according to
claim 1, wherein osteopontin is fused to a carrier molecule, a peptide or a protein that promotes the
crossing of the blood brain barrier. 20 10. The pharmaceutical compound according4e glaro@7
wherein the osteopontin is PEGylated. 11. The pharmaceutical compound according to any of claim
9, wherein the fused protein comprises an immunoglobulin (Ig) fusion. 25 12. The pharmaceutical
compound according to claim 1, wherein the pharrggceutical compound comprising administering
further an interferon, simultaneously, sequentially, or separately with respect to said administration of
osteopontin or an agonist. 30 13. The pharmaceutical compound according to claim 12, wherein the
interferon is interferon-a. 14. The pharmaceutical compound according to claim 1, wherein the
16.02.2007 92 osteopontin is administered in an ar@uddi8 0.001 to 100 mg/kg of body weight, or 1
to 10 mg/kg of body weight, or 5 mg/kg of body weight. 20. A pharmaceutical composition comprising
osteopontin, or an agonist 5 of osteopontin activity, and an interferon, optionally together with one or
more pharmacedutically/Acceptabiacutipantsdmpoundoufurs uffeatinigfor ieeatiiwyit andisaseevention
of a n§urolo ic disea56621.Atgﬁarmgceut‘jﬁggtctolmposit(ijoa?for tr atinE a neurolggi diseaseqt)a

comp isinﬁ0 IS r?ngrt'{'g'g pa{i‘gn{ RN I ELHOE AROAHTSF B4 GRMPBIBE an
agonist of czstemzing nestevin rbiotcorlbn tagethist withos teisontecawtivdty agtepiabie ogstieer22. A
pharmaceu'ﬂ al c mFosiggntlf&r‘l}reaéicr#%P BFucr:()lﬁ%i? disease 15 comprising administering to a patient
in need thalebPdn aHLaRE BRBUAS ogtegpo%tin, or of an agonist of osteopontin activity, and an
interferon, optionally together with a pharmaceutically acceptable carrier.

2. The pharmaceutical compound according to claim 1, wherein the
10 neurologic disease is selected from the group consisting of traumatic nerve injury,
stroke, demyelinating diseases of the central of the peripheral nervous system,

neuropathies and neurodegenerative diseases.

3. The pharmaceutical compound according to claim 1, wherein the

15 neurologic disease is caused by a congenital metabolic disorder.

4. The pharmaceutical compound according to claim 1, wherein the

neurologic disease is a peripheral neuropathy.

20 5. The pharmaceutical compound according to claim 4, wherein the

neurologic disease is diabetic neuropathy.

6. The pharmaceutical compound according to claim 2, wherein the

demyelinating disease is multiple sclerosis (MS).

25
7. The pharmaceutical compound of claim 2, wherein the
neurodegenerative disease is selected from Alzheimer's disease, Parkinson’s
disease, Huntington'’s disease and amyotrophic lateral sclerosis (ALS).
30 8. The pharmaceutical compound according to claim 1, wherein the

osteopontin is selected from the group consisting of:

(a) A polypeptide comprising SEQ ID NO: 1;

(b) A polypeptide comprising amino acids 1 to 168 or 170 of SEQ ID NO: 1;

(c) A polypeptide comprising amino acids 1 to 16 and 170 to 314 of SEQ ID NO: 1;
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(d) A polypeptide comprising amino acids 170 to 314 of SEQ ID NO: 1;

(e) A polypeptide comprising SEQ ID NO: 2;

(f) A polypeptide comprising SEQ ID NO: 3;

(g) A mutein of any of (a) to (f), 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 (f);

(h) A mutein of any of (a) to (f) which is encoded by a DNA sequence which
hybridizes to the complement of the native DNA sequence encoding any of (a)
to (f);

(i) A mutein of any of.(a) to (f) wherein any changes in the amino acid sequence
are conservative amino acid substitutions to the amino acid sequences in (a) to
(), and

(j) a salt or an isoform, fused protein, functional derivative, active fraction or

circularly permutated derivative of any of (a) to (f).

9. The -pharmaceutical compound according to claim 1, wherein
osteopontin is fused to a carrier molecule, a peptide or a protein that promotes the

crossing of the blood brain barrier.

10. The pharmaceutical compound according to claim 8, wherein the
osteopontin is PEGylated.

11.  The pharmaceutical compound according to any of claim 9, wherein
the fused protein comprises an immunoglobulin (lg) fusion.

12. The pharmaceutical compound according to claim 1, wherein the
pharmaceutical compound comprising administering further an interferon,
simultaneously, sequentially, or separately with respect to said administration of

osteopontin or an agonist.

13. The pharmaceutical compound according to claim 12, wherein the

interferon is interferon-.

14. The pharmaceutical compound according to claim 1, wherein the
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osteopontin is administered in an amount of 0.001 to 100 mg/kg of body weight, or 1
to 10 mg/kg of body weight, or 5 mg/kg of body weight.

20. A pharmaceutical composition comprising osteoporitin, or an agonist
of osteopontin activity, and an interferon, optionally together with one or more
pharmaceutically acceptable excipients, in an amount sufficient for treatment and/or

prevention of a neurologic disease.

21. A pharmaceutical composition for treating a neurologic disease
comprising administering to a patient in need thereof an effective amount of
osteopontin, or of an agonist of osteopontin activity, optionally together with a
pharmaceutically acceptable carrier.

22. A pharmaceutical composition for treating a neurologic disease
comprising administering to a patient in need thereof an effective amount of
osteopontin, or of an agonist of osteopontin activity, and an interferon, optionally

together with a pharmaceutically acceptable carrier.



