1 USE OF OSTEOPONTIN FOR THE TREATMENT AND/OR PREVENTION OF NEUROLOGIC
DISEASES FIELD OF THE INVENTION 5 The present invention is generally in the field of neurologic
diseases and disorders. It relates to neuroprotection, nerve myelination and generation or re-
generation of myelin producing cells. In particular,lit relates to demyelinating and neurodegenerative
diseases, neuropathies, traumatic nerve injury, stoke and neurologic diseases caused by congenital
metabolic disordertlSEDE RTEORONTIN EORIEHETREATMENT AN QRIRREVENTIBN0pontin, or of
an agonist of osteopontin activity, f%@mﬁwmem for treatment and/or
prevention of a neurologic disease VENTION 15 Nerve myelination is an
essential process in the formation and function of the central nervous system (CNS) and peripheral
nervous system (PIEEQ)QQFTpHEmWENTRbﬁ myelin sheath around axons is necessary for the proper
conduction of ele ses alop nerves. s.of urs |n ber of diseases, among
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neurologic Tunction and may lead to paralysis and death. While present therapeutical agents reduce
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can a neurons an I8 matter. Alth ost attentio processes
Ieadlng to ﬁéW@hépdéBﬁwmﬁevé%@mg @\fnaéﬁ@él@i@gefsfgrme&ay@%rﬁag@rt@fmgménc%éytes which
myelinate a¥arsiolficiseasepecific 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 exutotoxm events than neuronal cells (Pantoni et al. 1996). One potential
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were also found to express functional glutamate receptors
central nervous system (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



2 belonging to the AMPA/kainate subtype. Moreover oligodendrocytes display high vulnerability to
glutamate application (McDonald et al. 1998). Trauma is an injury or damage of the nerve. It may be
spinal cord trauma, which is damage to the spinaj 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 specifically
to the cerebeidrigingisphthesAMPY/ kainatey pibdYiyethMoceover aighdendfeeytes tisay bighyen to the

entire brain, Reaendng &Ut%?@‘éﬁﬂ%éﬁo‘hymﬁf Syap{egwy may range from confusion to 10

irreversible brain damage, coma and death. Stroke is usually caused by ischemia of the brain. It is also
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people. It is the 3rd leading cause of 25 death in most,develoged countries, including the U.S. The
incidence of strokaTRkEs BirfeAlbaIcRURETag¥, RRReME gk dBELREWith d5ch'ER cqakedrter age 35.
About 5% cérpbaplEscviar diedse awedidehtititda st groasdbeai itsdiders @nvobdingdossoén more often

than womegs feaiNRet 3oy, SiFKe s IRl P RN ARG lpgie GO deficits)
caused by a loss of blood circulation to areas of the brain. The specific neurologic deficits may vary
depending iBietwR ek alim PEsifcrrasirefc gl 2980 shihesiicwalianofdhiend it the hedie Thay be caused
by redgcedphitags flvodsshismyalothné mamtsinmisiigie biteksuppbianéeeathcotissidses in that
area (nfarclon), GARER RLEERRDIGHIAG A RRebRRa i be g hygraous) and
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 blood 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 3 another location
(emboli). Bleeding (hemorrhage) within the brain may cause symptoms that mimic stroke. The most
common cause of a stroke is stroke secondary to ftherosclerosis (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
platelets) canathers Iacationcisudiot)of Bieedingry(bemetdpge)owiihintibeoduiairotivgyagakseoes not
necessarily, AHisme fEPHimitgr6k@e 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
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artery in the brain. This stroke occurs suddenly with immediate maximum neurologic deficit. It is not
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probable outcome Is worsened vessels damaged by stroke ruptur emorrhagic
stroke). 30tP&aseal g dpRity is a syndrome of sensory loss, muscle weakness and atrophy,

decrefised deep tandRsisiRXEFo kR (sHaReBABES B HiRMBosIeNE AidstdynReRRIBRlg. The disease
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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 fo 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, Lyme disease, or
uremia or with toxic agents) or the myelin sheath o Schwann cell 4 (e.g. in acute 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 (Grgeifndeuiepe ghipriesiiammatom alyrruseapt: deikedrefophies n&Hilaipathies (e.g.
due to leadguiRxiGMdASAENNDAREgHECKPEMANOMyinatdd UBRINTBaRAt¥adrieers) ridmmarily affect
motor fibers; others &%%’ dueft dorsa# roo#gan{glionitis of cancer, Ie%o?@;, 'AIDS dizilbette mellitus, or
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determine the cause. Trauma Is the most common cause of a localized injury to a single nerve.
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Hemorrhage into a nerve and exposure to cold or 20 radiation may cause neurgpathy.
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disease, HIV 25 infection). Microorganisms may cause mulfiple mononeuropathy by direct invasion of
the nerve (EXFARSNBryLIRtIDIJAEY BIH NAPAGES BEEREWEL Al NEBRDRN MR AYSIAL HRIM toxin (e.g.
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polyneuropathy but sometimes’ mononeuropatny. They includé emetine, hexobarbital, barbital,
chlorobutar@l 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 Nutritionaldeficiencies and metabolic disorders may result in
polyneuropathy. B vitamin deficiency is often the cause (e.g. in alcoholism, beriberi, pernicious 5
anemia, isoniazid-induced pyridoxine deficiency, malabsorption syndromes, and hyperemesis
gravidarungnétniyndswoipaitinaisced c pyriidxihg pdéfigiendis mmataipdorptiors asgodiosies armmdoidosis, and
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groove 15 of the elbow by repeated leaning on the elbow or by asymmetric bone growth after a
childhood FAROFERIARYS téPlfﬁgFoﬁ%?sy). The ulnar nerve can also be compressed at the cubital tunnel.
Paresthesias and $peeifisonyoledr@unophthisth alithgre dialdhatiultiglee Mambngerspatidas, the thumb
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the palmar aspect of the first three fingers may follow; the muscles that control thumb abduction and
opposition FAYBEEHAS HEAIHY YiRBpRRIEY ST iae ulnar nerve can also be compressed at

the cubital tunnel. Paresthesias and a sensory deficit in the 5th anid 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 clawhand deformity.

20 Nerve conduction studies can identify the site of the lesion. Corvservative 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 lateral aspect 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 6 spammtetheterahdhistl ahdn@rhdnetetatesatds TTeedtmant i wswslly conservatiiee fior
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clinically and usually improve spontanéously. If recovery does not occur, surgical exploration may be

indicated. 5SRaWNaIMRNRAIRICIYA AN A5 AU K IBRIQYFi SRONIEBES Ko th SRSQ¥RIY 8PBSe"?lerve against
the humeruscergsargida expioratitiapesy deandheateaick of a chair during intoxication or deep sleep.
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develops shtedgssdtrrs omuseientiseatipents.idt fsegilagntly biginolvitosepressivenlpemmnedities in the
lower,gxtreqgifigshiat 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 TOMNFraRRITesy He J5BteXesYBYMEiichinfian AHREIRgqSERIOYr BY W mperature
changes. largbwaisbaases fihete sireulthiwatisysigheihnansaffydosise tepimalkylivider steaking-and-glove
distribution ill erd epdon S mnini ar . Pal s ulcers on the
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atrophy. The auteyREuRGIMBYSIRESteMEtaNdie ardidenalle.gr arlpstaemdnitadyast teasling to
noctumal Qe g VoA St et ente oA Pl Bt Bdgins 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 and shiny skin,
pitted or ridged nails, osteoporosis) are common i 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
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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 Il 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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substancesintliencte isicupp fexitaateln cBudet 13foh0,000 people. 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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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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cause selective néuronal death remains unanswered. Amyptrophic Lateral Sclerosis, ALS, is a
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nervous control of voluntary muscles because of destruction of nerve cells in the

brain and spinal cord. Amyotrophic Lateral Sclerosis, also called Lou Gebhrig'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 resuit of

35 near drowning, heart attack, stroke and infections. This type of traumatic brain injury
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skull, turnsS8MPHists on its axis (the brain stem), causing localised or widespread damage. Also, the
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produced t%‘r)gtcatlyti?rr‘\ a;garpt%tlj arp%vtgno aths Blrla}pa\é\ﬂct)wr}éhgrgggrlmlf. 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 resuit 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 gqing through the skull into the brain
(“missile injury to the brain”), This type of head 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



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
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Closed injuries account for most spinal injuries and are usually associated with a fracture/dislocation
10 of the sFRTAIMERBATS, WA RXisnb Qfyhee RN SRiseS aRb AN CAIORRARESL Ifb R M3Rd depends on
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extradural heamaton nfarction, in d ede ate effects of cord damage include:
ascending iafaficiescbriertignandredest® degeneration of damaged nerve fibers, post-traumatic
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sores and degeneration of damaged nerve fibers, post-traumatic syringomelyia, and systemic
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 oligodendroglia 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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evidence tSahigephyenidafioteRsiie doveliblpesds YeHalbypillawad bytaxenal degenenatianiandually

followed byfgengy degeneaptigegmdraitan Byeelbbodide sraeradonsdveikipk\itishevay be
irreversible. Howe 15 rem%/elination occurs in many instances, and repair r&gener :Hio_n, and
o

comp18te FEEBY 'R\é%%%eoﬁféﬁr uffbBA¥all 8'}%%.36 nﬁ?&agerﬁ%qn%[ﬁg nCie;’,i fhal cord,

recovery of neural function can be rapid. Central demyelination (ie, of the spinal cord,
brain, 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



brain, 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 characterizgd 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 viraptiaaenetio mohMbie MuddtinnsBarteesyrateoralty artstitet mittechyednaitiDlAli baxders with the
same pres N pathogenesis, 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 demyghinatirsddidbeinetyeiopaaKgiea. AsENPrigresdisy opbiviaicesra iiyeasw boys; 30
adrengmyeloneuropathy. in.adolescents. Mental deterioration. spasticity, and blindness may occur.
Adren&eukag’éyg{?gegfvl?é fﬂ(/eéér{lgglsf/) a{ﬁaﬁ .hﬂ?é?gry gﬁ};quy{n %8&8%%‘6‘[&‘%#3? r'?eaar rr(%teer%egriy under study.
Leber's hersatisiiomsatioessoptBothtegslated mitochondrial disorders are characterized primarily by

bilateral loss of cefifmerisiaBuksiBgY adfssiiRasyosRamed Irifdhstitate (@ans bsahafventies.

Leber's hereditary optic atrophy can resemble the 14 optic neuritis in MS. Mutations in the maternally

inherited nYEHRRTPD QYE AR A SENCRIS KGR PRISYY -associated myelopathy, a slowly progressive
spinal cor.d diseaslmrﬂcgeso.etalmj \Gthllhilhecﬂi!rrébﬂlhreﬂnu,mehrﬂin@lIdymmmmmhyemimmgs .
Charaiéef'zﬁgiﬁ%’e&q%ﬁ WERBE %ﬁlﬁﬁ#&ﬁ#‘ BP, FMM%EQEM&G%%@E‘?&FS(W@T Iageuropathies
with abnorma %lnatlon, an overview of w ICh}%ﬂlve’n elow. Immune: Acute, Guillain Barre,
Chronic, CHORSHRARRME. Saiheiayrdiome PNnuifRidarbadw SydemeMiDserimitifocal Motor
NeuropathyyHivtein AmtintMAVR Suntpeaie, SphdrEife SYPOEME, Syridfahatideolntbashatyndrome (with
serum M-protein), Anti-GM2 antibod ndrome, POEMS Syndgome, Polyneugppathy . QOrganomegaly,
Endocrinopéﬁﬂ?/n(‘);r 8lr¥1a|\,élp/é%|3?8 é’lﬁ%éﬁirﬁ) rc?lé;ar?g%as, @ rlrﬁg%rl isé?( 'Pglﬁhgﬂg?ébl ”%%%glgdy syndrome
(occasionalgM BrtieziA$b Riiedy sy Rineke (epcasiorabnlorophene, Sodium Cyanate, Tellurium. Drugs:

Predopginantly demygisabipaieRioraaeiitorh a9& RFBIHEWS)Sodium Cyanate, Tellurium.
Drugs. Predominantly demyelinating: Chloroquine, FK506 (Tacrolimus),
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: IA, IB, lll, HNPP, EGR2, Thermosensitive , Recessive: Ill
- (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.



Perhexiline, Procainamide, Zimeldine; Mixed demyelinating & axonal: Amiodarone,
Eosinophilia-Myalgia syndrome, Gold, Suramin, Taxol. Hereditary: Carbohydrate-deficient
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(Lipogranulomatosis), HMSN & CMT, Dominant: IA, 1B, Ill, HNPP, EGR2, Thermosensitive,
Recessive: lll (DeferitherSodieta)isd Acd; 46@; 4akdl (lidM); 4he 4HoldMBY -RinteMSt-Ktinked: IX,

Krabbe, Marinesco-9j t ti NJ nn-Pick, 25 Pelizaeus-Merzbacher
(PLP), Ref?ﬁﬁhﬁ%@%ﬁ%%%&%@@% élﬁ%g‘g%ﬁ?ﬁ%@%gw%@mzfeId-Jakob disease, Mouse
model: Prion over WidiRigsRfiergaita (M8 dseas dtammatans daox&linatiege disrrsanef othgeripheral
myelin sheaésirak higrambiasieserhqoNgpanhbietaksdia(yalpdmy-refarigSdeue prgrizeivgent CIDP),

Hypothyroidi 30 Hepatic disorders. Mitochondrial: MNGIE Synd M thy, [
ophthalmogTRUTEE: 1A oty e SN Sl AR ASFon BR KURERB SUh T P 08 R pathy
Ataxia, Retinéisoia giysteno N HifisctimesicOrdlamiohtaly keiyalisating Dipyradicidortivopatbyciated CIDP,
35 Leprosy; éwgm@&uﬁﬂﬂin%ireaéﬁma&mgnegﬁage%m@%d soehVRTHeE B ATARTy

Creutzfeld-Jakob'disease. 15 Further details can be taken from the following internet-sité:

http:/Aww. AEINEINANS BalTadiciRnetrpRat HermRd cRYilRINT Baa I RyRASmE 4GB IMiB Yhe an
inflammatoryNisnayeliaaitagidisaaisatetiteacephiiamyelitie UABEMS in (G ENBaBtakdsSand
relapsing-reqyiing o ressiye 5 ¢ i inati ' Its counterpart
in the Jbraeripeﬁgegrglr%%rb%go%%ﬁ%@ng(ﬁ %TS‘ C sr'lz)ﬁ c@ﬁl%‘rﬁ?n%%r%& g@rﬁé‘g #n%#%@ﬁ?ﬁ?ﬁfd loneuropathy
(CIDP). In aMidfirienetie fadpesLanaembnbphadireassorgerse sheh finathduliaihm diagpogtienyelinating

polyradiculoferigPRiBytieavess 63 iHadd damaye SR d @B pitiafy Qblnyandtrguisdisseminated
encephalomyelitis %ADEM in the CNT.%%)@%%and 10 GBS are heterogeneous syndromes. In MS

different ex le%’ﬂ SRR tdgfﬁré) 0 tic factors can result in a disease course that finally
fulfils the diagnostidScriserize Imiosth eliswases chxtheal atmvengdeonrelindding adisgasesly defmyelinating

lesion and caLSRBRINPACH, REWRRLIASBTGSe MR BHRR BIRIFREBRLHhRALSyadaMYelinating

diseases. It is )
launch an attack 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.



15 characterized as an autoimmune disorder, in which leukocytes of the immune system launch an
attack on the white matter of the central nervous system (CNS). The grey matter may also be
involved. Although the precise etiology of MS is ngf. 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
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clear curative treatment for the severest forms of MS, which are generally fatal. The basic hallmark of
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Pathological studies show the rg%grity of involvement limited to the optic nerves, periventricular white
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the acute symapinrotuoé amlopintaitnayesias 35 and unsteady gait, as well as chronic symptoms such

as spagfic parapalggis 40 IicOplnaGs. 46 Molsrur mechasms updervigg MR patgogenesis
appear to stem from genetic and environmental factors, Inc udlng viral an acterial infections. These

mechanismisftaameten teliss @srafg réiforbloot-isiphbatfies ditsnfaskiishilydBe dprseaserk blood-brain
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macrophages and micr gl|zﬁ, as well as damage to mg/ellna n%fﬁ%l’%}s@mm from Fas-ligand
signaling aﬁ%‘:ﬁ%tfﬂBnlewgr‘fﬁ &%‘HB&?&ﬁH%@&%}%f&%?R ?&(ﬁﬁ[{?. ofe"dR A [#EHS decurs
thrc_)ugh botm&sdirewatm!te@h dﬁdWH_(}ebiashdhﬂmlasu}MI e Amﬁmgrmnwﬂﬂneputdtyahﬂaoroduce and
maintg mypfiehd CeRENCHBLAMNUANMRNR! FPTRNRAH torRadICcRR eI Begbrirflammatory
cells across thé blood-brain barrier. This results in the increased migration of autoreactive T
lymphocyte8&MatedacrGsatRs itk tssUreehAdRMe can then 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



secretion by T cells activates antigen-presenting cells (APCs). When autoreactive T cells in the
context of MHC class Il molecules on APCs encounter putative 'MS 15 antigens', often protein
constituents of the myelin sheath, they may beco;lr}e activated. Several subsequent mechanisms can
then 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-inflamniatfewey ke bikad REf2 1B0SDAtgbdsitf dope pHaskratiicadad MriedA pilers. Activated

macrophages may alsq play a.role through enhanced phagocytosis and factor secretion. This causes
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r

development. In this manner, the numbers of oligodendrocytes and axons are carefully matched

within the CN'S. OfydefrRftdltyRERiInn8liganRATRS RS HRYGIPR IS8t Bt Yol SORYeARPS axonal
tracts and peteartoreielinde ithpulsetertsculatioronenef ey tobis iarakepidabwosdalait function.

Note that, @ﬁ#&%i”éﬁ@{‘?i%@é@ﬂﬁ%% : %U%‘S&Yﬁeeéfﬁcﬁ%?a%w fQR&’ BIBFSSS [R\BACH axon it
myelinates. The multilamellar myelin sheath is a specialized domain of the glial cell plasma
membranelrABSCHPRRNEFRINRINT fittemergingridhe Qi iegighefdhe erourvpmisvering efficiency of
electrical sigial sonrGHCURBRS trddrd\ myRinieY@THRPHBSseini 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, A2B5, the
POU transcription factor Tst-1/Oct6/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



charge from bleeding off into the surrounding tissue. The nodes of Ranvier are the sites in the sheath
along the axon where saltatory conductance occurs. In the adult brain, oligodendrocytes develop from
as yet poorly defined precursor cells in the subventricular zone of the brain and spinal cord (Nait- 15
Oumesmar et at., 1999). These precursors are préfliferative and express myelin transcripts and
proteins, first emerging in the ventral region of the embryonic spinal cord several weeks before

myeinaton (Helinosseil 3l d98), The pIOGess,of velngign aseurs i e pastpatal brain
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elaboration of the iy aipeiiiipIRIASHBE SO Rdioualiiah bmalTsiReRAGHDBeen the

processes 18 of the mature oligo endrocyte and the axon itself. CNS axon ensheathment is

completed HY&BRiaMBFsM iXREARd MG SRS Al YBHARHRgIIRdEnsragYIRF crystal
conta_lining_rimiirnambIGwI_eisinm_'um_pbémtqmahtimmgﬂfﬁchgrbraﬂ@ﬁibn?rmtm}omeuimmwion de_mands
considegatio afhe aecisreflaRiomS g (e latan ShiRReEsR e lRAMgHA! &iriER proteins of
the myelin sheath, since increasing or decreasing the amount of one component could result in

perturbatior®¥ifeAeeAtiRPeRNE LN RiRRioF RS RSy B DR BRIMh ARaSFR otdhe siskASEpair of
demyelinate@doeasset 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



contributes to the cumulative neurologic dysfunction characterizing MS. Promotion of 10 remyelination
in MS patients could protect axonal loss and thus limit the progression in disability associated with the
death of axons in the CNS. The demyelinating ph&potype of MS led to extensive studies on the nature
of the active MS lesion. Naked axons and the absence of myelinating oligodendrocytes indicated the

disruption of normal myelin and aberrations in the remyelinating 15 process associated with MS. About
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surviving oligodendrocytes native to the lesion, cells derived from these survivors, or the adjacent
precursor cB#YValRNd heRiPdusaE Y FraPsEeraBilgpatatrsE0s can be induced to dedifferentiate
and proliferate byJamorgronth etbasiadduaiasigwettidactdr Poah) fao0¢BHEFR anachanism

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



for regeneration of the oligodendroglial lineage following demyelinating disease (Grinspan et al., 1996;
Grinspan et al., 1993). Additional evidence for the beneficial effects of remyelination in demyelinating
10 disorders such as MS is provided by the studi% performed with glial growth factors as treatments
in animal models of the disease. Glial growth factor 2 (neuregulin/GGF-2), a CNS growth factor known
to promote oligodendrocyte proliferation and survival, was shown to delay disease onset, reduce
clinical sevigiignantavecindisateel agigaifieniseceyngethenEe rexpsreesioadef anytinitasdliconni at at, 15
1999). Neu in n eneficial ef ' cyt ival and is
S R g R T e

factor (PDCIRf vbich WesedpRen iR Hueled) i pRSeRReSIEHe RS #RIhAAE Isa0teherapeutic

effects in Edfrosreals (serdaniestionRinbcisembleanadlingyseaisth 1 sugoers 20 achieved with
the stimulation of remyelination, through inducing cells of the oligodendrocyte lineage to proliferate

and/or%lifferentiate, indicates that prospects for remyelination as a therapeutic strategy for MS are
favorable. It wouldQsitsepentim i@ rearhiahid ephifgpirerdated ssialapirdtéiin tngdliis sgntiesizesince these
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MS. The process of remyelination could work in concert with anti-inflammatory pathwr}gérto repair
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gene expreg% itk '89‘?%“ ?fgﬁ?\do ﬁgfc%le%&%% tes é%&?ﬁu%ﬁ ero5iS BSNE have
indicated siproNidadt sbmegeeviel thedeitrigsingninsightelintoptheificergetiity. of dalditonteinhier genes were
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such as cell cycle contral, cytoskeletal reorganization and membrane trafficking (tScarIa o et al., 2000).

immunological responses, tumorigenesis, bone resorption, and calcification. The
ability of osteopontin to stimulate cell activity through muiltiple 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 mRNA 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



5 Osteopontin is a highly phosphorylated sialoprotein that is a prominent component of the
mineralized extracellular matrices of bones and teeth. OPN is characterized by the presence of a
polyaspartic acid sequence and sites of Ser/Thr phosphorylation that mediate hydroxyapatite binding,
and a highly conserved RGD 10 motif that mediates cell attachment/signaling. Expression of
osteopontin in a variety of tissues indicates a multiplicity of functions that involve one or more of these
conserved reglitshséiileingeniaalsiaforscif attahie (wiyperin MPHY ckeanttiutionieidsasogupitiastablished a

definitive roje {97, 81ARNABAIL AL LSSUS, [8Gert sydies have, pIayided same noyel and intriguing
insights into thex ersa?iI{Py of this pro?eln In {% diverse bio ogica‘ even?s, mc‘:elurg]lng evelfo?)mental
processes, $iRUAErheafifg, iARBAFRI0giEHITERMUASeS disAidei§endarudinge rMSbrptisrionsd
Camiﬁc?_ﬁoﬂm%&ﬁﬁ&’elﬁ&i@&eégﬂpfHé'ﬁé@r.StKnlﬂﬁé@Lﬂﬁlb?&tbgit}zicéiﬁﬁiiféﬂhmulﬁi?%éacf?PWg li(;lkfd toI )
several intefactive, signali athways ¢ ccount far much of the functional. diversity (Sodek et al.).
20 OoBop R AR BeRlE S SHORE U B8 eI A EE-EE Re NN HS rat spine
and trigemiaed riahimitgsss pétesteppentinfttad nasrexalaiedd biod dedain ihirseeticaxdhs Qlitidewa et al.,
2000). OstegRantif AR AniS IRSRIRISAAMB 8 e R HileAR G P OB P AU Wisilization.

Expression was found in neurons of the olfactory bulb and the brain 25 stem, and in the latter it was

found in furRiBASRPHIRPSLEWALNBRZAMNg motor- related areas, sensory system and reticular
formation (Shin et iaterlt8a3. sbe atbabciiisedotnsaskipatethdne diitsitiahtnafitanmat exmtigission of
osteopqntin. MR ing transient focebrain i mia in.rats. The transient induction of OPN
RNA Do B R AR, WETRE BE0ENR pltRalCR, R SHHRIRUAE o
pronouncedPiRRAdieRHiEmabiel¥nseyrinddyetaniatesieiens artaruagd mteHbree AassaAsfield and the

subiculum g #fveeRIRP AR PPSURBEDTS) MiRtOGH AT et € GiTbIdBY & fBaGiePreonl S§apamld be detected
in the denta(te hiluséq (il 0 a mar inalj externt in the C%A3 ene Y ﬂ%%?i:hoi Y ,ﬁjm EJ, Cha JH,
Chun MH, 184! kl% , Wﬁ#gg'cﬁ_é:ﬂ i‘?ﬂﬁi/ﬂj’& biosr bty %‘iy?' é %% n95'Slso called
Eta-1. WO 00i6®%tl foplte reatmenhofibdiy ceddedkemianvengrealespdssKspasiisaBidcadaranethods for
modulgding tyne, dcpribtfmartly BRARANGESHeINg QRO Rl KiguléaoiinluhenBbRsuley
activation-1)/osteopontin. Qsteopontin modulators are said to be useful for treatment of infections,
immune yndrome (AIDS)), and 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-3 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



disorders and diseases, autoimmune disorders, including MS, various immunodeficiencies, and
cancer. All modulators of osteopontin disclosed in WO 5 00/63241, which are envisaged to be useful in
autoimmune diseases, including MS, are inhibitgts of osteopontin/Eta-1, as explained in detail in
section V. "Clinical Applications of the Modulatory Methods of the Invention”, D "Autoimmune
Diseases”, on page 51 to 53 of WO 00/63241. Interferons are a subclass of cytokines that exhibit
anti-inflammeitoyyduenidivariafiorand gipdggyiiterative activity. On the basis of biochemical and

immunological p Igﬂe_rge% tf}ﬁ natlégzillgl.\-/%cgéjrrir U(En%{‘aiﬂ},?rf%i)%rﬂﬁ ?geﬁﬁ%gperg'épéoi éhree classes:
interferon alpha (euﬁocy e), Inferferon pels (fﬂ)ro 23158 and Irterferon gamma’ (|mmune)a.
Alpha-interlester ief daNenideagh aoveiomtsoneit ¢Stainingral sart 23 ooemissoefivdigatment of

hairy cell lqgkgmiayyensie fbpaibelf WaR S HNCOMNE A5 @ycasisisommonly afflicting patients

suffering from Acquired Immune Deficiency Syndrome (AIDS)), and chronic non-A, non-B hepatitis.

Furthe, interferoHINSFENENErdFilyR csro it erinedangtiihel 8o @y itoGeapinmsatisia) wiith infection.
They inhib&’irmn%mwr&@ieé\tmiﬂﬁwﬁﬁ%ma%omtsqﬁﬁ@Ié%i&;qnﬁ,fﬁw, ahd fe¥GhmelReYar weight

protein, IFNs are remarkably non 20 specific in their action, i.e. induced by one virus is effective

against a AP FARFEDIRRH BRSNS FBlv ARV a|serIas pRR%ES, PE.INENCBrBWuUCced by one
species WithafiasimotakmerTivieNsa i dite dt, eRESOhEIE typaeodtiteripsabcratisne saeses. IFNs were

the first grou%ﬁf gi\éﬁgkinerse tso bne gx%é}gdéogé@&g)oéentialseanti(taun%%LJr aanrtlj gﬁgv'ral agtivities. 25 The
three majocral sAre Peterraf s ss '& IFN- an(ffﬁﬂ-y. g'u%h M RisdS of ENSSvere initially
classified sespeaaegoidhreairgsslisrototigituleeurosifrstinig reohgniimvieemmyoamedulatibecame clear

that several lypes THARSIBFORGEH RioBRCRHLHABRS IPNGOHE bliRnaxief)lgdebiha, fibroblast
IFN is IFN-(1 and T cell IFN'is IEN-y. There is also a fourt;#%)pe of IFN, lymphoblastoid IFN, produced

in the 30 "RISMSlmate NRHE LRt A9 RIDFKIRROR/ASHA bipiePolRRRSids Bfoabd a mixture of
both leucoggieoanddibireiiesd |bN virisektgnterasubRitshambes RIGRSIEEbAS thenaasieatidd IFN activity

. defined (somewhat arpi arillﬁ?ast e amount nec ry 1o protect 50% of the cell inst viral
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of a sihgletgehnolqde Bievrknebslbddprek Mdekialal9Gpe dedugedithpecomplete 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-3 was reported to be as active as the ‘native’ IFN-B and stable
during long-term storage (-70°C).
Rebif® (recombinant human Interferon-B) 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;



mainly due to variations in glycosylation. IFNs-a are the most diverse group, containing about 15
types. There is a cluster of IFN-a genes on chromosome 9, containing at least 23 members, of which
15 are active and transcribed. Mature IFNs-a is not glycosylated. 5 IFNs-a and IFN-(3 are all the same
length (165 or 166 amino acids) with similar biolggical activities. IFNs-y are 146 amino acids in length,
and resemble the a 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 modifier$ (BRNRdWatiansefththe hdredsptione @foreyirkingste spuviseegeigtionrginism to the
tumour, affeGHRgdeFRABRIONCYIBKINES UNHNOdiYaEigiiationd ask CUkMiblishy anafBisiaphitéefferon (IFN-p)
has antiviral activity and can also stimulate natural killer cells against neoplastic cells. It is a
polypeptidecﬂogg]o t 20,000 Da induced by viruses and double-stranded RNAs. From the nucleotide
sequence of the gene fordifebrnspinteaed owgrationeengyinétratiopiiniatimNANSViadha &88y, Derynk et
al. (Denynk fRiR3HMrdifBQireruced the complete amino acid sequence of the protein. Itis 166 amino
acid long. Shepard_et ?:] gﬁi dH, M. et %}?, 1981) described a_mutation at base 842 (Cys -). Tyr at
position 141) that BSI sﬁ |%sog{HﬁX/n3? aeéfl t@fﬁ ndt %ev%?ﬁg?ﬁyc%mg%ﬁ?ﬁogaggfgfﬂ&%Y?{hcleotides
1119-1121. RO-mdakesiusly (Meek Difestrdr M8A) inséreedreatmentciil RelapsingtReroitiaging base 469
(T) with (A) PRUPIBISHERINRRNISIWHEE Ry GHowsSeatimertion bétahhedaswing dFN-p was
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produced frgpRARIHEIRL IR RN B dFS IR SRl S DA R ARG g A an molecule.

The mechanisms by which IENs exert their effects are not completely understood. However, in most
cases they SRR Mitiels siclstriianstnpbanse éﬁgﬁq 9B’ thNO¥SRBing the
immune systess).In48td 3ddies have shown that IFNs are capable of inducing or suppressing about
20 gene products IFN-p may act by three major pathways in MS: regulation of T-cell functions such as

activation, proliferation and 35 suppressor cell function; o
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



23 ™ modulation of the production of cytokines: down-regulation of proinflammatory cytokines and
up-regulation of inhibitory, antiinflammatory cytokines; regulation of T-cell migration and infiltration
into the CNS via the BBB 5 (blood brain barrier). 'Ehe 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 study showed that Interferon beta-la can have a positive effect on the
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of the diseage, and diseane achly as measied Dy MR, (Randomise DRUBIE-Slind.,
Placebo-CENRollea"S ﬁay of Theetreton BRblR"id ke ap%mg-reml ting M |p[e%c?8ros%¥The Lancet
1998; 352 (pgethrimiieong 908)oneipbalpede) ticaltyaerapidimgxgiRiemtent 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 presept. ’plici nt or a date of any document is based on
the infGrmation avaiabie 54y ts-at-the-trre ot g and  does not constitute an admission as to
the correctness offsuch fatfemwsna PBIBYRHVIAEDICIDE TheEleMAEDfTdEBbasttheexiEssiat the present
invention QAL e RAYRLIRUBIBLRLRRRAE UL AL B TAMAL P SHERJQRI yfisease. The
25 glial cell proli
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invention, idhaggtzdirr hestmimyrmdhatteo stitbpaniin Rsupheeficinl/effestdn snwsdmoslels of
muItiplS sclgrosis 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
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cerebellum.

15 Fig. 2 schematically depicts the structure of osteopontin 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),6d
(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.



osteopontin, and of cells expressing osteopontin, for treatment and/or prevention of a 24 neurologic
disease is also within the present invention. The invention further provides pharmaceutical
compositions comprising osteopontin and an inteyferon, optionally together with one or more
pharmaceutically acceptable excipients. 5 BRIEF DESCRIPTION OF THE DRAWINGS Fig. 1 A shows
a histogram depicting the levels of osteopontin expression after different times of cuprizone treatment,
as measured by FgMash@ywanbty disseSfesporSe rarthrot mpofifeeatielks ofsulipritarvedreitment, 5 w.

+ 1/316 w. =i i : _ fo .
weeks of 15 °e'&VM?%S“&I'W‘igﬁﬁ‘gﬂ%%%&@%%%%%ﬁ%%ﬁﬂ RN

recove%;iFlgt 1 B show |
compared RFOORFAIEN 98V EIPERS R RRiPeR YT RENh different stages of cerebellar

development. C 1rig. 200-spesigiatal peofleedtioh aff daynkdocMls Ghter abulincsrabaitvnad® Fig. 2
schematically depicts the struciure of asteopontin and its known , isoforms,as s C and N terminal
poball i i T S St T e

osteopontifl-iegminghiosasetisfateapantsudirtrimiralidhawpP®ulation of osteopontin 20 mRNA in
oligodendrocyte qg ling alBRY ISR RIBIYIERMNERIEE Shliridty2if (RixéudcéRll Ehififéy as compared

to control. Columns 5 and 6 de?ict the o,ste%pontin MRNA levels from a cugrizorle experiment. (5): 3

weeks of cHBAEGIRLAMAM: ofyacklQMR X PSR JREITRINAR P SIBEP N Aot S SAWRlatically the
plasmid pCEE S TOPA 2reatagy i€ negrificatdacpfoByiD co dmufhexdfisdd of. GRN Grebted srérbéedmatically the

plasm|i8I pD&ﬁM%&&%B@H&Q&%&%%@D coding sequence plus the coding sequence of
EGFP, a fluorescent marker. Fi%h7 shows schematically the plasmid pDEST 12.2 comprising the 30
[

osteopontin codingSed@ettansithen ingeasg. #fyMBEhBWEHR D raNRinalng oMiredetoRidR! after insulin

starvation aofueés BfetremEmenbadioviigopsprissedseappd b aedtmariaéSasasaredPb) or HEK cell
expressed gﬁggpontin (HEK-OPN). Read-out is fluorescence of Alamar Blue, a dye staining living

cells.
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 AS900011 (osteopontin) or with

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

Eig. 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 pg/kg of osteopontin (Ost), 10



25 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 HEK cell expressed osteopontin
(HEK-OPN). Fig. 10 shows the proliferation of oli-peu cells after insulin starvation and 5 treatment with
either full-length baculovirus expressed osteopontin (BacOPN) or an N-terminal fragment of
osteopontin (N-terminal BacOPN). Fig. 11 shows the MBP immunohistochemistry in mixed cortical
cultures treairg vith JXind/ cohBacebavbsiin g RLRESEer re00 MbkyRot asierpeativstéopdraintrol; B =
OPN treate& ? = magnification of B; D = another field of OPN treated mixed 10 cortical cells, where
no axons a ?/l'?ll?)‘le. Fig. 12 shows the increase of MBP protein in myelinating, mixed cortical cultures
after LIF and baclisuirl® shewesthedlatseeypohtinetrecmpemdsnusigaelibbyp@en8al. irighel 3 shows the

proliferation g GEath el cltee figa wnL BAIRLITerflor 0t RaRGS K BsbpdRANOIH0 ) of in vitro

phosphorylated E. coli expressed osteopontin (OPN-E-coli) or baculovirus expressed osteopontin

(OPN Bac)Hgikg 0 aRenEve £Q5wio) semmarnst toFy! Minekesoh deratuie s priapeontin of EAE
mice treateggtipyutaneously with vehicle (PBS), vehicle plus 0.1% BSA, 1, 10 or 100 g/kg of

AS900011 (osteopontin) or with a combination of 100g/kg 20 AS900011 and 20000 U/mouse murine
nterferon heta (Y SO MMAIEE ShiER PRI S A5 SEIRLRAE of
demyelinatmeperpathpcasars treafsd avitiordshivle EAE1 thioe t08aterkgubfcastemmntiy (@8t)ydabicle (PBS),
vehicle plus 0,19 10 teoponti i C ination of 100g/kg
25 Asgoooﬁ"i?%%%@%%”b n?é%%@%un ﬁiﬁﬁi@@ﬁ %tt@?nﬂ%éf é%%g%{ﬁr%ﬁ% MIFNp alone.

Fig. 160sho(@stMical scores at the end of treatment, the inflammatory infiltrations and the

demyelination in EAE miché&esing pERENRGBUISIEyEHRNEREICHDEE Fthe/ PRISHAMRE (nidé BSA, 1, 10
or 100 g/kg, of ASgooolf%.ﬁosteopontin) or with 30 a combination of 100g/kg AS900011 and 20000

U/mouse mURRIEdMERYRHCa ThRENCS beA8RSIFAROEEM PR3 & BA’ RS 21RO8i¥Gis the body
weight of nevepRbaIePONEi MHMEILPY CEizjikgIeN denatusit toeRigsbwtith (GO, 1, 10 or 100 g/kg of
osteopontin (0sD.£19 FAURMA RE/FBEPHBSIDRRY A HMSE RESBM Rldsrestys

15  with vehicle, 1, 10 or 100 pg/kg of osteopontin (Ost), 10 png/kg of a positive control

compound (4-MC) or 100 pg/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 myeiination.

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.



35 Fig. 18 shows the amplitude of the compound muscle action potential in the neuropathic mice
treated with vehicle, 1, 10 or 100 g/kg of osteopontin (Ost), 10 26 gg/kg of a positive control
compound (4-MC) or 100 pg/kg of denatured ostg pontin (Ost-D). Fig. 19 shows the latency of the
compound muscle action potential in the neuropathic mice treated with vehicle, 1, 10 or 100 g/kg of
osteopontin (Ost), 10 5 g/kg of a positive control compound (4-MC) or 100 g/kg of denatured

osteopontin (Ost-fhe Figr? 0“ceupdinturasiofiselitheeesif pesiatk snusClaumsiaprodianiial in the
neuropathic mice treated with yehicle, 1, 10 or 100 g/kg, of ,0steopontin (Ost), 10 g/kg pf a positive
contror coraS0Ses HES oL S A R oS S Sy el s, e
percentagesightieg effeidirer fikralin 198%iclvelsatiait Alicel Wtedhritiemiisiore of 1usraT00 g/kg of

osteopontipd(ashortth J&e:pbAdaoRksm aendiahcIMRe:nd dfthvCarieked ségusicenatged
osteopontin (Ost-l:r)%.uléi . 22 shows total number o{ fi%ersk%er field in the neuropathic mice treated 15
r

with vehicld N, 15 WRYIBF RS 85t u18%5/Kg A% 192K QUG RRIIR SHRBYRhd (4-MC) or
100 g/kg oftenainiedlnstmportnrOEe)) bDEAI bE E2D ESGITIO MO BAHES INVEEAHON The

present invgntog s Rl O taRERAG B AR SROBBBh iR d4IRRY iallyy 2 SpEPSRedrduring

oligodendrocyte differentiation and during the development of the Cerebellum. It has further been

found that E8§3HEBEIFPIECHGEhBAtIPFIIRIMNAIBNIGIBENEIBRStes leads to a differentiated phenotype of

these cells in vitroThépRneXsHRBpiIEHIOT, CRfagpdiereiiondPRdertas bigigralyesatyde similar to

the ph notrm of a digfefrentiatinsq, mxﬁlinat;ng celg. In,addition to these in vit;o findings it 25 has been
1 eins ar% raﬁment tsu as the n ural?/ ocC urn?g Iséforms O osteolp Ptln,

shown that ostéopontin, and in particular the combination of osteopontin “and an interreron, have a

beneficial €Pieppratineisadniviessiechdaduottionallyedistingtotisms thatediftainabritg develebbf peripheral

neuropathy-HHERRRININ hettenaroaoungadikgneficiabefesh o AMBGHENVIty nivlismaiicantly
reduced the percentage of degeneration and enhanced the extent of myelination. 30 The
experimen 8§M@%H’ésQ%HQ?QWTH-&V&FO@B?SV?’%@%? NGB fing neurologic

diseases, idgsighatddr@itiéa [(hkezinalservalled difull-gingtiot b$tevgtomtin, H@B&Nfndmby© BN particularly
surpriging hegeayss WG 1053nd%s aries it YL QsIARRAINERdN ALdesdBilieatmefyPs sclerosis.
The isoforms were described e.g. by Kon et 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 ovp5 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



The invention therefore relates to the use of osteopontin, or of an agonist of 35 osteopontin activity,
for the manufacture of a medicament for treatment and/or prevention of neurologic diseases. 27 The
term "osteopontin®, as used herein, relates to fulljJgngth human osteopontin, having the amino acid
sequence that has been known since the late eighties (Oldberg et al., 1986; Kiefer et al., 1989). The
sequence of human osteopontin is reported herein as SEQ ID NO: 1 of the annexed sequence listing.
5 The termisofsteapebiutQ.aEhesedanmisah phntb & pstdaientio &spalistieubtnbie idedived ifrdme animals,

such s e, RN GyPICBLASEARPHIL NERIRAASIE S SSRUIGIAN Idenliiuaigasdo maintain

osteopontin activity, and as long as the resulting molecule will not'be mmunoaenlc in humans. The
term "oste PR iRNIRARIREIH RIRSHR re " BieltgiRiAY sef¥alRnehaisrentiaicRagments,
such as thefhwatalbhagesrTheg iNag@mirmbiasiopbosieosastenalgotindacesptesgeshin/fungtionally

distinct forms that differ at the.level.of transcription (alternative splici nd posttranslational
modifiéatioheie?gﬁbsgﬁ)rﬁ%%%'%?’glf/té%og%%%rior?f 'F%‘rheéen Cs%llcéB %//aarpaentgf:)f N é?g%?g\rﬁn %o far,
designateceorragserthy HederacapchintiehGiiN astadyoramysesthensiand OPN-c 15 (SEQ ID NO: 1,
2 and 3 of the anngebpRtuRRPRITiNGtadpirPidadin Rig. DedTRGdrfaIRRIVRIRAegrribed e.g. by
Kon et al. (2000), ar}g‘ characterized e.@_.l bég\a_aitoh et I.,‘i1995g nd Kon et aI._SZOOZ). A thrombin
cleavage 18250 GUAIRD SRIEEBRMOC é@tgqra?gq%vé NS ¢ ﬁrigﬁgp{ﬁ@f{ﬂ Pt t&¥minal
portions of atteghrotsih td° leatspbeldaiomadfix2Coogtenentstirthe parpoodenesih oCetdisofidhgortion of the
Proteifts, M 0. BRALIA 0 PRSI RrUBB B JBIED (SIPORRRUIThaSSRIEFEIN. I
therefore also meant to encompasses these proteolytic fragments and differentially phosphorylated
osteopontiRiRii¢ratiPRe ‘Fgfﬁﬁe@ﬁ%’bcﬁﬁtiﬂ‘?taéaﬂ%@oq{e?@ﬁ, firther eigsipndiosyieidbierass, 25

muteins, fuge@dHpEdeinsgévnciiobalsiesivativesliaytive fragimadios Prasttois obrcaliscfathe permutated
derivatives ﬁrg; 5@%%}88&% f. Thes isoform§ muteins [used proteins or functional derivatives, active

: oligo lneai;c{e rom a&op dPIS adn cel .|néur¥. . ) ) o .
fractions or fragments,or Circurarly permutated derivatives fetain the biological activity of osteopontin.
Preferably, they HAgetergi®ldtfatinacantty prevRMingimasolsed hetedm phal tbeviredsstoadteopontin. 30
The tqgn "%gora%@mﬁggqmﬁsiﬂr@@ti\éﬁ)éﬁuaﬁdgﬁe@rher@m@atsrs fevaréijeene Simmiaiéng or
imitating osteopontin actmE}/, ch fas agonistic dantlbodles 0

: symB ses(g) of neurologic

toms or ca isease, as well as symptoms, diseases or
complications accompanying neurologic disease. 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.



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 (avp3 and av(35 integgn 35 receptors via an RGD (Arg-Gly-Asp) cell
attachment motif under the positive influence of manganese (Kunicki et at, 1997). Second, it interacts
with CD44 variant 28 isoforms v6-v10. The C-terminal part of osteopontin is believed to be involved in
the interaction willraDmatc weiile tinguy-reayicaiqeant the RIS portiie SN ieveay tbebleraimarived in

interaction with, In{e AR SRREPHERIRY SAIpReR N A ndifiere gt REmARopNggEes. The

N-terminal portion of osteopontin also’induces IL-12 and IL-10 5 release. Any agonist, stimulator or
enhancer, W&ﬁf}%‘f ﬁﬂ%’@'receptors is encompassed by the term "agonist of OPN activity", as used
herein. The term "Stgskeishey beteapssdib\alefivityly esbysechiearianf theheairefitls ds@mgag enhancing
osteopontin mediat Ivigies, su oMot cell a nt to extracellular, matrix

com pogn)ent%?rﬁ%é%%%:ﬂ%‘génsgggeo%gtjﬁ%s(%q%ﬂlé uﬁf%ﬁ%éﬁéﬂﬁﬁﬁ?ﬁ%ﬁi Fﬁ?drr]nbderﬁ%tlg?gd ucing cells,
to promote (reregiftAasisits hralred tina dpgefhlaad Sisruirtian areas b bramoligetlendrocyte

li?_eage éswm@%l_@ma@]gﬁ@fs m&wséld_f@ftﬁﬂéﬁqt@ll@@iﬁaiﬁdhﬁ mqﬁécrjpjirp(tﬁgilﬁmstb%_r .
oligodendrocyte lineage from apoptosis and ¢ell injury, The terms "treating”.and "preventing”, as use
herein, shoﬂ%c%%qf%&%%gamfg 8 ngv%rn?ﬁ?ﬁf mjmgﬁﬂlg?%{t?é%vﬁé\{% ,ea?%%'ﬁgfﬁﬂﬁﬁn(?tﬂ}%'i/ersing one
or more §ynqatm|ns‘,eummzii).sg(eyediﬁge(hgmwgibagjebwﬁbi,namwbm mynmpaoms_sytiqﬁtasasstbat
compligatiopaAccamRanyiid NeURlagimAiSRaSS e Jreatilg’ Rewplagicsdispask, the substances
according to the invention are given after onset of the disease, "prevention” relates to administration

of the subsBIRIESIRIRSIE GEFRPE! Brmbosis. @ therriRig iherBvgatien@isplals tRdlifologic

diseases", aadisritivtstineassudengsisses all known neurologic diseases or disorders, or injuries of the

CNS or PNS, 'nC“FL%'ri'ggn;[a 5K descr{ edin q)etall in tﬂo'?ac}égrrgund gf the invention” I(\:llgurologlc

. ) uro ay Deé relate sory 10ss, mus
diseases comprise disorders finkad oyd'gsyunctlon of the , Such as diseases related to

neurotranshegigessheet atfaehiaderteased «peR tendNIsfifxEso BEINEASAINOMTtEWIARMAONic and cranial
nervedisorgigre fugictipn asil, dyshweriitieef theGrisins lorRy disaederspf giryeMeatupor and

coma, demé_lelinatin%)g‘ji'z%¥ ses, delirium and dementia, craniocervical !unction abnormalities, seizure

disorders, SPIRBPRBY ersQeefuisBiA& s, B8FGerd b (REANASheAPaS  (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.



30 nervous system, cerebrovascular disease, or muscular disorders. For definitions of these
disorders, see e.g. http://www.merck.com/pubs/mmanual/ section 1 4/secl 4. htm. Preferably, the
neurologic diseases of the invention are selectedfgom the group consisting of traumatic nerve injury,
stroke, demyelinating diseases of the 35 CNS or PNS and neurodegenerative diseases. 29
Traumatic nerve injury may concern the PNS or the CNS, it may be brain or spinal cord trauma,
including paraplegimyaywﬂcrlbmmh Soterbsisk gt sl afitserdeveausing ahmgres$iveokesnafly be caused

by hypoxia iSRRI JRMER il sl SoF isliauase drhdiseasgolrpgdent. Stroke

may involve loss of brain functions (neurologic deficits) caused by a loss of blood circulation to areas

of the brairPB8s&"sF SRIBY C?ngratpﬁ'ﬂyméﬁPBE' dieFlh e elareRits tﬂ'é?fcﬁ?ﬂelﬂ HRUpEsA @ ombus), or
pieces of atfisyass| &y atidigaigndnoooihgiovsits tied Ut dralebitrdhefbraiscfeem another location

(embog) Bleedlnw%rggg& %}hg béﬁllnnﬂmrﬁ,% agm %q)lmlﬂ%g ilﬁ gmmlq §§roke The most

common cause o eis stro secondary to atheros er03| cere rombosis), and therefore
the inventiGieRiIgh RSRUSISYREMr SNttt aided R ERRNSINCEARIERS QB @ dPaRigssies be related to

a syndrome&frsenmBydoss, ﬂww@ wﬁ\}@m:egwd@éaa@ﬁytsdesuﬂmdrdﬂemeadﬁwh@ﬂﬁxes and
vasomotor sym toms 15 Eﬁ}gj' Jnany o mbln t(l)on Neurﬁ[{ tfé¥ ojl%/ éfecta& le nerve
(mononeurd 3’ Sﬁ(ﬁ%%'r( erUed | 5@?5 ﬂefﬂ’f’ﬁ % RSy} S'E)%lﬂﬂ% By many nerves
simuItaneoL@IPEmdlyaddeaﬂhy)'emé mwn rmenopbasitndistiydeffe ctech(asghiofiabrevatonyellitus, Lyme
diseagg, Ordérrﬁgé!%gf N&'%T%Sl&ﬂﬂ&?)@ﬁtﬂ%éﬂ%@ﬁ@h%ﬂ‘éﬁrécg‘yﬁﬁw 3B i fgute or chronic

mflammatogy polyneuropathy, leukodystrophies, or Guillain-Barre syndrome). Further

neuropathi é‘l%vﬁ‘m e ??Fé'ﬁi’é?f‘?ﬂ ﬁ@ﬁ%‘?ﬂé‘?&@’?\mﬁ HOEMLEHPHERion, may e.g. be due to lead
toxicity, dapsone &sethiek bigarglogitydisopdéssiillamripeisee swdopmamndvi?hby amoprigharily affect

motor fiers Giefasuciiaad iR e jacdorealdOBLaRalN S BLoRNERIBPIRNe AIDS, diabetes

mellitus, or C onlc t/rldoxme intoxication, may primarily rsa root ganglia or sensory

fibers, prod‘(ﬁﬂlrﬁj seapahuab e o nHPHEIS REEYEaRIY HeMaYoRR BcsaBPaiad PYn
Guilla{s-Bagggrizydiome drthisedisastsiap batsie s ane | iidseaare diRbthathm fHehaiawies disease is a

disorder Iy o e S B D M gL Atiactions

Neurologic disorders may further be due to congenital 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



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 gisease 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. Hunpoheusopatbrsdns diabetioriralyraumnaiil dowiyamenasoligic Hivuhare@BlyAmyptrophic

Lateral Sclgiasid\LhdS 8isBafEd GletRisine) PrASIe RS 1RSSOTMeRsAYEERRIMY! Ofvabeary muscles,
including of destruction of nerve cells in the brain and %pinal cord. Amyotrophic Lateral Sclerosis, also

called Lou B8RPRPYTeRALAG1IE D3RR Re MRy ISR 00 IE RIS I EDFr T AR NS, 5 Multiple
Sclerosis (d&ilomeatoirdtabdoatms denglelsraant) tisealse bé tinaltipde rednueewopatyigtehe(CNS) that

takes %relq‘%iggm%r;éiw&gegraqéagﬂg@géimes%ggall\ggsi‘s not the only demyelinating disease. Its
. i .

counterpart in the peripheral nervous system (PNS) is chronic inflammatory demyelinating

polyradiculoneurolshth§t (&153heR RigfeHdinerbasimentte thoRBPFRISHIG Sisersrs, dSicA as the
inflammatoge Ay inaye)iariéag s abeagiciHaney idpeisys giraferabiyiliamprrg edsyn@ipahGBS) in the
PNS, and a%l#&tdlsseg?|qﬁte%ﬁgce|ﬁ(halo&¥$h%§ s(é‘nl%rlmza’ﬂg iy ettﬁcge C}]Na%.ﬂ@ltéé} : %r%%tg@fc 'r(m: ddlsorders

: ioNs a
comprise n%uropa ie With apnormar myelination, such as nes ground of the

invention" abditipleascleretiadhtBlpas twathassyermyelinatimgadiseaseneribermarphness bereewmpanied by

15 spipal colsemortPRIB3JiGIROMBlisAtieampAsE tiRsame agehwilin dheRisersaeminagrgordance with
the present invention, Neurologic |sorder5ﬁ&%%réher e due to coEethal,metabollc disorders. In a
preferred eﬂ%@fﬁh’?@ﬂ?%ipﬁ%rﬂ%@’ri' TR AN NS [0RRORIEFLE JiROTESS. Bihential

metabolic defidhe2bildrencatoge rdahyetitaltiotic phboadénd@recoopaitssderyetheSuitserBaméention may
be e.g. phegylkaipiu d other aminoacidurias, Tay-Sachs, Niemann-Pick, and Gaucher's
diseases, Hurler's syndrome; Krabbe's disease and other leukodystrophies. The?\{ may affect the

developing myelinfsHeRD8" RERHYHS t8Eadisnent nhibgidnyeRicR Jlatrsdrntheokgaimetmetabolic
disordgy's hane/élgsrevénliee ol elessedetieretaiivie tiszaBackpeoneateddégenanaintatisehsss well known

neurologic %Ss%‘fi‘g&g@ F?o%ﬁﬂé’v Smﬂ&hc%ﬁﬁgﬁﬁgoéf”}ﬁz%‘?%%% disease, Parkinson's disease,
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;

(@) 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);



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 ggbodiment, 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 neuropéjhy, @salb amandsofire, Sysgateryie) o rfdisticiel(deaaivmpactiiadractoaused -by

diabetic 3‘EbF‘@H&B%ﬁ?‘é{er‘?ﬁ&%f@@'@%ﬂ%oéfdé'ﬂ?‘%}fe&?ﬁeﬁﬂng nerves as described in detail in the

"Background of the invention2 above. Diabetic neuropathy may be a 31 polyneuropathy. In diabetic

polyneuropathy, nf¥itiyehERARIONS CLFAgMETS JoRYy SPRRRE aMERALIB e ARG, PRYS, also be a
mononeurapatbytdopertal isedorams Wagraty afoNnstanes, jbaiciseascGtgnimal podiennerve, such as

the oculomotor or ycens crapial n | gw& neuropathy when 5 two or
more n%rveasngtrg?a ected |?1 sogﬁagr’%(se g’ﬁéglg. t\ﬁé[ ??j‘rﬁ?er preﬁgrggqgrﬁb%d%r%ogn?g ﬁﬁné r?éurologic

disorder is absrithyefinatidiedisdiee herafifehinging sice s beefBridBdcsm@sstodemngarlinating

conditions gkthgpehta. Hevaguist diepRrHRIRIhENCRaAGIBYEEstéOBRlh, 2B anyitipivaclerosis
(MS), as well as demyelinating diseases of the peripheral nervous 10 system (PNS). The latter
comprise d?é%ﬂ?ggtshxgﬁeic'ﬁ n irﬂ‘ﬁ? 895'%6 A g8 aé?SUS P3PS CIDP and

acute, monmslit&ﬂs,cﬁsdnwﬁnssehnamiéuwammatolltyvdemyesﬁtianisrgﬁpd@rad_ﬂca,’ﬂmmmnpathy termed
cullafy Bags, SYNEEORE K308, dolUIIeTRIFIAtE] ABPPAMASY ofdhieyenfg iy o (he

treatment 15 and/oré)]revention of a neurodegenerative disease. The neuro enerative 'disease is

e
selected fro?fﬂat-h@ﬁr ﬁ-c@%igﬁﬁg@ﬁﬂﬂ?@i gr'g%ﬂsgége?ﬁ%&?ﬂs@ﬁ@ &%@a%é' ?—ﬂﬁ’m%?@ton's disease
and ALS. Pagigtiehdyly thihestepipenphdsprelatitioriraites napjidee arpaiyteeptidarorsaripgotein selected
from the group_consisting of. 20 (a) A.polypeptide comprising SEQ ID NO: 1; (b) A polypeptide
comprising Hr‘ﬁ?r%aa%lr g'gut%sl&ég)areﬁ% %ﬁ%gﬁ'ﬁg‘ﬁ'ﬁ {f%?rc?) A polypeptide comprising amino acids 1

to 16 and 170 to 3TheopSE@ |EKilled):in ;the) Arbvilipeprigsiatipakiepansmaligeinentioost®f314 of SEQ

ID NOssl; 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, salts,
isoforms, fused proteins, functional derivatives of osteopontin, active fractions or
circularly permutated derivatives of osteopontin, will retain a similar, or even better,

20 biological 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 (TaqMan® 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



25 (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 sgquences 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; @yaRtitieseiRTorBHFoIq U heeReranysiHigdgis therrtawilh drRieciaty iHce are
conservativeagiizo agtideSvbgiie e mdcfiRetioRiNgenivitices dah eesgénaratéa) 19 (ivnihy KB a salt or an

isoform, fused protein, fun al derivative, active fraction qQr gircularly permutated derivative of any of
(3 10 (), AT SPNAG SR SR SRR 0 Seeteh Pl T S5 4R8 osreopontin
isoforms, s@shays ammentinnsdatigion or a C-terminal portion, or 5 any of OPN-a, -b, or -c, as shown

in Fig. 2. The GRGRS m@f@%&ﬁdmdsss@ﬁeo rRRERNInRYISHAHRS. Jd g IiRIRdiRghsite may be
mutated so as to render. osteopontin devoid o h%arln-blndlng. Full Ieng)th osteopontin, or any active

fragment th&YSGEYAE bl Ph FASHYEIOAL RN ROUFRR RURARPeRYifd%QatNeY. such as the
serine residueay pieflecatdlbeipopposttiaesobirtyritly, B2cdtbingnt @ xG0es806 md8b8Gal#dd2, 101, 104,

%ﬁt’%s%{%@n 3% Y, 6Fi akargoti, stién a8 el 254, 259,

107, 110, 113, ; agé . R
264, 275, Zé%t 'ég)g?%%i%%’f%gg{%on% , the serine phosphorylation sites ' may be mutated from

serine to gRamand RIsigrRYY il sraemal AP ResPheYsiamsn Svek FekddR-srilficarinle art will
appreggte g even smaller portions of 15 osteopontin may be enough to exert its function, such as

an active peptide £om eri F?q ghetﬁes gr%iarlnartnlﬂg,,arg%drrse ci)déjneﬁoregg}rgs fgr og{."e]o%oug% function. The
person skilled in the art wil Urther appreuaf’e%at muteins, sa s,g Isofor SPﬁJSE‘d pro elﬁs, functional
derivatives of@steopuatiof, theiaminactodsresidsiesutiry paturaltesteapentintakes replasesbpyntin, will

retain a SimyigbrhEXRIMG ALRT redRIOgiCbafdI¥tBH 0bOSHROBIANER: AR BISKRY KeR| i ipe Of

osteopontin and muteins, isoforms, fused proteins or functional derivatives, active fractions or

fragments, 39AER Ay IRE rAANEAL SeRMEDSEVRY O5Ie0RREt A bTIOH £PBRINE LeN¥darRE  dPeulturing
assay; suclaetivityeod tieedre satiingbhl oatsia £ zamyde=8. Wilix dbecaildetypeudistespontin, These

muteins are prepared by known synthesis and/or by site-directed mutagenesis
techniques, or any other known technique suitable therefor.
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



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, isoforms4ragment, active fraction, functional derivative or
salt. Expression of these genes can be measured by quantitative real time RT-PCR (TagMan(r)
RT-PCR) analysis, which is explained in detail in the examples below. A further simple assay to
measure OSingensytivianiitionsligisgerfifieride proliteeationatbsAf, dbenpBMAg FeaWeasas an adequate

oligodendregyihaelkiite prebeas(elichenson §-434 ks ahrkikdl olidbAuBIiRIde [selssn.fragment,
active fraction, f nctig;al derivative (Lr_salt, s described in Etxam%e 7 below,,for eﬁmﬁle. Preferred

active fractlBREHRI8 %?a%‘t?viﬂf%i R 8 Srﬁ'%etﬁef’?ﬁaﬁe i Yécﬁv]K}%\“fUrl-F %R eosteopontin,
or which haidA@hiesteadaita§es SaecAussibebeterastability or a lower toxicity or immunogenicity, or

they arg easier to pofljRadR A amBImMEHRIIURS: SisARitidh RulhariBadparsanisEiRy i the art wil

appreciate that muteins, active fragments and functional derivatives can be generated by cloning the

correspond9geIgsn Wit faropr AHENSE G RE AR RQink tReth th thdCoMeXBAF oM EAFeas mentioned
above. 5 Thistiptpteioe pecfadiblg, tio e présy SOMS Il deas1 B0 gl yeastyTamd triess-aglycosylated,

they may be deri\é?grg%rr% B]I?t%{%g&%a%s? d%%%péﬁ Qgrg |I3')§§fﬁ1 e%&?l:ey may preferably be produced

recombinar?trlymecomblna t expression'may be carrie In proKaryotic expression systems such
as E. coli, or in euldepiiicetiael aseiaionshipbetyaaniueces e palipeptiilaseaysBessiIT systems,

such a5 CHoCsImerd HelndOestite SsqUerebbeaRiIBIRM &I By BHiBHIng @i8rSdquaRadagmof
osteopontin, in whi [lpeﬁor more of the agﬂno aci,(a residuef ﬁ{ﬁf natura| osteg{?ntin are replaced by

o eIl I, oES 16 S Rereh LR G, B I Sl A A B Bt 16 o
natural seqaeidceanfesstraiematinpfvitie ivohanlymgleotidite abliwthedymepiidey séqheneesylting

products as.compRiag Wi the IighYRRSLLARERIS: BORSSIMUEIRE are prepared by known

synthesis and/or by site-directed mutagenesis techniques, or any other known"'%ec.hni ue suitable
therefor. Muteins GPOSRYIRINES, WIRED Bgrenis MOk @Th RS rBRIFRIPARILTTE pReseridsAi¥ntion, or
nucleigsacidreydiegdiieranfiemcindradisiteretvwd sehatnindalli BO compapandietaigaeenses as

o e AR QUSRNA h SekUAREy, iR heRe ey skl n the
"gaps” in either one or both sequences, to enhance 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.nlm.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



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 ygth 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., CurrentsBbstitwiins ipehisienuizeriiersgyf tbegmumteitcicrseeyélive, BiBogimiloiun(lid70f1992), and
Sambrook g13h,aid 5PfindriC1S7H5Clh & et AGiRlsnd HPRBRMale G lanng: A

Laboratory Manual, Col ring Harbor aboratory Press, Cold Spring Harbor, NY). Without
limitation, e@%ﬁﬁp[@gyoia&ﬂ HP@Sﬁd'i?io'ﬁ'?ﬁERY(?eqﬁ/%‘Fﬁn@%‘ﬁ%é”ﬁ%@'E%%?v th@ircalculated

Tm of the hiylttibrngdentistlahyiif, theginstntionS 6r aetb b8ty thiotve mfswtemidoatas; ard 0.1% SDS

for 15 minute D t SSC and
0.5% SDS at%%%ﬂﬁy g §§) %l?lé&%gq ﬁ@%%ég%ﬁo%?nary S ERII'%EI}]'[%QJSQ lgtrrf%r%‘lgfstan %ﬁa?‘;ﬁls stringency
conditions Bishiapratitisal e adiigaiienaheoniimnaéighe e Sy SRl (RIESe DidBBS @dh as 10-40
bases) or nyxgsiRlipRauerbde wr beftibndbrriopinbegians ssee WitsPieiasakisiooraetetramethyl
ammonium chlorlg %MAC) instead of SSC. See Ausubel, supra. 5 In a preferred embodiment, any
such muteif Fa¥ at"¥ rg{ 0% identity or homology with the sequence of SEQ ID NO: 1, 2 or 3 of the
annexed sequencBrdfetialy)y Moecspnefermiblys arhiae acldgpoEpsmarat st deﬂraeaumeﬁablé(l% at least
S0% 9%, MARkBIGIERaby SHigasRRyBIRn iR Ber YRS Ehare okl lineafictapegiationship

between two or more polypeptide sequences or 10 two or more polynucleotide sequences,
determined®y é‘&?ﬁbaﬁﬁﬂ?ﬁg 488 RYALREMPHS,BMING 2k SRy Parare 1Bosk dxfieediRitabige o
nucleotide ¢it.amino acid to amino acid correspondence of the two polynucleotides or two polypeptide
sequences, respectively, over the length of the sequences being compared. For sequences where
there is not an exact correspondence, a "% identity’ 15 may be determined. In general, the two
sequences to be d¥Bb&rbd are aligned to give a maximum correlation between the sequences. This

may inglude inserimgfereRPS rduitbES PRENPMBOSABRIAE @S, to enhance the degree of alignment. A
% identity may be deterwme &v%r the whole le th of each the sequences being compared

(so-called global allgnmen IS particularly sui 8n%es of
Ser Ser I' hr 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



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 art3él'hus for instance, programs available in the
Wisconsin Sequence Analysis Package, version 9.1 (Devereux J et a11984), 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. Otdé&BEddrams for determining identity and/or similarity between sequences
are also 30 known in the art\rdnsigirR NS BLADE $RulY ATRLArMS Aglischul S F et al, 1990,
Altschul S F et al, 1997, accessible through the home page of the NCBI at www.ncbi.nlm.nih.gov) and
FASTA (Pearson W R, 1990; PearddR1988)d preferred changeSYSPRREHR G %Pcordance with the
present inventionsare what are kno84r as "conservative" substit@ons. Conservative amino acid 35
substitutions of osteopontin polypeg\[}%es, may include synonymgus @Ei%(}?adds within a group which
have sufficiently similar physicochemital properties that 35 substitution between members of the
group will preserve the biological fukR%on of the molecule (Grak@tarite.18m@)Mels clear that insertions
and deletions of amino acids may @gp be made in the above-dafimestgequences without altering their
function, particularly if the insertionﬁ_or deletions only involve a few amino acids, e.g. 5 under thirty,
and preferably under ten, and do notr}remove or displace amino fds which are critical to a functional
conformation, e.g0 cysteine residuedl@roteins and muteins proffieedlidy such deletions and/or
insertions come within the purview ghthe present invention. Prafgjaj, tie synonymous amino acid
groups are those defined in Table I._10 More preferably, the synonymous amino acid groups are those
defined in Table II; and most prefer%‘éfly the synonymous amino3H¥id groups are those defined in
Table Ill. TABLE | 15 Preferred Grdigps of Synonymous Amino AejddetARNap\Vatideétynonymous Group
Ser Ser, Thr, Gly, Asn Arg Arg, Gir},tjré/s, Glu, His 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



Leu He, 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 TrpgMet, 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,
Gin, His, Arg, Lys Asp Glu, Asn, Asp Glu Asp, Lys, Asn, Gin, His, Arg, Glu 35 Met Phe, lle, Val, Leu,
Met Trp Trp 36 TABLE IlEMore Preferred Groups of 8idefydRiis Amino Acids Amino Acid
Synonymous Group 5 $geSer Arg His, Lys, Arg Lewpheu, lle, Phe, Met Pro Ala, Pro Thr Thr 10 Ala

Pro, Ala Val Val, Met, IllfngIy Gly lle lle, Met, Phe, ¥)<’;1Ij Leu Phe Met, Tyr, lle, Leu, Phe 15 Tyr Phe,
[

Tyr Cys Cys, Ser His Hi$, Gin, Arg
Cys Cys, Ser
5 His His
Gln 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



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 IIl Most Preferred Groups of Synonymous Amino Acids Amino Acid
Synonymous Group Ser Ser 30 Arg Arg Leu Leaglle, Met Pro Pro Thr Thr Ala Ala 35 Val Val Gly
Gly 37 lle 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, lle, Leu Trp Met Examples of production_of amino acid substitutions in

proteins wiH R BEPURS (LA Bl Rl ¢h SR 61 BERBYTRSIAYSSY FRIBRE LR AHkins, for use

in the presabietizention include any known method steps, such as presented in US patents

As "active fractions" of osteopontin, muteins and fused proteins, the present

invention covers any fragment or precursors of the polypeptide chain of the protein

5 molecule alone or together with associated molecules or residues linked thereto, e.g.
sugar or phosphate residues, or aggregates of the protein molecule or the sugar
residues by themselves, provided said fraction has substantially similar activity to
osteopontin.

The term "salts” herein refers to both salts of carboxyl groups and to acid

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.



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 tergg "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 immuAbgI8fRIRnBRPrefgrirchemRadisient oh HiR RERLAARYRION. §3188RORERIR, cover

derivatives pEggiagontin, and 25 their muteins and fused proteins, which may be prepared from the
functional groups Whécr}o cur as |de§haln§8(]a%g§ re§|dtHgs ﬂ(/gr]m '0%- %g-%grgdngg&ré%ps, by

. In urther rpre erre gm t ;
means known in the art, and are included in the invention as long as they remain pharmaceutically

acceptable CREARSS i BTARRE9DLe dlghitpionthEhgrisianviish big dineekaortiia aishitat to the

activitysof Oﬁﬁgp?@Bﬂd@%%_%CBBf%E toiisit 33 PraBestigmmMR GRIBPRVIRRS GONARIGt. These
derivatives may, tor example, include polyethylene glycol side-chains, which may mask antigenic sites
and extend'ﬂ'f@%gfﬂe‘?i@g%{‘%r? %3@&50 i riﬁys 'ﬁ/LT?qutE)tﬁa\dd@f%m@étfﬁ(ﬁdﬂeegﬁ'ﬂﬁatic esters of

the carboxydfgtbe psequertes BiftiMd (BibBhglged) pob\exaagtien orith atBramina acidthinkemary or
secondary g o0 Naagylslesiyatives, opflegsrn irégcggpﬂ_ DS94 the AENS RS J95idygs; formed with
acyl moieti%gsalgsgcalkangyl ér car%ocyclic aroyl %ps) or O-acyl derivagveg of #ﬁ%ﬁ%ydroxyl

groups (for iBiansRARaWERR (P tsPRARIN PRALERER HNGrHiR dRMHNRSIPM i ctRAERSea Al e fractions”
of ostggponiistafbdeThe aosLitieg GuBISHEIRte N & 48 SSHRG VY PrijERRY SircR R BAGeRted precursors

of the polypeptide chain of the protei blecule alone or together wjth associated molecules or
resicubs IMERRISE TS 8 Sol PR BC Biere TR ale BRMY P biecule or the
sugar resicxpseisgigndevebiVas, lprivisiondnsyialsafariitata paditication o hafisedprolein.to osteopontin.

The term "salts” hetejry iefarsdePpiaisala ShERMMBATBMBSRAMN Satiskd bargitierseaiis of amino

groups of OPN molecule or analpogs thereof. Salts of a. carboxyl group may be formed by means

known in thHESRMALAR L ARIRHGa R eaRY A i UsRAI REAMANARI RIS nikSolRR SHRerric or zinc
salts, asd thadilGH3udnsilts ofituorga S aferseaartiptsethiandshfioraxaitig imoleitalesnanes, such as

triethanolargjge <BRANIN R PHHY YoReRIRSH BB SRR L3RI 1 YHE AL nvention,
such as isoforms 1gG; or 1gG,, or other lg classes, like IgM, 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-a,, IFN-B and IFN-y are included in the above

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



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 gfOPN 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 servEeftarproperfeiogetietg GFtikYnakused to tiee prikeent ivttotian, hd¥endedes, in which

the CNS isyinyplyed s KBraisstagaiien, a6 sl dBipnariheRR e alglsruption of

the BBB, elther by osmatic means or 25 biochemically by the use of vasoactive substances such as

bradykinin %ﬂ?e?béﬁ‘ﬁ?ggt?ésqg@ 6%?mé§@§%%§/ TR RRADNS PESYEBRIBE L Bt nsport
systems, mﬂusimvmraeﬂmmwemmmumvammhm@thmmd amifagoiehtearriers;

recepigr- med'ate‘jﬁ[%@t?&é{%i’ gé%t 1. linqr éFﬁ?g &@gé'voeeﬁmwe REPHRES %E‘)JCh as

p-glycoprotein. Strategies for drug delivery be ind further |nc elntrac febral

implantatioprepParadite @érfvaﬁ%@bﬂmwm%‘y e Rhpine @roforesidyssiootifer to improve
the propertigsgpfdiierminie irossNisreark dpbivg hailﬁéif@rt Maa\@&e‘hﬂitwedqtefﬁ@wamm\e human

body, or imm enlc To achle this teopo a I|nk hlyenglycol
(PEG). PEé?/u}ﬁn arﬁayqyergg}?lgdp a{@y%@]ﬁﬁc@wncgﬁ ISS,"gés I e Cﬁi‘%f?ﬂ for
example. 39obgrrifactyitn of ghefenatdinsrim deneitiasf dhovsresiait ﬂwémahqlltystedmmmnels
PEGylgted 4 & ;E:ﬁ% GPYe &ﬁ' MG ORIRRE RICERROIN \GIHIRARG NSHASEE RIQEBnfePMBKISeS an

immunoglobulin (Ig) fusion. The fusion may be direct, or via a short 5 linker peptide which can be as
short as 1 fFPERIRTEACRIMRI8S ﬁ‘?%‘ﬂ@i‘?\gd? Bﬁ@‘@t‘ﬁ Ry ipve chsmicrhBAeifFesles in length.
Said linker aaay.dhaoaytdrp@tmie phbﬂmateqmme& Foldvidek - E’thtﬂrl\&tdefﬂfa&mnmbns)rtaem amino acid

linker seq%eacgca[m B &%éj P J%dof@m%l hﬁ‘%‘%&& %X?LS& Phe-Met introduced

between osteo ence n e |mmunog ulin se uen mstance The resultlng
fusion protein hasﬁﬁﬁmweai?)régévﬁ@se%uwagr&rsi@mnm %tgrée?fc@w@bﬁ%egpﬂgm (half-life),

Or an {BCreanqgeSRSIAHc @sbYily) JEIPaTRCeaxERSHAIANRINANR (athisiPnar)ay steorasiitate
Do e TS PISHe R B SRS RGLS P the s g SRS AR upoe 1o e
constant

acyl maieties (e.g. alkanoyl or carbocyclic aroyl groups) or O-acyl derivatives of free

hydroxyl 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 long 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, 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 oxalic

acid. Of course, any such salts must retain the biological activity of the proteins



region of an Ig molecule. Preferably, it is fused to heavy chain regions, like the CH2 15 and CH3
domains of human IgG1, for example. Other isoforms of Ig molecules are also suitable for the
generation of fusion proteins according to the present invention, such as isoforms IgG2 or IgG4, or
other Ig classes, like IgM, 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 ateBiaePimHath&ri-belaintpenativelyhslersehiteaheaneeoeniityestnréeepiits. The

invention figglNgy teebE S i \oHe8NAILG FRBESICANATINBLRS RUEHIoRRnBhnMunosuppressive agent
for the manufacture of a medicament fgr treatr#ﬁ(?ﬂrlt fnd/or&rﬁvention 0 neurologq[ic disorders, for
! &

simultaneous, se NERBLE S &?ar%l?é’ et L}Bppé’ \Fé%é'éh?& Fﬁa&?b’ 8Y8i&§?methotrexate,
cyclophospitatriige o 3tentpletdinsytd astibjugiate (hetwer ChkdAEDH-1), and tirelilgalybihe invention

further_rel f patl . h nterfe r.the manufacture of a
muedicgm(;naat% ?Z%Qt'} g?%@éﬁé%?ﬁég\%%ﬁo%g ﬁggﬁé;gg??g?gor gr]'sgfgﬁ%{l;régﬁaneous,l;equléntial, or

separate use. Thénanathgitereiesied ambedmential e tentiate e fpatamnisdertsraed to 30

include anys mplegyl@stefRe preridshyniRegitgrature, comprising for example any kinds of IFNs
mentioned in the above section "Baélé%tg?und of the Invention”. The interferon may preferably be

human, but also deF¢8APEM 'StREr'epRle&sad 1By URNeRES oI SERUETRIViNPTs PRI human

interferonswéthdid éntexdéecnlle is not immunogenic in man. 35 In particular, any kinds of IFN-a, IFN-p

and Igpl-y are inC'IHdaegrgfetll?gdaQ%K‘adﬁiﬁé(}ﬁ:i%?%345%@% TR RGHE S Apbhan GO g lpahe present

i
invention. 40 The term "interferon-beta -(3)", as used in the present invention, Is intended to

include hurdERYMNBbRRAUNPRRGb A0 19Q maike PRk Maish b 8BRS §i0dI RuidsmerkesObbtained by
DNA reconpiawtigitarigbest framaisg/rgyerisoay eidigy otiatiautt2aagkg diiiawdgmalts, functional

derivatives, varianltﬁéanal(l)_%% ﬁar}g rgja??m n{s. 5 "FH%Ct nal (I;Iegivativ‘(;:‘s" as &Jsfﬁgl hel'ei covers

i
. . IBve relgtes, to Lfose ucleic ' aci ((ejcueh or .
derivatives which may be prepared from thé functional groups which occur as side chains on the

residues omaeufctyrecofeanmedieamapt farythee Hpatmenk and/aicPseventianan mdedelpdicthe invention

as long as fiekseMatiRiArhacrudier|aaacaiirblfe | SonipRYedoNGIARN AL & chirinsical activity of
the proteins as described abgve, such as the ability to bind the 10 corre%é)ﬁﬁdln recg)tor and initiate
receptor SIGRETRGSEBMEFRIE, FEIANS AR AEHRSEH SoMEBERSAETERARTAYR SEbatives may

have chemecaisistigtads, such
(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).



as carbohydrate or phosphate residues, provided such a derivative retains the biological activity of the
protein and remains pharmaceutically acceptable. For example, derivatives may include aliphatic
esters of the carboxyl groups, 15 amides of the aarboxyl groups by reaction with ammonia or with
primary or secondary amines, N-acyl derivatives or 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
hydroxyl group (el§etRHESISRFH BlahRBnRe RATINISS RS FRA MRteAEHARS AR MIRWIRlerivatives
may also iagluele istrarasapisy, ipRiyeshylene glycol side-chains which may 20 mask antigenic sites and

extend the residepce of th olecule in body fluids. Of particular i tance is a protein that has been
derhatizod or cormTRaG AR G S R S Peb i Ao RS ISR, 0
versions, @xpiestionad thparneoepretshdydhetridigiesgiddaparuecithtbr lowgaadiedy.activity in the

body, gan d?gfgwya,qgﬁécgagrgaﬁa@Q@Q%}ttigy@égjon. 25 The term "derivatives" is intended to include
only those deriva%s at do not ¢ angs one ag}ino Ci‘g‘ to anfther of the t
[ ;

e
commonly-occurri [l Fal Anfin e ‘?Hébf’ e 1 0ehAYSIRIFeRNY (878 alft‘érg'fef:arboxyl
groups ancdopisesaainliteprezdtsroiectinseqoapseo kpressite ne dies csipienbes/arer weiblogs thereof.

30 Salts ol SAARAHEALRL hEY0RMHIRETEAIY BIERABAKTIANME Uiatkald R dy harganic salts, Tor

example, sodium, calcium, ammonium, ferric or zinc salts, and'the like, and salts with organic bases
as those fSnBie R texHIRYIENitFATRRES, EBHAICMiERIHRBREMIPECthrGhiRER AR Diperidine,
procaipe agahdrecékeeduinaddisisloctidismniecseqaesxes)phigirralhs milihipnagicn, asidsheuch as, for
example, tw(%ro&h %rri]((:a %ﬁé‘? 3%&}{05 [furic ag:id %nd salts, with,organic ac'gosr, such a3 fq example,

. : . d X .
acetic acid or oxafic aci coursé),pén?/ su'gh sgﬁsursr?us ?’iéttgl?n {PI% 8InO OgIC,pai..Fg.(e:ﬂVI of the proteins

41 (osteopstigraseriNantagenu s ayRIoFsisie phasteoprnineyd thenkeidaitie., the ability to bind to
the correspondingyessiaemasd BIHECRIFREADIHSIBRIRGIMIOSRENE MAYAlRAeRpRiMpated to

polymers in order to imprqve the stability of the proteins. A conjugate between Interferon p and the
Polyol 5 PUTLRI TN ER (BERLS s BASTCNGbP D b BRGPP 5] HERBISh nother
prefetfed egabeslirime padictiar imitbittidme GN$ht€feeowis | esdatdishedpirBNvpEtansd sncheagreferably
IFN-(31a. QsleRoRRtikBISELRRY HghREHIAMEPYRhoaRYUE HHE bvaRsParately with the

interferon. '
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.



10 In a preferred embodiment of the present invention, osteopontin is used in an amount of about
0.0001 to 100 mg/kg of body weight, or about 0.01 to 10 mg/kg of body weight or about 1 to 5 mg/kg
of body weight or about 2 mg/kg of body weight. 4he invention further relates to the use of a nucleic
acid molecule for manufacture of a medicament for the treatment and/or prevention of a neurologic
15 disease, wherein the nucleic acid molecule comprises a nucleic acid sequence encoding a

polypeptide comgh§rgveRtianifisteiareltnseite sabihad hemPasd gonglicednnraedifesea) A
polypeptidereimpriesigoporin Dd\dcmaht(fbbtﬁraompeptﬂé@@em@ﬁtsmg aveineeatitmil &di68 or 170 of
SEQ ID NO:; l C)A ti p 70t 314 of SEQID NO: 1;
(d) A poly['J3 e%rércr}1fprr]|"7{s{|§rg1((\§;4 ﬁﬁn‘ﬁos %%%% {%’ %Jb ”ﬂﬁ‘ §r§§ 7\?%%%@% )nl\a 0(t))lypep dne comprising
SEQID qugr tp delisy Hepteng do thsranpysiate Iwmf@?!i%@)aﬂ\bﬁdﬁam of any of (a) to (f), wherein

fhe angino ?Cid Swmh@&w?tuw F@a%fﬂé%%ﬁ?@&%@l 7&%@5@}9?@ %9&{;5 bntity [t)oNit
east one of t equences.in (a mutein o which is encqoded by a
sequence Wﬁ?&“ 8\%@?8 tﬂéé})%(ra fwgrqtt o) tﬁgtﬁghéé D‘ﬁﬁ&%% 1HUEN SORASSARY of (a) to (f)
30 under nhwdanatélwylrgaml&'endmonst oplUraiedpightin sainenttberahsotisal(y) Affadieen of any of (a)
to () whergipgany GhaRaRRlfeIR SEIRAAR duAREHS B AIS-ERETH LA RMIRR AR bPURSUUions to

the amino acid sequences in (a) to (f); (j) an isoform, fused protein, functional derivative, active
-fraction of M3 BREURRISSSEMtutated derivative of any of (a) to (f). 42 The nucleic acid may e.g. be
admingstered as aFnekpdintcteist aputmkmuleangz gedupiatiemigseidantingestiopmpanaiafiyrther

comprise vect.%rs ﬁm%nfiﬁéssﬁjocih ﬁa}%}/ qﬁuegpe 8 F eful f?rth%xgrq aakggl ofctth %nqh%ncoded by the
nucleic acid molecule in the human re era propriate ce sor issues. Therefore, in

a preferre@@mmrﬂntl’ﬁ!‘ﬁdb@dsa&m ﬁﬁél@dQIéh@ﬁWéﬁ '@oWlp@fSé‘s'ﬁrﬁéR}iﬂ@é»@f@ﬁ VEeftor sequence.
Expressiog\ghiié, SRA pResRIGaWahi4RaMR, e dile (BRXSGARIPMEY bEthrhRiRaanksserving for

expression r?lf tggsgggei‘orm for injection in vehicles such as saline, dextrose solution, serum
15 albumin and Ringer's solution.

The active ingredients 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



of interest. They may comprise regulatory sequence, such as promoter and 10 enhancer sequences,
selection marker sequences, origins of multiplication, and the like. A gene therapeutic approach is
thus used for treating and/or preventing the diseagg. Advantageously, the expression of osteopontin
will then be in situ. In a preferred embodiment, the expression vector is a lentiviral derived vector.
Lentiviral vectors have been shown to be very efficient in the transfer of 15 genes, in particular within
the CNS. Othelewdd esthbllsirednvbrallyefcioesasumb fiskiadethevimaledates &l papttiiglengycalso be used

according t%&%!&Y@@HQHu% Eﬁe\(ﬁﬁtﬂ |m%yon%e§jz}ql3%@§er to enhance the passage of

osteopontin across the blood-brain barrier. Such vectors may target for example the transferrin

receptor or other ehRtREAPEHICHtefieetieniameunts 19h b refRi® cPRRISIBEYibT BSe dnvention, the

expression yawsrTEyninyadaRibiaer Aty ave Uypelf ipietsionthBhsffitsy of anepiotdar inducing
and/or enhancingtga%]earlld% 2nous pre gtgg:tior)}r%'?géeq?oqﬁmeinaan{:aellon%{gnal silenttfore pression of
osteop(?ntin?w WRICh éXpresses anmountt of os eopontih whichare ot suffiue%t,rglueeals? 25
contemplateimbusiialiantotiiee ¢ivisaticentiion coiointBatient piireludipaldberydesitabdity esf functional in

the cells deglgaiithPYPAGHASIRORIBLIG POl ERIUAIINoPERIHERERA)AY be promoters or enhancers,
for example. The regulatory sequence m%then be introduced into the appropriate locus of the

genome by homol&yolie ARETHBINA LG CHME s BPRYAbIY Tirki5 theteyifa: Y LaiiRiGte Nfh the gene,
the 30 expresszoparttivhectents raq bicadfiddbeeffieicticed othenhanrdolid hdideatw oDy idasagally referred
to as "endo jvation" it is descri j +rhe_invention
further?ﬁelat%gﬁﬁ%%teg%é‘éa %’?%@ﬁ)ﬁ{at a@%gggeéé?]%t%ja?ﬁ)@ 9#90%%@ %%r%%%@? %%fg é?(])r?tin in the

manufactur&3felyn dieaierentfciudiag 35 tpepantmtriIRimerid0eitic et olbgideiée ffes. 43 The

invention fughgiinistaigsniopatiait trrdiRpdant oraekiesaistiosodén atiePredyReRsteaRAREN for
manufacture .of a medi arpentf r the treatment nd/pr%prev ntion of ngtlj{olot?'i\c ise?e}éﬁ‘s# Thus, a cell
r oft

it A rét%rurg%etﬁ%’apprrgﬁ AZANE he human

therapeutic %ﬁ]’ogc mgy BETRRE ccc))rn(féjr"t%n(tjerlﬁlae
body. 5 Thesffieelrdasirédrther relates to pharmaceutical compositions, particularly useful for prevention
and/orgeatment oABEHEAIRSHE A SEARS SoNEUBRARTEAFS PrordNeiRRss iRl iR as thirRcRmasnt of
osteopontin and a therapeutically effective .
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 ng/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 thé invention, osteopontin can be administered prophylactically
or therapeutically to an individual prior to, simultaneously or sequentially with other
therapeutic regimens or agents (e.g. muitiple 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.



amount of an interferon, optionally further a therapeutically effective amount of an
immunosuppressant. 10 The definition of "pharmaceutically acceptable” is meant to encompass any
carrier, which does not interfere with effectivenes§5of the biological activity 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 be formulated in a unit dosage form for injection in vehicles such as saline,
dextrose solution, BeslinvehSonlfurtheraretbies ge ris reethibd rfof e atirity @ ingredieyits di§dhee

pharmaceuigal, camposHARBERRIRG (9 B SHAGEARRARNIRCER. amidiighal in a
variety of ways. The routes of administration include intradermal, transdermal (e.g. in slow release
formulationSFteRRPALSENISF, AftrAsORtshehl oftaeRINBuSCtYibouRRtIORaYY dractisawith, Bpical, 20

intrathecal, grsidaceidicalipacssp tediasaridry other therapeutically efficacious route of administration

can be used, for example gbsorption through epithelial or endothelial tissues or by gene therapy
whereil} a DNA méergé}ho(-:anfgd%%a%ng aa(I:t{?/":"(-‘f-J rg?g It %sgg RiniStared 't%gtr?él 'E)‘g{‘.%tﬁ{}'{(‘g_éﬂﬁa a vector),
which causpati¢d detneedgthereef mrnesfiestive metnicefcbsteRPONR. |Pragtiisonaghaigtratein(s)

according tgdhgmonivaaiay candamhinisied oy Riisampenaisafidifogically
active agents such as h_armaceutlcall}/ acceptable surfactants, excipients, carriers, diluents and

vehicles. FGCREREANESRTED fRIs0 MBI the Base il A0t A amuscular) administration, the active

protein(s) can be formulated as a solution, suspension, 30 emulsion or lyophilised powder in

associgfion with a ghapmageutically ﬂg?&ﬂﬁ#&ﬁ,&(aﬂg%tﬁﬁ%\ VPRIRE 68 ShotialRe; E. lgedexfrose

solution) and additives that maintain isotonicity (e.g. mannitol) or chemical stability (e.g. preservatives

and buffersynPHaishadntxih fersigniptant peplictioniysssed tbshagirssionRalasiaviiamiity of the
active protediie) asfepsaieg, taidectitirentinieeporalsd b5 refermedidiateld, bincisinggcanjugation
molocule 1o Doe eg 508 a8 Al it e S SR e ARl R B e
therapeuticafiptents cafvtharrriarsrcestisedcwitbip b fiefsyenites ccileduheraim aenalgsy entifelvles, including
the typg of p{(ggﬁj@r,aqgg frafer&dée protein, 5 any residual cytotoxic activity exhibited by the
Anagonists, the g O e Krawa sthod " Siaps tonvantona Ratods Sepa e esirability of
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.



maintaining a non-toxic level of endogenous osteopontin activity). A "therapeutically effective amount”
is such that when administered, the osteopontin exerts a beneficial effect on the neurologic disease.
The dosage 10 administered, as single or multiplgsdoses, to an individual will vary depending upon a
variety of factors, including osteopontin pharmacokinetic properties, the route of administration,
patient conditions and characteristics (sex, age, body weight, health, size), extent of symptoms,
concurrent treatmEiﬁéMfé&@ancy of treatment and the effect desired. 15 As mentioned above,

osteopontin can peXamblELE: U9t dbGitia O UMepéna by eRPOSE H0iA Oringikd Hidadoutrd. 01 to 5
mg/kg or b%i ‘é‘i%‘i P&eor %Poa%no.%lsto gsmg/kg of body weight or about 0.1 to 3 mg/kg of body weight
or about 1 toé‘rnggrg—%y'w%‘rg%% ; her preferred amounts of osteopontin are amounts of about
0.1 to 1000 g/kg of body weight or about 1 to 100 g/kg of body weight or about 10 to 20 50 gg/kg of
body weight The rgiagefsdministration, which is preferred according to the invention is administration
by subcutaneous route. Intramuscular administration is further preferred according to the invention. In
further preferred montin is administered daily or every 25 other day. The daily
doses are usually Tieendii-déddestitiosies ohis Susiamedstatdiabedfouna effagidreatieatibtainothe desired
results. Se r ]! i0nS;: . . which js the same, less
tnan o aroulEr e L PR e D RSB IS s SRS M2
subsequenfBogaN@i s eRIRUtiAIY caskivainEesiBel Hinase: dhisrieetoibaswasf shevdisteabe. According

to_the1i6venﬂ?urh&ﬁt&ﬁmerﬁmbﬁ|ﬁm@@ai@%ﬁebpr?pphyﬂmti%h@ymmeutmllmme iln_d:vi?jual
prior to, simultaneously or sequentia other therapeutic fegimens.qr agents (e.g. multiple drug
regimens), es'HRra n§?caﬁy ecti{l%\gggo Sin ‘f)rgﬁfl)%%#ar fth é’ﬂsiﬁ'%(jf ro r}Aéﬁ\& 'ﬁaents that are
administeredigxisndidtytascassnistiatederelhtypeutic agents can be administered in the same or
different compositigs. ﬁ%raﬂmwegﬁgn IHihsticelatasiqaidnathod fakfieatingm npigglaaic disease

comprising administering to a patient in need thereof an effective amount of osteopontin, or of an
agonist of (digedsnskircyigivs! of i nN R1g e HIRFURAN OB AR TIRHaRy YUeFRaBIRC K Rrier.
15

precursors, in the untreated condition and after 6 days of pro-differentiating

treatment with 1-5 mM dibutyrylcAMP differs substantially. Whereas untreated Oli-
neu cells have a round shape and are mostly 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 cuitures
(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



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, and an interferon, optionally
together with a pharmaceutically acceptable carrigr, is also within the present invention. 10 All
references cited herein, including journal articles or abstracts, published or unpublished U.S. or
foreign patent application, issued U.S. or foreign patents or any other references, are entirely
incorporated by reffevarcmdasicspstenisiding all data, tables, figures and text presented in the cited

eferences. Addiionaly. e 5B P RS FRIEFAACT FBCANER Vg SiBiRlicsg,ctod herei

are also entirely 15 incorporated by reference. Reference to known method steps, conventlonal
methods stgw'm%&ﬁwrﬂ%&hmto%(q?ﬁ/éﬂt%ﬁ%l RS % ’ﬁ&t%)}%g’faﬁaa?ﬂﬁ?és?ﬁmﬂat any
aspect, deﬁmdaﬂoafomnhadmmhdltmwseahmpaammﬂ;scme;i Engbt aresuggepted in the

relevar%t art, 20 t'I' hef %%% ri &10;‘ I% s&%mgg o%pggés Wlll SO féllly reveal ;he general

nature f the mvé)HFonr}hat others éan y applying kno ge within the Skill" Ot tRE'SFt ?mcludlng the
contents of'ﬂ@f@?@ﬂéh@@?%ﬁé@fh@‘éﬂﬁ*}ngeﬁlﬁlwmwﬁném PEERAe fBYSiamsUEexjsvRaion such

specific empegjreeais, 2y60R WddnbiIgXPRINBEDIGIIes navhBeé sl enailingcdatt thinaerrgal concept of
the present invention. 25 Therefore, s clzigﬁ tatlons and d|f| atlo are inten %Jed to be within the

meaning allFTgRSESIRFEMRAIGHS A I B f’é',c a8 Bﬁ?ﬁg% 1R9%9'Snd guidance
presented Hénedler stimtméeimusdecstelad MG Ghrdsedwgyl #Germinology herein is for the purpose

Of desfyiption and il HBERIORr UKL SURRTHE IR IAFBI N LRS!

specification is to be interpreted f % he sk|IIe artisan in 30 light of the teachings and guidance

presented MREIFOHMAINDHEETHO RIRYERNURARA LR ?J?Wdf‘ﬁrafﬂ‘é?ﬁ%?ﬂIqﬁvﬁ{%pé‘i'?%vmg now
described thedlinandionint witldre mogarreaddmand&rgtctodmto/ tedermechdnishes fallmegngxamples that

are provid @Eﬁ%ﬁ%@@l%% Rw aarpn X\ %? gﬁ éﬁ’ drgq &e I|mt|nr%I (fe rtae Rr%][ernt invention. 46

EXAMPLE steo ontin |s rent|a ‘ex essed IN 1IN VIVO an |h VItro rﬂodels of

demyelinatihg drgéaeé@l@,mneﬂymﬂwﬁtﬁtrmms%veh\@ks 1999). However, in order to

15 compare developmental myelination, which occurs while the CNS or 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 mode!
provides a complete in vivo paradigm within which to study aspects of demyelination



The Oli-neu cell line has been established via immortalization of oligodendroglial precursors with a
replication-defective retrovirus encoding the t-neu oncogene, a constitutively active tyrosine kinase:
this cell line was shown to be 10 induced to differggtiate in the presence of 1 mM dibutyryl-cAMP in the
culture medium (Jung et at., 1995). This provided the possibility of studying oligodendrocytes as an
isolated cell type. The morphology and antigenic characteristics of cells of the mouse oligodendrocyte
cell line Oliamduredeyalipdtfoomtd 285antagse idatictidrabgnceSof rEcetsndiratitmeiniotied condition

and atter 6 giays ORI HRRUAURGERRUBEI, i Ay NI DHUEUSAVIPAiTlggh Subpjantially

Whereas untreated Oli- neu cells have a round shape and are mostly bipolar like oligodendrocyte
precursor ERRMOAUEINIY YIRS (HitRAaiuet #hutii@processes, have a flat phenotype, and even

produce flat, extended "sheath-like" structures 20 Additionally, an in vitro myelination assay using

mixed cortical cul | i izati f fupcti elin invitro. This system
provid(§s the posgéﬁ%/%gﬂ g%ﬁgﬁi%%&gﬁg%%? e%%gcﬁ)}%lés)%&ﬁggt%gg@?rgn@eqin@e‘gg r“vse R the
presence ofigefdn R Stedy tybish mypheadi§ aipsi 993 renkaiRgteariBAfogical factors can be

tested, which might influence the proliferation of oligodendrocyte 25 precursors or act on the
differentiation and survival of oligodendfocytes, such as influencjng the formation of real myelin
segments. The neéﬁ%piu TF] %‘r%%"eLes%ﬁﬁ%ﬁmak%ﬁ”%e{&ﬁfo‘:h%%'|ed to the development of a range
of assay types, in€hnoing 2afeft cfgatthgvbelinn orlbcptwresed/dighiconttiaing1 022, Cepelzeliar slice

culturgg ( <etat, 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

y ol 1d )
with other cell typ&Z iRy &olFIneE o WRe!S PBiith RRNIATRS HittGRRIARIRINO BénfywRrZRSh can also be

provoked inGusbwyystems via specific insults, and the response process of remyelination can also be

tudied. 3547 In ¥ d ' ' . ' [PTaRY: din vit
modes for mullipk e Se SNt Ol T TN U A e S M a Gl S ol o

MS, experifelengadaie @i werle Fravehy BRfied RAR)NIREIParaieth distidwalons on this model, which
has begn adapteddpsuis®:ifey o & HRERObrMAHHRAbAEIOdANBRSIring Lsl g bepmeinee, rat, and
primate Sysftcﬁg]v%e%ee/)i%mfﬁgvégk recovery period on a normal powdered diet (3wR);
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 (6WwR).

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 mli
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



Petry et al., 2000). Additionally, methodologies have been formulated for "mimicking" the proposed
viral component of MS in animal models such as the encephalitogenic Theiler's murine virus model of
MS (Dal Canto et at, 1995). 10 Animal models foggexclusively studying myelination in the CNS or PNS
are less commonly used. It has proven useful to observe the process of developmental myelination in
order to gain some insight into the mechanisms underlying oligodendroglial or Schwann cell
differentiatiwgrerdigreaio theintimire ieradisad foltbwing (286 sét apadiesidhraypbithesisinBrémkiin and

Hinks, 199@8&%‘1’6%%%6&8@@@99&% W%%WWB%IWQH SMHRB apelsn While the
CNS or PNS js still b% rmed, and remcéelln tion, which occurs i afn ultfﬁaradl m it has been
SFhef,

necessary T RPHITAES 1Stls SESSAEI) 4 ré@tﬁ’ Bc&¥s SN, e Cuprizone
model 20 @bdoofehavasotitewdirkresventdodheidght ase doothinetiesitge ihatioxt enmulviasidiftdte Cuprizone

modeldor iGRYS AR o LBBMANC e (HEMRAUNPR AL AN IRIGIAY 2 i aRoRE AU cmPOUnd.

Cuprizone, a copper chelator that has been shown to be™ selectively toxic to oligodendrocytes (Morell

etal., 19983"1)&99@%%%&5‘9%% RETRAATICHIBR 1O TR FPReCIRISXBRT S e fifZarE- 25 treated
mice. Thesgaygthalngieabsatliiinesrcintie migdiliZBekiyestainirghedwithiifords Pasadigody or MBP

antibody. Méﬁ{ln |s Sﬁ%‘g}'rﬂ%%c\fva%l% Qlt Eﬁlugn%n%de damd.ﬁ? chiff (L {?gﬁ PA§)I Re %natlng
S

ollgodendro e precursors cane V|sua zed using ant odles for receptor or
Administranien perauittaihdatoweth e 4% el fopaabi ipfthesoaseeRt eadumonse3(T bribian/andemyelination

of theygorpyisiallRRyBr EACHMHankyédRIMG|NsénteSyothRdi pREEAYRIToSRERIMAIRNE transcripts
is upregulated after 3 weeks of Cu grlzone administration (Morell et at, 1998). Subsequent cessation of

the Cupriz8AWYRYiMReA AR FACRAG Sffelr cofifBve fberé%mdw SQIHAR HESWHERs after

ceasing Cuperngeée twedmanittenic@BD axdmtheemgmwmeﬁnate#wmlwvernibatcmrw?lslIosum. Thus,
the Cuprizo model ovides a co IeIe in yiyo par WIIH‘I% hl(;p o) stud ects of
demyelinat?8ﬁ"lf"§1 gﬁéj F‘é nyéq%rﬁ?of g age deaﬁwg Ssenc o?r'racgw fFtion into CNS
tissue, enaﬁheng)mmr@mdmwe&smwjslﬁmayemt\dtmr@rQMeMEamsonmbwytmaS repreticasbility of
resu't%s(H'ramaﬁr&@éoalm&%%édaeaEéepreamb%ﬁaétmﬁmh&ﬁzrég(&fﬁmdw'@n@ewaﬁgs old, 20 +3g)

were used in the study, which involved 6 groups, each containing 6 animals
of the brain and spinal cord in para in 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



Group 1: control group fed with normal powdered chow; Group 2: fed for 3 weeks on a powdered diet
containing 0.2% Cuprizone 10 (Cup3w); Group 3: fed for 5 weeks on a powdered diet containing 0.2%
Cuprizone (Cup5w); Group 4: fed for 5 weeks ongg powdered diet containing 0.2% Cuprizone,
followed by a 1-week recovery period on a hormal powdered diet (1wR); 15 Group 5: fed for 5 weeks
on a powdered diet containing 0.2% Cuprizone, followed by a 3-week recovery period on a normal
powdered dietq 3siRyecenieds: dledsfos!BlesedBepaTaqetwile®d ditenzehtaating®.204130QYizone,
followed byﬁ)@dwﬁslﬁ{g&q VsRESoE a8 astimibRRidsddigtdGndR). 20 Brains were collected from
the animals in each group af 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 catbefiilguteaeldate putamen (striatum) and hippocampus. Brain tissue sections were
embedgded in paraffin for i ohistochemistry ang in Situ~2° r'g' atjon., Hi toE) jcal tissue
prepargtion Forma |'Ir'1 ’&%’s%ﬁ%&f é%agﬁﬂ%%% Vo%ﬁ,@#?ﬁﬁ%%’gé !/Iéde%O ﬁfﬁjfj@ 0 \p/)'.aa.), and 1
volume of stefitefpgtionyARBresUsRRY o dfeRrtAmaBedNmsi(doptienel 3b 93Pl Sedsavretistaltic pump

and fitted wishar29%, SLNRANS ey itleshwity,18.0) GRBRed Bentilenyas Hisarilggrcontinuously

with 40 ml of formalin, with care being taken to prevent air bubble formation. Animals were
anesthetizet@RiRFEHNGA thtbﬁ'%éhfs'&’!fr\@ﬁf%ﬂ diigedy 1 Lell gHitws imesd  KNAd R ntration of 3
mg/100 ml, gxtaicted nisagpttdi Al rizetiMeihiod\idee Ieibivgtive to permit subsequent histological analysis of
organToand tissues. Each mouse received an intraperitoneal injection of 0.05 ml (0.75 mg/kg). Once
animals 49 were drowsy, their limbs were fixed with pins (25G 5/8 needles) through the skin onto a
Styrofoam board. RAMA$RIalRBN of each animal was cleansed with ethanol and an incision made with
sterile scissors in thegkprna gslesebeid TrRorxiemneed Bellabegnashuasshan motrer siaido the right
and to the left §ide. Théergxh%rno was Iiftlevq, 5|Wi h :flng%i{ &%orr%?%%a d trrrl]e qizv)/tilra m was opened
through a dfgéo'%% %%ISIO?’I, 8ha 3 bk eranolﬁusr%n perpendicular B RE ﬁ?)g TImae ® expose the

thoracic cathiey WittZ PlcBbeantiragtivrarpintdce! midtie Tenbnolgies a8 GielBasith f@witpariand)the
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.shtml).

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



right atrium immediately cut to allow venous bleeding. The circulation of 10 ml PBS was permitted,
followed by 40 ml formalin in the case of each mouse. The brain and 10 spinal cord of each animal
were carefully dissected out and placed in 10 ml fgymalin solution in a 50 ml Falcon(c) tube for 2
hours. The formalin solution was then changed by 10 ml sterile PBS and the material left at +4C
overnight. The PBS solution was then changed again and the material was left at +4C for a few hours.

The brain hehthspsraeerdamainpisr it budtheieta wipnessipprefiiheatiesy saaple Eiethisfas@placed into

plastic basqyeterUpRRIElE WENKR 485l IRVENSCBEM: FERBSHBNJORtI BRI ABIARRLafnal cord in
paraffin was done u%n%an 1ut atic Tissue Tek Vacuulgelnfiltra[%on Pr%%;ﬁf)r E150/E300 (Miles Inc.
ShAnnier, 1

Diagnostics"jtgem BAELELAB P SATIRMSE ARRREAINS RUINS 560 minutes in
70% ethanol 60 nieUtadn thie%xpieasioh 8¥ehoidagivienaiErnecthsaoipOinaimdifetka BOWethanol 30

minutes; in 9a¥eihanol R ABINIIGS RPR% ShARCLeRRO MinUiRSId 96% @thangd, 3 dginutes in
100% xylene 60 minutes in 100% xylene Four 60 minute incubations in paraf%ln (Histosec, Merck
11609); last¥iagE§ 38 MipsIataTE /&r solutions were kept at 40C with the paraffin at 65C. Once
the tissue sectionsiweseseqdly, Hiperidiadtian s sprfatned seciianeouele iplacathititba, desired
orientation on plastic c bers for paraffin block.inclusion. The paraffin liquid was_ poured and
allowed to gggﬁau?%fﬁy% %@%ﬁﬂ%oo?%ge.c gr;';{}ficrll‘lg'J ggf(ns!n\ﬁerrge ep%( éégsé nlnctaf\?aﬁﬁgfotome for
sectioning (8rdobegomestisss weliebirefPimientagasorenessipinabselstedeyriessinfelevels.

(Superprosivglgahbledd en e peasinie 194530 s HERDARVELELESIBE BRTSaRIRYgrhile a dust-free
environment, Cell Culture 5 OIi-I'%ﬁu: Mg}gﬁwli%od ndrocE{te Eell,lingéOIi-neu%ﬂcells were enriched via
centrifugati®h SHITESHLBLRARY NSt N rﬂ°?ﬁ8§!f8 Y PRYSIE880 R Get8 2 fitRed in 75-mL
flasks at 378ughd BYs{0 2 coonparikxohsondititess. Meffablenttattothey can provide additional

information on mechanisms that might apply to the systems being assayed.

15 -Results

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

differentiation mode! | 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




was performed with 1 mM dbcAMP added directly to cell culture medium. RNA was extracted using
the Trizol Method (see below). 10 RNA Isolation Total RNA was isolated from Oli-neu cells,
cuprizone-treated mouse brain sections and mougge post-natal whole brains at different developmental
stages using the Tri-ZOL(r) extraction protocol (Life Technologies AG, Basel, Switzerland). 15
Poly(A)" RNA was prepared from total RNA samples using Qiagen OLIGOTEXTM columns (QIAGEN
Inc., 28159 Stanfor@sitiakantrebiehBiGECRegutBRNoEMyelircipedfigyansassing cDNA Microarrays

Microarray experiragngpiitiks 6ameoRt INGAS Gahasyks (InQitRiermNMEsIIZ o Gf Fiif2orter Drive,
Palo Alto, Callfognla 94304 A) DGE analm %gas performed using Incyte's Mouse GEMT"™ 1 gene

expression FRITH 5@59‘3@1??[3‘ ﬂwﬁ/\ﬁ’%ﬂ}tg gents/gem/products.shtml). The Incyte chips used in
these assays werel hidel dtishitwsc il Aegididion exb seovedsios myetinis BX3ic genes, iretertnawn and
unknown (Bid ﬁr%%enﬁeraartagxtecﬁffar’em@h@H@xmrmgr@é’s%r@mﬁé %@%B&Ié@ese genes to

be spotted on a sm%Ie array. Each cDNA molecule corresponding to a known gene or EST was

500-5000 KPP ket ﬁ?%&?ﬁkﬁ@%ﬁé’&‘ﬁ%‘aﬁ@ﬁ&@m of &E%B@[ﬁé’&?ﬁaﬁﬂb 8348 518 2,000 pg for
individual neblfiven coisiaoh fide .veHeyieyg aottiy rofidbiNify. rSmmeekﬂéalegamumraynqoqmarmedﬁuWas 600 ng of
poly(A) RNA %té'“ gdgye&pf Ghakled E&E‘a %U’Q %Qfeéﬁ é?"?f?eg""?ﬁe ?%6 R/%darger than

1.75. SlgnaP orma Ization and EXpression eve etermlnatlon atios computed
fluorescencpirssiMie 8fplRAE OGNSR TAERAINATE 25U taenENPST tREIdehRiusefbte idifalesidh level in the
2 cell samplashietigoheRabrasg) Bd BYissprssignsrerasinaaas are computed based on
normalized expression levels. A normalization factor is computed by dividing the total expression 51
of the second sample (P2) by the total expression of the first sample (P1). This factor is then applied
to the expression [EABLES ¥alchviyorreguRttorCfapytiis-npedifidigatien isteycinasrby@ssappled, the gene
ratios are CWH@M(%@&Q&@ following rule: Let E1 be the expression level of a given gene in

sa_mple 1 and.let he the 5 normalized expres ionlevel of the same gene in sample 2; if E2 > E1
then ratio=E2%2¢ NS wise ratio=-E1/E2. Since ARG5S ridizat YR pe L s thed Rimult hneously in
competition, the Number 3w 5w 2/10*

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 | +2.9

(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



Incyte chip technology is more precise in determining relative expression changes and becomes less
reliable for the measurement of absolute expression levels. 10 Nevertheless, it is possible to use these
expression level values for comparing pairs of sample RNA populations that were not actually
physically compared on a chip. Such in silico comparisons are less reliable but they can provide
additional information on mechanisms that might apply to the systems being assayed. 15 Results
Models us88nes ﬁélyﬁg‘ﬁ\eﬂiﬁ@rérﬁmﬁ%@téo‘bgﬂ‘ﬁrP@L?dYe%%FBW'T‘&M%SI\V%WS\‘R&V% #8HSs, which were
used for exeameast olipnRdme teatneinn Mdicidiagtinat Q%iﬁmwgsmmssrmmm 20 TABLE

IV: Model d lIs +
dlbut;y?c?ﬁu qBﬁ} LE e?”&%é Q/Léo ge§'n§ITe§§2ngrocy Jﬁgérépﬁ{ ?‘ é?gr‘i)tla ?(;Jncniosdel Oli-neu cells

+ dibutyryl-cAMP Oli-neu cells (untreated) (6 days) 2. In vivo Adult frontal brain + Untreated adult

frontalgorain  CuppigpiredasIrezareida ay@gl@)mnyelination/re Adult frontal brain + Untreated adult
frontal brain mye (énatlon odel Cu‘%rlzone 5 weeks) A L?ﬁ iront%l br(a g + Adult frontal brain +
O%QHJS

Cuprizone (3 wee Q) E’ﬁp Bne (% 88%5‘ eVt e p <%nand ﬂ!/ Pibuse

post-natal GaprzgR€) myelination (P10) cerebellum cerebellum 52 Positive control for DGE:
Regulation of Myelin-specific genes. As positive control, it was first tested if differential regulation of
myelin- specific genes could be shown usmg DGE Table Vv shows the regulatlon observed for
myelin-specific g\ rasest & =41 ST B PR PUAIURYE for each
gene @ye repatieck H@ntb@ﬁbém&weakaryé@m@MWwomm@a@waam@;reatment This data is a
positive control for verifying chip reliability. Since the regulation of myelin structural genes under our
experimental conditions is well characterized, the observed expression of these genes measured on
the chips could bélesieokt® indicate a) 10 accuracy of the technology and b) reproducibility of our
models.

cDNA Template Generation

The cDNA templates for TagMan® analysis were generated from total RNA

15 samples via reverse-transcription (RT) using the TagMan® reverse transcription
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 MgCl, solution (6.5 mM), 20 pl
deoxyNTPs mixture (500 uM of each dNTP), 5 pl random hexamers (2.5 pM), 2
RNase inhibitor (0.4U/ul), 2.5 pl MultiScribe™ Reverse Transcriptase (1.25 U/ul) and

20  38.5 ul RNA sample (1 pg total) in RNase-free H,0. 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.



TABLE V: In vivo regulation of myelin-specific genes in microarray assays on in vivo myelination
models. Gene Name Accession Cup Cup P Number 3w 5w 2/10* Myelin basic protein AA059540
113.6 11.3 +7.9 Myelin vesicular protein/myelin gnd AA519027 33.5 11.7 0 lymphocyte protein
(MVP/MAL) Cyclic nucleotide phosphodiesterase 1 W63987 22.9 11.1 +2.9 (CNPase) *Postnatal
cerebellum day 2/10 15 The above table shows how some myelin-specific genes were regulated in
the microarray asE2§saheneriadipointisales othedisRIueRsas v thsddengsere@fistRIiMeBmyelination,
remyelinatipiighebdexeloerorRiag MERIMAHENan A1 s 30 I iin HIBRSHARI 06 XPR]SIBH Q)fN-specific
genes indicate how the process of myelination . 20 can be studied gt the level of transcriptional
regulation 9875 ﬁm\‘ﬂh&a%.d,& Fé?%ti%)gerl?@Bgé?fbﬂgdﬁ@gam%tﬂ]ﬁ)H?fﬂ%sa‘éfrmfeﬂ‘?gﬁﬁg effect of the
treatment candspondiradizted éadpauifitearpais anthaéhmoGseBaakn aCbessimrenamBervetithat was

expected to ob e i r n | MW lin_synthesis and/or
myelingema%%%%%%c%e.& gﬁ%d@%ggﬁgggﬁgﬁﬁyﬁiﬁ%%sggﬁ@%%gag M\D%eg r\(?iaé]r%@croarray
serves as WeBAG#mation 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- phoslﬁ\o%itﬁt _r%se 1 CNP§§er) j_oy@&egulzyted 2.9-fold, were reduced at 3 weeks of
cuprizone treatm @a S48 2 HRHOIS IEP WEVET; TRYTENA levels for both these 53 genes had
returned ((Behe8Nantk 1. 1 1Axdddse|owTagitaide 0dl GO s pectiTakyMde® OMEEXSBOUENRENe treatment,
indicating that the biolog 'ﬁ%ﬁ;@ﬂg}gﬁg attempting to establish remyelination by boosting |[synthesis
Ifte

of the structural myelin proteins. 5 rential requlation of osteopontin: On the chip, Ostegpontin was
upregulafSecestedy (+2.2)/nd 5w (12sBo@niinEitE. EXAMAGC? CCAGROAGANTGICTIRdABtial gene

expressigh el iisRantida280 rELEBRRFRPIERIVE REEEEE ARSBRERFTCIROTTER 7psay
(ragmart) Heodt

10 TagMan Reactions
SYBR Green Real-Time PCR was performed with 5 pul / 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 ampilified and their C; (threshold cycle) values
20 were determined. All Cy 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.



cDNA Template Generation The cDNA templates for TagMan(r) analysis were generated from total
RNA 15 samples via reverse-transcription (RT) using the TagMan(r) reverse transcription reagents
(P/N N808-0234). All RT reactions were performes in a 100-pd volume containing: 10 | TagMan RT
buffer, 22 | 25 mM MgCI2 solution (5.5 mM), 20 | deoxyNTPs mixture (500 M of each dNTP), 5 pl
random hexamers (2.5 PM), 2 | RNase inhibitor (0.4U/l), 2.5 | MultiScribeTM Reverse Transcriptase
(1.25 U/l) and 20 Ne2speradafipRPEEECtotRNh RPESIRS ristaliveotaR 8a P WA RrfSrmed on an
Eppendorf paasieid/cley aydastifieatléhmit (iaDubatieorstengddSiofer 30 missdeayerseRANSscription),
and 95C foEOSrrGrpsin i .%C“\(g“[%@ stegﬁfﬁll s%rghee?i%eg (ic[))NAsaYg?ggorstggﬁg %t -SZeCr)\%:nin 20 | volumes. 25
Primer Design 2ha Vertication SYBR Greéen Real 1ime PER %orward And reverse Bri%ser% for all
confirmed Rrf@fsioginglGAPEPCtholRR tRibpaigreinparyifereticsigaswligsiramir FmrelroExpressTM

softwase fropyBieRieanianns ReAadng e mbnigionsamiencaeard ordsrgslatd-02 M
concentration from Interactiva (Interactiva: The?er_tungSO Labo;g%;)rétﬁedanstrasse 10, D-89077 Ulm).
re

The specififR{TERYBANR 3B AN IIMS GEN S dPs  £83%4 1Ridount 'b@Mial genomic
DNA contaaniabiitninvitsenmitisioce ddentpaidorand R @Ry refitiotta RN ated tongeakbral@NA samples

that had bagihsuRIeCEAYAD IHPTRe SARSRBHOBTERRIINS(NdlEPRence Al e R1oapayme. Absence

of non-specific amplification was confirmed by 35 analyzing the PCR products via agarose gel
electrophofediuiaiansoh faletivienarjuiation praliesras Sreviarmedtyetaking theera®avCrmble indicates

g}; Saﬂgepﬁﬁeofoﬂflﬁélﬁflﬂiﬂ@@%%ﬁg?m W&ﬁcﬁgﬂﬁﬂérfwﬁrﬁﬁgﬂwaﬁfé}mxﬁ]@@ confirnr} "
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genes. corlBBERBILE (e ATHEL RIPIFR F1E e RO RE SOR R BaP A Buence used

to design emelarpGmef tvitlealiler ftonfer Ehep texssX Mo itheakCaraf Hiab targdti (eaC)ABY BndltyPrimers used

for RT-PCR analysis (zene S. JagMan( IGO TagMan/(e) OLIGO SEQUENCE Number
NAME Sec?é?é%sﬁ'ﬂg&?ergﬁ%ﬁﬁﬁ%ﬁ—ﬁ%&%%?@%E’%&iﬁ*ﬁ%ﬁ%&g aplf%s%ﬁ%)xré I\e{in 108928
Osteopontiaf #3580 G GMASHARTIT gIEERATESSIoNn.

15

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 o Ry = 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 pf passive reference)

Calculation of Fold Requlation from Cycle Threshold (C+) 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



1 (osteopontin) 10 TagMan Reactions SYBR Green Real-Time PCR was performed with 5 | / well of
RT-products (0.5 ng total RNA), 25 | / well of SYBR Green PCR master mix (Applied Biosystems, CA,
USA) with AmpErase Uracil N-Glycosylase (UNG340.5 Unit / well) and 20 | of primers (300 nM). PCR
was performed at 50C 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), 95C

for 10 min (ROPUkHIBNTIAS B Astihsrieyriemaint ahmiprtsartalisticaiyrsigniirantingreasedr 15 sec,

60C for 1 miroR thetABtdRBEE M W@%mm&r&m&ﬁ&ctmﬁmm stEmdrY geseatisansicrivped cDNA
samples Wzﬂzig Sﬂlﬁ I|f ed a d thelr shold Ccy e&val s 20 yere det]errmneg. Il CT values
e

were norm ﬁ'é)ﬁs%}i( plr?d )f:’Bn a ere fe sa?nﬁes were i duplicate
or triplicate pergeneder uhelsmmmnnmgm wicdiéerneintial gmgﬁeespmﬂ@nb $pesificcvduesiiazenfirmed

genes and GGRAREHESARGYRE-SpaR! SRARNARICHARRY 9S tKe mts@wae%ﬁﬂﬂaﬁegmaﬂon

via Cycle Threshold (CT) The principle of real-time detection using the SYBR Green PCR master mix
is based uﬁBdW@?ﬁFe@??i’@t?@ﬁ!ﬁﬂrBT'%ﬁ%ﬁ?&ﬁ@f%?ﬁ%ﬂgdﬁr@?ﬂéqﬂcrease in fluorescence created

by the binding of SABfalCietiendyge telativeblp:attiaited W2aNds Wais penfmitserqluaylt'tﬁm@lthef the relative
increase in 306nesRAGILC AMMECAIRRLAC RIAdUGL DRRERNBGRAIRMIN SUiusS R (easurement

of specific ¢ species relative to a contro samp e is performed by quantification 0 ?\IA converted
from a mesdifiegen®@NACOInavpandimd aiwrensiasaeicsgemdere Rl ¢h endagisnens Samrple serving as a

physiqlggicghte&lisnsain ghm&ahgwl@% ISR ICHBR RAMRe, e@@l FSANR €S bptRAted

condition. Relative quantification of the cDNA species is completed via normalization to an

endogenoutPEasitidnGmiHinalsethe Apasivg Wéﬁ&%%WﬁW fartheikarastivasritaressseentration and
quality of th@stgtfapﬂalgaugg%@g@gq@@pmgm @N@ﬁmﬁ HeRerRY@regtiofficiency of reverse

transcription reactions. Calculation of relative quantitation values was performed by taking the mean
CT 10 value for the replicate reactions run for each sample, calculating the difference (ACT) in mean
CT between targeRsmunipdes and the endogenous controls, subtracting the mean CT of the calibrator

for ieyfarget 10 RIGARE QLRGSR DABEHRAY (RIVBERTEURARIFYNG gy oaton

value for the target as 2" to gauge t
sensitive and rellable 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



of the up- or down-regulation in gene expression. 15 Normalization of Fluorescence Signals in
TaaMan(r) Reactions SYBR Green-dsDNA complex fluorescence signals are normalized to the
passive reference or negative control reactions cgftaining 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 thenidactoncerirator ang fuality eé ke databRidinisgdiicarisoentemiatrieRNASIplate DNA
o e A emion mtnoty of pass
emission intensity.o reen-ads cample WI emplate (emission intensi y (0] paSSIVe
Sl S SRR e s e e R E S i R i
intensity of piswveorsriershity) paimitithre aferoyelRatipriadmyétonti@y oy adigns lashb¢@ealues AR"

represegnts (e mggﬂi‘g”ggngf,qgﬁéi_gnal 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 thEgiiS-8hd BRMBR KRS MARLS IXpPSIEIRHD A1REESHIRRIANRE SHBZH8EIfic transcript
in an experigreydihsioh Anbbelpareudhtion. i BigixedA)s The oyReRinglatofvbitbapsttitisiieadly significant
increase in; AR, is_first T [ is _defi the f ndard lation of R" for
the early cyf(c:)A e%‘f r?ﬁ u&?g ph %%%jg%dagﬁj@éﬁg%%tjgﬁ &%%{%Ey%%t raes\é?o dg%ggmgggel#p%%éggd for

quantitatiorpgminisiztian{3gEneupprardidhicld afieic WRRKS gfdreatarnti&eed. feHRAch gene-specific
growthecurve baseoseibiantPoigksesyile aashitdwmedirieasafiove Bagkarosinkeliugrescence

intensity is detected, All calculation of#elal*jve uantit tiort1 valp was eﬂrj rmeg by taking the mean
CT value 1P Tl R TRy SR FESAREL Gy B BT CE GO n mean CT
between tamet Ehespldiodingstlirdsati genionodantrodée]16f asteopbutirctim dhtelemeyelir@lingf the
calibrator iR IayERATERMIRESE Gl sl elasifle fitydiin StiBALtatRSVIRIAS fdartiiigation value for

the target was expressed as 2"c' to gauge the extent of up- or down-regulation in gene expression.
Resu lts s still ongoing.

15 Fig. 1 (B) shows the results of osteopontin expression levels in developing
Cerebellum. Osteopontin mRNA is transiently upregulated during early postnatal
development, days C4 to C8, which is the time period of initiation of myelination in
the cerebellum.

Microarray resuits 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 results 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 Vil 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




15 Real-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(r) 7700 Sequence Detection SysterrbBAppIied Biosystems, Foster City, CA) integrates a
PCR-based assay with hardware/software instrumentation to provide a system for high 20 throughput
guantification of nucleic acid sequences. This combines thermal cycling, fluorescence detection, and
application-gpaeticosgiiwavioqgrmit the cycledysycle detectiogwf the increase in the amount of a
specmc.I?Clgrgmgﬁta.iExpkjas?nppg e\\n/,(.eﬁll hlqh}g regulated genes pm_pomted via microarray analysis
was verified using the q‘ag an ry platform. In each case, as far as possible, 25 a time course for each
model systenfiopéahraised was EuHdawTRis pddkitted more datat® be gathered regarding how
specific geneReNBKAA dwiRg Gupomplgter progess: Changes in gghe expression could be quantitated
via TagMané:rl) via direct detection of Sn ir]:grea e_in the PCR product via measurement of fluorescence
30 created y%@‘lﬁmﬂhg Vé\réﬁf?{ Ereln ye to5 ouble-stranded NA, represented by amplification
products speéaifitadthm gefhovbBumy assayBd. Mdakurement of spedifin cDNA species relative to a
control samplg,is pEFMesl PycqiantEigaiion of gaNA converted g, g pgsisenger RNA

corresponding to the specific gene relative to a calibrator sample serving as a physiological reference.
Calibration E"BRiERINy & 86 S4npId o a cbRfrol or untreated iiYeRelative quantification of
the cDNA ‘species is calculated with normalization to GAPDH to accountfor any variability in 57 initial
concentration and lc_)lf_:t:eég%lme&uo eéjlrgnqlrg?rgt tem| 3 trr11 conversion
efficiency of reversé-tra PJHOTT TEACHONS. EXPresSsSIonT of seuretet-pHosSproptote gsteopontin)
gene was af®yzed in a time course study spanning the demyelination/remyelination paradigm
associated 5 with fagtrbgeizone model. 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 t&be upregm mouse frontal brains after 3 weeks of cuprizone administration (3 w.

Cup.), and 25-fold Eﬁes@uﬁke@snﬁl@maﬁe@f@y@ﬂp&pﬂa@@ﬁmmﬁﬁa%m@@m
downreolaygfit o \aAABRIE IROERT e HA Bal0 AR ElEPTEARcAament (5

cup. + 1w, 3w, an .)- These findings indicate an important role of osteopontin in t
demyelinatit§ef). These contained 2 ug 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 results 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 §X 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 ul 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%



and remyeliantion phase of the model, since remyelination starts when demyelination is still ongoing.
15 Fig. 1 (B) shows the results of osteopontin expression levels in developing Cerebellum.
Osteopontin MRNA is transiently upregulated dussg early 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"PMARBERWsREH A Léte SEBREIHRIALCHIIAR ASHRLIIARRAFARAMR elinating
phases of phipediieylpeiatieading ehawsgthat the osteopontin expression profile peaks during the

demyelinating phgﬁghobgpm}]z%g %ﬁ@ﬁé}h@;@ﬁ%ﬂp&nﬁE@F Yop Jiil(_)@ rﬁHr@ig} year baseline

levels 25 The results are shown in results agMan(r) analysis of osteopontin

expressiorf@ardesEss 40Pty B¥oNPRBe 278imoPRRE-RadtritH M rigbe Yorm afgeb weeks.
TABLE Vllichg@lylanis) waapiswetiasiepnsviingroritiaratisiaiesaipasmneyhargsiehyissue type

Experiment Ex%ession levels ;?T?ulation Fron@l rain Cup, control 1.00 Control level Frontal brain

Cup. contrBIEAEINE N PRGnANLATIES RIS SFLER; ARREIPRIIeS Sy LM ChaR8t y Frontal

brain 5 w. Bugkirtfhamshiré8 BEnglatal RN SNA)Cuging 33 solutimtabbralesbriveCyemd w. R. 1.79
up Fronta ' + I [ ug. Re=2 rontal brain 5
. Cup. + Tty WS el Bobdd e BORE, P hadlhen . St e K T+ 5w,

R. 1.04 CoPtRbIMaRse. S SEifmans wACRith. 2 K. Stehibohbe RN trexsteeficieneyonfimation of
differegtialyasdaprerts ByiesHIgHRYMaitane JH@TIMeIhedgel 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 Probe Preparation

Radioactive *’P-labeled probes were prepared 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 mi™

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

20 Industriestrale 7, 6343 Rotkreuz, Switzerland). Unincorporated %2p.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 distilled 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 blot 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.
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5 Blot Preparation For specific genes, tissue 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 diffeeent 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 thMﬁry process (up to 6 weeks) was used on one set of blots. Whole brain RNA

from different posaataeiapbiageamss weed preddeoprskent. dripyed disne-cestssdsefies of RNAs
was prepared.from.Olizneu cells.ar in culture and. 15 treated for different.lengths of time with
dibutyryl-cﬁfmg. rq'l%“Ffﬁf: %%Jsedge%\p% sbcr%e%agrﬁggﬂl} ngtngf%%{%? er\]/vs(t?)lfolgsv\%r%aﬂgee with each

gene-specific 2008k s sansithdtympdsraerycbeimisiaralrsisaplnatiamy Hesuerraraificity asults due to
uneves stappingsisfierdiyridivaiiogent! Bloiswese Bubrilizediwvismditaiadton arbemgainst the
gene of interest and then, following stripping, with robe against mouse 20 . .
glyceraldeFﬁ%i"f'g?BhB'gB‘ﬁ%% ﬁﬁ@gﬁpﬁﬁf‘ t@%%nﬁ%ﬁ‘gr %’Ffﬂ?%'ﬁ% [ W%gﬁiﬁg.a WI&O pg/well)
was loadedhetttadafdr. 20 fireniagu BGiE agantis @ beinethdnimigréerrapldedlysis. kst X dbes (209.27¢g
SOMODBISARR A 00 B SeHTSaRRaR, R4 0 RIS 0 n S L with

sterile H20O, to pH. 7.0 with 12 M NaOH). Each RNA sample was mixed with 2 lul ethidium bromide
(0.01 mg/rifPfor™®s cerxespauding: ithhe950s 8hiatRIESHonic acid (MOPS), 3.5 | 37% formaldehyde and
10 | fgomamide. SausplesNe@ttethebidieaied prédreld LSDINRNACK claR d| ik chdlbchign dee. Two
microliters RNA loadin ffer (50% qlycerol, 0% bromophenol bl nd 0.4%
iene oy ol R RE e B B Th e e R R e run
was -3 holR&/fn fsagments POy alemes LReme Iq s DBitcwe. Geoeminmalkreapiis, 20Derh&X MOPS, 270

mL DEPC-{gtes! {43UaS Meas(8! oBIBRGHNiT QN SRR AN EXSHBANA transfer to a

positively charged nylon membrane (HybondTM-N, Amersham Life Sciences, Amersham Place, Little

Chalfont, Bﬂﬁkiﬁﬂﬁ%sHﬁ'@?EﬁglEﬁﬁoﬁ‘W%Aﬁﬂ% R8Pes ABABIS 2 SNSEISIPPPAAP Brown, UNIT
4.9, Garrehiybridireble, 4 883 ffRNAS istlated &lorR thixdnbins. Bf KinglteatedviithMaprizodeG. Seidman,
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USA). BlotsagMen&@ealysis 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



between sheets of Whatman 3MM filter paper at room temperature prior to hybridization. 15 Probe
Preparation Radioactive 32P-labeled probes were prepared using gel-purified restriction fragments of
cDNA clones (-500 > 800 bp in length) correspongling to genes of interest. DNA fragments were
randomly labeled to a specific activity > 109 cpm ml-1 with 32P-dCTP using the HighPrimeTM
labeling system (Roche Diagnostics AG, 20 Industriestraae 7, 6343 Rotkreuz, Switzerland).
Unincorporte cc82s24it@ Tef veaiprizent feeding .githatyldvale dklasieopsintie prabé\rmbttmremrough a
Phafmac'aéﬂfrp oxifatIg HBFACRULAIAG T REERE ¥R G d?y5 MrdivgdatiavG fligilled water
containing 0.15% Kathon(r) CG/ICP Biocide(r)). 25 Hybridization and Signal Detection Probe
hybridizatidA W FrsWameRiiasd 'Exﬁ?é@éi‘ﬂ%ﬁﬂwtﬁﬂ%fcr?it&ﬁgonmzG’@é%‘ﬁiﬁ’@aﬂbﬁ?@|rcle Palo
Alto CA) aca@pitioad enaisnaetrigurepeaifications. Blots were exposed following hybridization to
HyperfngM MP (Amersham Pharmacia Biotech, England) at -80C in autoradiography cassettes.
Stripping the probe 30 foIIowrng exposure was performed by incubating the blot for 10 minutes in
sterile H20/0,5%E24 14 : punigigekfiot to cool for 10 minutes. Stripped
membranes were é@@@ﬁoﬁrﬁ'@?ﬁ%@ﬁ&ﬁﬁ@%@&eﬁ%d&@ﬂ ORSRRY (RIRRTRRINEARP Q\QasReSU”S

Northern blot analysis has prevrousl been e Ee(@/ed as a secondary canfirmation technique in

large- scalerﬁﬂ‘?érgﬁ‘i’iaﬁyggﬁg'\ﬂ%rég SsthBf LoRMR A% NI 0B0) ' Fs S EHRIMMBS dhiPatcuracy
permits analyss thienebolkdydb&annedspembouﬂ;goﬂéndxmmohs‘momgared genemrblr(tmleet:but also the
e o Sfeer dual-feat Al AR R8N FIRA S BLAN RO O AnElioi FiiaRaies 1 @

reliable method for confirming DGE results obtarn via microarray ana ysis. Also, Northern blots

provide mfd%ﬂ%tr%rﬁé?ﬁtﬁ@% tieadmept dols 3}1d%d?s%ﬁltéﬁﬁ%ﬂétﬁrd@a%mSW%rrespond|ng

to the generebibrigeastebthiens orBNOHDRI IcBlotAVRIE tbreweréwrm@f RbtéoisenarecRmA the brains of
cuprizone- ti\eated and cqn

anc ¢ {ﬁclam'celawr?% were pp (ﬁbed ra oactrve I%br?rlc? gqu gragments
from cloned'SENTRS s b Oinc Enomics AbTiR |ty of rr'rern %18 0 repro e the results

observed v anytaMygj@gﬂ@pe g&ps@g@gntrn after 3 and 5 weeks of curpizone in

15 frontal brain was comparable to upregulation in oligodendrocytes after 2 d of cAMP

treatment

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 260 mM CaCl2 was mixed with 5 pg 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



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 manner, it was possible to
compare the Northern blot analysis to the TagMgy(r) 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 raptibsdiets(BR&LSygdéats, AANEASI0IT hstEGFthtagget cahstradhserdevhe flaritediy EcoR| and

Notl resticypgsiiesy Fociakea giaefon s NeFRMOIARRAIR, deiloranalizdispue

expression of this gene, an 893-bp fragment was cut from the clone using the Hincll"and Sty]
restriction &8%yMYENPIAEY FHRFTRATEWIRSs SEIGISRAERFHRH REPRAERERr GRYDPE piBIsstest ifhe expression
of mouse ossapRABEN Witks theqeCiE BEIP \Genttor inetrshivin Rreljdisntitaged tustosdaissmiepared with
RNAs from the brajns of mice fr. ch stage inthe cuprizon del, including recovery and
untreaged cd(t)nr\l’t?fc’)lshfhgrb%%ewgﬁ%r%%nedé%?@gwﬁﬁ"a ﬁg%i(?é"é't%gyT%SYgd ?raénrﬁregnt O %H%%nouse
osteopontim@bhelogicabpeenfiipdit ferpBhaiowRrenented fry Beteonamtinruansérstedipllabeled 30
fragment of,gi0si8 WARIR - sTHiRMBIHSARPRAIIYBHYnRRITKAIAG drgeseHdRIcdferences in

observed expression levels based on variations Ln the overall amqunts of RNA in each Jane on the

I
blot. The expressibIe8F odBBPSNtAST NS cUPfizHETEIRAY nlce OPERIRNR pBak at 3 and 5
weeks of Coljgodendréegtiingg betrefilighty diiyhcheSe eslfsréssmdsatyelmation, Budribeietorecovery
Phaseqleveleah@sigapate f FEe- LB sl plsiven "aREe hRRoRP BB dFslyRIon I
expression 1 week after 61 the cessation of cuprizone feeding. The levels of osteoportin mRNA
return to aﬁb?%?ﬁaﬂely normal levels after 6 weeks recovery. This is qualitatively comparable to the
results obtained in TagMan(c) analysis of osteopontin expression in the cuprizone model (see Figure
1 A). 5 EXAMPLEA: Re | | iQn.ji
oligodendrocytes

shown in Fhjain ic#eewpnizopeanadely the results obtained in the oligodendrocytés. As compared to

contrglg(value = 1@dihdpbnth tinHesnivdenevR) (dak Peesrimeandioregicadiamel pstggpontin

MRNA. ANGiihg 98- nd remmyaimation i e ipitzonecmoder Sliahg GRS a2 F5Shd in

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



Prolonged treatment for 6 to 10 d (col. 3,4) 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 in 15 frontal brain was comparable to upregulation in
oligodendrocytes after 2 d of CAMP treatment EXAMPLE 5: Expression of osteopontin in
oligodendrocytes Method 20 Oli-neu cells were transiently transfected following the calcium

phosphate wte ¢iRifa&O BIGes GiomgEdigilor&dicBRt reatisdienTHicuRNdAB i P e verewere seeded

(10e5/ml) into 6-well plate the day hefgre ransfection_ is performed.-A solution.of 100 pl of 250 mM
Cahs was R e S B o R A SR A0 B TR PRS2 o (1 aomMm
NaCl, 50 niniptiopEs prelifenatjors weisplasedted Wieh gsimoppisse teoithaecheAMRisdndaldtion of
Na2HPO4 gndeNaH2PO4 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 37C in CO2 incubator.
After tRis time, theategiah was replaced with fresh medium and the cells were then incubated for
24-72 hours beforEquipnesiingmihsbéwakgzng by 30 Western blotting. Results Different mouse
osteopontin cons iKY WAY r EST12.2- osteopontin-EGFP,
pDEST12.2-osteglgc;a\r}%trzl-KI}-'l|as,96{;2|§"|;3EEIJ g%?ﬁ%—os'{t%oppontin, see Figs. 35 4 to 7, and pCIE-EGFP as control
plasmid) were traf@fetatignRonALPLAME, emissind@ifWayProduced and secreted by the cells as
detected by specitiz5sragwighbofniiRodies (R&D Systems, AF808). The EGFP tagged construct
made the monitorigg of the transfection easier and 24 hours after the transfection, a specific change
of ceflomorpholo A9 se in oligodendrocyte processes) could be detected in comparison with the
pCIEGFP control ¢liatesheshilinexBiohJiNgiaenddlfat 28%(d98h}in 5 drives the mouse oligodendrocyte
cell line oli-neu toward-# mm%&mmh@_lp@%m[@@g@gﬁ)he morphology presented by
osteopontin transfected oli- neu cells was very similar to the morphology of a myelinating
oligodendrocyte. These results demonstrate that the expression of osteopontin in oligodendrocytes is
beneficial to drive Coagmaeitits fondatis mailinaers asdotivavefore 10 indicate a beneficial effect of

osteopontiﬂgﬂjgpases Iinknggpﬁggodendrog%%kdysfunction. ul per 500ml
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-55616  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)



EXAMPLE 6: Expression of osteopontin protein in specific regions of the brain in the cuprizone model
15 Osteopontin immunohistochemistry was performed on various time points during de- and
remyelination in the Cuprizone model. Strong sigsgls were found in the demyelinated corpus callosum
and striatum bundles at 5 weeks of cuprizone treatment, a time point associated with prominent
microglia recruitment to the sites of demyelination. In order to visualize the activated microglia cells, a
CD68 staining at Metbedkecutive sections was carried out, and the similar expression patterns suggest

microglia expressiQIhehfsiieR RNt for S4B S IR s agteopontin was also found in cells lining the
anterior ventricles, This re%‘g)n was described as the adult subventricular zone bearing multipotent

stem cells for thé PrBeERls AFeBTBRE RIS AOYRE ANy SRYsbESINS SHBRIAE 25 -Siinings with
NG2, PSAWM&téd)ﬁFBio@oaﬂM p_nilH;esipermemedtéd c%imlbpldtﬁerr’r‘hgec&la wﬁagdepﬁt_rocyte
precursor %ﬁ\%@ﬁ?ﬁ?'&f@%%@%ﬁ% %ﬁé&&é@%&%%ﬁﬁmﬂaﬂ 35?53&%83«. igodendrocvte

proliferation A murine primary oligodendrocyte ndroglial) cell line immortalized 30 with the

t-neu oncogBRP S IL REVERDAIGSIS/yereEaWR 1hia Bumidifieent OFneCedpasbdiaient and properties of

the oli-neu cell linenas frelting thecauinringcorditisatoamedraarings inodyneEs adnGl99s). The aim of
this study \ﬁﬁg em asuer)((am(ralnt %ft th?_egf&'ctg"gf (?F;‘Ic\)l o olriqﬁggn%roc te s oIiferatic%%én a oli-neu
proliferation assay. Bifs YRR lBl%te*do el su%conﬂuently.g{]ﬁey \WerBSEN&d Fol 8P &Y in insulin free

medium bdFelie weremzad afithfindheoreanination efctibicells prowetn Gewellmibtersfiesi24quantitated
63 with AlgRsibnen 4B HR IR SsRERtAegFhout. Calculations for potentiation were based on the

comparison to the IGF1 (control) standard curve. The calculations for inhibtion of proliferation were
based on the comparison to the dbcAMP standard curve. 5 Material Equipments and softwares

Wallac Victor 2 masitadrethlae whditiigxcitation at 530-560 nm, emission at 590 nm) Graph Pad Prism
software 10 Reagghts Q- HRUS LS TEhE MR b ARMAPBIE S5k 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 pl 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



Alamar blue (BioSourceinti. Inc., Camarillo, CA93012) Components for Sato medium were as follows:
Product Supplier Stock pl per 500m1 DMEM Seromed F0435 500 ml Transferrin Sigma T-2252 100
mg/ml (1 mg in 10ml PBS) 50 Sodium Selenite $gma 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/m1 (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 oidiabigptradustiorR yrdicalanihat shiepsabrib Shpresaencg/aNd- changsiseqlaninL00

L- Gmtamlﬂ@s@&?@é Zémrﬁ%élzeauawrﬁaﬂgr@mt&mmm (rdaaRihg /O TéIPgrovaimhge0 Sodium
Gibco 25080-052 7.50% 13000 Blcar onate Hor erum 5 O(i %é%gloc tfl%%ott m plate, coated
with poly [fﬂfslne 5%?6% l1‘rom ectonscﬂl(ﬁ(lnsogyrﬁe;l&tﬂ ( 1 Igma "3 @AMP (D-0627
from Sigma)d4 ,948thod Cultivation of cells for in vitro bioassay Oli-neu cells are adherent cells
growing on Poly-L-Lysine substrate Cells were plated on BioCoatTM poly-lysine pre-coated 96 well
plates. The cells were split 5 2-3x/week. In order to split, they were first washed with PBS and then
detached with PER??H['E 1 mMEDTA. Cells were grown in a humidified 10% CO2 incubator. The
freezing medium mﬁedeMt%Saé(sMﬁdiUmrF‘igkth&W/td:CS and 10% DMSO. In this experiment, oli-neu

cells of no higher acp RES$ %) 2%% e usoeb% er(\; ells Wiere %S%B%% r&naos oncer}tratl%?tﬁf 4000 cells
S

per well in 96 wel plate after Avation in Sato me um minus insuli amar blue staining
After 48 hreaput@inimexbeassed aRd diliareell Bpeestssk Wegenrriatipn tfetheaioteinl Mcubated for

additignal %oﬁu.h?un&sTrla@equr@%a%ws seanitiored aéailidd HBrextalenanRh$90 nm
emission V\dlg(\;/)eresse %st%lgggﬁtﬁ\o g %e ) )anﬂq-ltng cell expressed OPN (HEK OPN) resulted
in a dose-dependent increase of cell proliferation (Fig. 8) with a IC50 for BacOPn of
3.7nM and 0.05 nM for HekOPN (Fig. 9). In addition, an N-terminal OPN construct
corresponding to amino acids 1 to 168 of OPN isoform a (see Fig. 2, N-term. OPN-a)
15 was expressed in insect cells. The purified protein was tested in the proliferation
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 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.

35



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 sarggles 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 pl in Sato medium minus insulin and added to wells. Oli-neu
cells were grown EXiasIFiEfigeEffedisinffarsibhontin, amdtibeexBiesisianedfWMBRAntiaigear experimental
samples fo&oﬁcgpw " ?g@scgggs(m&e# _q@%?, aa}gwere freshly starved for 24 hours in medium minus
insulin, we ested from the growthn fask wi BS plus 1 mM EDTA. The cells were prepared at
300,000 cells peMBPaRbIgfdeassBS§CpiEy Aidfr tRdnoniarcMBRRRRleRLiNEga§18Kbidsat 37C in a
humidified (¢ RnamshRtOPHGind AlFieabidenived cartited amdrige cells 30 were returned to incubator
for 2.55hours. 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 responsBrimalifféudiresnounts of osteopontin, which was produced using the insect cells

(BacOPN), or a maaRIaiiRE SKME PeiRery SiaserhtfofEMbdenasmvibsae fRlm wasquantified by
measuring the cellular metabolic activity with a f!uoro‘:ré%;ric/colorimen_tric growth indicator, Alamar

Blue. This 59t Srmiriegnay YR lsmale JRifsHah AR SR Res LRBMEh MRTGR 48 ce and
changes itgisséated aespdimgettothberotadoediuctibetzd gtoalthcortidasmvees dissgdietea aédl growth. The

agen,gnd gssay uspid e oo ALUBEE ekl oA AREHBP LSLRRIEN! 8ARA30. 5 Resuls

The results are shown in Figs. 8 to 10. A dose response was observed with recombi ant osteopontin,

both bacuRigRderIpr¥tase dnighealide RIEMESPNBLRERF USSR HRERi SReSethat pYotiFllF RY boiling

destroyed thgl Rinle Pegliasiéne pas-codeatos-wridititire pRAcs MBS PITESCHRREPRANTIN
(BacOPN) and HEK cell expressed OPN (HEK OPN) resulted in a dose-dependent increase of cell
proliferatioﬁ?g?d'f'% with a IC50 for BacOPn of 3.7nM and 0.05 nM for HekOPN (Fig. 9). In addition,
an N-terminal OPN construct corresponding to amino acids 1 to 168 of OPN isoform a (see Fig. 2,

N-ter% OPN-a) 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 S 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 TrispH8.01 M 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%



15 was expressed in insect cells. The purified protein was tested in the proliferation 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 on coversl®s, 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. Thxl?i %r)EE.#J §e§§gvy)ﬁbqtt Iissa{:(gﬂ\l oo\ Iépqg?éjl I%gaial lar?on %’1 MBP positive
ntro

oligodendrocytes than C 5 (Fig 1 In"a tlon whereas |n cu ures (Fig. 11 A) no
myelinating YitgBlgtrirsesnébbuifersution esoNteresRed cultures (Fig. B, C and D) are rich in
oligodendrocytes, Muemmrmﬁtemﬁé@(manﬁb@wmy@mmmnemwthatelﬁa@d%%n(Flg 11Bto
D). Counting 0 m th ters rey th ile no se nts £o d be bserv the control,
three dlfferegrsl ‘E‘S?Igfg r?é“”& SBM] cIo ?qggvi& f%wﬁﬁe BAd T em? eHl'wv TEIue er%a ’Ilﬁdf results
indicate 3hatRBS teadtthentadf moftwalqmgmmmmr mepcmmms twedl. dferimtiettid phenotype
of 0“9°den‘{!8@/§%%n%m% '&&ﬁl@%%%ﬂﬁﬂ&sfg{em%ﬁ&ﬂ%%}googg%%‘W&WS%%@Q@ EXAMPLE 9:
Effects of osteopontin on the expression of MBP in mixed cortical cultures as measured by MBP
ELISA MBP ELISA was used in order to monitor MBP protein increase and thus myelination in OPN
and LIF treated mb@0cPrbkah agkdies. 5 Primary Cultures The source of the material was embryonic

mouse brain tlssue.ﬂ1 er;@ r r%?x ﬁg %991 ore i&r&% E&Jmf rpg\le{nr|r<‘:1(l3”<3l{,l éxda%\éa post-coitum.

Embryos were dissected ACCo e pro ol o tzki et & cortlces were dissociated via 10

trypsin HigeAdbRIsAENPRINIESIEE] bé‘H‘stUﬁcﬁaﬁfﬁgeﬁ%ﬂﬁ%?twrmt%,a"@ﬁ@j@%h@?é@?ies, microglia

and neuronaér@t@wrﬁqgsmww septerkathle Wll-kpdapaidyabobtTntlYolclySipg prieiomted 96-well
culture plates n(at a 1 |n aI VOIH} ﬁ% fo ach we . 15 Reqomblnant Prot?r gé?atlmenthreatments

da sen ve an ective € onm
were performe usmg recom

prote pos Ive control, recombinan Mouse Teukemia inhibitory
factor (LIF) gnmgwﬁgﬁqqnmmusmg a unique reagent contairung bicinchoninic acid.

The purple-colored reaction product of this assay is formed by the chelation
15  of two molecuies 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 ug/ml, 1500 pg/ml, 1000
pg/ml, 750 pg/ml, 500 pg/ml, 250 pg/ml, 125 pg/ml, 25 pug/ml) and samples were

added into the appropriate microwell plate wells. 25 pl 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.



Laboratories, at concentrations of 1 g/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 concentrationggfrom 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. {gipesdpirigREgier 30 Final concentration 50 ml Tris pH 8.0 1 M 50 mm 8.77 ¢

NaCl 150 mm 2 m _HWW 5ml SIDS 20% 0.1% 35 10 mI NP40 1 % 5 g sodium
deoxycholate 0.5988vell{lairRatomet-sies!mmistereisn Kt IRBOEHR NPEBIErbPVRHEGN @ d to 10 mI of
triple detergeg bnﬂﬁemaomqmwarntmwp(mmmwpdmﬁm mbea Garlikapeelture samples

that had been seeded. in 96-well oated lates. Cells were ashed gently twice with 50 | of 1X 5
PBS ahd tREH: Iﬂb‘? gr'ilﬂfg 88?8["’ é( 29§8 é"t&%%‘cw ell. All microwell plates containing the

lysed samples Wéfbahmxtsmepe(mataﬁﬁlﬁbqlmeoltﬂmma&gsmenmédFfmtemmmaylﬁ' tre plates BCA Protein

Assay is aéjng;eargﬁ%r é{:%? i gs protem t%?? 1@ Aop/}gw%&ﬁ\g éBl(;(ﬁggg he colorimetric

detection and quan tot com ines the well-known reduction of CU'2

to Cu" by sreeRiwel. ﬂpﬁlk@ﬂlﬂ@ﬁwééﬁﬂﬁ“ﬁﬁﬁ%é MgHat iR taapesatetscFidRsiWR®IC detection of
the curprou&m@any(\%'aé@mﬁegmawlf@amemlsaaﬁ@i@ieg Dithgape. Qﬁ‘lfkﬁééﬂd The purple-colored

reaction product of this assay is for ed b elati 150 two uleso one cuprous
ion. THIs water sg baf Shreg 8)? %rfge E‘Sbi%aﬁgﬁ‘c% aﬁeé t'f?{bst i I%@Wﬂ increasing
protein corpapiittatistapderton bapades arkihY rBﬁg‘éFtBSOQs@ﬁmlrtmml|$Ijﬁlmb.TﬁmBﬂBPmethod is not
atrue end;agiiMRIGAGHPION SBlaEGPWHLERIRASVRIR RHE RURYHROUSEYIRIOWRE
determined after calculation of total protein content using the results of the BCA
Protein Assay. They were as follows:
15 100 pg; 50 pg; 25 pg;12.5 ng; 6.2 ug; 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-pl 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-mi volume of water). This reaction was blocked via addition of 3 M
HCI or 30% H,SQ,. The optical density was measured using a muiti-scan fluoroplate
reader (Labsystems Multiskan EX) at 492 nm,
35



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 ff;gnd tyrosine) are reported to be responsible for color
formation with BCA. Microwell Plate Protocol for Determination of Total Protein Content 25 25 pd of
each standard (BSA concentration: 2000 pg/ml, 1500 pg/ml, 1000 lag/ml, 750 g/ml, 500 pg/ml, 250
g/ml, 125 g/ml, 25rég4mig and samples were added into the appropriate microwell plate wells. 25 pd of

the diluent (triple detergent  byffer S d for the blank wells (workin nge 20-200Q g/ml). 200 | of
working reagent (ﬁﬁ)&ﬂ%@’ Bf'%gl'%lﬁg’t;ql gf g@% ﬁgléledféﬁvgln%m?rf ;5% fe3zf f%%@ ﬁ‘e%?fe%ﬁ ), was added
to each we{ll(Ptdit wedtedhsuttuteatfdd801Zecomdarathibicontrateclitirgs CTinis 3thseimvaties. After
incubation {5 ARROFRENGRWBIKERYAIS FSARYT e HsRIVR W08 MBRRAMYISRIrLISH 96-well

flat-bottomed sterile microplates (Costar) were incubated overnight at +4C with the anti-MBP antibody
(ChemficonORIA BB SHA94RRARFIS BRI ePEisratiasAngme Rt antibody solution was added to

each well. The next day, the antibody solution was removed from all wells in the plates and a blocking

step was perform%g(é@pgé(?d:cgf?e é%f%&éo?%%ﬂ%rﬂb% gl%ﬁfépé’i gich well. Blocking was performed

for 1 hour at ambi imes following the blocking step

using PBS/TweenThe G4 sati dnevissatdmmantalizedtalioadenieate setinriidshonese MBP

peptide stagiiiid oERIVRIBGiIReY & DR/ IATES BigcuualiRIaRs plieiBE eeRtiggid 00 ng/ml
stock solution was diIute(iJ 2 in 2. The.dilutions ihlse h(-%-i‘_g% ere d%?frminedfafter calculation of total

protei?{)con?é%t%gmﬁ@ Yeld! 8?' H@%@ASHB PR .°ﬂ48y eerrgrétéa H%WS.ST‘SN 0g; 50 g; 25
g; 12.5g; 6Thg GG4gcdiditeniag time (dimuomgvaidvahtad@BP standard and protein samples, plates were

washed 3 times again in,_]iopl %@é{@ﬁﬁv&? gorngeins%%}%?ggeéﬁ%%%péiQ@fﬁﬁ%(}:lonal

anti-MBP antibody (Zymed 10-0038, 1:300) diluted In ates were incubated for 2 hours
at 20 amb@@e%ﬁ&ﬁﬂ?ﬂ"ﬁ&%ﬁ)ing this incubation, plates were again washed 3 times as above.
Incubation with gqat antitiGvpkibligitridesier B cbiidiliohekd ABALAJURH 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 (0O4,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 ul 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)




50-1 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 | of streptavidiz—&onjugated horse radish peroxidase (strep-HRP)
(Amersham RPN 1051, 1:8000) diluted in IX 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
orthophenylenedigmjnavimgdeachimride (OPD) (Sigma, solution prepared by adding 1 tablet to a
20-ml volume of \gtjatgg,;jIh'ﬁ.&eaction was blocked via addition of 3 M HCI or 30% H2S0O4. The optical
density was mea us?r'é‘g a multi-scan fluoroplate reader (Labsystems Multiskan EX) at 492 nm.
35 69 Results A2saqwhij@Figure 12, MBP protein levels were increased 3 fold in bacOPN (10 nM)

reated culteigs BV FRIVORCRIHA FONIS UL SR hin e SRAIRL P IRO B i e Tous

results show;%[gga positive effect of baculovirus expressed 5 OPN on oligodendrocyte precursor
prolifefatioAta?fl] tni@lidnhiew - EXi&MBY minyiestinaubpiRfeaboftirCo it 2@iaterhtit?0Tie CG4 cell
line is aI ratcjmfﬂwmi&sémiiﬂederwﬁytmem)wmm arwédsmthl @Zﬁmliﬁlb)‘l @hisaiﬁst(ijviaam primary
A2B5 oligodendrocyte precurso (54 cells, 10 are a. commonly. use ine to stu
oligodendrB{:‘i)f@lé‘c’le‘é%ttﬂaet%Wo&ss's,é:r\ﬂv(gffeﬁ'ﬁ% ‘E{'@i{] (gzltcﬁl Rive 'nag' e (?OIIcrc()l?‘v@3|’ﬁgGi 8vrgﬂiéxgae§s: High
pro_Iiferativﬁ‘ng!t@tﬁ(b f_@_ligmmhdt:tb_c;ttéqml_vgemwg@gMilhege(lﬁ@agiﬁaﬂiﬁkp@%ia'\@e@d!@jo@ow cost
maintenange, in-eAMiliRRes BRsiue sﬂmmﬁﬁeqe@aﬁm@ﬂhm%%@fa@rméwe:méag@g&h%mmed from
. De

B104 rat neuroblastoma cell line ( Louis J.C. et al. 1992) obtained from ATCC fined medium
(withdd FEES-diReed PRGN, RYREMRAT At o 29aiBE EBPmtieArdriE AL oHaMTRdd medium
for proliferatyoBGRAI(Pigrsbprt periods; 20 Differentiation into oligodendrocytes (04,GalC-positive) can
be triggered with a defined medium; Differentiation into astrocytes (GFAP-positive) can be triggered
in the

Kinase reaction:

10 pl Casein Kinase at 0.05 pg/pl
15 10 pl E-coli OPN at 0.5 pg/pl

20 pl 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 #ested 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 mhi glutamine, 100

25 U/ml penicillin, 100 pg/mi streptomycin and 1 mM sodium pyruvate and
supplemented with 5 pug/m! transferrin, 100 mM putrescine, 30 nM :sodium selenite
and 10 ng/ml biotin) and 30% B104 conditioned medium ( N1 withotat Biotin) ( Louis
J. C. et al. 1992) . The assay was performed in poly-ornithine (100 jxg/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 courits. Images were
acquired and analyzed using the Leica QWin Image Analysis System.

35 Results



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 sl volume as follows: 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 glycdiod pégdistated2pintdd3in FigP161ix (60W) 70 30 pd ATP at 600M 5 pi of 32pATP 265
pl H202 In order tg St G TRRGHIOR AT Eofi xﬁﬁ« agsied enhelney BRing R griogmed S at 30

for 1 hour. After 90 minutes incubation at 308é: with agitation), 100 pl Glutathione Sepharose beads
(Pharmaci&fverbhgdenegtiaranovases sfaek sdtviRes opseysd <Ry & 4SReaNtabies oh ddY to eliminate

protein kingsen Thisuite 100xrvesf IOFRDaseddqsroNferbtion ak raem femiperphospnaiiigiedtle agitation.
The suyspepsion,.was centrif at 500qa.for 5 miputes to inent the beads. Then, the supernatant
10 wag dia y§§8'b%’é°rh‘%a%?ds§g§§'% gsn%é%'ﬂg gé%r% é).?%%wpcr%i%ins was quantified by BCA
(Pierce). Kinase réastisis o0 jhe merehrikmass F-NOBasiRd VeSS plor-ttelted BGE @8lipg/pi 20 pd 50

mM Tris-Hfehdiffed thatRkkileararruEsHtRsy, Ho RiiferEntiiNorOcBiR] iR i Regan BRG@RNand in vitro
phosphorylated OPN protejns were nested af 10pM, 10nM gggloonM concentrations on proliferation

of CG4 celkCALELS R WEE0ITIEh A RAMTa Ll g I danplonsd RIMRIERANPog6. The cells

were culturdifferentiation was more pronounced using baculovirus expressed OPN, E. coli
10  expressed, in vitro phosphorylated OPN lead to CG4 cell differentiation as well (not

shown).

EXAMPLE 11: Effect of osteopontin on MOG-induced experimental

autoimmune encephalomyelitis (EAE) in mice

15 Purpose of the study
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



in 70% N1 defined medium (DMEM containing 4.5g'l glucose, 2 mM glutamine, 100 25 U/ml penicillin,
100 pg/ml streptomycin and 1 mM sodium pyruvate and supplemented with 5 pg/ml transferrin, 100
mM putrescine, 30 nM -,sodium selenite and 10 -agiml biotin) and 30% B104 conditioned medium ( N1
without Biotin) ( Louis J. C. et at 1992). The assay was performed in poly-ornithine (100 pig/ml)
treated 24 well plates seeded with 3x104 cell/per well. 10 nM BrdU was added the at the same 30
time and cekpanimeninisuibatecbfdan@: heithDirdotivé EaioeR/ b urotyreshbmibeyitalimm Pdrformed with

an ant-Brayh agiEoy iR Ge{E e C b el I BRRS T RUSINEECAL SRR IINIERERRR A3 Staining

(Sigma) to allow total cell numbers coumts. Images were acquired and analyzed using the Leica
QWin Imad@hrASSS aalsfrednracsordanee it Abs mrovrene AtiGrGelynehPBe B virus
expressed g&699p Mhigninattiset dsifadiy aséobpreliféntompé e @A ete imahh Bleaiist puthpitissed effect

woll, 8 v e b IE s ok B Pt Saf AR ARy B e e

Analysis ofMeteriaipRoibys oreiraq tie Authoized Py diRirsafdinistay st diisatiy dBraiem dYavhile in the
control, nogliféergytiation could be observed, OPN treated CG4 cells were differentiated in that most
of the cells developed processes. While differentiation was more pronounced using baculovirus
expressed OPN, E. coli 10 expressed, in vitro phosphorylated OPN lead to CG4 cell differentiation as
well (not shown) JestsvstEnE 11: Effect of osteopontin on MOG-induced experimental autoimmune

enceppalomyelitiss(feAEd ioymigeslBFaiRang Sbthe study Osteopontin (OPN; AS900011) is a cytokine
with pleiotropic functions including those in adhesion, m@_%ration differentiation, survival and cytokine
[

secretion of varideR/cEHHIED dpalmigentiney thea f@r&%ﬁp&r@@.?ﬁr&%ﬁﬁ"@@fi) approach
with the ainAeireele dtian @0 netothalas Wabpdigd ibycCteariye Riedoltatia dCilcoli dedeadtalyte function (see

Example 1). Treaﬁ&%g{ig‘liggrdt%g(yagg%lproqwéqgg ds(yé{grﬁgcombinant baculovirus expressed OPN
proli n

(AS90001 1) increase feration in a dose dependent manner (IC50: 3.7 pM, see example 7). In
addition, AS9000T e skeBLAR KR TRt s Wi FEREER0ASO AL CCXRISIMRIERINMBYRt aliheurospheres

(see axamplgeBledEtMifsHRsRIesaRE NS despYBliRAtE EAGTPUS callosum brain

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 staintess steel cover-
feed rack. A grill is inserted on the cage bottom. The waste that dreps 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.



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 cytokit3e 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 EAP{i&ed for this study has been adapted from the protocol published by Sahrbacher
et al. (1998). Prote@liBnibtfadirtrusagséigate tivellefededisd riprastucedirbacCbadas dRiveititaiasctive

86/609/EE GegafassRsbRyMuesRBIRB PIL- shifmbl iiRimiaBuaty Zila82x&lnisisahiasilisies and
equipment for_accommodg%llon] and L(E:’t%ﬁe of anm]als $I’e in accordanﬁf with the provisions of EEC
he Ir’%ﬁft

Council Dir@ 0B 3686Y ! FLSHATY ARSI AYE Wy @Y RP s FR RREHP HEBRN Authorities.
5 All pasts oPtbisigrotopoliedacezrificatndfnan axsis fenveulriantsappt coothinndrdsoffieisdveisterinarian.

This protocqfigRuhardzaehiy digliRmb IRy cf %ﬁgﬁh-ﬁ%@&qadﬁm4§é%9ﬂb5§%ﬁg§aem 10

Species, strain, substrain and sex: C57 BU6JIC male mice from the IFFA CREDO (Saint Germain
sur 'Arbresld’ BraREY M) ATahined iRAYAsd ﬁﬂ‘—f‘?ﬂa@?@:éc@%e@éoﬁféﬁ?ﬁ' Justification
for the selecomtacfitbtarest ey diehis avadlaBE/'&1LIBICOtonthesmiverdschosen as an experimental model;
this 15 selected sigaigpas 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
initiatebs.) In this peEMHBSAHIEPAIMEE WA SEIRT (o \ReeE it fiteres: fdedStMIAE study. Age
and body weaghibjaimana thmizatioals bixlaouiBewabk wtlel828m. Plastic bottles are used in

addition to the automatic watering system. Periodically drinking water is analyzed for

microbiologic count, heavy metals, other contaminants (e.g. solvents, pesticides) and

other chemical and physical 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 miFNS

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 MOG3s.ss peptide in CFA injected s.c. in
the right flank. Starting approximately from day 8-10, this procedure resuilts 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 MOGg;s55 peptide in CFA and pertussis toxin, according to the

35 immunization protocol and treated as follows:



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.m. - 7 p.m.)
Cage: Makrolon(r) cage 42.5x26.6x15h each fitted with a stainless 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, dosage gBruppahd dateositivenyoatrod grdapirdstradiavith/ @FDietelidle’ 4Rk TRBP eertificate
pelleted dieé RER ?}é gn%ﬂges River Italia's feed licensee Mucedola S.r.l., Settimo Milanese. To
facilitate nourishment of sick animals, from day 7 wet pellets arm)laced every day on the cage
|

bottom. The 5 ProftRéR 3upplicRsittifieatiol9raHR gereh it it rehidatalRng4ftBSine levels of
which are vgjhérctheulignits proposed by EPA-TSCA (44FR:44053- 44093, July 26, 1979). RBM has the

animal food re-analyzed at least twi('{:ge a%efrf rbacteg tcontarpin ti Hﬁﬁiet is available "ad

libitum'®to the aninfAf&Anater: ﬁ?Bs‘Ig i) i cslr?af’m %‘R&?&r‘.ﬁ?‘ s%);g?g , Water is filtered and

distributed "ad libi@rniptd:the adivsadsvaijhatD agiegsitollstesystim(A8a000 tlttles are used in

addition to the aut%%t'cswateriggs%s&%m.1P08ri
' (

ically drinki ' §§@96Z| for microbiologic
count, heavy metals 'S %&%tﬁ%&%‘%&%@n@ other ceﬁemical and physical

, Other contaminants (e.g. s%
characteristics. Th@ragpditancedisets withuie ndMe 9.6. dinksigepamina(ég9068 defipled in the EEC

Directive 8@@6@0%me;%fm§\§:mjght 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 (AS90001

1) and'thIFNI3 ZO%‘H%ﬁiiatioﬁ%?ﬁéé’ﬂmgphﬂ%%@%ﬁﬁrﬁfé@':(ﬁlgyﬂ) by injecting s.c, in the left
flank 0.2 ml of an Emulsiobeoropeshtials 206 aeolviOs b Tnimiiide (Neobystailowdittasivourg, France)
in 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  (AS900011) at the dose of 1, 10 and 100 pg/kg was
administered s.c. in a volume of 10 ml/kg. mIFN# at the dose of 20,000 U/mouse will
be administered s.c. in a volume of 200 ul/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 miFNPB 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



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 i3 400 | 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 }zg of MOG35.ss peptide in CFA injected
s.c. in the right flank. =Stait pacalysisrexpartist ynitaeral dyndlibil peisalysisedure results in a 30 gradually

progressing paral)ési_stﬁlrﬁpg folyn] %}ﬁdﬁﬁﬁ%@ﬁﬁ%@ggpgaﬂ%mimfﬁn{BrﬁngI%isStUdy design: The study

involved 7 groups of 15 animals each. All the groups were immunized with"MOG35.55 peptide in CFA

and pertussis toxis; 2SdaiRARISEhE Pastiah HotikriBAavste donaredrelYdd as follows: 74 Group 1:
positive control grguptdippachmsls OcUhpritionalonte d&tBigsis 0.1% BSA) by s. c. route. Group 2:
positive control group_dpsed with.m FN%\)/ icle alone (PBS). by.s.c. route. 5 Group 3: dosed with 1
pa/kg §c. of Ostegé%)ﬁt%ﬁ(ﬁ\%a%ga% f)o r%ﬂe;h 4 %&%8%W%KQTO%')§I<%OEFQ% <i%steopontin (AS90001 1)
Group 5: dosed with=1dalgpriplygisot dupeliponBaralySS0H0YaIKDRSS PG RIITEH RAAYBB0 @f/kg S.G. of
OsteopontifptApQs0011) plus 20,000 U/mouse s.c. of mIFN/3 10 Group 7: dosed with 20,000
U/mouse s.c. of mIFNf The nymber of animals per group is the minimum number allowing an accurate
assessment of ob?e?d@ﬂrBHHarﬁE\gSﬁ)cbical effects. Vehicle: PBS plus 0.1%BSA will be used to dilute
Osteopontin to theQdspregitsief tbecantealsdtiok. PBS wilbbguieterboonditieical Sgas tedhee appropriate

concepyratign, i Y S AR o S5 AR AR WD RhIBR %Qﬁeté’érﬂuvicq%%‘.’o]igo pg/kg was

administered s.c. in a volume of 10 ml/kg. mIFNf at the dose of 20,000 U/mouse will be administered
s.C. in a voltARVfEXf0TaRIMSL:. Group 1 will be dosed s.c. with 20 PBS plus 0.1 %BSA in a volume
of 10 ml/kg and greupydnaigHoeftnseshisnalsvidre fibritored ddilyouse.

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- Pius® software will be used.



Duration of treatment: The treatment of groups of this study was started for each animal at the
appearance of a clinical score > | and will then be continued for 35 consecutive 25 days. Form of
administration: The compound and mIFN(3 weregdministered 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: O = no sign of disease 35 0.5 = patrtial
tail paralysis 1 :,%'Lgﬂgalysis 75 1.5 =tail paralysis + partial unilateral hindlimb paralysis 2 = tail
paralysis + hindlimb weakness or partial hindlimb paralysis 2.5 = tail paralysis + partial hindlimb
paralysis (lowered Hefegulis-abilisAtufsare hanpiaE gfmdithi® Haralysis 5 3.5 = tail paralysis +

complete hindlimpiggsialyisis aringeRtistomecsémastnaraivsiamdingdinnRraesalsisaegeriness or partial
paralysis h forelimbs t? = o\r”i/gp d of. gﬂead Obsn rv?tiopv%fsgh aanripptal§ took %Iﬁ%e in a %auiet room.
Clinica sig &R foRonidre ffllyolneée?c ogl:j'rouc’p BPERment i abinda rtﬁ)?} technician
who is unaniar@sfespatiatiniat Bedgwesigidroinibtetedirmmisuntof pgrikgretheadgmbinitiats considered

o 0 EplieaROTRANG SRsAEhRS BB sty iAo R S orzed

personnel and, if necessary, 15 humanely sacrificed to minimize undue pain or suftering. Blood
sampling: THRFASjStolYafoUrPEsteeffitatiasrehame atmRistadiompris AMNbeolIERted@Iqamder
pentobarbigd pndioeiasig) f49m each animal. Serum will be separated by routine procedure and
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in animals treated with OPN, a trend towards less demyelinated areas could be
observed. The combination of IFN and OPN lead to a highly significant reduction of
demyelination, which was even much lower than the extent of demyelination that was
observed with IFN alone (Fig. 15).

15 Fig. 16 summarizes the clinical scores observed at the end of the treatment,
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'céd' 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



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 oyt 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
demyelinatiamevdtisiserasrtomidneduith AGR0RRILhabhRdesstolcttlineiesandraiaisticalle expressed

as the meapyhifkMh REPERsWBP MBS @i Rad BBRIfRLS of the test substances will be compared with
that of the vehicle-treated positive contro| %\r/%%% Di?rences of clinical score values among groups

will be analysed ByYR35 SRR RHARS L SALIY bine St RgRRL AL M NRRE SRS Wilcoxon test,
at each méssffectientiimed Birdy bty divietd wit bpa8Hgitabteffebis dnetveaynddéd® \EBAEDIlowed, in
case of signficange, BT ELASS o110 hrdHBllSAINRER WlifoRRdogl. Results: The results of
this study are shown in Figs. 14 to 16. Histological analysis of the perivascular inflammatory infiltrated
revealed that 5 there was a trend towards a lower amount of perivascular infiltrates in OPN treated

animals, especialxampe fowesFaiaitisieseidrod wsterpbalikgord he eripiimatiagu@idORN and IFND,
which is a cg’arqip:ound kcr}g#ni to l?geactive in treatment of multiple sclerosis, was more efficacious than

administra , respectively (Fig. 14). 10 Next, the percentage of demyelinated
areas was measured (Fig. 15). Again, in animals treated with OPN, a trend towards less demyelinated
areasjgould be ofggrvagtidde combination of IFN and OPN lead to a highly significant reduction of
demyelination, which was even much lower than the extent of demyelination that was observed with
IFN alone (Fig. 1;'\"%D FEP 1B MUPO8 21 RRIEA &b ores observed at the end of the treatment,
the inflammatory EMi& atielectioohybgrdemyyelination measured in this study. Although the clinical
scores observed |@plf>N HQ&\F&S‘.@B&W&@& significantly lower than the control, the combination of
OPN and IFN led to a pronounced éffect on the clinical scores, which was as low as with the positive
control, interferorobeta. ‘T#gcutaneous

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



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 IFNI3
(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'825 s.c. did not reduce perivascular infiltrations and
demyelination with statistical significance. The treatment with mIFNbeta (20,000 U/mouse s.c.)

induced a rgduction jn periv. lar infiltration %) and demyelination (53%). When mlFNbeta at
the same d%e%rg?/ggfsmggﬂ?b%uéﬂ \%Vﬁ'ﬁf%@%éﬂoaﬁgg%gs%‘Eﬁ‘v %@ﬁ%ﬂg’éﬁ?{aﬁgﬁﬁ@%t and marked
reduction ifMAeReAIFADFGSPEMG IR fer (theossapietea reaensyalipR M RX8 P Tiysdasrish éRot. Histological

data correlaiggonhriiniei scares obmarvaskatbriayt ab, (e9obefIifagtmentbdvdxgreasisnals were
sacrified andespi%gl 'orf colrlgcte ggFrQistorLg%ica},Ie an?l sirsﬁaOstEop%nltrirrll (ﬁ%gtopo elil) ested alone at
the doses df f, Rhog:t| mg?ﬁg Sc i not%ignl Pcan?ly rRabieX JisEngd severlty.nl' € treatment with
mIFNbéta 3ty Foeverrasnestions fevienn HuAiRfba\E RReWRE SMgpifieantimemyalPelbeta at the 77
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mIFNbeta tl'(’a(gtrﬁéon |sr}§ﬁe°crti\g§]r§fr{é’dl%:?ﬁgﬁb ﬁvgﬁni%glgﬁdﬁab?%’oﬁ%%%?e?fe&%in%%gg)mouse EAE 5
model, andtasigsterngddongs ahO8ficieRETéiMmdraushigiusdsie J83bsrd BxMatpicatechoProtective

effect of osigaReRtQ &uNeysBPatYs IMEARBRDY cteRiodWrve crush in mice 10 Abbreviations CMAP :
compaound muscl ﬁection¥o entia] EMG : ele tror{]l o%ra}{ih%/ IGF-1 insulin-likT@rowth.factor SC
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subcutineous 15 s ER'E LGP ofIHE s LS FThiFo BRSS! u%ﬂ%{ﬁ":ﬁes are usually
selective adreated withestePpiBtincat differaffedeses 20 (big medel arpasitivashecdnd@ and indeed also

to the subtype, AP AR BSHBRISGHSYS 'aFdemdisorms R PstRiaIRe N MRANGSH commonly
used arllmarl’nyelination or macrophage inflammation could lead to a restoration of motor
function. The regeneration may be measured according to the restoration of
15  sensorimotor functions and morphological studies. Therefore in the present work
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) ; (g)
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 |IP 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 -



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 fregquently 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 rimaamostatirderceosidwic tildvb fmme HoreigitiSinasiroactifoarteraibss 8Pidegeest in relation to
neuropathigspiatssyMedaneoedid 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 Reeetspof éapénensedtoiat grhadnmaroialics ireateeatiction and for protection of axons
from ngw neurod ive | olegi [ fresearch in 35

neuro egenerativ?‘ %%%6%42(3?@31@#%8{1%% tg{ é%%/heggy%r?ﬁaokl%ﬁ%#sgséﬂ%:%%&%%rtlp'geﬁe’éjﬁgg%l death,
maintain né@ohassheslA)s eeitwepkid Wing Snueekifehowing 1Be @agfatien Many studies have been
devoted to the unrgveling of REHRCUiasRYIGRIVIVadRelsRRESELaRPNEIPIe. fRbthaceaylete
regeneration faxoéomizedts%inﬁl mo}oli neur%%;, iF wcett et at, 1990; Funakoshi et at, 1993).
Injury-indu@&gr %‘? sds"i'E)'Hgmh % l%}ﬁ‘oﬁ a8 Ai torresponding receptors may play an important
role in the 5 abilityBofinaveightegrehevavival. Btewesrstigdies lexeesy slaywn a significant improvement of
nervesgpgeneratiop i arigay BPAIESE 3ty R SRIdavicompR ARk Slisiik Sagonth factor
(IGF-1), ACTH gLeW|s et at, 1993; Strand at at, 1980), testosterone (Jones, 1993), SR57746A
(Fournier eflfatyated priesnoriRyeifaARINRE IR IRILPYIStoeste whereas faikdnestian 1992) . 10

The presendfsiudgtimacatsptict dvasipierfonal iR .nerve regeneration in mice treated with osteopontin at

different doses. Infpigmpdg. popitseiieckpl N o ebianal fOd #Xenl. (senaopnd motor
ma%on or macrophage in Iammahon coul ?ead toa

neurons) survival and regeneration, on my _
restoration dpsested tripetienm mesneejeaisph@malysiy be measured according to the restoration of 15
sensoggmotor functions and morphological studies. Therefore in the present work electrophysiological

recordings and hlsé%c %8#%% otrllcéaqulg%srhsmwere performed in parallel. Materials and Methods 20

Animals

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 chilorhydrate (Imalgene 500®, Rhéne

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 [P 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



Eightyfour 8 weeks-old females C57bl/6 RJ mice (Elevage Janvier, Le Genest-St-Isle, 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/osteopontigg (1 pg/kg) ; (d) nerve crush/osteopontin (10 pglkg) ;
(e) nerve 25 crush/osteopontin (100 pglkg) ; (f) nerve crush/4-methylcatechol (10 pg/kg) ; (g) nerve
crush/denaturated osteopontin (100 pg/kg). They were group-housed (5 animals per cage) and
maintainedpimoaphate wuifesrselution teld e d Brapd raneirtained2ipGPHhdsaareserstd HiGtuMitk cycle
(12h/12h) with feRd AEdeMRR! rREIIRPICRGERIIM A RUBEITRRISLWEIES FABRH-@HbsHedn accordance

with institutional guidelines. Lesion of t&ae sciatic nerve The animals were anaesthetized with IP
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trifu rca§|05n rﬁ&t' RSLAHG NSPYRs VL] §£‘6G6N§So?h”l’.%h§q|dt‘00&% TR138 Svitfty arﬁgro'f’c?rﬁﬁ"gﬁ@t'c forceps

(width oenig; Strasbourg; France) with a 90 degree rotation between each crush. Planning

of experimé&tAifeth@pharmehdeiddina tiatdions ElstdmberpLdreares fe)eekinigd Ware performed

once beforgieishygritedia(rrseisa)iBLRacTwar)K SetinnsSpueekminbondnrs dbsepreyation. The
day of nerve crush sur, ey was CO”S'ZEFEéjnaSr%@oVSR 0. Nor%%st wa%Oper{ormed during the 4 days

following the &R, 8o yv(/nélcéﬂ?%or?g OrVVA FaLe were ?ggoa ek 8%ry"d%{/'.c 1@@?’5‘}3 esday of nerve
injury to theerferoethersfutgndssnizgsbaliteamer dencgramerieo b ppatminaitematednidigitadd daily by SC

route yyhergasfaain s issinerd- MRrityIntEGRbY asNCHAEY PelRicd herd siigrl. 4raimals per

group were_ sacrificed and sciatic nerve was dissected to perform morpholo%ical ana}ysis. 15

Electrophy SURYRGPRERBIRIRG WRIE R RIBH epeianinag o\ veee peils ez 88G e, uromatic
2000M eleatcbtoiad grapte(ERfBei®antec, Les Ulis, France). Mice were anaesthetized by
intraperitoneal injection of 100 mg/kg ketamine chlorhydrate (Imalgene 500(r), Rhone 20 Merieux,

Lyon, France). The normal body temperature was maintained at 30C with
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



a heating lamp and controlled by a contact thermometer (Quick, Bioblock Scientific, lllkirch, 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 scig,{ic 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 rBrigtfophisoldidal inesbigishlaigicy indirectly reflects motor nerve conduction and
neuromuscular tra ission velocities. 30 Morphametric analysi ‘phometric analysis was
performed 3 Week’g%ﬁg?‘#%é’%@égoé?@g Pé\g%fg?g’r?(ﬁgrﬁ@nsg?gé?eﬁg%%aﬁ@l'per groups were used for
this analysis. They iRife Wase 8tHegRIEEARTtHNErITRURI CHIErane nity/ RE IR R 30D (BMAR
mm-segmeitQigho SCIREGRRAY BFV(eS 1@y cispsl fas histolpgy.dtre HestiRedandbaatoXRIOighyt with a 4 %
aqueous solution glutaraldehyde (Sigma, L'Isle d'Abeau-Chesnes, France) in 80 phosphate buffer
solutioR (p £g??ﬁ'and maintained in 30 % sucrose at + 4C until use. The nerve was fixed in 2 %
osmium tetroxide (Sigmihel helvel Mpepualhesineds Brimaigech fohosplreateristifatidpiageld and
denydratedsig siiplalceRaleoly R amiilbe dleduibian FRRAREGIE SR f1en placed at
+ 70C during 3 days for 5 polymerisation. Transverse sections of 1.5 pm were ma%e with a microtome
and stained 809b4 Bf-‘ﬂﬂﬁﬁﬁ &ue (Sigma, L'Isle d'Abeau-Chesnes, France) for 2 min and
dehydrated and magredein oukith. Twandy BectiQnENBFSsaanipitude copbaftectredtdag withoptical
microsgope_ (Nikon, .Tok ap é}a qz_mor hometric, analysis was perfaorm 6 randomized slices
%8 ogtqu?r\}\tlll?hayqod _gi‘lg Pr?a ge&ﬁd‘%%% o] aqa‘l Hg()l/\(/ ) w%r sign

efdgaonr?% hlgEer
per nerve samp a sem e Image a d locom, France). Two

. I
s software
fields per sliganteeaeivelierusiyMehiriei oRenp Fefpeteranairs @sfdulated: the percentage of degenerate

fibers (per field) ang almdmteratibervabdaansbsiect feplehal anebstobibedaa was

performed usin% one factor or r(?eFeatﬁi measure analysis of variance (anova) and one way anova,
and non-pa'?gﬁﬁ fffb’ig éoiﬁ% i Vq ). 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 {§.€.M.). | atency 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 pug/kg ; (¢) nerve crush/4-methyicatechol 10

Hg/kg.



20 Results All the animals survived after the nerve crush procedures. A mice (nerve crush/vehicle n2)
died on day 7 and 2 (vehicle sham operated no 3 and No 6) on day 14, as a consequence of
anesthesia during the EMG evaluation. 25 Animaweight 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 stfdytsmaareE BRGNS oHiffereRass e ORRE VS IREIeS M HES dIRPEUNd
muscular aciioshpetsiokad i igeri8)cribiet®-veasopaignifioanigiie oaps. difference in amplitude of the
CMAP throughout the study [F (6, 18) = 49.185 and p < 0.001; repeated measure ANOVA] 5 (Fig.
19). After the nerve injury, all animals submitted to nerve crush displayed a significant decrease of
CMAP amplitude iMe&emasikrapalisiham operated group (p < 0.001 ; Dunnett's test). Moreover, on

D 7 ang D 14, CMABreémygg@edg R die AlRAS IR, _i_za)osteopontin at 100 pg/kg or 4-methylcatechol
at 10 pg/kg, were ijlcal aé% her thap Je nery sh vehlcle r@ < 0.05 ; Dunnett's test). No
significant differe asCa no eﬁv{;%ver?ﬁ c%fsﬁ? Hrl'c?é ) p and ?1%9?\}3 B?UEWBQ%teopontln

100 pg/kg. 95<Leqemw5atefﬁhers:mfpﬁnldldmm@mhrmlmspemm)(ﬁg 22); All iiereerateshin Fig. 20, a
significant '@W@HEHQ Q%Wﬂﬁ%ﬂ@r&é@@ &M&Ra@é%?%’e@%ﬁ@ré‘@ﬂb&é(@@@@@l <0.001;

repeated measures AN | 21, nerve crus groups presented an increased CMAP Iatency in
G‘ijﬁfu

comparlson[?/b’ﬁﬂegﬁarf'?ﬁ%e p”(‘fd‘@o‘ﬁﬂi 53R RItESHRIBRe eP RRESHAAR treatment
20 at 10 andighificaptkolehevtrdratisigfinanieetfach/vetiztel dedapqy of OGE Dimnest'wasstsignificantly

smalle thaly gl ol nefys EUSHAGIIEIH MRV RG] B oLl Bsol )R8 UAS AgrRIpnifcan

difference between the nerve cru
percentage of degenerated fibers than the osteopontin-treated groups (p < 0.001;

Dunnett's test).
Total number of fibers (Fig. 22).

15 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



nerve crush/D-osteopontin 100 pg/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 measurgg 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 istggatieantiptshber thanbaraQitihds\as celisbiiveicléhgreaptip moledie Deedtdnt's test). On

D 14 and QualspieedrauRiaissssisAahaianificanbiec aanab disatopN BoRIIP@ISORith the nerve
crush/vehicle group : (a) nerve crush/osteopontin 10 351‘18% kg ; (b) nerve crush/ostegsgontln 100 pg/kg

. (c) nerve ¥h A RIBVICAM e atoepdHastignakarh gicah Pargmetesst dierBRNRas observed
between thsffaetroa fimstloivallzoks istdlogioat el waiebpaotnd OPNagat @aps. Morphometric
analysis 5 Percentage of.dege fibers (Fj ): ISt Si led a significant
intergréoup difference in éﬁ?%gn?gégésgé eggé(ne%?i&ﬁbfgé? pe%%%l%aﬁo% %%ﬁ%%ngn \?v%?)?q %{IOVA) (Fig.
22). All nedegengsatigitoups displayed a significant increased percentage of degenerate fibers (p <

0.001, Dunnett's test). Meigierabd@ivQeifiiiiirantas sraead esarind;a percentage 10 significantly
lower than that of nerve cruih/v%tgclzqgrou%é$ < 0.001; D%%ett's test). Moreover, the D-osteopontin

(100 pg/kg) treated grouapc%‘? ‘?flaa d% ﬂ‘fé /ps Eoé’r%'fia%g géag%erﬁje? P& fibers than the
osteopontin-treated groinpsegasednmyddin Debrisetisatesp) by otalcrophagesof fibers (Fig. 22): 15 Sections
were gpserved 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 toggadditional 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 iSEIERENCSESCt that at 21 days, crush lesions allow for 30 regeneration, an

additional process f intaEeseH, "efation toVauEPAthis SBajes dHisAXeNALARIEUSBRlRgENeration was

also evident in control groups at the three weeks tim nt.. Osteopontin showed a protective effect in
the nerve crush modeF(ﬁH ' c'g.se\%ﬂk%?l‘?ﬁgﬁ;??MhM%ﬁgﬁ/%?%zﬁﬁeﬁ?fgggﬁt?yo@%%red at7,14 and 21

days postinjury in 35 Altsobel degeatieht nidioh&icknd 1moASReAd §icAP8tL s gieitfSriRest at,21 days post
crush ghow a significaq,fler 8aRE RINeRLEe8MaEs abdegenerating 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, dgeR@i&d BPN #oteifRabesMét shusanahycoginfic bt Sligedenfrartonal or
histological parameterdevdiopmeattiveureiieot Gelf@haitigpalddie).nt@deglid@o®ecovery may be due to

OPN effects on: 5 ; dir@ggrggot%qﬂpn §£r§mﬁ{5 §0m§qumglary“j|mn£wae ﬂ‘gﬁ"afﬁ% d%w%ation;
g, X . :
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1999. 90 CLAIMS 1. A pharmaceutical compound for treating a neurologic disease, 5 comprising
osteopontin, or an agonist of osteopontin activity, optionally together with a pharmaceutically
acceptable carrier. 2. The pharmaceutical compound@ca@idtig to claim 1, wherein the neurologic
disease is selected from the group consisting of traumatic nerve injury, 10 stroke, demyelinating
diseases of the central of the peripheral nervous system, neuropathies and neurodegenerative

diseases. 3. The pharmageyticatoaggtival acoarpiumtd daimieatihgredn theursioenooiigdiagase is
caused.by a congenital metabolic.disorder. 15 4.z,§1e ha macqe‘ﬂtical compound according to claim 1,
wherei thecq{gﬁ?b%cho Eee%%%q N BErPheTEPA r8§acfﬁ§ﬁ%‘? 0 ASIMGeRRtanain fRepiier
according twvittmenphanhaosotitally28oceptaloigicatdease is diabetic neuropathy. 6. The pharmaceutical
compound according to claim 2, wherein the demyelinating disease is multiple sclerosis (MS). 25 7.

The pharmaceuticgl compound of claim 2 .wherein the neurodegenerative djsease is selected from
Alzheimer's diseas%, ParE%%oR@ar(ﬁ’%aecd%gﬁ-al n%ﬂ@%%Qﬁﬁs%%%%%iﬁa a yﬁlﬁg’ﬁhif: Ié’t’&%ﬁ%@le&%is

(ALS). 8. Thepruogiacdistesic s ymecttadeondittetgrdapncbneistre ohradmaticapendinnfupglected
from IP(? grcs)yr% g,n%gt'rr?)ge%a(tﬁéa‘ &%‘g’gg gdgf Ct?mrgp&asrll?l%lsngtkIB Npgr'i%heral nervous system,

neuropathies and neurodegenerative diseases.

3. The pharmaceutical compound according to claim 1, wherein the
neurologic disease is caused by a congenital metabolic disorder.

15
4, The pharmaceutical compound according to claim 1, wherein the

neurologic disease is a peripheral neuropathy.

5. The pharmaceutical compound according to claim 4, wherein the
20  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).

8. The pharmaceutical compound according to claim 1, wherein the
30  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;
(d) A polypeptide comprising amino acids 170 to 314 of 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; 91 (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 5 sequences in (a)
to (f); (h) A mutein of any of (a) to (f) which is encodeg] 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 anyghangss i Hie @ ERLARIAG SE@NERNER are conservative amino acid substitutions to the

amino acid sequences in (a) to (f); and (j) a salt or an isoform, fused protein, functional derivative,
active fractith ot RaRepidscrrinriistras Rl BN of (a) to (). 15 9. The pharmaceutical

compound @gf@&%@%@ﬁiﬁh}dﬂ@f%r(fgmemiﬂﬁ Hnrd @c@d%&ﬁéﬁ&@%%ﬁé@é?%?%r a

protein that promotes the crossiong of the L lood brain barrier. 10. The pharmaceutical compound
according to cl&i & wheREiRthee 2 dHetn &itifiGs eetyPlet identi¥ imamisasitieascemibéund

according to angégdgﬁkgg&ﬁ/@r@il@f)ghe fused protein comprises an immunoglobulin (Ig) fusion. 25
12. The pharmaceutical compound according to claim 1, wherein the osteopontin is administered in

an amount 60 H0einEngRy Bf KadyudiyHvhish it e0cRIPRy BY o dYNeiRELRNSenYYRIFBT body

weight. 13. A phgirarasgies FRNBBARHIOMSRITEYFIE hagRo NI & M eE BHEb ARPEAgieeRantn
activity, and an interferon, optionally together with one or more pharmaceutically acceptable

excipients, in atathount sufficient for treatment and/or prevention of a neurologic disease. 92 14 The
pharmaceumalgqmﬂgmtlgﬂéq{f@f }_3@"(47%8@6 IR f&ﬁgﬂgéé%stﬁélE?«’Hﬁ@uéeﬁﬁgéﬁﬂéﬁbé’r_
separate use with respect to said administration of osteopontin or an agonist of osteopontin activity.
1 are conservative amino acid substitutions to the amino acid sequences in (a) to
(f); and ,
(j) a salt or an isoform, fused protein, functional derivative, active fraction or

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.

10. The pharmaceutical compound according to claim 8, wherein the

20  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
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.

13. A pharmaceutical composition comprising osteopontin, or an agonist
30 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.



5 15. The pharmaceutical compound of claim 13, wherein the interferon is interferon-(3. 16. A
pharmaceutical composition for treating a neurologic disease 10 comprising an effective amount of
osteopontin, or of an agonist of osteopontin activity, optionally together with a pharmaceutically
acceptable carrier. 17. A pharmaceutical composition for treating a neurologic disease comprising an
effective amount of osteopontin, or of an agonist of osteopontin 15 activity, and an interferon,
optionally together with a pharmaceutically acceptablg, carrier.

14 The pharmaceutical composition of claim 13, wherein the interferon is
for simultaneous, sequential, or separate use with respect to said administration of

osteopontin or an agonist of osteopontin activity.

15. The pharmaceutical compound of claim 13, wherein the interferon is

interferon-p.

16. A pharmaceutical composition for treating a neurologic disease
10 comprising an effective amount of osteopontin, or of an agonist of osteopontin

activity, optionally together with a pharmaceutically acceptable carrier.

17. A pharmaceutical composition for treating a neurologic disease
comprising an effective amount of osteopontin, or of an agonist of osteopontin
15 activity, and an interferon, optionally together with a pharmaceutically acceptable

carrier.





