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Description

BACKGROUND OF THE INVENTION

<

Figld of the invention

[B0B1] This invention relales to naurology, neurobintogy and molecular biclogy. More particularly, this invention relate
tn Spd5 antihodies, as wall as said antibodies for use in the treatment of neurclogical diseases, disorders and injuries
such as spinagl cord injury.

Background of the Invention

[6002] Axons and dendrites extend from neurons. The distal tip of an extending axon or neunite includes a specialized
region, known as the growth cone. Growth cones sense the focs! anvironment and guide axonal growth toward anegron’s
18 target cell. Growth cones reapond to environmental cues, for example, surface adhesiveness, growth factors, neuro-
tranamitters and electric flelds. The growth cones generally advance at a nate of one lo two millimeters per day. The
growth cone explores the area ahead of i and on either side, by means of elongations classified as lamellipodia and
fllopodia. When an elongation contacts an unfavorable surface, it withdraws. When an glongation contacis a favorable
growth swrface, it continues to extend and guides the growth cone In that direction. When the growth cone reaches an
28 apprapiats target cell 8 synaplic connection is created.
[0003] Nerve cell funchon is influenced by contact between neurons and other cells in their immediate environment
{Rutishauser, et al., 1988, Physiol. Rev. 88:818). These cells include specialized glial cella, oligodendrocyles in the
central nervous systern {CNS}, and Schwann cells in the peripheral nervous system {PNS), which sheathe the newronal
axon with mysiin {Lemke, 1892, in An introduntion {o Molecular Neurobiology, Z. Hall, Ed., p. 281, Sinauer}.
3 [o004] CONS neurons have the inherent potential 1o regenerate after injury, but they are inhibited from doing so by
inhibitory proteins present in myelin (Brithis et al., 2001, Neuron 3811 1-14; Jones et al., 2002, J. Neurosel, 22:2792-2803;
Grignpe et al,, 2002, J. Neurosci :22:3144-3180}.
[DOD05] Several myelin inhibitory proteins found on oligodendrocytes have bean characierized. Known exarnples of
myelin inhibttony proteins includs NogoA {Chen et al,, Nalure, 2000, 403, 434-438; Grandpre et al., Nature 2000, 403,
439-444), myelin associated giycopratein (IMAG) (McKarracher et al., 1994, Neuron 13:805-811; Mukhopadhvay et al,,
1984, Neuron 13:7587-787) and ofigedendrocyte glycoprolein {OM-gp}, Mikol et al,, 1988, J. Cell. Bigh 106:1273-1274).
Each of these profeins has been separately shown to be a ligand for the neuronal Nogo receptor-1 (NgR1{ {Wang et al,,
Nature 2002, 417, 941-844; Grandpre st al., Nature 2000, 403, 430-444; Chen st al,, Nature, 2000, 403, 434-438;
Domeniconi ef al., Nauron 2002, publishad online June 28, 20602).
[0006] Nogo receplor-l {(NgR1) is 8 GPRLanchored membrane protein that contains B leucine rich repaats (Fournier
et al., 2001, Nature 409:341-346). Upon interaction with inhibltory proteins (e.g., Nogoh, MAG and OM-gp), the NgR1
complex transduces signals that lead to growih cone collapse and inhibition of neurite oculgrowth.
fO087] There is an unmet nead for molenulas and methods for inhibiting NgR 1-mediated growth cone collapss and
the resuliing inhibitlon of neurlfe oulgrowth. Addiionally thers is a need for molecules which increase neuronal survival
48 and axon regeneration. Particularly for the treatment of disease, disorders or injuries which involve axonal injury, neuronal
or oligodendracyle calt death, demyslination or dymyslinatior or generally relate o the aervous system.
[0008] Such diseases, disorders or injuries inolude, but are notlimited fo, multiple sclerosis (MB), progressive multfocal
leukosncephalopathy (PML), encephalomyeliis {(EPL), central pontine myelolysis {CPM), adrenoleukodystrophy, Alex-
ander's dissase, Pelizacus Merzbacher disease (PMZ}, Globoid cell Leucodystrophy (Krabbe's diseass} and Wallerian
44 Degeneration, oplic neudlis, ransverse myealills, amyviotrophic lateral sclerosis (ALS), Hunlington's disease, Alzheimer's
dizease, Parkinson’s disease, spinal cord injury, traumatic brain injury, post radiation injury, nawrologic complications
of chemaotherapy, stroke, acuts ischamic optic neuropathy, vitamin E deficiency, isclated vitamin E deficlency syndrome,
AR, Bassen-Kornzweig syndrome, Marchiafava-Bignami syndrome, metachromalic leukodystrophy, trigeminal newral-
gia, and Bell's palsy. Among these diseases, MS is the most wideapread, affecting approximately 2.5 million people
8¢ worldwide.
[6009] MES generally begins with a relapsing-remilting pattem of neurolagic involvemand, which then progresses ic a
chronic phase with increasing newrclogical damage. MBS s assockated with the destruction of myelin, cligodanilronyles
and axons localized to chronic lesions. The demyelination observed in M3 iz not shways permanent and remyelination
has been dosumented in sarly stages of the disease. Romyslination of newrons requires oligodendrooytes,
[B016] Various disease-modifying realments are available for MS, ibcluding the use of corticostercids and imrou-
nomadulators such as interferon beta and Tysabri®. In addition, because of the central role of oligodandronyies and
myaifination in MS, there have heen efforis 1o develop thergpies o incregse oligodendrocyte numbers of enhance
myelinalion. See, ey, Coben et al, U.S. Pat. No. 5,574,009; Chang &t al., N. Engl. J. Med. 346 165-73 {2002} WO
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2007008547 discloses antibodies specificfor 3p38, and methods of using such antibodies as antagonists of endogenous
Sp3b funclion. However, there remaing an urgent need to devise additional therapies for MS and other demyelination
ang dismyslination disorders.

8 BRIEF SUMMARY OF THE INVENTION

[B011] The preseni disclosure is based on the discovery thal Sp38 (3p35 s also designaled in the literature as LINGG-
1 and LRRNG} is expressed in oligodendrocytes and neuronal cells and negatively regulates oligodendrooyte/neuronal
differentiation, survival and axon myelination. Furthermore, certain ardagonists of Sp38& promote survival, proliferation
i angd differentiztion of oligndendrocyles and neuronal cells, as well as myelination of neurons. Based on these discoveries,
the disclosure, which includes the present invention, relates generaily to antibodies, antigen binding Fragmend or derlv-
atives thereof which can be used as an antagonist of Sp35. More particudarly, the present invention provides an isolated
antibody that can specifically bind to human Sp35 palypeptide {SEQ 1D NO:2), wherein the antibody comprises:

18 a VH region comprising the VH CDR1, CDR2, and CDR3 sequences seat forth in SEG 1D NO:436, SEQ 1D NO437,
and SEQ D NO:438B, respectively; and
a VL region comprising the VL CDR1, CORZ, ard CDR3 saquences sed forth in SEQ 1D NG:442, SEQ {03 NO:443,
and SEQ D NO:444, respentivialy,
wherein the antibody binds to the Sp3s polypeptide with an affinily characlerized by a dissociation constant no
28 greater than 5 x 1079 as measured using FACS on CHO cells stably ransfected with human Spa35, and wharein
the antibody is IgGt/kappa.

[0812] inafurther aspedt, the present invention provides an isolated antibody or antigen-binding fragment thereof that
can specifically bind to human Spl5 polypeptide {SEQ D NG:2), wherein the antibody or antigen-binding fragment
¥ thereof comprises the VL region of the amine acid sequence set forth in SEQ 1D NOH434 and the VH region of the amino
acid sequence set farth in SEQ D NO: 433,
[8043]  inafurther aspect, the present ipvention provides an isolated antibody that can specifically bind to human Sp35
polvpaptide (SEQ D NO:2), wherein the antibody comprises the amino acld ssquence set forth in SEQ 1D NO:434 and
the amine acid sequence set forth in SEQ 1D NO: 435,
[0014] invetl s further aspect, the present invention provides a single chain antibody that can specificaily bind to human
Sp35 polypeplide (SELY D NOG:2}, wherein the single chain antibody coraprises:

Tz
%

a VH region comprising the VH COR1, CDRZ, and CDR3J sequences set forth in SEQ 1D NO438, SEQ D NOMAST,
and SEQ 1D N(:u438, respectively; and

a YL region caomprising the VL COR1, CDR2, and CDRJ sequences set forth in SEQ D NIn442, BEQ 1D NG443,
and SEQ 10 NO444, respectively,

whaerein the antibody binds 1o the Sp38§ polypeplide with an affinity characterized by a disseciation constant no
greater than 8 x 10790 as measured using FAGS on CHUD calls stably transfected with human Sp35, and wherein
the antibody i IgG1kappa.
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[6018]  inyst afurther aspect, the presest inverdion provides a single chain antibody that can specifically bind to human
Bp3s polypeptide {SEQHD NO:2), wherein the single chain antibady comprises the VL region of the aming anid sequence
set forth in SEQ 1D NO434 and the VH region of the amino acid sequence sei forth in SEQ 1D NO:M433.
[00146] Addifional aspecis and embodimants of the invention are set ouf in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES
[0017]

89 FIG. 1: SDS-PAGE gel showing immurnoprecipitation of Sp38 by monoclonal antibodies 1AT and 2F3.

FHZ.2Z: FACS result showing that Mabs 1A7 and 2F2 bound to COS-7 or 283 cells expressing Spdb, but nol fo
cortrol calls with no Sp3b expression.

FIG.3: MADbs 1AT and 2F2 protected DRG naurons from myeliremediated inhibiion of newrite culgrowth.
FIG . 4A-G: immunohistochemical staining {"IHC™) of cocultures of DRG neurons and oligodendrocytes treated with
monpcionad antibodies 1AY and 2F3, or conirod antibody. Panels I and £ are enlargemants of panels B and G,
respaciively. Staining with anii-fill-tubulin antibody to identify axons, or anti-MBF antibody to identify cligodendro-
cytes. F: Quantitation of MBP+ myelinating calls upon treatment of coculturas with 1AT or 2F3. G Western blot
analysis to guantify the MBP prodused from cocultures of DRG neurons and oligndendrooyies treated with mono-
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clonal antibodies 1A7 and 2F3.
FIG, HA-C: A SO antibody staining of mouse oligndendrocyles in cupnzone model. B. Antt-MBP protein antibody
arhaxatfast blue staining of mouse nevrons inceprizone madel. C: Quantitation of CC1 antibady-posilive oligndendro-
cytes at four weeks and 6 weeks.
FIG. 8: Burviving RGCa. Treatment with monoclonal antibody 1AT Anti-Sp35 antibody 1AT treated animals showed
significant neuronal survival (B0%) wher compared to control-antibody or PBS treaded animals, which sach only
showed approximately 50% neuronal survival,
Fi5. 7. BBB scores of mice recelving anti-8p35 antibody 1A7 after spinal cord injury as described in Example &
FiGz. 8. Western blot of co-cultured dligadendrooytes and DRGs after incubstion with ant-Sp385 anlibodiss LI05,
Bes LB ang 3, 10 and 30 mg of Spds&-Fo (LINGO-14g} as described in Example 8.
FiG. 8. Pholographs of the oplic nerves of A Normal Rats; B) Myelin Oligodendrocyte Glyooprotein {MOG} induced
Experimental Autolnmuns Encephalomysiitis (EAE) rats; and C) Myslin Gligodendrocyte Glycoprotein (MOG) in-
duced Experimental Autoimmune Encephalomyslitis {EAE) rats trealed with the Sp35 antthody 1A7. Electran mi-
crographs of sach oplic nerve are shown below sach photograph of the oplic herve,
1§ FIG. 10, Graph of the number of regenerative nauronat fibers per section counted in animals receiving an intravitreal
injection of the Sp35 antibudy 1A7 after optic nerve crush.
FiGE. 11, FACS result shawing that MAbs 3B5.2 {385} and 7P1D5.1G8 {135} bound to TR nells stably iransfented
with Sp386 LINGD-1).

<

20 DETAL ED DESCRIPTION OF THE INVENTION
{ DEFINITIONS

[0048] N is fo ke noted that the term "a" or “an” entily refers lo one or more of that entily; for example, "an Sp3s
& antibody,” is understood to represent ang or more §p35 antibodies. As such, the terms “a" (or “an”}, "one or more,” and
“at lpast one” oan be used inlerchangeably herein.
[0019] As used herein, the tenn "polypeptide” is intended o sncompass a singular "polypeplide” as well as plural
“polypeptides,” and refers 1o a molecule composed of monomers (amino acids) inearly inksd by amide bonds {also
krnown as peptide bonds}. The term "polypeptide” refers to any chain or chains of two or more amine acids, and does
not refer 1o 3 apecific length of the product. Thus, peplides, dipeptides, ripeptides, sligopeptides, "protein,” "aminge acid
chair,” or any other term used to refer fo & chain or chains of two or more aming acids, are included within the definition
of “polypeplide.” and the term “polypeptide” may be used instead of, or inferchangeably with any of these terms. The
torm “polypeptide” is also intended {o refor to the products of post-expression modifications of the polypeptide, including
without fimitation glycosylation, aostylation, phospharyiation. amidation, derlvatization by known protentingfblocking
groups, protechtic cleavage, or modification by non-naiurally ceocurdng amino acids. A polypeptide may be derived rom
a natural biological source or produced by recombinant technology, bl is not necessarily translated from a designated
nucleic acid sequencs. it may be generated in any mamner, including by cheamicat synthesis,
fotzo] A polypeptide of the disclosure may be of a size of ahout 3 or more, 5 of more, 10 ar more, 20 or more, 25 or
move, 50 or more, 75 or more, 100 or more, 200 or more, 500 or more, 1,000 or more, or 2000 or more amino acids.
48 Polypeptides may have a defined three-dimensional siructure, although they do not necessarnly have such structure,
Polypeptides with a defined three-dimensionad struchure are referred fo as fokled, and polypeptides which donot posssss
a definad three-dimansional struchsre, bud rather can adopt a large number of differend conformations, and are referred
tn as unfolded. As used herein, he ferm glyooprotein refers to a profein coupled 10 al lsast one carbohydrate molety
that is atlached to the protein via an oxygen-coniaining or a nitrogen-containing side chaip of an amino acid residus,
& e.g., 8 sering residue or an asparagine residue.
[op21] By an “isolaled” polypeplide or a fragment, variant, or derivalive thereof is intended & polypeptide that is not
it ity natural miffeu. No particular level of purification is required, For example, an isolated polypeptide can be removed
from its native or natural environment. Recombinantly produced polypeptides and profeins expressed in host cells are
oonsidered isolated for purposes is of the disclosure, as are native or recomnbinant polypeptidas which have bean
56 separated, fractionated, or partislly or substentially purifiad by any suitable technique.
[6022] Also included as polypeptides of the pressent disclosure are fragments, derivatives, analogs, or variants of the
foregoing polypeptides, and any combination thereot. The terms "fragmeant,” "variant,” "dernivative” and “analeg” when
raferring to Sp3s antibodiss or antibody polypeptides include any polypepltides which retain al least some of the antigan-
binding properties of the comesponding native antibody or polypeptide. Fragments of polypeptides include proteolytic
fragroents, as weill as delation fragments, in addition fo specific antibody fragments distussed slsewhere herein. Varianis
of Sp3s antibodies and antibody polypeptides include ragmenis as desaribed above, and also polypeplides with allered
amino acid sequences due 1o amino acld substitutions, deletions, or insertions. Varants may ocour naturally or be non-
naturally occurring Non-naturally occurring variants may be produced using art-known mulagensesis techniques. Variant
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polypeptides may comprise conservative or non-conservative amino acld subsiitutions, defetions or additions. Derivatives

of Sp3& antibodies and antibody polypeplides, are polypeptides which have beean altered 8¢ as o exhibit additional

fealures notfound on the native polypeplide. Examples Inchude fusion proteins. Vadant polypepiides may atso b refemred

1o herein as "polypeptide analogs.” As used herein a "derivative” of an SpdS antihody or antibody polypeptide refers o

a subject polypeptide having one or more residues chemically derivatized by reaction of a functional side group. Also

nchided as "derivatives” are those peplides which contain ong or more nalurally occurring aming acid dervatives of the

bwerty standard aming acikds. For example, 4-hydroxyprofing may be substibided for proling; S-hydroxylysine may be
substituted for lysine; 3-methylhistidine may be substituted for bistidine; homoserine may be substitited for serine; and
arnithine may be substifudad for lysine,

i [0023] The term "polynucleciide” is intended to encompass a singidar nuclelc acid as well as plural nuclels acids, and
refers {0 an isolated nuolels acid molecule or sonstruc!, e.g., messenger RNA (mRNA} or plasmid DNA {pDNA}. A
polynucieotide may comprise @ convernifional phosphodiaster bond or 8 non~conventional bond {8.g.. an amide bond,
such as found in peplide nusleic acids {(PNA)Y). The term "nucleic acid” refer fo any one or more nuclelc acid segments,
e DNA or RNA fragments, present in a polynudieotide. By “isolated” nucleic acid or polynucieotide s inlended a

18 nuclels acid molecule, DNA or RNA, which has been removed from its native environment. For example, a recombinant
polynucleotide encading an Sp35 antibody contained in a vestor is considerad isolated for the purposes of the present
disclosure. Further examples of an isolsted polvnucheotide include recombinand polynuctentides maintained in haterol-
ogous host oells or purified {partially or substantialhy) polynucieotides in solution, Isolated RNA molecules include i vivo
ar in vitra RNA transcripts of polynuciectides. isolated polynuclentides or nuclaic acids further include such molecules

28 produced synthedically. in addition, poiynuciedtide or a nucleic acid may be or may irelude a requiatory elamentd such
as a promoter, ribosome binding sile, or a transcription terminator,

[0024] As used herein, a "coding region” is a portion of nucleis acid which consists of codons transiated into amine
acids. Although a "stop codon” {TAG, TGA, or TAA} is not transiated into an amine acid, it may be considersd to be part
of acodingregion, but any flarking sequences, forexample promioters, riboseme Hnding sites, transcriptional terminators,
¥ indrons, ardd the fike, are not part of a coding region. Two or mora coding regions of the present disclosure can he present
in a single polynusiectide consiruct, £.¢.. on a single vedlar, or in separate polyrucieotide constructs, e.¢.. on separate

{different} vectors. Furthermore, any veclor may conlain a single coding region, or may comprise two or more coding

regions, €.4., & single vecior may separately encode an immunoglobudin heavy chain variable region and an -

nogiobudin light chedn variable region. In addition, s vector, polynuclentide, or nunleic acid of the disclosurs may encode
heterclogous coding regions, either fused or unfused © a nucleic acid encoding an Sp35 andibody or fragment, varant,

or derivative therenf, Haterclogous coding regions include without limitation specialized elemenis or mollfs, such as a

sacretory signal paptide or a helerologous functional domain.

[O0258] In certain instances, the polynuclectide or nucieic acid is DNA. In the case of DNA, a polynucieotide comprising

& nucleic acid which encodes g polypeptide normally may include a promoter andfor other tangcription or transtation

cantrol elements operably associated with ong or more coding regitns. An operable asscoiation is when a coding region

for a gene product, e.g., a polypeplide, 13 associated with one or more regulatory sequences in such a way as lo place
axpression of the gene product under the influence or conlrol of the reguiatory seguence(s). Two DNA fragmenis (such
as a polypeptide coding region and a promuoier associated therawith) are “aperably associated” # induction of pramoter
function results in the franscription of mRNA encoding the desired gene product and if the nature of the inkage betwaen

40 the two DNA fragments does not interfere with the ability of the expression regulatory sequences fo direst the expression
of the gene product or interfere with the abilty of the DNA template o be transoribed. Thus, a promaoler region would
be aperably associated with & nuclein acid encoding g polypeptide i the promoter was capabie of effecting ranscrplion
of that nucleic acid. The promater may be a cell-specific promoter that directs substantial franscription of the DNA ondy
in predetermined cells. Other transcription control slements, besides a promoter, for exampie sphancers, oparators,

4 repressons, and ranscripliontermination signals, can be operably assacialed with {he polynusieptide o divect call-speacific
franscription. Suitable promoters and other transcription control regions are disclosed herein.

[0026] A varlety of transcription control regions are known 1o those skilled in the art. Thase include, without imitation,
transcription control regions which function in vertebrale cells, such as, but not limited to, promoter and enhancer
segments from oylomegsaloviruses {the immediate early promioter, in conjunction with intron-A}, simian virus 40 {the

5 early promoter), and retroviruses (such as Rous sarcoma virus). Other ranseription control regions include those derived

fram vertebrate genes such as actin, heat shock protein, bovine growth harmone and rabbit Peglobin, as well as other

sequences capable of contralling gene expression in eukaryolic celis. Addilional suitable franscriplion condral regions
include tissus-specific promoters and enhancers as well as lymphokine-inducible promoters {e.g., promoters inducible
by interferons or interfeuking).

[BO27] Similarly, a variaty of translation condrol elements are known io those of ordinary skilt in the arl. These include,

byt are not imited 1o ribosorne binding sites, ransiation iniiation and termination codans, and slements derived fom

picomavirusas {partioularly an internal ribosame entry site, or IRES, alsa referrad to as a CITE sequence).

[0828] In other instances, a polynucleotide of the present disclosure is RNA, for example, b the form of messenger

<
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BNA {mRMNA).
[0028] PFolvnucisolide and nucleic acid coding regions of the presest disclosure may be assockated with additional
coding regions which encnde secretory or 5ignal peplides, which direct the secrelion of a8 polypeplide sncoded by &
polynucieotide of the present discloaure. According o the signal hypothesis, proteins secrefed by mammalian cells have
a signal peptide or secretory leader sequence which is cleaved from the mature protein once expont of the growing
protedn chain across the rough sndoplasmic reticudum has been initiated. Those of ardinary skill in the art are aware that
polvpeptides secrefed by verlebrale cells generally have a signal peplide Tused fo the N-erminus of the polypeptide,
which iz cleavad from the complete or "Rill length” polypeptide 1o produce a secrated or "mature” form of the polypepiids,
in cerain instances, the native signal peplids, a.g., an immunoglobulin heavy chain or ight chain signal peptide is used,
Rt or a funclional derivative of that sequence that retains the ahility o direct the secrelion of the polypeptids that is cparably
associated with it. Alternatively, a helerologous mammalian signal peplide, or 3 unclional dervative thersof, may be
used. For example, the wild-type leader seguence may be substituled with the leader seguence of human tissue plas-
mirogen activator (TPA} or mouse f-glusuronidase.

[8034] The present disclosurs is direciand to cerlain Sp35 antibodies, or antigen-binding fragmaents, variants, or denv-
18 atives thereof. Unless apecifically referring o full-sized antibodies such as naturally-ooourring antihodies, the ferm "Sp38

anfibodies" encompassas full-aized antibodies as well as anfigen-binding fragments, variants, analogs, or derivatives

of such antibodies, e.g., naturally ncowring antibody or immunoglobulin molecules or enginesrad anlibody molenules
or fragments that bind antigen in a manner similar (o antibody molecules.

[0031]  The terms "antibody” and “immunoglobulin® are used interchangeably herein. An antibody or immunoglobulin
28 comprises at least the variabde dorain of 8 heavy chain, and normally comprises at least the vardable domains of

heavy chain and a light chain. Basic immunoglobudin structures in verisbrate systems are relatively well undersiond.

See, e.g.. Harlow et al., Antibodies: & Laboratory Manual, {Cold Spring Harbor Labaratory Fress, 3nd ed. 1088).

[0032] As will be discussed in more deiail below, the term “immunoglobulin® contprises various broasd classes of

polypepdides thal can be distinguished bionhemically. Those skifled in the art will appreciate that heavy chains are
¥} classified as gamims, mu, slpha, delta, orepsilon, (v, p, «, 4, ¢} with some subclasses among them (e.g., y1-v4). His the
nature of this chain that determines the "class” of the andibody as 1gG, igh, IgA g0, or igE, respectively. The immu-
riogiobutin subciasses {lsotypes) e.g.. 190G, lg,, 3., g3y, IgA . elt. are well characterized and are known to conder
unctional specialization, Modified versions of sach of these classes and isolypes are readily discernable to the skilled
ariisan in view of the instant disclosure and, accardingly, are within the scope of the instant disclosure. All immunoglobudin
classes are clearly within the scupe of the present disclosure, the fullowing discussion will generally be directed to the
igG class ol immunoglobulin molecudes. With regard 10196, a standard immunogicbulin molecule comprises two identical
light chain polypeptides of molecular weight approximately 23,000 Dalions, and two identical heavy chain polypeplides
of molecular weight 53,000-70,000. The four chains are typically joined by disulfide bonds in a "Y" configuration wherein
the Hight chains bracket the heavy chains slarting at the mouth of the *Y" and continuing through the varlable region.
[0033] Light chains arg classified as eithaer kappa or lambda (&, 1). Each heavy chain class may be hound with either
a kappa or lambda light chain. In general, the light and heavy chains are covalently honded to sach other, and the “taif”
portions of the two heavy chains are bonded 1o each other by covalent disutfide linkages o non-covalent linkages when
the immunoglobuding are generated either by hybridomas, B oells or genetically engingered host cells. in the haavy
chain, the amine acid sequeances run from an Nderminus at the forked ends of the Y configuration {o the Carminus at
40 the boltom of each chain.

[6034] Both the light and heavy chains are divided inlo regions of structural and fungtionsl homalogy. The teans

"constant” and "variable” are used hmclionally. In this regard, it will be appreciated that the variable domains of both the

fight (V) and haavy (V) chain portions determineg antigen recognition and specificlty. Conversely, the constant domains

of the light chain {Cy} and the beavy chain {Cy1. G2 or Cy3) confer important biclogical propertiss such as secrelion,
4 transplacental mobility, Fo receplor binding, complament binding, and the like. By sonvention the numbering of the
conatant region domains increases as they become more distal from the antigen binding site or amino-lerminus of the

antibody, The N-terminal portion is a vatiable region and at the C-lerminad portion 18 a constant region; the 0,3 and C

domains actually comprise the carboxy-terminus of the heavy and light chain, respectively.

[0035] Asindicated above, the variable region allows the antibody to selectively recognize and specifically bind epitopes
3¢ on antigens. That is, the V| domain and Yy domain, or subset of the complementarity determining regions {CDRs), of
an antibody combine to form the vadable region that defines a three dimensional antigen binding site. This quaternary
antibody structure forms the anligen binding site present at the end of each afo of the Y. More specitically, the antigen
binding site is defined by thres CDRs on each of the Vi and V,_chains. In some instances, s.g.. certain immunoglobulin
molecues derived from camelid species or snginesred based on camslid immunogliobulins, a compiste immunoglobulin
moleculs may consist of heavy chiagins only, with no light chains. See, e .g.. Hamers-Dastermarniel sl Noture 363:446-448
{1893},

[0036] In naturally oocurring antihodies, the six “complementarity determining regions® or "CDORs" present in each
antigen binding domain are shorf, non~contiguous sequences of amino acids that are specifically positioned {o form the
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antigan binding domain as the antibody assumes s three dimensional configuration in an agueous srwironmant. The
remainder of the amino acids in the antigen binding domaing, referred 1o as "framework” regions, show less inter
maoleciular variability. The framework regions largely adopd a $-shest conformation and the CORs fomm lbops which
connest, and in some cases form part of, the B-sheet structure. Thus, framework regions act io form a scaffold that
provides for positioning the CDRs in correct arientation by inter-chain, non-covalerd interactions. The antigen binding
domain formed by the positioned CDRs defines a surface complementary o the epilope on the immunoreactive antigen.
This complementary surface promaotes the non-novalant binding of the antibody to its cognale epilope. The amino acids
comprising the CDRs and the framework regions, respectively, can be readily identified for any given beavy or light ghain
variable region by one of ordinary skill in the &, since they have been precisely defined {ses, "Sequences of Praleing
of immunological interest,” Kabal, E., et al., U.8. Department of Health angd Human Services, {1863); and Chothia and
Lesk, J. Mol Bigl, 196:301-817 {1987}}.

[0037]  In the case where there are two or more definitions of a term which is used andior accepted within the an, the
definition of the lerm as used herein is infended fo include all such meanings unless explicitly stated o the contrary, A
specific example s the use of the lern “complementarity determining region” {"CDR"} to dasaribe the non-contiguous
antigen combining sites found within the variable region of hoth heavy and light chain polypeptides. This particular region
has been desoribed by Kabat atal., U.S. Dapt, of Health and Human Senvices, "Seguences of Proteing of immunological
interest" {(1983) and by Chothia &t al., 4. Mol. Biol. 186:9D01-817 (1887}, where the definitions inclurde overlapping or
subsets of amino acid residues when compared against each other. Neverthelpss, application of either definition to refer
1o a COR of an antibody or variants thereof is intended {o be within the acope of the {erm as defined and used herein.
The appropriate aming acid residues which encompass the CORs as defined by each of the above cilad referances are
set forth below in Table | as a2 comparison. The exact residue numbers which encompass a partivular COR will vary
depending on the sequence and size of the COR. Thosae skilled in the artcan routinely determine which residues comprise
a particular COR given the variable region amino acld sequence of the antibody.

TABLE 1. CDR Definilions?

Kabat Chothia

Wy COR1 3135 26-32

¥ CDR2 50-65 52-58

Wy, COR3 95102 95102

Y, CORY 24-34 26-32

vy COR2 50-58 : 50-82

V, CDR3 89.97 51-96
INumbering of ali COR definltions in Table 1 is acoording to the numbering conventions set forth by Kabat of af. {(see
below).

[0038] Kabat ef 8/ also definad a numbering aystem for vaniable domaln sequencas thatis applinable to any antibody.
One of ordinary skill in the art can unambigously assign this system of "Kabsat numbering” {o any variable domain
sequence, without reliance on any expanmental data bayond the senuence ilself. As used hergin, "Kabal numbering”
refers to the numbering system set forth by Kabat et al., U.S. Dept. of Health and Human Services, “Sequence of Proteins
of Immunological Interest” { 1983} Unleas otherwise specified, references 1o the numbering of speeific armino acid residue
positions in an Spds anbbody or antigen-binding fragment, variant, or derivative thereof are according 1o the Kabat
munbering systam.

[0039]  Incamslid species. the heavy chain variable region, referred to as VR, forms the entire antigen-binding domain.
The main differences belween camelid VgH variable regions and those derived from conventional antibodies (V) include
{a) moe hydrophobic aming acids in the light chain conlact surface of Vi, as coraparad to the corresponding region i
VyH, (b} a longer CORS in Vg, and {¢} the frequent occurrence of a disulfide bond between CORY and CDR3 in V.
[0040] Antibodies or antigen-binding fragments, variants, or derivatives thereof of the disclosure include, but are not
limited io, polyclonal, monoclonsl, multispecific, buman, humanized, primatized, or chimeric antibodies. single chain
antibodies, epliope-binding fragmenis, e.g.. Fab, Fab' and F{al'}),, Fd, Fys, single-chain Fvs (scFv}, singls-chain antl-
bodies, disulfide-linked Fys (sdFv}, fragmenis comprising sither a V| or V, domain, fragments produced by a Fab
expreaston fibrary, and anti-idiotypic (anti-ld} antibodies (including. e.g.. anti-id anttbodies o Sp35 andibodies disclosed
herein}. Scf v molecules arg known in the art and are described, e.g., in US patent 5.882 019, imrnunogiobulin or antibody
molecules of the disclosuwre cars be of any type {e.g., 1gG, IgE, g, g0, oA, and lgY}. class {8.q., 1gG1, igG2, IgG3,
G4, IgAl and 1gA2) or subclass of immunoglobudin molecule.



DK/EP 2740744 T3

EP 2740 744 B1

[0041] Antibody fragments, including single-chain antibodies, may comprise the variable region{s) alone or in combi-
nation with the entirety or a portion of the Tollowing: hinge region, Cyt, Cyl, and Cp3 domains. Also included in the
disclosurs are andigen-binding fragments also nomprising any combination of variable region{s} with & hinge region,
Cyt, Oy, and Gyl domaing. Antibodies or immunospecific fragments thersof for use in the diagnostic and therapeutic
methods disclosed hersin may he from any animal origin including birds and mammals. Preferably, the antibodies are
hurnan, murnne, donkey, rabbi, goat, guinea pig, camel, Hama, horse, or ¢hicken anlibodies. In ancther instance, the
variable region may be sandricthold in ofgin {e.g., from sharks}. As usad hergin, "human” antibodiss include antibodies
having the amino acid sequences of a human immunoglobulin and include antibodies isolated from human immunoglobudin
libraries or from animals fransgenic for one or more human inmuncglobulins and that do pot exprass endogenous
1 immunoglobuling, as dascribed infra and, for exaraple in, U.S. Pat. Nao. §.939,898 by Kucherlapati st al.
[0842] Asused herein, the term "heavy chain portion” includes amino acid ssquences detved from an immunaglobalin
heavy chain. A polypeplide comprising & heavy chain portion comprises al least one of a Oyt domain, a hinge {8.g..
upper, middle, andfor lower hinge region) domain, 3 CHE dornain, a CHB doraain, of a variant or fragment thereof. For
example, 2 binding polypeplide may somprize a polypeplide chain comprising a Tyl domain; g polypeptide chain
18 comprising a Cy1 domain, at least a portion of a hinge domain, and a G2 domain, a polypeptide chain comprising a
Gyt domain and a 3 domain, a polypeptide ohiain comprising 8 Oyl domain, af least a portion of & hinge domaibn,
and a C,3 domain, ar a polypeptide chain comprising a Cyy1 domain, at least a portion of a hinge domain, a G2 domain,
and a G 3 domsin. In anather instance, a3 polypeptide of the disclosure comprises a polypeptide chain comprising a Cp3
domain. Further, a binding polypeptide for use in the discloaure may lack atleast a portion of a O domain (e.g., allor
28 part of & C2 domain). As sel forth gbove, #t will be undarstoad by one of ordinary skill in the art thal these doamains
{e.g., the heavy chain portions) may be modifted such that they vary in aming actd sequence from the naturally ncourring
immunogiobulin molecule.
[0043] In certain Sp35 antibodies, or anligen-binding fragments, variants, or derivatives thereof disclosed herein, the
heavy chain portions of one polypepiide chain of a mullimer are kenlical 1o those on & second polypeptide chain of the
¥} multimer. Alternatively, heavy chain portion-cortaining monomers of the disclosure are notidentical. For example, sach
monoer may comprise a different target binding site, forming, for sxample. a hispecific antibody.
[8044] The heavy chain poddions of a binding polypeptide for use in the diagnostic and treadmeni methods disclosed
hersin may be derived o different immunaglobulin molecules, For example, a heavy chain portion of a polypeplide
may comprise a Oyl domain derived from an igG1 molecule and a hinge reglon derived from an lgG3 molecule. in
another exampls, a heavy chain portion can comprise a hinge region derived, in pan, from an IgG1 molecule and, in
pad, from an IgGJ3 malecule. In another exaraple, a heavy chain portion can comprise a chimeric hings derived, in par,
from an {gG1 moleculs and, in part, from an IgG4 molecule.
[0045] As used herein, the term “light chain portion” includes amino acid sequences derived from an immunogiobalin
light ehain. Preferably, the light ehain portion comprizes at least one of a vV or C; domain.
[0046] Spds antibodies, or antigen-kinding fragments, variants, or derivatives thereo!l disclosed herein may be de-
scribed or specified in terms of the epitopefs) or portion{s) of an antigen, e.g., a target polypeptide {Sp35) that they
recognize or specifically bind, The portion of a target polypeptide which specifically inferacts with the antigen binding
donain of an antibody is an “eplinpe,” or an "anligenic deferminani.” A target polvpeptide may comprise a single epitops,
but typically comprises at least two epitopes, and can include any number of epitopes, depending o the size, confor-
48 mation, and type of anligen. Furthermore, # should be noted that an "epilope” on g target polypeptide may be or include
rion-polypeptide elements, &.g., an "epitope may include a carbohydrate side chain.
[8847] The minimum size of g paptide or polypeplide epitope for an antibady is thought to be about four te five amino
aclds. Peptide or polypeptide epitopes preferably contain atleast seven, more preferably atleast nine and most preferably
behwesn at least about 16 to about 30 amine acids. Since a8 COR can recognize an antigenic peptide or polypeptide in
44 its terliary form, the amino acikds compising an apiiope nead nol be contiguous, and In some cases, may not avan be
on the same peptids chain. In the present disclosure, peplide or polypeptide epitope recognized by Sp35 antibodies of
the present disclosure containg a sequence of at least 4, at lsast 5, af least 6, at least 7, more preferably atisast 8, at
least 9, al least 10, atieast 15, at least 20, al least 25, or between about 15 to about 3¢ configuous or non-contiguous
amino acids of Spas.
5S¢ [0048] By "specifically binds," it is generally meant thal an antibody binds to an epliope via its antigen binding domain,
andg that the binding entails some complemertarity balveen the antigen binding domain and the epitope. According fo
this definition, an antibody is said to "specifically biad" {o an epitope when it hinds o that epilope, via its antigen binding
domain more readily than it would bind o 8 random, unrelated epitope. The temn "specificity” is used herein fo qualify
the relative affinity by which a certain antibody binds to g certain epitope. For example, antibody "A” may be deemesd o
have a higher specificity for a given spitope than antibody "B, or antibndy “A" may be said o bind o epitope "0 with
a higher spacificity than i has for related epitope "D."
[0049] By "preferentially binds,” it is meant that the antihody specifically binds {o an epitope more raadily than it would
bind 1o a related, similar, homologous, or analogous epitope, Thus, an antibody which "preferentially binds® {o a given
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apitope would more likely bind to that epitope than {0 a related epliope, even though such an antibody may cross-react
with the related epifops.
[0850] By way of non-imiting sxample, an antibody may be considerad to bind a first spilupe preferentially if it binds
said first epitope with a dissociation constant (K} that is less than the aniibody's K for the second epiiope. In another
rion-imiting example, an antibody may be considered 1o bind a first antigen preferentially if it binds the first epitope with
an affinity that is at least one order of magnifude less than the antibody’s K, for the second epitope. In another non-
himiting example, an antibody may be considerad to bind a Brst epilope preferentially if it binds the Brst epilope with an
affinity that is af least two orders of magnitude less than the antibody's Ky, for the second epitope.

[0851] In another non-limiting example, an antibody may be considered to bind a first epitope preferentially i it binds

W the first epilope with an off rate (k{off}} that is less than the antibody's k{cff} for the second epifops. In ancther non-
limiting example, an antibady may be considered {o bind a first apitope preferantially if & binds the first epitope with an
affinity thai is at leasi one order of magnitude less than the antihody’s kin#f) for the second epitope. In another non-
limiting sxampls, an antibody may be considered to bind a first epitope preferentially if it binds the first epitope with an
affirity that is at least two orders of magniiude less than the antibody’s k(off} for the sesond epitops.

18 [0052] An antihody or or anfigan-binding fragmeni, variant, or derivative disclosed herein may be said to bind a target
polypeptide disclosed harein or a fragmant or vatant theraof with an off rate (kiofh)) of less than or equal to & X 102
gsect, 102 secd, 5 X 10-¥ sect or 100 sact. More preferably, an antibndy of the disclosure may be said 1o bind a target
polypeptide disclosad herein or a fragment or variant thereof with an off rate (kicf)} less than or squal 1o 5 X 10+ sen”,
104 seet, 5 X 108 sect, or 10 % sact 5 X 109 sact, 108 sect, 5 X 107 sact or 107 sact

28 [B053] An antibody or or antigea-binding fragment, variani, or derivative disclesed harein may be said fo bind a target
polypeptide disciosed herein or a fragpment or variant thereof with an on rate {k{on)} of graater than or equal to 10° M
sect, 5 X 107 M sec?, 104 M sect ar 6 X 104 M* sect. More preferably, an antibody of the disclosure may be said
{o bind a target polypeptide disclosed herain or a fragment or varland thereof with an on rale {k{on)) greater than or equal
to 1% M sect, 5 X 105 M sec?, 108 81 sec?, or 8 X 108 MY sec? or 107 MY ses

3 [o054]  An antibody is said to competifively inhilsit binding of a reference antibody to a given epitope if it preferentially
binds to that epifope o the exient that i blooks, 10 some degres, binding of the reference antibady to the epilope.
Competitive inhilsition may be determined by any method known in the g, for example, compelition ELISA assays. An
antibady may be said o competitively inhibit binding of the reference antibody to & given apitope by al least 0%, at
least 80%, of least 70%, at least 80%, or at least 50%.
[0055] As used herein, the term "affinily” refers to @ measure of the strength of the binding of an individual epitope
with the COR of an immunoglobulin molacule. See, e.g., Harlow et al., Anlibodies: A Laboraiony Manual, (Cold Spring
Harbor Laboratory Press, 2nd ed. 1988) al pages 27-28. As used herein. the term "avidity” refers 1o the overall stability
of the complex between a population of immunoglobuling and an antigen, that is, the functional combining strength of
an immuroglobulin mixture with the antigen. See, &.¢. . Harlow at pages 28-34. Avidity is related fo both the affinity of
individual immunoglobulin maolecules in the population with specific epitopes, and also the valencies of the immunacglob-
ufins ard the antigsn. For example, the interaction between a bivalent monocional antibody and an antigen with a highly
repeating epifope struciure, such as a polymer, would be one of high avidity,

[o056] Sp385 antibodies or antigen-binding ragments, vasiants orderivatives thargof may adso be described or specified

irt terms of their cross-reactivity. As used herein, the ferm “crosa-reaclivity” refers {o the abillly of an sniibody, specific

40 for one antigen, to react with a second antigen; a measure of relatedness between hwo different antigenic substances.
Thus, an antibody is cross readctive f it binds 1o an epilope other than the one that induced ils formatlion. The cross
reactive epitape generally contains many of the same complamendary structural features as the inducing epitops, and
in some cases, may actually it better than the original,

[0057] Forexample, certain antibodies have some degree of cross-reactivily, in thatthey bind related, but non-iderdical

45 epitopes, 8.g., epilopes with al least 95%, ot least 80%, al leasi 85%. al least 80%, al least 75%, at least 70%, ot least
85%, al icast 60%, al least 55%. and ol least 50% identity {as calculated using methods known in the art and desoribed
herein) to a refarsnce epitope. An antibndy may be sald to have litlle or no cross~reactivity if it does not bind epitopes
with less than 95%, less than B0%, less than 85%, less than 80%. less than 75%. less than 70%, less than 65%, less
than 60%, less than B5%, and less than 50% identily {as calculated using methods known in the ant and describad

5¢  herein} to a referance epitope. An antibody may be deemed "highly specific” for a cerlain epitops, if i does not bind any

other analag, orthalog, or homolog of that epilope.

[0088] Sp35antibodies orantigen-binding fragments, variants or derivatives thereof may also be described or specified

in terms of their binding affinity to a polvpeptide. Preferrad binding affinitles include those with a dissociation constant

or Kdless than S x 102 M, 102 M, S5x 1098, 103 M. 5 x 104 M, 107 ML B 105 M, 109 M, S x 100 M, 105 M, 5x

107 M, 10T M, S x 108 M, 108 M, S x 109 M, 108 M, S x 100 M, 1070 M, B x 10T M, 1071 M, B x 07T M, 1071 M,

Ex 1B 10 M, S x 10 M 10 M B x 105 ML or 1018 M,

[0059] Spd% antibodies or antigen-binding fragments, variants or derivatives thereof may be "mullispecific,” e.g., bis-

peaific, trispecific or of greater multispecificily, meaning that i recognizes and binds o two or more different epitopes
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prasani on one or more differant antigens {e.g.. protaing) at the same time. Thus, whether an Sp34 antibady is "mono-
specfic” or "mudispecific” s.g.. "bispecific,” refers fo the number of different epilopes with which a binding polypeptide
raacts. Multispecific antibodies may be specific for different epitopes of a larget polypeptide descobied hesin or may be
specific for a target polypeptide as well as for a helerclogous epitope, such as a heterologous polypeptide or solid support
matarial,
[00B0]  As used herein the {eam “valency” refers o the number of potential binding domains, e.g.. antigen binding
domains, present in an Sp38 andibody, binding polypeptide or sntibody. Eanh binding domain specifically binds one
epitope. When an Sp3& antibody, binding polypeptide or antibody comprises niore than one binding domain, sach binding
domain may specifically bind the same epitape, for an antibody with two binding domains, termed "bivalent monospeoific”
i or {o different epitopes, for an antibudy with two binding domains, termed "bivalent bispecific.” An antibady may also be
bispecific and bivalent for pach specifiolty (lermed "bispecific tetravalent antibodies™). In another instance, letravalent
riribodies or domain deleted antibodies can be made.
[0061] Bispecific bivalent antibodiss, and mathods of making them, are described, for inatance in U.S. Patent Nos.
5,731,168; 5,807, 706; 5,821.333; and U.5. Appl. Publ. Nos, 2003/020734 and 2002/0155537. Bispecific tetravalent
18 antibodies, and methods of making them are described, for instance, inWQ 02098948 and WO 00/44788. See genearally,
PCT publications WO 8317715, WO 82/08802; WG 91400380, WO 82/05793; Tutt et al., 1 Immunol. 147:60-88 (1991}
U.8 Pal Nos. 4.474.883; 4,714,681, 4,825,648; 5,5873,840; 5.601,819; Kostelny e al., J. immunol. 14818471553
{1892},
[0082] As previcusly indicated, the subunit structures and three dimensional configuration of the constant regions of
28 the vanous immunogiobulin classes are well known. As used herein, the term "V domain” includes the amino teminal
variable domain of an immunoglobulin heavy chain and the term "Cg 1 domain” includes the first {most amino terminal)
constant region domain of an immunoglobulin heavy chain. The Cy1 domain is adjacent to the Vi domain and is amino
{erminal {o the hinge region of an immunoaglobutin heavy chain molecule.
[O063]  Asused herain the term "G domain” includes the portion of a heavy chain molecule that extends, e.g., from
3 abowt residue 244 o residue 360 of an antibody using conventional numbering schemes (residues Z44 to 360, Kabat
nurnbering system; and residuss 331-340, EU numbering syslent: see Kabat EA ef al op. ol The G2 domain is unique
it that it is not clogely paired with another domain. Rather, two N-linked branched carbobydrate chains are interpased
betweaen the two G2 domains of an intast native tgG molecule. it s also well documented that the Cy3 domain axlends
from the G2 domain to the C-terminal of the igG moletude and comprises approximately 108 residues,
[0064] As used herein, the lerm "hings region” includes the porlion of 3 heavy chain molecule that joins the C,;1 domain
to the G2 domain. This hings region comprises approximadely 25 residues and is flexible, thus aliowing the iwo N-
terminal antigen binding regions 1o move indepandently. Hinge regions can be subdivided into three distinct domaing:
upper, middie, and lowsr hinge domaing (Rowx st al., 4. Immunol. 161:4083 (1988},
[0085] As used hersin the term "disulfide bond" includes the covalent bond formed between two sulfur atoms. The
aming ackd cystetne comprises a thiol group that can form a disulfide bond or bridge with & second thiol group. In most
naturally occurring 1gG molecules, the G 1 and G regions are linked by a disulfide bond and the two heavy chains are
linked by two disulfide bonds at poaitiona corresponding 10 2309 and 242 using the Kabal numbering systen {position
226 or 229, EU numbering sysiam).
[0066] As used herein, the term "chimeric antibody” will be held 1o mean any antibody whersin the immunoreactive
40 region or site is oblained or derived from s first species and the constani region {which may be infact, partial or modified
in accardance with the instant disclosure} is oblained From a second species. In preferred instances the larget binding
region or site will be from & non-human source {e.g. mouse or prirmads) and the constand region is human.
[0067] As used harein, the term "enginesred antibody” refers (o an antibody In which the variable domain in either the
heavy and light chain or both is altered by al least partial replacement of one or more CDRs from an antibody of known
4 gpenificlly and, if necessary, by parlial framework region replacerment and segquence changing. Although the CDRs may
be derived from an antibody of the same class or even subclass as the antiboady Fom which the framework regions ars
derived, it is envisaged that the CDRs will be derived from an antibody of different class and preferably from an antibody
from a different species. An engineered antibody in which one or more “donor™ CDRs front & non-human antibody of
known specifinity is grafted into a human heavy or light chain framework region is referrad to herein as 8 "humanized
5¢ antibody.® i miay not be necessary 1o replace all of the CDRs with the complate CDRs from the donor variable region
{o {ransfer the antigen binding capadity of one variable domain o another. Rather, # may obly be necessary fo ransfer
those residuss that are necessary {o maintain the aclivity of the target binding site. Given the explanations set forthvin,
.., U. 8 Pal. Nos., 5,585,080, 5.893,761, 5,623,762, and 8,180,370, it will be well within the competancs of thase
skilfled inthe art, either by carrying outrouting experimeniation or by trial and error testing to obialn a funclional enginesred
pr humanized antibody.
[0868] As used herain the term "properly folded polypeplide” includes polvpaptides {e.g., Sp38 antibodies) in which
all of the functional domains comprising the polypeptide are distinctly active. As used herein, the term "improperly foided
polypeptide” includes polypeptides in which at least ong of the functional domains of the polypepiide is not aclive. In
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one instance, a properly folded polypeptide comprises polypeptide chains linked by at least one disulfide bond and,
conversely, an improperly folded polvpeptide comprises polypeptide chaing not linked by at least ong disuifide bond.
[6069] Asusedhersinthe lerm "engineerad” includes manipulation of nuclsic anid or palypeptide moleculas by synthetic
means {o.g. by recombinant lechniques, in vitro peplide synihesis, by enzymalic or chemical coupling of peplides or
some combination of these techniques).
[0070]  Asused herein, the teons Vlinked,” "used” or “fusion” are used inferchangeably. These terms refer (o the joining
fogether of two more elements or components, by whalever means inoluding chemical nonjugstion or recombinant
means. An “in-frame fusion” refers to the joining of two or more polynucieatide open reading frames {ORFs) o form @
continuous longer ORF, in & masner that maintains the corect transiational reading frame of the original ORFs. Thus,
i a recombinant fusion protein is @ single profein conlaining two ore more segments that correspond to polypeplides
encodad by the orginal ORFs {which segments are not normally so joined in nature ) Although the reading frame is thus
made continuous throughout the fused segmentis, the segments may be physically or spatially separated by, for example,
ir-frame Hinker sequence. For axampls, polynusieotides encoding the CDRs of an immunoglobulin varable region may
be fused, inframe, but be separated by a polynuclactide encoding at least one immunogiobulin framework region or
18 additional CDR regions, as long as the "usad" CDRs are co-translated as part of a continuous polypeptide.
[0871] In the condext of polypeptides, 2 "linear sequence” or 3 “sequence” is an order of amino acids in 3 polypeptide
in an armino o carboxy! terminal direction in which residues that neighbor each other in the sequance are contiguous in
the primary structure of the polypeptide.
[0072] Theterm "exprassion” as usad hevein refers to a process by which a gene produces a biochemical, for example,
28 an BRNA or palypeplide. The process includes any manifestation of the funclional presence of the gene within the cell
including, without imitation, gene knockdown as well as both transient expression and stable expression. it inchudes
without limitation transcription of the gene into measenger RNA {mRNA], transfer RNA {IRNA), small hairpin RNA
{shRNA)}, small interfering RNA {sIRNA) or ary other RNA product, and the translation of such mRNA into polypeptide(s}.
if the final desired product is & biocheminal, expression includes the creation of that biochenticat and any precursors,
& Expression of 8 gene produces a “gene product” As used herein, & gene product can be either a nuclele acid, e.g.. a
massanger RNA producaed by transcription of a gene, or a polypepiide which is iransiated from a franscripl. Gene products
described herein further include nucleic acids with post franscriptional modifications, e.g., polyadenylation, or polypep-
fides with post translations! modifications, e.g., methylation, glycosyiation, the addiion of Bpids, assoniation with other
protein subunits, proteaivtic cleavage, and the like.
[0073] As used herein, the lerms “treat” or “reatment” refer to both therapsutic reatment and prophylactic or prevent-
ative measures, wherein the object is & pravent or slow down (lessen) an undesired physiological change or disorder,
such as the progresaion of muttinle aclerosia. Beneficial or desired alininal resulia include, butare notlimited to, slleviation
of symptoms, diminishment of exient of dissase, stabilized {is.. not worsening) state of disease, delay or slowing of
disease progression, amelioration or palliation of the diseass stafe, and remission {whether partial or total), whether
detectable or undetectable. "Treatment” can alsc mean prolonging survival as compared o expacied swrvival if not
receiving treatment. Those in need of reatment include thoss already with the condition or disorder as well as those
prone to have the condition or disorder of those in which the condition or disordar is 1o be prevented.
[o074] By "subject” or “individesl” or “animal” or "patient” or 'mammal,” is meant any subject, pardicudarly a mammalian
subject, for whom disgnosis, prognosis, or therapy is desired. Mammialian subjects include humans, domestic animals,
40 farm animals, and zoo, sports, or pet animals such as dogs, cals, guinea pigs, rabbits, rats, mice, horses, caltle, cows,
and so an.
[0075]  As used herein, phrases such as “a subject that would benefit from administration of an 5p35 anlibody” and
“an animal in need of reatment” includes subjects, such as mammalian subjects, that would benefit from administration
of an Sp35 antibody used, e.q.. for delection of an Sp38 polypeplide {s.g., for a diagnostic procedure} andfor from
& treatment, Le., palliation or pravention of a disease such as M3, with an 5p38 anlibody. As desoribed In mare deladl
herein, the Spa% antibody can be used in unconjugated form or can be conjugated, e.g.. {0 a drug, prodrug, or anisotope.
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50 [0078] Naturally ocourring human Sp38 (Sp38) is a glycosylated ceniral nervous system-specific prolein which is
predicted fo have 614 amine acids {(SEQ D NG 2), including a 33 amino acid signal sequence. Sp 35 is also known in
the art by the names LINGO-1, LRRNG, LRRNBA, FLI14584, LERNT, MGCTT422 and UNQ201. The human, fult-length
wild-lype Sp3& polypeptide contains an LRR domain consisting of 14 lsucine-rich repeats {inchuding N- and C-erminal
caps), an lg domain, a ransmembrane region, and a oyloplasmic domain. The cytoplasmic domain contains a canonical
tyrosine phosghornyation sila. In addiifor, the naturally occurring Sp35 protein contains a signal sequence, a short basin
region between the LRRCT and Iy domain, and a fransmerbrane region bebwean the Iy domain and the oytoplasmin
domain. Tha human Sp35 gene (SEQ 1D NO:1) contains alternative franslation start codons, 3o that six additional amino
acids, i.e., MQVSKR {SEG 1D NG: 3} may or may not be present at the N-lerminus of the Sp38 signal sequence. Table
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2 lists the Sp35 domains and other regions, according 1o aming acid residue number, based on the SpdS amino acid
sequence prasaated hersin as SELHD NO: 2. The Sp35 polypeplide is chamacterized in more detall in PET Publication
No. WO 2004/085648.

TABLE 2--8p35 Domains

Domain or Region Beginning Residue | Ending Residue
Signal Sequence ki 33 0r 35
LRRNT 34 or 38 64
LRR 86 89
LRR 80 113
LRR 114 137
LRR 138 181
LRR 162 185
LRR 186 209
LER 210 233
LRR 234 257
LRR 258 281

wR 282 | s
LRR 366 329
LRR 330 3583
LRRCY 363 414 or 416
Basic 415 or 417 424
ig 419 483
Connacting ssquence | 484 551
Transmambransg 5§52 576
Cyloplasmic 577 814

[0077] Tissue distribution and developmenial expression of Sp35 has been studied in humans and rats. Sp35 hivlogy
has been studied inan experimental aniral {rat} model. Expression of rat Sp356 is localized o neurons and dligodendro-
cytes, as determinad by northerm blol and immuno-hstochemical staining. Rat Sp3s mRNA expression laval is regulaled
develnpmantally, peaking shorily after birth, {e., ca. posinatal day one. In a rat spinal cord fransection injury model,
Sp35 is up-regulated at the injury site, as determined by RT-PCR. See Mi et al. Nature Neuroscl, 7:221-228 {(2004).
[0078] In the context of the amino acids comprising the various structural and funclional domains of an Sp35 polypep-
tide, the term "abouwl” inchudes the particularly reciled value and values larger or smaller by several {(g.g., 10,8, 8.7, 6,
5, 4, 3, 2, or 1} amino acids. Since the location of these domains as lisled in Table 1 have been predicied by conputer
graphics, one of ordinary skill would appreciale that the amino acld residues constifuting the domains may vary slightly
{e.g., by about 1 1o 15 residues) depeading on the criteds used 1o define the domain,

[0079] The Inventors have discovered that full-langth, wild-dype Sp35 binds to NgR 1. Sge PCT Publication No. WO
2004/085648. The inventors have also discovered that Spd5s is expressed in oligodendrocytes and that the Spab protein
is involved in the regulation of oligodendrocyle-medisted myelination of axons. Sge 1.8 Paterd Publication No.
2008/0009388 A1,

[0080] The nucleotide sequence for the full-length Sp35 moleculs s as follows:

12
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ATGCTGELGEHGEEELGTEAGGAGCATGCCCAGCCCCOTCUTERLOTGUTEECAGCCCATTCOTCC
TECTGGTECTCRECTCAGTGCTETCAGGCTUGGCCACGGEUTECCCGUCCUECTGCEAGTECTC
CECCCAGGACCGREGLIGTGOTETCCCACCSCAAGCGUTTYICTEECAGTCCLCGAGGGUATLCCC
3 ACCGAGRCGCGCQTCCTCCGACCTAGCCAACAACCGCATCARAACGCTCAACCAGBCGACGAGTTCS
CCAGCTTCCCGCACCTGRAGCGAGUTGGAGCTCAACGAGRACATCETGAGCGCCGTEGAGCLLGG
CECOCTTCAACAACCTCTITCAACCTCCGGACGCTGGETCTCCGCAGCAACCECOTGARGCTCATC
CCGUTAGGCETCTTCACTGGUCTCAGCAACCTGACCAAGUTGGACATCAGCGAGAACAAGATTG
e TTATCCTGCTGCACTACATGTTTCAGGAUICTGTACAACTUTCAAGTUACTGCGAGGTTGGCEACAA
TEACCTCGTCTACATCTCTCACCCUGUCTTCAGCGECCTCAACAGUUTGGAGLAGC TGACGCTE
GAGAAATGCAACTUTGACCTCCATCCCCACCEAGGCGCTETCCCACCTCGCACGICUTIATCGTS
TGAGGOTCOGETACCTCAACATCAATCUCATCCGGGACTACTCCTTCAAGAGGCTCTACCGACT
CAAGCTCTTECGAGATCTCCCACTGGCUCTACTTGCACACCATGACACCCRAALTGUCTCTACGEL
CTCAACCTGACGTCCCTGTCCATCACACACTGCAATCTGACCGCTETGCCCTACCTGGLCGTCC
GCCACCTAGTCTATCTCCGUTTCOTCAACCTCTCCTACARCCCCATCAGCACCATTGABGEGCTC
CATGTTGCATCACGCTOOTCLGEUTGCAGGASATCOAGUTGETCGEECEGECAGLTOGECCETGETG
GAGCCCTATECCTTCCGCGGCCTCAACTACCTGCGCETECTCAATGTCTUTSGCAACCAGOTEA
20 CCACACTGCAGGRATCAGTCTTCCACTCGETEGECAACCTGGAGACACTCATCCTGGACTCCAA
CCCGCTGECCTECGACTATCGEOTCCTETGEETETTCCGECGECCCCTEECGEUTCAACTTCAAL
COGCAGCAGCCCACETERECCACGCCCGAGTTTETCCAGEGCAAGGASTTCRAGGACTTCCCTG
ATGTECTACTGCCCAACTACTTCACCTELCGCCECECCCECATCCAGEACCECAAGGCCTAGLA
GUETCTTTEPCGACCGAGGGCCACACGETCCAGTTTIGTETGCCEGEUCGATGEUGALTCETCErCe
GUCATCCTCTGGCTCTCACCCCCGARAGCACCTEETCTCAGCCAAGAGCAATGEELGGCTCALAG
TCETCCOTEATCGCACGCTGGAGETCCGCTACGLCCAGOGTACAGGACAACGGCACLGTALCTETG
CATCGCGGCCAACGCGEECGECAACGACTCCATGCCCGCCCACCTGCATGTGCGCAGCTACTCG
CCCGACTGGUOCCATCAGCCCARCAAGACCTTCGOTTTCATCTCCAACCAGCOGEEUEGAGGGAG
ksl BAGELCCAACAGCACLCGUGCCACTRTCCCTTTCCCOCTTOGACATCAAGACCCTCATCATCGUCAL
CACCATGERCTTCATCTCTTTCCTGGGCETCGTCCTCTTIOTGCOTEETGUTGCTETTTCTUTGE
AGCCGCGGCAAGGGECAACACARAGUACAACATCGACATCCGAGTATOTGCCCCBAAAGTCRGEALS
CAGGCATCAGUTCCGLQCGALGCGCCCIGCAAGTTCAACATCGARGATGATATGA {(SEQ ID
NO:1).

=
&

[0881] The polypeptide sequence for the full-length Sp35 polypeptide is as follows:

MLAGGVRSMPSPLLACWQPT LLLVLGSVLSGSATGCPPRCECSAQDRAVLOHRKRFVAVPEG I P
TETRLLDLGKNRIKTLNQDEFASFPHLERLELNENI VSAVE PGAFNNLFNLRTLGLRSNRLKLT
PLOVPTGLSNLTKLDISENKIVILLDYMFQDLYNLKSLEVGDNDLVY I SHRAFSGLNSLEQLTL
EXCNLTSIPTEALSHLHGLIVLRLRHLNINAIRDY SFKRLYRLKVLEI SHWPYLDTMTPNCLYG
LNLTSLSITHCNLTAVPY LAVRHLVYLRFLNLSYNPI ST EGSMLHELLRLOE TQLVGGQLAVY
4 RPYAFPRGLNYLRVLNVSGNOLTTLEESVFHSVGNLETLILDSNPLACDCRLLWVFRRRWRLNFN

ROQPTCATPEFVQGKEPKDFPDVLLENY FTCRRAR I RDRKAQQVEVDEGH TVQFVCRADGDPPY

AILWLSPREHLVSAKSNGRLTVFPDGTLEVRY AQVODNGTYLC I AANAGGRDSMPAHLHVRSYS

PDWPHOPNKTFAF I SNQPGRGEANSTRATVPFPFDIKTLI IATTMGF I SFLGVVLFCLVLLEFLR
s SRGKONTKHNIEIEYVPRKSDAGISSADAPRKFNMKMI (SEQ ID NO:2).

485

1. Bp35 ANTIBODIES

[0882] inone instancs, the present disclosurs is direcied to Spas antibodies, or antigen-binding fragments, variants,
or derivatives theraof. For example, the present disclosure includes at least the antigen-binding domains of cerlain
monacianal antibodies, and fragmants, variants, and derivativas thereof shown in Tables 3A 1o 3E.

[0083] Table 3A describes the regions of the Sp3d polypeplide that are bound by certain filldength phage library
derived antibodies. These antibodies have the same variable regions as the Fab fragments derived from Phage Display

[+
L£g
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Library-1, as indicaled in Table 38 {s.g. DOS in Table 3A has the same variable region as Li05 in Table 38, D08 in Table
3A has the same variable region as LIS i Table 3B, e} The antibodies were tested for binding Spdb fragmenis as
defined in Table 3A, using methods well known in the at.
[0084] Tables 3B-3E describe the abilily of the namad monodonatl antibodies or Fab fragments o detect Sp38 In
various assays such as; Fluorescent Activaied Cell Sorting (FACS), Immunoprecipitation (1P}, Western blot analysis,
mmunchistochemistry (HC) and Enzyme Linked immunosorbent Assay (ELIBAY. Detailed profocols for performing
these assays sre described hereln or are well known and understond by those of ordinary skill in ke art. Hybridoma-
derived monocional antibodies listed in Tables 38 and 3C were produced by injection of soluble Sp38 inte mice and
then isolated using hybridoma technology which is wall known in the art and described herein. Monaclonal antibodies
angd antibody Fab fragments listed in Table 3B were isolated from two different phage display libraries using lechnigues
knowr in the at.

TABLE 34

Sp35
Fragrment

Do3 (Lios
Variabie
Region}

D05 {Li05
Variable
Region}

DO6 {LibG
Variable
Region)}

Dos {Li0s
Variable
Region)

11 {Li03
Variable
Region}

D13 (L3
Variable
Region}

D33 {Li33
Variable
Region)

1-432 rat
Fo

AP-Sp35
(418-498)

417-498
hurnan Fo

417503
human F¢

383-498
human Fo

244-498
human F¢
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TABLE 3D
Antibody Species {Subtype {4+ ELISA
’ | HLINGO- | hLINGO-
, , 1 LRR [ig I mLINGO1 2
1A7 murine | lgG1/kappa | Fab |+ e

15

?P'l DS 1 GQ
(ATCC PTA-

25

Tz
ey

"IPAF46 | murine
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TABLE 3D (CONTINUED)

DK/EP 2740744 T3

Anttbcdy

FACS on 293 cells

FACS on stabie CHO

7P1D5.1GO

(ATCC PTA- |

~am“r,m@ 06) _

SReEHORE
3P4F4.6

munne

munne

a60M | i

!
<G.é§n DQnM

25



DK/EP 2740744 T3

EP 2740 744 B1

TABLE 3D (CONTINUED)

5 Antibody Species | Subtype ELISA
hLINGO- !
1 LRR g | mLINGO1
30-C12
. (D01 human | kappa Fab i ++ + -
38-DO1
{DIi02) human | lambda Fab | + - .
35-E04
D03 . Fab | +3++ + R
¢ SRR eESRE LR RRE R e
36-C08
{DH04) human Fab | + - -
G),+l-
a5
34-G04 S{€G), | {CGy
kg3 ‘ | ‘ _ \ T &
40
(Dli12) human Fab | ++ +/- ~
72-D03 ‘
. Dl13)
45
73~
(D17} human Fab | +++ - R
74-E08
% (D!QT) human | Fah | +++ + - ot
75-H04 ‘ D e e
(Dii24) human | Fab | ++++ . I
wF1 D e
55 {D1i28) human | Fab | +3++ + N PO
79-GO2 human | Fab | ++++ + I A

28
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Antibody Species { Subtype | | gtisa
hLINGO-
1 LRR g | mLINGO1
5 {D1i32)
80-A08
o {DIi36) human Fab | ++++ ot o At
' - 74-D05 ;
(DY) human Fab | ++++ | i+
74-F02
{D1i40) human Fab | ++++ bt
® 75-B0%
Dli42) ~human Fab | ++++ ' | et
94-EQ7 ' |
{Dli54) human Fab | ++++ A
2% 88-B10 ;
{DIS5) human  {Fab | +++s +i4
5441
* i s
GO8(DIie3} | human Fab | ++4+
¥ 5444 -
MO0B3-
GOB(DIi64) | human Fab | ++++
5441 - B
40 MO0G9-
D12(DKES) | human Fab | ++++
5441 -
MOOT Q-
«  LH12(Dl67) | human Fab | ++++
544% -
53
MO0S0-
E12(D74) thuman | Fab | ++++
5441.-
55 MO0a0- |
FOB(DII7TS) | human Fab|+44+ ¢+ 4 4
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Antibody Species | Subtype ELISA
hLINGO-
1 LRR g | mLINGO1

8 5441 -
MO104~
BOY(DHZ7) | human  Fab | ++++
5441 - f
MO120-
EQ8{DHB1} | human | , Fab | +bss

B R e 3 . N 2T B8 S e T SR SRR R S £y O O R
e e AR e - N . Rk % REVa NRodt AR St 5 R R . ; axxe y N
STTETRINT R GGG FR O 2 TR R e

Antibody Species | Subtype FACS on 283 cells | FACS on stable CHO
hLINGO- | mLINGO-
1 1 hLINGO1 mLINGO1
2 30-C12 ‘
(D0 1) human | kappa Faby  + b
38-D01 3
{DHD2) __thuman | lambda Fab
. 35-E04
20-E07
{DHO7Y human | lambda Fab
34-G04
a0 (DIHQG8) ‘ 208 nM 1 190 nM
_— T VR R Sle v
(D1i0g) human | kappa Fab |
28-D02 ’
45
""" R
53
{12y human Fab
72-D03 0.74 nM, 3.2
{DI13) human Fab {CG) 24.7 nM
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Antibody Species | Subtype FACS on 293 cells | FACS on stable CHQ
hLINGO- | mLINGO-
| hLINGOT. | mLINGO1
73-C08 ‘
{Dii17} human Fab
74-E08 :
(D213 human Fab
Mo 75-H04
{DIi24) human Fab
768-F10 :
{Dh28) human | Fab
. 79-G02
' (D323 human | Faby 4 S
80-A08 ‘ | 1.38 nM, 4

% (DH36)

74005
{DH38) human Fab 7.6 nM (CG)
74-FG2 3
R (+/15)) human Fab 11 nM (CG)
T 75-B09
{Dhie2) human Fab 28 nM {CG)
94-E07 1
{D1i54) human Fab 33 nM (CG)
25 98-810
{DH55) human Fab 50 nM (CG)
5441 - -
MO054-
EQ3{DI62)
48
5441~
MOG59- A ‘
G08(DI63) | human Fab
. 5441
? MO0B3-
(06{Dli64) | human Fab
5441~
MOOB9-
50 D12(DHBS} | human Fab
5441.-
MOO70- human Fab
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Antibody Species | Subtype FACS on 292 cells FACS on stable CHO
hLINGO- | mUINGO-
1 1 hLINGO1 mLINGQ1

® H12{DI67}
5441~

MOQ0B0-
E12(Dli74) | human Fah

S44L-
18 MO080-
FOB(DN75) | human  Fab
5441 -
MO104-
BOHDEY?) | human Fab
2 5441~
MG120-
E

RONY

3 S S
X AT
NIRRT
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TABLE 3E
5 Antibody | Species | Sublype 7 P HC
‘ endogen
hLINGO | mLINGO- ous parafl
-1 1 rodent | blocking | frozen i n
lgGlkap ‘
PiD10.20
a5
% lgGaalka
208.1 murine | ppa |
T A
FI3  tmune ipa T Yo pen W
43 lgG1kap
2H3zZ munne pa i) ey , e no
| aGikap [ mA | yes | S ’
3011 imudne ipa B peedll et o Tlwesk)  (no SR
40 lgGifkep | mA | ‘
N 3E3.1 murine | pa b e {U} | eesfl}  lyes yes no
lgGikap [ mA |
3H11.2 muting pa 1 b e} Al no
mA
50 3G8.1 munpRe b U} | yes
mi |
2881 muring b e+ {U) |+l o yes
3852 gGikap | mA
. {ATCC: muringe pa b e B Ra yes yes
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Antibody | Species | Sublype 1 HC
endogen
HLINGO | mLINGD ous parafi
-1 1 rogent | blocking | frozen I n

(D01} human | kappa Fab { +4
38-D01
{Dh02) human lambda | Fab | -+ -+
I5-E4 3
{Dh03)  human | kappa Fa
Ab
36-C0%
(D04} human Fab { -+ -+
30-A11
{DhiG5) human fambda | Fab | ++ ++
34-F02
{Dli06) human kappa Fab | ++ 4
Ab IR
290-807
{DIiG7) human fambda | Fab | ++ +4
34-G04
{DN08) human kappa Fab | ++ +
Ab &R L on
36-A12 ‘
{DH0Y) human kappa Fab |- .
28-D02
{DI10) human kappa
30-B01
{Diit) human kappa Fab | ++{U ++ (L
Ab W
34-B03 o
{1 4 human | Fab | + +
[P0 T
{D13) human Fab | ++ {U ++ {L no
7 Ab :
73-C08 '
D17} human Fab
74-E08
21 human Fab
75-H04
{Dli24) human Fab
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Antibody | Species | Subtype i HC
endogen
hLINGO | mUNGO- ous parafi
-1 1 rodent | blocking § frozen | n

76-F10 ‘
{D528} human Fab |
79-G02
{Di32) haman
80-AC8
{Dli33) human
80-D02
{Dhi34) human
| 81-C01
{DIi36) human Fab
74-D0S
{DH3Y) human Fab
74-F(2
{DH40) human Fab
75-808
{Dhid2} human | 1 Fab | 1
84-E07
(D54} human  f Fab
98-B10
{DI55} humarn Fab
5441~ '
MO054-
EQ3(DH62) | human Fab

lgG1Agly | Ab N __
5441
MO059-
GOS(DIB3} | human Fab
S44L-
M00&3-
GOSDIBA)
‘ human Fab
544L-
MO0089- -
D12(DI65) | human Fab
| S44L-
MO070-
H12(Dli87) | human Fab
S§44L-
MOB20-
E09(DIT3} | human Fab

IoG1Agly | Ab §
544L- human Fab
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Antibody

hLINGO
-1

mLINGO-
1

endogen
ous
rodent

MG080-
E12(DH74)
544
MO0S0-
FOB{DITS)
5441 -
MO104-
BOI(DN?T)

human

Fab

human

Fab

5441~
MO120-
E08(DI8Y)

- human

lgG1Agly |

Fabh
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TABLE 3E {continuted)

RN AN AR

Sepcies | Sublype Myelinalion | Neurlle § SCI Optic | Cuprizong | Lysolacithin
s i oo~ oulgrow nerve ‘
i culture th crush
19G1kap
Wi
18
a5
muring
miing
Linutne ¢ Lpa
35 IR T
SHEZ  imutne  |pa b ino
¥ty munne - ipa. ¢ bb o o lwese b woah e ohe s b R
laGtkap | mA
49 3 muring | pa b ino
‘ gGlkap | mA |
$ ALY murine pa b o
mA
, 358 mudne | B ing
45 - mA
SBEY | murine b ¥es
BICE gGthkap | mA
o PTABIN6) | murine pa b yes yes yes
7 3P3CI0.2 | murine mA

[+
L£g
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Antbody

Sepcies

Myelination

Neurite

Cuprizone

Lysolecithin

inco-
wiiure

outgrow

SRR | murine
E TR0 ¥
R human kappa Fab
S0
L0 human  ilambda | Fab
BBy '
% human kappa Fab
(LG huinan Fab ]
FeAH
FOHCER human | lambda | Fab | yes ,
b @ }%M
{OHG) human kapps | Fab
Ab
»"‘\”i EQ\‘(
“'@E&?? human jambda | Fab
PR
08} human kappa Fab yes yes
himan kappa
human kappa
human kappa
human
human Fab | yes yes
FAYR ]
XYy human Fab
78-EL8
N human Fab
TRHE
Ly human Fab | no
I8FI0
{N;?;ﬁs human Fab | yes
:}g\ *‘} human Fab
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Antibody Sepcles 1 Sublvpe Myelination | Neurtte | 8CI Qptic | Cuprizone { Lysolecithin
in co-  oulgrow nefve
R culiure th crush
huiman
- human Fab lpo
‘ g
human Fab | no
» homan | {Fab !
human Fab
human i Fab
human Fab
; human , Fabi 1
25
human
oG tAgly
A Fiman Fab i no
human Febine ¢ b o4d
v human Fab | yes
e
48 LN buman Fab §yes
T
igG1agly
Fab | no
90 FORDYS | human Fab | fo
R human Fabjyes 4 b
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Antibody | Sepoies | Sublyps Myefination | Neurite | SCI | Optic | Cuprizone | Lysolecithin
in co- oulgrow - nerve
culture th | orush

MG
SR

o

humar Fab | yes

[0085] As used herein, the term "antigen binding domain® includes a site that specifically binds an epitope on an
antigen {e.4., an epitope of Sp35) Tha antigen binding domain of an antibody ypically includes al least a portion of an
1 immunogiobulin heavy chain variable region and at least a portion of an immunoglobulin light chain variable region. The
binding site formed by these variable regions determines the spacificlly of the antibody.
[0086] The presert disclosure is more specifically directed 1o an Sp35 antibady, or antigen-binding fragment, variant
or derivatives thereof, where the Sp3a5 antibody binds to the same epitopes as a monocional antibody selecled from the
group conaisting of 207, 3A3, 3A8, 1A7, 1G7, 2B10, 2011, 2F3, 3PID10.2C3, IP1ETL.ABY, 3PICE.3G10.2HT,
20 3P2C8.2G4, 3P4AB.1D8, 3P4A1.288, 3P4C2.202, 3P4CE 108, 3P4CR.2G8, 30-C12 (Lioh), 38-D1 (Li02), 35-E04
(L3033, 36-CO2 (Li04), 30-A11 {LI0B), 34-F02 {Li08}, 29-E07 (LIOT), 34-G04 {LID8), 36-A12 (Li02), 28-DO2 (Li10), 30-BO1
{Li11), 34-B03 {Litd), LM3, Li32, LiS3, Lid4, 3383 {L.1a.1}, 3485{l1a.), 3563 (L1a.3), 3564 {L1a.4}, 3585 {L.1a.5}, 3568
{L1a.8}, 3567 (L1a.7), 35868 (L1a.8), 3568 (L1a.8), 3570 (L1a.10), 3571 (L1a.11), 3582 (Lia.12}). 1968 {L1a.13},
TRIDE 139, 3B5.2 and LiB1.
2 [0UB7] The disclosure is further drawn to an Sp3s antibody, or anfigen-binding fragmaent, variant or derivatives thersof,
where the Sp35 antibody compelitively inbibits a monocionat antibody selected from the group consisting of 207, 3A%,
3AB, 1AT, 137, 2810, 2C11, 2F3, 3P1D10.2C3, 3P1E11.387, 3R206.3G10.2H7, 3P2C9.2G4, 3P4AB.108, 3P4A1.2B9,
IP4CZ 202, 3P4CE.1D8, 3P4CE.2GH, 30-G12 (LiD1}, 38-DO1 {Li02), 35-E04 {LiD3), 36-CO% (LI04), 30-A11 {LI0G), 34-
FOZ {Li0B}, 28-E07 {Li07}, 34504 (Li08). 36-A12 {Li0g). 28-D02 (Li10), 30-BO1 {Lit1), 34-803 (Li12}, Li13, Li32, Li33,
Li34, 3383 (L1a.1). 34956(L1a 2}, 3563 (L1a.3), 36564 {L1a.4}), 3565 (L1a.5), 3588 {L1a.6), 3567 {L1a.7}, 3588 (L1a.8),
3566 (L1a.8), 3670 {(L1a.10), 3671 {L1a.11), 3882 {L1a.12), 1988 {L1a.13), 7P1D58.1G8, 385.2 and Li81 from binding
to 8p35.
[0088] The disclosure is also drawn to an Sp35 antibody, or antigen-binding fragment, variant or derivatives thereof,
whers the Sp35 antiboady comprisas at least the antigen binding region of a monoclonal antihody selaected from the group
consisting of 2017, 3A3, 346, 1AT, 167, 2810, 2011, 2F3, 3P1D10.ZCT, IPHET1.3BT, 3P20C8.3G10.2H7, 3R2CA.2G4,
IP4AB. 109, 3P4AT.288, SP4C2 2D2 3P4CS 108, 3P4C8.2G8, 30-C12 {Li01), 36-D0O1 (Li02), 35-E04 (Li03), 36-C09
{LiD), 30-A11 (Li0B), 34-FD2 (Li0B), 28-EA7 (LiDT). 34-G04 {LiDG), 36-A12 {Li(9}, 28-DO2 (Li10), 30-BO1 {Li11), 34-BO3
{Li12), L3, 132, Li33, Lid4, 3383 (L1a.1), 3485{L1a.2), 3583 {L.1a.3}, 3564 {L1a.4}, 3565 (L1a.5), 3566 (L1a.8), 3557
{L1a.7), 3568 (L1a.8), 3588 (L1a.9), 3570 (L1a10), 3571 (L1a. 11), 3882 {L1a12), 1968 {L1a.13}, 7P1D5. 1G9, IB52
40 and Li81.
[008G] On December 27, 2008, the following hybridomas were deposited with the American Type Culture Collection
{ATCC) in Manassas, VA 2.P3B5.2 {ATCC Deposit Designation PTA-8106), 7.P105.1.G8 {ATCC Deposit Designation
PTA-8107). The deposited hybridoma 2.P385.2 produces the monoaional antibody 385.2, described hereint and depos-
ited hybridoma 7.P105.1.G8 produces the moncional anttbody 7TP105.1.69, described herein. The hybridomas can be
45 culturad according o raethods well krows in the art and described berein,
f0080] In cerlain inslances, the present disclosure s direcled to an antibody, or antigen-binding fragment, variani, or
derivative thereof which specifically or preferantially binds {0 a particular Sp35 polypeptide fragment or domain, Such
Sp34 polypeptide fragments include, bul are not limited to, an SpdS polypeptide comprising, consisting essentially of,
or consisting of amino acids 34 10 532; 34 10 417; 34 {0 425; 34 10 403; 868 10 532, 66 10 417, 6610 436, 66 10 48368 to
80 B32;417 to 532, 417 to 425 {the Spab basic region) ; 417 10 483; 417 {0 532;, 419 10 483 {the Sp35 ig region) ;, or 425
{0 532 of SEQ 1D NO:2; or an Spd5 variant polypeptide at least 70%, 75%, 80%, 85%, 80%., or 85% identicat fo andno
avids 34 10 532; 34 t0 417, 34 10 425, 34 10 483, 68 10 532; 65 1o 417 65 to 426, 60 to 483, 66 {o 532, 417 1o H32; 417
10 425 {the Sp35 basic region) ; 417 10 483; 417 10 532; 419 (o 493 (the Spa8 g region); or 425 10 832 of SEQID NG:2.
[0081] Additional Sp35 peplide fragmenis o which certain antibodies, or antigen-binding fragments, variants, or de-
rivativas thereof of the present disclosure bind include, but are not lirmited to those fragments comprising, coasisling
essentially of, or consisting of one or more leucine-rich-repeats (LRR) of Sp35. Such fragments, include, for example,
fragments comprising, consisling essentially of, or consisting of aming acids 66 to 89; 68 to 113; 66 tp 137, 80 v 113;
114 fo 137; 138 to 161, 182 to 185; 186 to 208; 210 o 233;, 234 10 257; 258 o 281; 282 to 305, 2300 10 329, or 330 1o
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353 of BEQ 1D NO2. Correspoanding fragments of a vartant Sp35 polypeptide at least 70%, 75%. 80%. 85%, 80%, or
95% identical to amine acids 66 1o 88 8610 113, 90 1o 113, 114 10 137, 138 fo 161; 162 10 185, 186 1o 208; 210t 233;
234 to 287 258 1o 281; 282 1o 3D8; 306 to 329; or 330 {o 353 of SELQ 1 NO:2 are alsd conternpiated.
[0082] Additional Sp38 peptide fragments {o which certain antibodies, or antigen-binding fragments, variants, or de-
= rivatives thersof of the present disclosure bind include, but are not limited to those fragments comprising, consisting
essentially of, or consisting of one or more cysleine rich regions flanking the LRR of Sp35. Such fragments, include, for
example, a fragment comprising, consisting essantially of, or consisling of amine acids 34 10 64 of SEQ D NO:2Z (the
N-terminal LRR flanking region (LRRNT)), or a fragmant comprising, consisting essentially of, or consisting of amino
acids 363 {o 416 of SEQHD N2 {the Cterminal LRR flanking region (LRRCT)), amino acids Corresponding fragments
i of a variant Sp35 polypeptide al Jeast 70%, 75%, 8D%, 85%, 80%, or 85% klentical 1o amino acids 34 {o 84 and 383 ko
416 of SEQ ID NO:2 are also contemplated.
[0983] Az known in the art, "sequence identity” between dwo polypeptides is determined by comparing the amino acid
sequence of one polypeptids to the sequensce of a second polypeptide. When discussed hersin, whether any particutar
polvpaptide is at least aboud 70%, 75%, 80%, 85%. 80% or 85% idendical to another polypeplide oan be delerminad
18 using methods and computer programs/ecfiware known in the art such as, but not limited fo, the BESTFIT program
{Wisconsin Sequence Analysis Package, Version 8 for Unix, Genetics Compitter Group, Univarsity Research Park, 575
Science Drive, Madison, Wi 53711} BESTFIT uses the local homology adgorithm of Smith and Waterman, Advances in
Applied Mathematics 2:482-489 {1881), o find the best segment of homology between two sequences. VWhen using
BESTFIT or any other sequence alignment pragram o determine whether a particular saquence is, for axample, 55%
28 identical fo a raferance sequence according o the present disclosure, the paramelers ars sel, of nourse, such that the
percantage of identity is calculated over the full length of the reference polypeplide sequence and that gaps in homalogy
of up to 5% of the total number of amino acids in the refersnce sequence are allowed.
[0094] Additional Sp35 peptide fragments to which cerfaln antibodies, or antigen-binding fragments, variants, or de-
rivalives thereof of the present disclosure bind include, but are not limited to those fragments comprising, sansisting
¥ essentially of, or consisting of amino acids 41 1o 525 of SEGQ 1D NO2; 40 o 526 of SEQ 1D NO:2; 30 10 527 of SEQ 1D
NO:Z: 38 to 528 of SEGHD NI:2; 37 10 529 of SEQ 2 NO:2; 36 10 530 of SEQ 1D NO:2; 3510 531 of SEQ ID NO:2: 34
to 531 of SEQ D NO2; 46 to 520 of SEQ 1D NO:2; 45 o 521 of SEQ 1D NO2; 44 10 522 of SEQHD NO2Z; 43 10 823 of
SEQ 0 NO:2; and 42 1o 524 of SEQ 1D NO:2.
[0085] St additional Sp3s peptide ragments to which certain antibodies, or antigen-binding fragmenis, varianis, or
dedvatives thereof of the present disclosure bind include, hut are not limited o those fragmeants comprising, cansisting
esserdially of, or consisting of amino acids 1 10 33 of SEQ D NO:2; 1 1o 35 of 3EQ 1D NOZ! 34 o 84 of SEQ D NG2;
36t 64 of SEQ 1D NO:2; 68 1o 80 of SEQ D NOE, 80 to 113 of BEQ D NOZE; 114 10 137 of SEQ ID NO:2; 138 1o 181
of SEQ D NOZ, 162 to 185 of SEQ 1D NO2, 186 to 208 of SEQ D NOW2; 210 to 233 of SEQ D NO:2; 234 10 257 of
SEQID NO:Z: 258 to 281 of SEQ 1D NO:2; 282 o 305 of SEQ 1D NO:Z; 306 1o 329 of SEQHD NG:2: 330 to 353 of SEQ
D N2, 383 to 415 of SEQ 1D NO2Z: 417 10 424 of SEQ D MNO2: 419 10 483 of SEQ D NO:2; and 484 {o 551 of SEQ
D NO2.
[0086] Further still, Sp35 peptide fragmenis to which certain antibodies, or antigen-binding fragments, variants, or
dervatives thareof of the prasent disclosure bind include, bul are not imited to those ragments comprising, cansisting
essentially of, or consisting of amino acids 110 33 of SEG D NO:2; 110 38 of SEQ 1D NO2; 1 o 84 of SEQ ID NG:2;
40 1o 89 of SEQHID NQ2; 1to 113 of SEQ D NOW; 110 137 of SEQ 1D NOZ; 1 10 181 of SEQ D NO:2; 110 185 of SEQ
IDNO2 Tto 208 of SEQID NG:2, 1o 233 of SEQID NOZ2, 110 287 of SEQID NCZ, 1o 281 of SEQIDNO:Z 1 B0
305 of SEQ D NOZ, 110 328 of BEQ D NG:2; 110 3583 of BEQ ID NO:2; 1 1o 4168 of SEQ ID NGHE; 1 to 424 of SEQ
2 NO2; 110 493 of SEQ D NO@E; 1to 551 of SEQ 1D NO:Z; 110 831 of SEQ 1D NO:2 and 1 1o 532 of SEQ D NO2,
[0097] Additional Sp35 peptide fragments 1o which certain antibodies, or antigen-hinding fragments, variants, or de-
& rivatives thereof of the present disclosure bind inchlude, but are not imited to those fragrments comprising, caonsisting
essertially of, or consisting of amino acids 34 o 84 of SEQ 1D NOZ; 34 1o 89 of SEQ 1D NO:2; 34 o 113 of BEQ D
N2 34 10 137 of SEQ D NG:2; 34 to 151 of SEG D NO2; 34 1o 185 of SEQ 1D NO:2; 34 10 209 of SEQ ID NO:Z; 34
to 233 of SEQ D NO2; 34 to 257 of SEQ 1D NO:Z; 34 o 281 of BEGQHID NO:2; 34 10 308 of SEQ D NOZ; 34 t0 328 of
SEQ D NO:2; 34 10 353 of SEQ 1D NOi2; 34 t0 416 of SEQ 1D NQ:2) 34 10 424 of SEQ 1D NO2: 34 10 483 of SEQID
58 MOZ; and 34 to 551 of SEGQ 1D NG:2.
[6098] More addiional Sp35 peplide fragments to which cardain antibodies, or antigen-binding fragmenis, variants, or
darnvatives thereof of the present dischusure bind include, but are not imited 1o those fragments comprising, cansisting
essentially of, or consisting of amino aclds 34 10 530 of SEQ 1D NOZ; 34 10 831 of SEQ 1D NO:2; 34 t0 532 of SEQ D
NO:2: 34 10 533 of SEQ D NC2; 34 to 534 of SEQ 1D NO:2; 34 to 535 of SEQ 1D NOJE; 34 10 538 of SEQID NOE 34
fo 537 of SEQHID NQGZ; 34 10 538 of SEQ I NO:2Z; 34 o 538 of BEQID N2, 3010 532 of SEQID NO:2; 3110 832 of
SEQID NCHZ; 32 to 532 of BEQ 1D N 33 10 532 of BEQ 1D NO:2; 34 10 532 of BEQ 1D NOG:2; 35 10 532 of SEQ D
NO2; 380 532 of SEQ 1D NO:Z; 30 10 531 of SEQ 1D NG:2; 31 to 531 of SEQ 1D NO:2; 32 10 531 of SEQ 1D NO:2; 33
0 531 of SBEQ D NO:2; 34 0 &31 of SEQ 1D NO:2: 35 1o 531 of SEG 1D NO; and 38 to 531 of BEQ ID NO:2,
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[0089] Further still, Sp35 peptide fragmenis {o which certain antibodies, or antigen-binding fragmants, variants, or
derivatives thereof of the prasent disclosure bind include, but are not imited 1o those ragments camprising, cansisting
essentiztly of, or consisting of amino acids 36 jo §4 of SEQ D NO:Z; 36 10 809 of SEQ D NQ2; 36 o 113 of SEQ D
NO-2; 38 to 137 of SEQ 1D NO:2; 38 to 161 of SEQ D NO2; 36 to 185 of SEQ 1D NO:E; 36 1o 209 of SEQ D NO:E,; 38
& to 233 of SEQ 10 NO2; 36 to 257 of SEQ 1D NOZ: 36 o 281 of SEQ 1D NO:2; 36 10 306 of SEQ D NO2Z; 3610 320 of
SEQID NC2: 36 to 352 of SEQ ID NGZ; 36 1o 418 of SEQ ID NOZ; 36 1o 424 of SEQ 1D NO:Z; 38 10 483 of SEQ D
NOZ; and 36 1o 851 of SEQ D NO:2.
[0100] Additional Sp35 peptide fragments to which certain antibodies, or antigen-binding fragments, variants, or de-
rivatives thereot of the present disclosure bind include, but are not limiled fo those fragments comprising, consisting
W essentially of, or consisting of amino acids 3810 83D of SEQ 1D N2, 36 1o 831 of SEQ D NOZ; 36 10 532 of BEQID
N(G:2; 36 1o 833 of SEQ 1D NO:2; 36 to 534 of SEQ D NO2; 36 tn 535 of SEQ 1D NO:Z; 36 10 536 of SEQID NG:Z, 36
to 537 of SEQ 1D NOWZ; 36 to 538 of SEQ D NOZ; and 36 to 539 of SEQ ID NO:2.
[0101] More Sp35 peplide fragments to which certain antibodies, or antigen-binding fragments, variants, or derivatives
thersof of the prasent disclosurs bind inchide, il are not limited 1o those fragmants comprising, consisting essenlially
18 of, or consisting of amine acids 417 to 483 of SEG 1D NO2; 417 to 494 of SEQ 1D NO:2; 417 to 485 of SEQ 1D NG,
417 to 495 of SEQ 1D NO:Z; 417 10 497 of SEQ 1D NOZ 417 to 498 of SEQ ID NOZ; 417 10 498 of SEQ 1D NG 417
fo 54D of SECHID NO:2; 417 to 4492 of SEQ D NO:2; 417 to 491 of BEQ 1D NO:2: 412 10 483 of SEQ 1D N{E2; 413 I
493 of SEQ 3 NO:2; 414 10 483 of SEQ 1D NO:2; 415 10 493 of SEQ D NO:2; 418 10 493 of SEQ 1D NO:2; 411 10 483
of SEQ D NOE 410 to 493 of SEQ 1D NOE; 410 to 494 of SEQHD NOZ: 411 10 484 of SEQID NG2 41210 484 of
20 SEQIDNOZ 413 t0 494 of SEQHD NO:Z; 414 (0 494 of SEQ 1D NO:2; 415 10 494 of SEQH D ND:2; 416 to 494 of SEQ
D NO2; 417 to 494 of SEQ 1D NC:Z: and 418 to 494 of SEQ ID NO:2.
[0102] In an additional instance Sp35 peptide fragments to which certain antibodiss, or antigen-binding fragments,
variants, or derivatives thereof of the present disclosure bind include, an Sp35 polypeptide comprising, consisting es-
sentially of, or consisting of paplides of the g domain of 5p35 or fragmends, variants, o darivatives of such polypeptides.
& Gpecifically, polypeptides comprising, consisting essentially of, or consisting of the following polypeptide sequences:
ITX KXy {SEQID NOZBRTY ACK KX {SECHD NO288), VOK XX (SEQID NO28D) and SPX XX, {SEQ D NG:28G)
where Xy is lysine, arginine, histidine, glutamine, or asparagine, X; is lysine, arginine, histiding, glutamine, or asparagine
and X4 is lysing, arginine, histidine, glutamine, or asparagine. For example, Sp3S peplide fragmeants to which cerlain
antibodies, or anligen-binding fragments, vanants, or dervatives thereof of the present disclosure bind include, those
fragmends comprising, consisting essentially of, or consisting of the following polypeptide sequences: B3PRKH (SEQID
NC281), SPRKK (SELQ D NG:282), SPRER (SEQ 1D NO:233), SPKKH {(SEQ 1D NG:284), SPHKH (SEQ 1D NO:298),
SPRRH {(SEQ 1D NO:206), SPRHH (SEQ 1D NO:287), SPRRR (SEQ D NOZ08), SPHHH (SEQ 1D NO:228) SPKKK
{SEQ D NC:300), LEPRKH (SEQ 1D NO301), LESPRKK (SEQ 1D NO:302), LEPRKR (SEQ D NOW303), LEPKKH (SEQ
ID NCr304), LBPHKH {SEQ 1D NO:305), LSPRRH (SEQ 1D NO308), LSPRHM {SEQ ID NO:3DT). LSPRRR (SEQ D
NQ:308), LSPHHH {SEQ D NO:309) LSPKKK (SEQ 1D NO:310), WLSFRKH (SEQ 1D N3, WLSPRKK (SEQID
NO:312), WLSPRKR (SEQ 1D NO:313), WLSPKKH SEQ 1D NO:314), WLSPHKH (SEQ 1D NO:315), WLSPRRH (8EQ
2 NO:316), WLSPRHM (SEQ 1D NO:317), WLSPRRR (SEQ 1D NO:318), WLSPHHH {SEQ 1D NO:318) WLSPKKK
{SEQ 1D NO:320),. These Spis polypeplides include the hasic "RKM loop” (Arginine-Lysine-Histidine aming acids
456-458) in the Ig domain of Sp35. Additlonal Sp35 peplides which include a basic fripeptide are ITPKRR {SEQ D
40 NO:321), ACHHK (SEQ 1D NG:322) and VOHHK (SEQ 1D NO:323).
[8183] Additional Splb peplide fragments o which certain antthodies, or antigern-hinding fragments, varianis, or de-
rivativas thereof of the present disclosure hind include, an 8p35 polypeptide comprising, onasisling sssentially of, ar
consisting of peptides of the g domain of Sp38 or fragments, variants, or derivatives of such polypeptides. Specifically,
peptides comprising, consisting essentially of, or consisting of the following polypeptide sequences: X XRKH (SEQID
44 NO324), X GRRR (SEQ D NOJ2E), KKKKK {SEQ D NO328), X XHBH (SEQ 1D NO32T), XX RKK (SEG 1D
NEO328), X XRKR {SEQ Y NO328), X RgKKH {(SEQ D NOGB3T), XX HKH (SEQHD NO33L X XRRH (BEQ D
NC332) and XX RHH (SEQ D NO3B33)y where X, is any amine acid and Xy is any amine acid,
[0104] inother instances Spdb peptide fragments to which cerlain antibodies, or anfigen-binding fragments, varants,
or dervatives thereof of the present disclosure bind include, an 3p35 polypeptide comprising, consisting assentially of,
50 oroonsisting of peptides of the Ig domain of Sp35 or fragmants, variants, or dervalives of such polypeptides. Specifically,
polypeplides comprising. consisting essentially of, or consigling of the following polypeptide sequances: ITX0LX, {(SEQ
2 NO:3343, AKX (SEQ D NOI3E), VOKgX X (SEQ 1D NIO:338) and SPXgK Xy {(SEQ 1D NG:337) wherae X is
iysine, arginine, histidine, ghtaming, or asparagine, X; is any amino acid and Xg is lysine, arginine, histidine, glutamine,
or asparagine. For example, a polypeplide comprising, consisting essentially of, or consisting of the following polypeptide
sequence: SPRUH (SECHID NO338).
[0108] SplS peptide fragments to which certain antibodies, or antigen-binding fragments, variants, or derivatives
thereof of the presant disclosure bind include, an 3p35 polypeptide nomprising, consiating essentially of, or conaisting
of peptides which contain aming acids 452-458 in the lg domain of Sp3& or dedvatives thereof, whereln amino acid 452
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is a ryptophan or phenylalanine residus.

[o106] Addidional Sp35 peptide Fragments to which certain antibodies, or antigen-binding fragments, vadants, or de-

rivatives thereof of the present disnlosure bind inchide, an Sp3b polypeptide comprising, consisting essentialhy of, or

consisting of peptides of the basic domain of Sp35. Specifically, peplides comprising, consisting essentially of, or con-
sisting of the following polypeptide sequences: RRARIRDRK {SEQ 1D NO:339), KKVKVKEKR {SEQ 1D NO:3403, RRL-

RLRDRK {SEQ 1D N{:341), RRGRGRORK {SEQ 1D NO:342) and RRIRARDRK {SEQ 1D N{D:343).

[B8107] Additional exemplary soluble Sp35 polypeplides antd methods and materials for oblaining these molacules for

producing antthordies or andibody fragments of the present disclosure may be found, ... in PCT Publication WO

20041085848,

i [Orig8] Methods of making antibodies are well known in the st and described herein. Once antibodies fo vardous
fragments of, or to the full-length Spds without the signal sequence, have hesn produced, determining which aming
acids, or spitops, of Sp35 to which the andibody or antigen binding fragment binds can be determined by eptiope mapping
protocols as described herain as well as methods known in the art {e.g. double aniibody-sandwich ELISA as desoribed
in “Chapder 11 - Immunclogy,” Curent Protocals in Molecular Biology, Bd. Ausubel et 8., v.2, John Wilsy & Sons, Inc,

18 {1998}). Additional eiptope mapping profoools may be found in Morris, G. Epitope Mapping Protocols, New Jersay:
Humana Press {1996). Epitope mapping can also be perfarmed by commercially available means {ie. ProtoPROBE,
inc. {Mikvaukee, Wisconsin}).

[0103] Additonally, antibodies produced which bind fo any portion of Spad can then be screenad for their abifity lo
act as an antagonist of Sp35 and thus promote neurite outgrowth, neuronal and oligodendrocyle survival, profiferation

28 and differentiation as weil as grampls myelination. Antibadies can be sereened for aligodendrocyiemeuronal survival
by using the method as described in Examples 10 and 11, Additionally, anBihodies can be screenad for their ability to
promote myelination by using the method of Example 8. Finally, antihodies can be screened for their ability {o promote
aligodendronyie profiferation and differentiation, as well as neurite oulgrowth by using the method as described in
Example 7. Other anlagonist funclions of antibodies of the present disclosure ¢an be lesied using other assavs as

2% described in the Examples herein.

[8146] Incther instences, the present disclosure includes an antibody. orantigen-binding fragment, varant, or derivative

thereof which specifically or preferentially binds o at least one epitops of Sp38§, where the epitope comprises, consisis

sssentially of, or consists of al least about four {o five amino acids of SEQ 1D NO:2, al least seven, at lnast nine, or
behveen at least about 15 to about 30 amino acids of SEQ D NDO:2. The amino acids of a given epitops of SEQ 1D NO:2
as described may be, but need not be contiguous or linear. In cerlain instances, the at least one epitope of Spas
comprises, consisls essentially of, or consists of & non-inear epilope formead by the extraceliular dormain of Sp35 as
expressed on the surface of a cell or a3 a soluble fragment, e.g.. fused {6 an IgG Fe reglon. Thus, in certaln instances
the at ieast one epiiope of Sp3b comprises, consists essentially of, or consisis of ot least 4, atleast §, atlesst §, at least

7. ot least §, atleast 8, at least 10, at least 15, atleast 20, atleast 25, bahwesn about 15 to abowt 30, or at lsast 10, 15,

20, 25, 30, 35, 40, 45, 50, 55, 60, 65, T, 78, 80 85, 80, 95, or 100 configuous or non-contiguous aming acids of SEQ

1D NO:2, where the non-contiguous amino acids form an epitope through protein folding.

[0111]  Inotherinalanocss, the presentdiaclosure includes an antibody, or antigen-binding fragment, variant, or derivative

therenf which specificadly or proferentially binds to al least one epilope of Sp35, whamn the epilope nomprises, cansists

essenfially of, or consists of, in addition 10 one, two, three, four, five, six or more contiguous or non-contiguous aming

40 acids of BEQ 1D NQ:2 as described above, and an additional molely which modifies the protein, e.g., a carbohydrate
moiety may be incloded such that the Sp3b antibody binds with higher affinity to muodified target protein than i does o
an unmadifind version of the pralain, Altlemadively, the §p35 andibody does nnt hind the unmodified version of the target
protein at all,

[0112] In certain instances, the prasent disclosure is diractad fo an antibody, or antigen-binding fragmant, varlant, or

4 dedvative thereof which specifically binds to 8 Sp35 polypeptide or fragment thereof, or an 3p35 variani polypepiids,
with an affinity characterized by a dissociation constant {(Kp) which i less than the Ky for said reference monocional
antibody.

[0113] In cerlain instances, an antibody, or antigen-binding fragrment, variant, or derivative thereof of the disclosure
binds specifically to at teast one epitope of Sp3& or fragment or variant described above, L., binds {0 such an epitope
5¢ more readily than it would bind o an unrelstad, or random epitope; binds preferentially to at least one epltope of Sp38
or fragment or variant described above, Le, binds to such an epitope more readily than § would bind 1o a relsted. simitar,
homologous, or analogous epilope; campetitively inhibils binding of 8 mference antibiody which diself binds spacibically
or preferantially to a centgin epitope of Sp35 or fragment or variant described shove; or binds (o at least one epiiops of

Sp3b or fragment or variant described above with an affinity characierized by a dissociation constant Ky, of less than

abaut 5 x 102 M, about 102 84, sbaut 5 x 1073 M, about 103 M, about § x 1078 M, about 10 M, aboul § x 10§ M, about

105 M, about 8 x 108 M, about 105 M, aboul 5 x 107 M, about 107 M, about § x 108 8, about 108 M, shout 5 x 10¢

M, about 109 M, about 5 x 1079 M, about 10-7° M, about 5 x 101 M, abouat 10777 M, about 5 x 16-12 M, about 1012 &4,

about 5 x 10-13 M, about 1013 M, about & x 10-M M, about 10-1 M, about § x 10-18 M, or about 107 M. in a particular
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instance, the antibody or fragment thereof preferentially binds o a tniman Sp3s polypeptide or fragment thereof, relative
{0 a murine Sp35 polypeptide or fragmeant thersof.
[oi14]  As used in the conlexd of ardibody binding dissociation constants, the term "aboid” allows for the degree of
varigtion inherent in the methods ulllized for measuring anfibody affinily. For example, depending on the level of precision
of the instrumeniation used, standard error hased on the number of samples measured. and rounding error, the ferm
"about 10°% M might include, for example, from 0.05 M (o 0.005 M.
[B8118] {n specilic inslances, an anlibody, or andigen-binding fragment, variand, or derivative thereot of the disclosure
binds Sp36 polypeptides or fragments or variants thereof with an off rate (ko)) of less than or equal to § X 107 sect,
10% sect, 5 X 10°% sect ar 107 sec i, Alternativedy, an antibody, or antigen-binding fragment, variant, or derivative
W thereot of the disclosure binds binds 8p35 polypeptides or fragmeats o vanants thereof with an off rate {(k{off}} of less
than or egual to 5 X 109 sec’, 109 se0?, 5X 10%sec !, or 109 5001 5 X 10¥sec?, 10¥ 500!, 3X 107 sector 107 sent,
[o146]  In other instances, an antibody, or antigen-binding fragment, variani, or derlvative thereof of the disclosure
binds Sn35 polypeptides or fragments or variants thereof with an on rate {k{on)) of greater than or equal to 0% M+ sec?,
BEX 103 MY sac !, 104 M sent or 5 X 109 M sec. Alternatively, an antibody, or antigen-binding fragment, variant,
18 o derivative thereof of the disclosure binds Sp35 polypeptides or fragments or variants thereof with an on rate kion})
greater than or aqual 1o 105 M7 sec?, 5 X 105 8 seat, 109 M1 seet, or 5 X 108 M sec? or 107 M1 sec ™.
[0117] Invarious instancas, an Sp3b ardiboedy, or antigen-binding fragment, vardant, or derivative thereof as deseribed
hargin is an antagonist of Spa5 activity, In cerlain instances, for exarnple, binding of an antagonist Sp35 andibody o
Sp35, as expressed on neurons, blocks myslin-associated neurite ocuwlgrowth inhibition or neuronal cell death. In other
28 instances, hinding of the Sp35 antibody to S8p358, as expressed on dligodendrocytes, blocks irthibilkon of cligodendmcyte
growih or differentiation, or blocks demyealination or dysmyelination of CNS neurons.
[O118] Unless it is specifically noted, as used herain a "fragment thereol” in reference to an antihody refers fo an
anfigen-binding fragment, /.&, a portion of the antibody which specifically binds o the antigen. In oneg instance, an Sp35
ardibody, e.¢., an antibody of the disclosure is g bispecific Sp385 antibedy, binding polypeplide, or antihody, e.g., a
& pispacific antibody, minibody, domain deleled antibody, or fusion protein having binding specificity for more than one
aepitope, £.4.. more than one andigen or more than one epitope on the same antigen. In one instance, a bispecific Spib
antibody, binding polypepiide, or antibody has at least one binding domain specilic for at least one epitope on a target
polvpeptide disclosed herein, &.9., Sp35. In another instance, a bispecific Spas antibody, binding polypeptids, orantibody
has at least ane binding domain specific for an epitope on a larget polypeplide and at least ane targe! binding domain
specific for a drug of toxin, I vet another ingtance, @ bispecific Sp35 antibody, binding polypeptide. or antibody has at
least ane binding domain spacific for an epltope un a farget polypeplide disclosed herein, and at least one binding domain
specific for a prodrug. A bispacific Spa5 antibody, binding polypeptide, or antibody may be a letravalent antibody that
has two {argst binding domains specific for an epitope of a target polypeptide disclosed hersin and two targst binding
domains specific for a second targat. Thus, a tefravalent bispecific 8p38 antibody, binding polypeptide, or antihody may
be bivalant for each specilicity.
[0119] Sp35 anlibodies, or antigen-binding fragments, variants, or derivatives thergof of the disclosure, as known by
thase of ordinary skill in the art, can comprise a constant region which mediates one or more effector functions. For
example, binding of the C1 component of complement to an antibody constant region may activate the complement
system. Activation of comiplement is imporiant in the opsonisation and lysis of cell pathogens. The activation of comple-
48 ment also stimulates the inflammatory response and may also be involved in sutcimmune hypersensitivity. Further,
antibodies bind to receplors on vardous cells via the Fo region, with a Fo recepior binding site on the antibody Fo region
hinding fo a F¢ receptor {FoR) on a cell. There are a number of Fo receptors which are specific for different classes of
artibody, including IgG (gamma recepiors), IgE {epsilon receplors), 1gA {alpha receplors) and IgM {mu receptors),
Binding of antibody to Fo racaplors on cell surfaces triggers a number of important and diverss biological responges
44 including engulfiment and destruction of antibody-toated particles, clearance of immune complexes, lysis of anihody-
coated target cells by killer cells {called antibody-dependent cell-mediated cytotoxicily, or ADCC), release of inflammatory
medigtors, placental transfer and control of immunoglobulin production,
[0120] Accordingly, certain instances of the disclosure include an Sp3s antibody, or antigen-binding fragment, variant,
or derivative thereof| in which af least g fraction of one or more of the constant region domains has been delsted or
50 ptherwise altered so as {o provide desired biochemical characteristics such as reducad effector funclions, the ability to
non-covalently dimerize, increased ability fo localize af the site of a tumar, reduced serum hali-ife, or increased serum
haif-life when compared with a8 whole, unaltered antibody of approximately the same immunogenicity. For examgpls,
cerfain antibodies for use in the diagnostic and trealment methods desaoribed herein are domain deleted andibodias which
comprise a polypeptide chain simdlar to an immunoglobudin heavy chain, but which lack at least a portion of one or more
heavy chain domains. For instance, in certain antibodies, ohe entire domain of the constant region of the modibed
antibady will be deleted, for example, all or part of the C,2 domain will be delsled.
[0121]  In cerfain Sp35 antibodies, or antigen-binding fragments, varianis, or derivatives thereof described hersin, the
Fe portion may be mulated o decrease effecior function using techniques known in the arl. For example, the deletion
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of inactivation {through point mutations or other means) of a constant region domain may reduce Fo recaptor binding
of the circulaling modified antibody thereby increasing tumor localizaton. In other cases it may be that consiant region
madificaions consisterd wilh the instand disclosure moderale complernent binding ang thus reduce the serum half life
and nonspecific associstion of a conjugated cylotoxin, Yel other modifications of the constant region may be used to
modify disulfide linkages or oligosaccharide moisties that aliow for enhanced localization due o increased antigen
specificity or antibody flexibility. The rasulling physiclogical profile, bicavaiiabilify and other biochentical effents of the
modifications, sush as turaor localization, biodistribution and senam halflife, may easily be measured and quantified
using well know immurnological technigues without undueg experimentation.

[0122] MNModifiedforms of Spas antibodies, or antigen-binding fragments, variants, orderivativesthereof of the disclosure

i can be made from whole grecursor ar parent andibodies using lechniques known in the arl. Exemplary technigues are
discussed in more dedail herein,

[9123]  in certain instances both the variable and constant regions of Sp35 antibodies, or antigen-binding fragments,

varianis, of derivatives theresf are fully hbuman. Fully buman antibodies can be made using techniques that are known

in the art and as described herein. For example, Redly human antibodies against a specific antigen can be prepared by

18 administering the antigen to a transgenic animal which has been modified to produce such antibodies in response o
arfigenic challengs, but whose endogenous iodl have been disabled. Exemplary fechnigues that can be used o make
such antibodias are desoribed in US palents: 6,150,584; 6,458,582, 6,420,140, Other techniques are known in the art.
Fully human antibodies can likewise be produced by various display lechnologies, e.g., phage display or other virad
display aystems, as described in more detall slsewhare hersin,

28 [0124] Sp35 antibodies, or anfigenbinding fragments, varianis, or dervatives thereof of the disclosure can be made
or manudachired using techniques that are known in the art. In cerain instances, anlibody maolacules orragments thereof
are “recombinantly producead,” {e., are produced using racombinant DNA technology. Exemplary technigises for making
anfibody molecules or fragments thereof are discussed in more detall elsewhere herein.

[0125] Sp35 antibodies, or antigen-binding fragments, variants, or derivalives thereof of the disclosure also include
¥ derivalives that are modified, 8.g.. by the covalent sltachment of any type of molecutde to the antibody such that covalent
aftachment does not preverd the antibody from specifically binding to iis cognate epitope. For example, but not by way
of fimitation, the antibody dertvatives include antibodies that have been modified, e.g., by glycosyiation, acetylation,
pegylation, phosghoryviation, amidation, derivatization by known protecting/locking groups, protealytic cleavage, linkage
to a celhddar ligand or other protein, elc. Any of numerous chemical modifications may be camied out by knownechnigquas,
including, but not limited to specific chemical cleavage, acetylation, formylation, metabolic synthesis of uninamyoin, elc.
Additicnally, the derivative may condain ons or raure non-classical arnine acids.

[o126] in cerain instances. Sp3S antihodiss, or antigen-binding fragments, varlanta, or derivalives thereof of the

disclosure will not olicht a delsterious immune responss in the animal to be treated. e.¢.. In & human. In one Instance,

Bn35 antibodies, or antigen-hinding fragments, varianis, or derivatives thersof of the disclosure are modified to reduce

their immunogenicity using art-recognized techniques. For exaraple, antibodies can be humanized, primalized, deim-

munized, or chimeric antibodies can be made. These types of antibodies are derived from a non-human antibody,
typically a muring or primate antibody, that retains or substantially retains the antigen-binding properties of the parent
antibody, but which is lass immunogenic in hurmans. This may be achiovad by various methods, inchuding {a) grafting
the entire non-human variable domains onto human constant regions to generale chimeric antibodies; (b} grefiing at

48 least a part of one or more of the non-human complementarity delermining regions {CORs) into a human framework
and constant regions with or without reterdion of oritical framework residues; or {¢) ransplanting the entire non-hwnan
variable domains, but "cloeaking” thern with a human-ike seclinn by replacement of surface residues. Such methods are
disclogsed in Morrdson ef al,, Proc. Natl. Acad. Sci. §1:6851-6855 (1984}, Mormison st al., Adv, Immunol. 44:65-92 {1988},
Verhoayen ot al., Science 238118341536 (1988); Padian, Molec. lmmun. 28:489-498 {1891); Padian, Molec. Immun.

6 31189217 (1894), and LS. Pal. Nos. 5,585,089, 5,893,761, 5,693,782, and 6,180,370,

[o127] De-immunization can also be used o decrease the immunogenicity of an antibody. As used herein, the term

"de-immunization” includes slterstion of an antibody o modify T cellepltopes {see, o.g., WOBEH2978A1, WONI4317TAZ),

For example, Vy, and V| sequences from the starling antibody are analyzed and a human T cell spitops "map” from

sach V region showing the focation of epitopes In relation to complementarity-determining reginons {CDRs) and other
8¢ keyresidues within the sequence. Individual T cell epitopes from the T cell epiiope map are analyzed in order to identify
alternative aming aoid substitulions with 3 low risk of aliering activity of the final antibody. A range of allernative V and

WV sequences are designed comprising combinations of amino acid substitutions and these sequences are subsequantly

incorporated into 8 range of binding polypeptides, e.g.. Sp3&-specific antibodies or immuneapecific fragments thereot

for use in the disgnostic and treatment methods disclosed herein, which are then tested for function, Typically, bebween

12 ang 24 wariant antibndies are generated and tested. Complele haavy and light chain genss comprising modified V

and human C regions are then cloned inte expression veclors and the subsequant plasmids introduced indo cell lings

for the production of whole antibody. The antibodies are then comparad in appropriale hiochamical and biological assays,
and the oplimal variant is identified.
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[0128] SpldS antibodies, or antigen-binding fragments, variants, or derivatives thereof of the disclosure may ba gen-
erated by any suitable method known i the art. Polyclonal antibodies {0 an antigen of interest can be produced by
varipus pracedures well known in the arl. For example, an 5p35 anlibody, e.g., & binding polypeptide, e.g., an 5p35-
specific antibody or immunospecific fragment thereof can be administered to various host animals including, but not
limited to, rabbits, mice, rats, chickens, hamsters, goats, donkeys, sin., 1o induce the production of sera containing
polycionat antibadies spentfic for the anbigen. Various adjuvants may be used o morease the immunological response,
depending on tha host spegies, and include but are ndl limiled to, Freund's {complete and incomplete), minerat gels
siich as aluminum hydroxide, surface active substances such as lysolecithin, pluronic polyols, polyanions, peptides, ol
armuisions, kevhole limpet hermooyaning, diniropbenol, and polentially usedful human adjuvants such as BCG (bacille
i Calmelie-Guerin) and Corynebacterium parvum. Such adjuvants are also well known in the gt
[8125] Monoclonal antibodies can he prepared using & wide variety of technigues knowr i the ard including the use
of hybridoma, recombinant, and phage display technologies, or a combination thereol. For example, monocional anti-
bodies can be produced using hybridoma lachniques including those known in the ait and taught, for example, in Harlow
et al., Antibodias: A Laboratory Manual, Cold Spring Harbor Laboratory Press, 2nd ed. (1888); Hammerling ¢ al., i
1% Monoclonal Antibodies and T-Cell Hybridomas Elsevier, N.Y ., 563-881 (1881}, The term "monaclonal anfibody” as used
herein is not limited to antibodies produced through hybridoma technology. The ferm “monocional antibody” refers o
an ardibody that s dedived frorn a single clone, inchuding any eukaryolic, prokaryotic, or phage clone, and not the mathod
by which i is produged. Thus, the term “monocionst antibody” i3 not imited to antibodias produced through hybridoma
technology. Monoclonal antibodies can be prepared using Sp35 knockoul mice 1o increase the regions of epitope rec-
28 ogrition. Monoclonal antibodies can be prepared using a wide varisty of techniques known in the art including the use
of hybridoma and recombinant and phage display technology as described elsewhere herein.
[0130] Using art recognized protocols, in one example, antibndies are ralsed in mammals by multiple suboitansous
ar infraperitonest injections of the relevant antigen (e.g., purified lumor associated antigens such as Sp35 or cells or
caltular exiracts comprising sunh anligens) and an adjuvant. This imsrwnization typically elicits an immune response
2 that comprises production of antigen-reactive anfibodies from activated splenocytes or lymphocyies. While the resulting
antibodies may be harvested from the serum of the animal o provide polycional preparations, i is offen desirable to
isolate individual lymphooyles front the spleen, lyniph nodes or peripherat blood o provide homogenous preparations
of monoclonal antibodies (MAbs). Preferably, the lymphocyies are oblained from the splean.
[0131] Inthisweltknown process (Kohler et al, Nature 256:445 {1975)) the relatively short-lived, or monal, lvmphocytes
from a mamimal which has been injected with antigen are fused with an immorntal iwmor cell line (8.3, a mysloma el
fina}, thus, producing hybed cells or "hybridomas” which are both iramorial and capalde of producing the genetically
coded antihody of the B cell. The resulting hybrids are segregated into single genatic strains by selection, dilition, and
regrowth with sach individual strain comprising specific genes for the formation of @ single antibody. They produce
antibodies which are homogenenus against a desired antigen and, in reference o thair pure genetic parertags, are
termed “monocional.”
[0132] Hybridoma cslis thus prepared are seeded and grown in & suliabls culture medium that preferably contains
one of more subsiances that inhibit the growth or survival of the unfused, parental myeloma oels. Those skilled in the
art will appreciate that reagents, pell ines and madia for the formation, selection and growth of hybridomas are com-
mercially avatlable from a number of sources and standardized protocols are well established. Generally, culture madium
48 irt which the hybridoma cells are growing is assayed for production of monocional antibodies against the desired antigen.
Preferably, the binding specificity of the monodcional antibudies praduced by hybridoma cells i determined by in vitro
assays such as immunoprecipitation, radicimmuncassay {RIA} or enzyme-inked immunoabsorberd assay (ELISA). After
hybridoma cells are ldentified that produne antihodies of the desired specificity, affinity and/or activity, the clones may
be subcloned by limiting dilution procedures and grown by standard methods (Goding, Monocionad Antibodies: Principles
44 and Praclice, Academic Prags, pp 58-103 {1988}, ILwill further ke appreciated that the monocions! antibodies secreted
by the subclones may be separated from culture medium, ascites fluid or serum by conventional purdication procedures
such as, for axample, protein-A, hydroxylapatite chiromatography, gel electrophoresis, dialysis or affinity chromatogranhy,
[0133] Antibody fragments that recognize specific epiiopes may be generated by known techrigues. For example,
Fab and F{ab"), fragmenis may be produced by protealytic cleavage of immunoglobulin molecules, uaing enzymes such
3¢ as papein {io produce Fab fragments) or pepsin {to prodiuce F{ab"), fragments). Flab'), fragments contain the variable
region, the light chain constant region and the Cyy1 domain of the heavy chain.
[i34] Those skilled in the art will also appreciate thal DNA encoding antibodies or anibody fragments {e.g., antigen
binding sites) may aiso ba derived from antibody libraries, such as phage display libraries. In a particudar, such phage
can be utilized fo display antigen-hinding domains expressed from a reperioire or combinatorial antibody library (s.g..
hurnan or muring}. Phage exprassing an anligen binding domain that binds the antigen of interest can be selected ar
identified with antigen, e.g., using labeled antigen or antigen bound or caplured {o a solid surface or bead. Phage usad
in these meathods are fypically filamentous phage including fd and M13 binding domains expressed from phags with
Fab, Fv OF DAB {individiual Fv region from light or heavy chainsior disulfide stabilized Fv antibody domains recombinantly
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fused to either the phage gena Hi or gene VI protein. Exemplary methods are st forth, for exampile, in EP 368 684 B1;
U.8. patend. 5,988,108, Hoogenbhoom, H.R. and Chames, Imsiuncl, Today 21:371 {2000}, Nagy st al. Nat. Med. 8:801
{2002); Huir el al, Proc. Nall. Acad. Scl. USAG8:2682 (2001); Luietad . J. Mol Biol 3151063 {2002}, Severalpublicalions
{e.g., Marks et al,, Bio/Technology 10:778-783 {1992}} have described the production of high affinily human antibodies
= by chain shuffling, as well as combinatorial infection and in vivo recombination as a strategy for constructing lsrge phage
ibraries. In another instance, Ribosomal display can be used o replace bacteriophage as the display platform {see,
e.g.. Hanes et al., Nat. Biolechnol. 181287 (2000}, Wilson el al., Proc. Nail. Acad. Sci. USA 38:3750 {2001); or rving
etal, J. immunol. Methods 248:31 {2001)). In yet another instance, nell surface libraties can be screened for antibodies
{Boder e al., Proc. Nath. Acad. Sci. USA BT:10701 {2000%; Daugherly et al., 3. bnmunol Mathods 243:211 (20003}, Such
Bes procedures provide alternativas o traditionat hybridoma techrigues for the isaolation and subseguent cloning of mono-
clonat antibodies.
[9135] in phage display methods, functional antibody domains are displayed on the surface of phage particles which
carry the polynuslactide sequences encading them. For exampls, DNA sequences encoding Yy and V, regions are
amplified from animal cDNA libraries {(8.g., human or murine cDNA Hbraries of lymphoid tissues) or synthatin aDNA
18 libraries. In cerfain instances, the DNA encoding the Vy, and V, regions are joined together by an scFv linker hy PCR
and cloned info a phagemid vector {g.g.. p CANTAB € or pComb 3 HEB). The vector is electroparated in E. coff and the
E. cofi is infected with helper phage. Phage used in these methods are typically filamentous phage including Id and M13
and the Vy, or V| regions are usually recombinantly fused o either the phage gene N or gene VIl Phage expressing
an antigen binding domain that binds 1o an antigen of interest {i.e., an Sp35 polypeptide or a fragment thereof) can be
28 selected or klenlified with antigen, &.g., using labeled antigen or antigen bound or capiured {0 & salid surface or bead.
[0136] Additional examples of phage display methods that can be used io make the antibodies include those disclosad
in Brinkman et al., J. immunocl. Methods 182:41-50 {19895); Ames el al., J. immunol. Methads 184:177-186 (1995,
Kettieborough ef al., Eur. J. Immunol, 24:952-858 {1894); Persic et al,, Gens 187:9-18 {1897); Burlon et al., Advances
in fmunanology §7:191-280 {1684); PCT Rublications WO 1982:001047, WO 80/02809; WO 8110737, WO 82/0104T;
W OWO 92/18619; WO 93/11236; WO 95/158882; WO 85/20401; and U.8. Pal. Nos. 5,698 426; 5,223,409, 5403484,
5.580.717. 5,427.808; §.750,753; 5.821.047, 5,571,698, 5,427.908; 5 516,637, 5,780,225: 5,658,727; 5,733,743 arg
5.569,108.
[0137] As described in the above references, afler phage selection, the antibody coding regions from the phage can
he isnlated and used to generate whaole antibodies, including human anfibodies, or any other desired antigen binding
fragment, and axpressed in any desirad host, including mammalian oslls, insedt cells, plant nells, yeast, and bacteria.
Far exampie, tlechniques to recombinantly praduce Fab, Fab' and F{ab’), fragmends can also be smpluyed using methods
known in the art such as those disclosad in PCT publivation WO 82/22324; Mudlinax et al., BioTechniques 12{6}:864-869
{1882); and Sawai of al, AJRI 34:26-34 {1995); and Better ot al., Sclence 240:1041-1043 {1988},
[0138] Examples of technigues which can be used o produce single-chain Fyvs and antibodies inchude those described
in U8, Pal. Nos. 4,848,778 and 5,258 488, Huslon e a1, Mathods in Enzyvmolegy 203:45-88 {1031); Shu et al,, PNAS
90:7985-7989 {1893}, and Skerra el al., Science 240:1038~1040{1988). For some uses, including in vivo use of antibodies
i humans and /i vitro detection assays, #t may be preferable to use chimeric, humanized, or human antibodies. A
chimeric anlibody is @ molecule in which different portions of the antibody are derived from different animal species,
such as antibodies having a variable region denved from a murine monocional antibody and a hurnan immunoglobalin
40 constant region. Methods for producing chimeric antibodies are known in the art. See, e.g.. Morrison, Science 23281202
(1888}, Oi et al, BioTechnigues 4:214 {1988); Gillies et al., J. Immunol. Methods 125:191-202 {1988}, U.5. Pal. Nos.
5.807.715; 4,.816,567; and 4,818387.
[0139] Humanized antibodies are antibody molecules derived from a non-human species antibody that hind the desired
anfigen having ong or maore complamentarily delermining regions (CDRs) from the non-human speciss and framework
4 regions from a human immunoglobulin molecude. Olten, framework residues in the human framework ragions will be
substituted with the corresponding reaidue rom the COR donor antibody 1o alter, preferably improve, aniigen binding.
These framawork substiiutions are identifled by methods well known in the ant, 8.g.. by modeling of the interactions of
the CDR and framework residues to identify framewark residues imporiant for antigen binding and sequence comparison
to identify unusual framawaork residues at partioular positions. {Sae, e.g., Queen et gl U.S. Pal. No. 5,585,088, Riech-
¢ marm ef al., Nature 332:323 {1988).} Andibodies can be humanized using a variely of fechniques known in the art
including, for exarnple, CDR-grafting (EP 238,.400; PCT publication WO 81/08867; .8, Pal. Nos, 5,225,538; 5,530,101;
ang 5,585,088}, venesnng o resurfacing {EP 582 106; EP 519,588; Padian, Molecular Immunology 28(4/58)1:488-488
{1891); Studnicka et al., Protein Enginsering 7{61.805-814 {1894); Roguska. stal, PNAS 91:068-973 {1894}), and chain
shuffling (L1.S. Pat. No. 5,565,332}
[8446] Completely buman antibodies are particularly desirable for therapeutic reatrnent of human patients. Hurman
antibodies can be made by a varely of methods known in the art including phage display methods described above
using antibody libraries derbved from human immunoglobulin sequences. Sea also, U.8. Pat Nos. 4,444,887 and
4,718,111, and PCT publications WO $8/466845, WO 98/50433, WO 58/24883, WO 98/16654, WD 3B6/340498, WO
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SB/3FT3E, and WO 9110741,
[oid41] Human antibodies can also be produced using transgenic mice which are incapable of expressing functions!
endogenous immunoglobuding, but which can express human immunoglobulin ganes. For example, the human heavy
and light chain Immunogiobulin gene complexes may be introduced randomiy or by homologous recombination into
mouse sembryonic stem cells, Alternatively, the human variable region, constant region. and diversity region may be
introduced inlo mouse embryonic stem cells in addiion 1o the human heavy and light chain genes. The mouse heavy
and light chain immunoglobulin genes may be rendered non-funclional separately or simulianeously with the infroduction
of human immunoglobulin loc by hbomologous recombination. in particular, homozygous daletion of the dH region prevents
endogenous antibody produciion. The modified erdryonic stem eslls are expanded and microinjected into blastocysts
W o produce chimeric mice. The chiroedce mice are then brad o produce homozygous offspring that express human
antihodies. The transgenin mice are immunized in the nomad fashion with a selected antigen, &.g., aff or a portion of a
desired target polypeptide. Monoclonal antibodies direcied against the antigen can be obtained from the immunized,
fransgenic mice using converntional hybridoma technology. The buman immunoglobulin fransgenes harbored by the
fransgenic mice rearrange during B-oell differentiation, and subsequently undergo class swiiching and somatic mutation.
1% Thus, using such a technique, s possible to produce therapeutically useful 1gG, igA, Igh and IgE antibodies. For an
overviaw of this fechnology for producing human antibodies, see Lonberg and Huszar Inf. Rev. Immunol 13:85-83
{1895). For a detailed discussion of this technology for producing hurman antibodias and hurnan manocional ardibodies
and protocels for producing such antibodies, see, e.g., PCT publications WO 98/24803; WO 86/34008; WO 98/33735;
U.8. Pal Nos. 8 413,923: 6,625,126, 5 833 425, 5,569 825, 5,661,016, 5,545,808, 5,814,318, and §,830,598. In addition,
28 companies such as Abgeniy, inc. (Freemuont, Calif.} and GenPharm {San Jose, Calil)) can be engaged o provide hurman
antibodies direclad against a salecled anligen using technelogy similar to that described abave.
[0142] Compietely human antihodies which recognize a selecied epitope can be generated using a technique referred
to as "guided saleclion.” in this approach a selected non-human monoclonal antibody, .9, 8 mouse antibody, is used
o guide the selection of a nompletely hurnan aniibody recognizing the same epitope. {Jespers e al., Bio/Technolagy
3 12:889-003 {1888). See afso, U.S. Patent No. 5,565,332))
[8143] Further, antibodies o target polypeplides of the disclosure can, in tum. he ulilized {o generate anti-idiotype
antibodias that "mimic™ target polypeplides using techniques well known to those skilled in the arl. {See, e.g., Gresnspan
& Bong, FASEB [ 7(5):437-444 {1889 and Nisainal, J. Immuncl. 147{812428-2438 (1881)). For example, antibodies
which bind to and competitively inhibit polypeptide mullimerization andfor binding of a polypeptide of the disclosure to
a higand can be used to generate anti-idiolypes that "mimic” the polypeptide mullimerization andior binding domairn and,
as a consequence, bind io ang neulralize polypeplide andfor s ligand. Such neutralizing anti-idiotypas or Fab fragments
of such anti-idinlypas can be used in therapautic regimens o neulralize polypeptide figand. For example, such anti-
idiotypic andibodies can be usad to bind a desired target polypeptide andior to bind its ligandsireceptors, and thereby
Block its biological activity.
[0144] DNA encoding desired monocional antibodies may be readily solated and sequenced using conventional
procedures {g.g., By using sligonudiectide probes that are capabls of binding specifically to genes encoding the heavy
and light chains of murine antibodies). The isolated and subslonad hybridoma cells serve as a preferred source of such
DNA, Once inolated, the DNA mav be placed into expression vectars, which are then transfecied into prokaryotic or
eukaryolic host cells such as E. coff colls, simian COS cells, Chinese Hamater Ovary (CHOY cells or myeloma cells that
40 do not otherwise produce immunoglobuling. More particularly, the isolated DNA {which may be synthelic as desoribed
herein) may be used to clone constand and variable region sequences for the manufacture antibodies as described in
Newman et al., U8, Pal. No. 5,858 574, filnd January 25, 1845,
[0145] Essentially, this entails extraction of RNA from the selected cells, conversion to ¢DNA, and amplification by
PCR using lg specific primers. Suitable primers for this purposs are also describad in U.S. Pal No. 5,858,570, As will
44 ba discussed in more detsil below, transiomaed cells exprassing the desired antibody may be grown up in relatively
large guantiies to provide clinical and commercial suppliss of the immunogiobutin,
[0146] in one instance, an Sp35 antibody of the disclosure comprises at least one haavy or light chain COR of an
antibody molecule. in another instance, an Sp3& antibody of the disclosure comprises ai least two CDRs from one or
more antibody moleoules. In another instanae, an 8p38 antibody of the disclosure comprises at least three CORs from
3¢ ong or more antibody molecales. In another instance, an Sp38 antibody of the disclosure comprises at least four CORs
fram one or more antibody molecules. In another instance, an Spls antibody of the disclosure coraprises at least five
CORs From one or more andibody malecules. In another instance, an Spds antibudy of the disclosure comprises af lsast
six CORs from one or more antibody molecudes. Exemplary antibody moleculss comprising & least one CDR thad can
be included in the subject Sp35 antihodies are described herein.
[B147] In 2 specilic instence, the amine acid sequence of the heavy andfor ght chain variable domains may be
inspected to identify the sequences of the complementiarity determining regions {CDRs) by methods thal are well know
in the art, e.g., by comparison to known amine acid segquences of other heavy and light chain variable regionsto determine
the regions of sequence hypervariabilily. Using routine recombinant DNA techniques, one or more of the CDRs may be
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insaried within framework regions, e.g., into human framework regions 1o humanize a non-human antibody. The frame-
work regions may be naturally occurang or congensus framework regions, angd preferably human framewark regions
{sep, e.q., Chothia et al., J. Mol Bigl 378:487-47G {1968) for 3 listing of human Framewark regions). Preferably, the
polynuclentids generaled by the combination of the framework regions and CDRs encodes an antihody that specifically
binds to at leas! one epifope of 2 desired polypeptide, 8.g., Sp35. Preferably, one or more aming acid substitutions may
be made within the framework regions, and, preferably, the amino acid substifutions iviprove hinding of the antibody to
its antigen. Additionally, such methods may be used to rake amino acid substitutions or deletions of one or maore variahle
region cysteine residues participating in an intrachain disullide bond to generate antibody molecules lacking one or more
intrachain disulfide bonds. Other alterations to the polynucdledtide are encompassed by the present disclosure and within
W the skill of the art.

[6148] in addition, lechnigues developad for the production of "chimeric antibodies” (Mordson et al., Proc. Nall. Acad.

Sci. 81:851-855 (1984} Neuberger et al., Nature 312:604-608 (1984} Takeda st al,, Nature 314452454 {1985)) by

splicing genss from a mouse antihody molscule of appropriate ardigen specificity together with genes from a human

antibody molecule of appropriate biolegical activity can be used. As used herein, a chimeric antibody is 8 molecule in
18 which different portions are derived from differant animal specias, such as thoae having a variable region derived from

a murine monoclonal anttbody and 3 human immunoglobulin constant reglon., e.¢., humanized antihogies.

[01489] Alternatively, lechniques desaribed for the praduction of single chain antibodies {U.S. Pat. No. 4,684.778; Birg,

Science 242:423-442 {1988, Huston et al., Proc. Nall, Acad. Sci. USA B5:5872-5883 (1988}, and Ward et al., Nature

334:544-554 {1989)) can be adapled to produce single chain antibodies. Single chain antibodies are formad by linking
28 the heavy and light chain fragments of the Fv region via an amino acid bridgs, resulting in a single chain antiborly.

Technigques for the assembly of funclional Fv fragments in £ colffimay also be used {Skerra et al, Science 242:1038-1041

{1988}

[0158] Yet other instances of the present disclosure comprise the generation of human or subsiantially human anti-

badies in ransgenic animals {e.g., mice} that ame incapable of endogerous rsnunoglobulin production (see e.g., LS.
28 Pat. Nos. 8,075,181, 5,938,508, §591,665 and 5588,369). For example, it has been described that the homozygous
deletion of the andibody heavy-chain jpining region in chimerin and germ-line mutant mice resulis in complete inhibilion
of endogenous antibody production. Transfer of & human immunoglobulin gene array fo such gern line mutant mice will
result in the production of human antibodies upon antigen challenge. Another praferred means of ganerating human
antibodies using SCID mice is disclosed in U8, Pal. No. 5,811,524, it will be apprecialed thal the genelic material
associated with these human antihodies may also be isolated and manipulaied as described herein.

[ri81] Yelancther highly efficient means for generating recombinant antibodies is disclosed by Newman, Biotechnol-
ogy 10 1455-1460 {1292). Spacifically, this technigus resulls in the generation of primatized antibodies that contain
monkey variabie domsing and human constant sequenoces, Morsover, this fechnique Is also described in commonly
assigned U.S. Pal. Nos. 5,858,570, 5.893.780 and 5,758,098,
[0152] In ancther instance, lvmphocyles can be selecled by micromanipulation and the vanable genes isolated. Faor
axample, peripherat blood mononuclear cells can be isolated from an immunized mammal and cultured for about 7 days
in vitro. The cultures can be screened for spedific IgGs that meet the soreening criteria. Cells from positive wells can be
isolated. Individual Ig-producing B cells can be isolated by FACS or by idendifying them in a8 complament-merdiated
hemobytic plaque assay. ig-producing B cells can be micromanipulaied into & tube and the V and V, genes can be
4% amplified using, e.g., RT-PCR. The YV, and V| genes can be cloned into an antibody expression vector and transfected
into celis {94, eukaryolic or prokaryolic cells) for expression.

[8453] Allematively, antibody-praduning cell lings may be selected and cultured using technigues well known fo the

skitted artisan. Such technigues are described in 2 variely of laboratory manuals and primary publications. In this respest,

technigues sullable for use in the disclosure as desoribed below are described in Current Profocols in Immundcingy,
& Coligan et al., Bds., Green Publishing Associates and Wilsy-Interscienca, John Wiley and Sons, New York {(1881).

[o154] Antibodies for use in the diagnostic and therapeutic methods disclosed herein can be produced by any method

known in the art for the synthesis of antibodies, in particular, by chemical synihesis or preferably, by recombinant

gxpression techniques as described herain.

[01858] inone instance, an Sp3S antibody, or antigen-binding fragment, varant, or derivative thereof of the disclosure
¢ comprises a synthetic constant region whareln one or more domains are parlislly or entirely deleled ("domain-deleted
antibadiag"). In certain instances compatible modified antibodies will comprise domain deleled constructs or variants
wherein the entire €2 domain has been removed {(ACL2 constructs). For ather instances a short connecting peptide
may be substitiad for the delsted domain tn provide flexibility and freedom of movement for the variable region, Those
skilled in the art wilf appreciate that such constructs are particularly preferred due to the regulatory properties of the G2
dornain on the calabolic rate of the antibody. Domain deleded constructs can be derived using s ventor {e.g., from Biogen
IDEC Incorporated) encoding an 1gf3, human constant domain {sge, e.g., WO 02/080885A2 and WODZ/QLE048A2),
This exemplary vector was engineered to delete the €2 domain and provide a synthetic vector axprassing a domain
delsted 196G, constant region,
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[0156] In cerlain instances, Sp38 antibodies, or antigen-binding fragments, variants, or derivatives thereof of the
disclosure are minibogies. Minibodies can be made using methods described in the arl {ses, e.g., s8e a.¢., US patert
5,837,821 or WO 94/09817A 1)
[0157]  inone instance, an Sp3% antibody, or antigen-binding fragment, variant, or derivative thereof of the disclosure
comprises an immunoglobulin heavy chain having deletion or substitution of a few or even a single amine acid as long
as it peamnits asscoiation betwesn the monomeric subunits. For axample, the siutation of a single amine aid in seleciad
arsas of the G2 domain may be enough 1o substantiadly redune Fo kinding and thareby increase tumor localization.
Similarly, it may be desirable to simply delete that part of one or more constant region domains that control the effector
function {¢.¢. complerment binding} to be modulated. Such partial deletions of the constant regions may improve selectad
W characteristics of the antibody {serum halfdife b while leaving other desivable funcliuns associated withithe subject constand
region domain intact. Moreover, as alluded to above, the constant regions of the disclosed antihodies may be synthetic
through the mudation or substitution of one or more amino acids that enhances the profile of the resulting construet, In
this respect it may be possible to disrupt the activily provided by a conserved binding site {8.g. Fo binding) while sub-
stantiadly maintaining the configuration and immiunoganic profile of the modified antihody, Yet othar instances comprise
1% the addition of one or more aming acids o the constant region o enhance desirable characteristics such as effector
function or provide for more cylotoxin or carbohtydrale glachmant. In such inslances it may be desirable to insert or
raplicate specific sequences derived Fom selected constard region domains.
[o158] The present disclosure slso provides antibodies thal comprise, consist essentially of, or consist of, variants
{including derivaiives) of antibody molecules {e.g.. the V|, regions and/ior V| regions) described herain, which anttbodies
28 or fragroents thereof imrunospscifically bind o an 8p38 polypeptide or fragment or variant thereof. Standard techaiques
krnowen to those of skill in the art can be used o introduce mulations in the nucleotide sequence encoding an Sp3d
antfibady. including, but not limited to, site~directed mulagenesis and PCR-mediated mutagenesis which resulf in amino
acld substitutions. Preferably, the variants {including derivatives) encode less than 50 amino acid substitutions, less
than 48 amino acid subsiluticns, less than 30 amine acid substitutions, less than 25 aming acid substitutions, less than
bt 20 amino acid substititions, less than 18 aminc acid substifutions, leas than 10 aming acid subsiitations, less than B
amino acid substifulions, kess than 4 amino acid substitulions, less than 3 amino acikd substitutions, o less than 2 amine
acid subsBtutions relative 1o the referenge Vy region, VyCDR1Y, Vi CDRR, Vi CDR3, V| region, V, COR1, VCDR2, ar
¥, CORA. A "zonservalive amine ackd substitulion” is ona in which the amine acld residue is replaced with an amino acld
residue having a side chain with a similar charge. Familiss of amino acid residues having side chains with similar charges
have heen defined in the art. These families include aming acids with basic side chains {e.g., lysine, arginine, histiding),
acidic side chains {e.q.. aspartic acid, glutarmic acid), uncharged polar side chains {&.g., glycine, asparagine, glutamings,
serine, threonine, iyrosine, cysteine), nonpolar side chains {e.g.. alanine, valine, lsucing, isoleucine, proline, phenvia-
laning, methionine, ryplophan), beta-branched side chains (e.g., threonineg, valing, Isolsucing) and aromatic sids chains
{e.g.. tyrosing, phemyialanine, tryptophan, histidine). Allernatively, mutations can be introduced randoraly along alt or
part of the coding saquence, such as by saturation mutaganesis, and the resuliant mutants can be screened for bickgical
activity to identify mutants that retain activity {g.g., the ability to bind an Sp35 polypeplide).
[01859] For example, it is possible fo introduce mudations only in framework regions or only in CDR regions of an
andibody molecude. Infroduced mutations may be silerd or neudral missense mutations, e, have no, ar liitle, effect on
an antibady’s ability {o bind antigen. These types of mutations may be useful fo oplimize codon usage, or improve a
48 hybridoma's anfibody production. Atematively, non-neufral missense mutalions may alter an andibody's ability to bind
antigen. The location of most silent and neutral missense mulations is likely {0 be in the framework regions, while the
location of most non-neutral missense mulations is likely to be in CDR, though this is not an absolule requirament. One
of skill in the ant would he able o design and test mutant molecules with desired properties such as no alteration in
anfigen binding activity or alteration inhinding aclivity {e. ¢.. Improvemenis in antigen binding activity or change in antibady
46 gpenificity). Following radagenesis, the encoded protein may routinely be expressed and the funclional andior binlogical
activity of the encoded protein, {e.g.. ability o immunospecifically bind at least one epitope of an Sp35 polypeptida} can
be determined using techniques described hereln or by routinely modifying techniques known in the at.
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V. POLYNUCLEQTIDES ENCODRING Sp35 ANTIBODIES
50
[0160] The present disclosure also pravides for nucleic acid molecutes encoding Spls antibodies, or antigen-binding
fragments, varands, or derdvatives thareof of the disclsure.
[o161]  in one instance, the present disclosure provides an isolated polynucieotide comprising, consisting sssentially
of, or consisting of a nucleic acid sncoding an immunoglobulin heavy chain variable region {VH}, where at least one of
the CDRs of the heavy chain vadable region or at lsast bwo of the TDRs of the heavy chain variable region are &l least
80%, 85%, 80% or 85% identical to reference haavy chain SR, CORE, or COR3 amino acid sequences from monocional
Sp35 antibodies disclosed herein. Altarnativaly, the COR1, CDR2, and COR3 regions of the VH are at least 80%. 85%,
0% or 95% identical to reference heavy chain CDR1, CDR2Z, and CDR3I amino asid sequences from monocional Sp3s
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antibodies disclosed hersin. Thus, according to this instance a heavy chain variabla region of the disclosurs has CRR1,
COR2, or COR3 polypeptide sequences related 1o the polypeptide seguences shown in Table 4:
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in certain instances, an antibody or antigen-binding fragment compriaing the VH encoded by the polynudcieotide specif-
ically or preferentially binds 1o Sp35.
[0i62] In anothar instance, the present disclosure provides an isolated polynudleatide comprising, consisling essan-
tially of, or consisting of a nucleic acid encoding an immunoglobudin heavy chain variable reglon {(VH) in which the COR1,
§ CRR2, and CDR3 regions have polvpeplide seguences which are identical to the COR1, CORZ, and CDR3 groups
shown in Table 4. In certadn instances, an antibody or antigen-binding fragment comprising the VH encoded by the
polvnucieotide specifically or preferentially binds 1o Sp38.
[0163] Inanadditionalinstanne ofthe disclosure, the present disclosure provides an isolated polynucleotide comprising,
consisting essantially of, ar consisting of a nucleic acid encoding an invnunogiobulin heavy chain variable reglon (VH)
1 in which the CDR1, CDR2, and CORJY regions are encoded by nucleotide sequences at least 80%, 85%, 80%, 35% or
100% identical to the the VH CDR1, COR2 and COR3I reglons of the immunoglobulin heavy chain polypeplide produced
by hybridoma 2.P3BS6.2 (ATCC Deposit Designation PTA-8106} or the the VH COR1, COR2 and COR3 reglons of the
immunogiobulin beavy chain polypeptide produced by hybridoma 7.P1D5.1.69 (ATCC Deposit Designation PTA-8107L
[0164] In a further Instance, the present disclosure provides an isolated polynudiectide comprising, consisting essen-
18 tially of, or consisting of a nuclein acld encoding an immunoglobulin heavy chain variable region {WH} in which the COR1,
CDR2, and CDR3 regions are encoded by nucleciide seguences which are identical to the nuclentide sequences which
encede the CORY, CDR2, and CORS groups shown in Table 4. In certain instances, an antibody or antigen-binding
fragment comprising the VH encoded by the polvnucieotide spacifically or preferentially binds to Sp35.
[O165] inanadditionalinstance ofthe disclosure, the present diaclosure provides an isolated polynusleotide comprising,
28 consisting sssentially of, or consisting of a8 nucleic acid encoding an immunogichulin heavy chain varable region {VH)
in which the COR1, CORZ, and CDR3 regions are encoded by nuclectide sequences at least 80%, 85%, 80%, 85% or
100% identical o the polynucleotide encading the WH COR1, CORZ and CDR3 regions of the immunoglotudin heavy
chain produced by hybridoma 2.P385.2 (ATCC Deposit Designation PTA-8108} or the polynuciestide encoding the VH
COR1, CORZ and COR3 regions of the immunoglobulin heavy chain produced by hybridoma 7.P105.1.G8 {(ATCC
2% Deposit Designation PTA-81073.
[66] in certain instances, an antibody or antigen-binding fragment thereof comprising. consisting essentially of, or
consisting of a VH encoded by une or more of the polynucleotides described above specifically or preferantially binds
o the same epilope as 8 monoclongl antthody selested from the group consisting of: 207, 3A3, 3AG, 1A7, 1GT, 2810,
2011, 2F3, IPID10.2C3E, IPMEY1.3B7, IPZCE.3GI0.2HY, 3P2CB.20G4, 3P4A6.108, 3IP4A1.2B8, 3RP4CR.20Z,
3PACS 108, 3IP4CB.2G8, 30-C12 {Li01), 38-D01 (Li022), I5-E04 {Li0I3), 36-C08 {LiG4), 3¢-A11 {Li0B), 34-FO2 {LiDG),
2-EQY (LIO7), 34-G04 {LI08), 36-A12 (L0}, 28-D0O2 (L0}, 30-80G1 (L), 34803 (Li12), L1138, Li82, Li33, L34, 3383
{L1a.1}, 3405{L1a.2), 3563 {L1a.3), 3564 {L.1a.4}, 3565 (L1a.5), 3506 (L 1a.8), 3567 (L1a.7), 3568 {L1a.8}, 3868 {L1a.9},
3570 {L1a. 10y, 3571 (L1a. 11}, 3882 {L.1a.12), 1988 {L.15.13), TP1D5. 1368, 3B5.2 and Li81, or will competitively inhibit
such & monacional antibody from binding to Sp3s.
[04871  In cerlain instances, an antibody or antiges-binding fragment thereof comprising, consisting essentially of, ar
consisting of & VH encoded by one or more of the polynucisotides described above specifically or preferentially binds
to an Sp3s polypeptide or fragment thereof, or & Sp35 variant polypeptide, with an affinily characterized by a dissociation
constant {Kp} no greater than 5 x 109 M, 102 M, Sx 109 M, 1090, 5 1078 M, 109 M, B x 105 M, 105 M, Sx 109 M,
109M 5107 M 107 M B 108 M 109 M, S x 109 M 109 M, Sx 1090, 100 M 5 107 M, 101 M, S 1ol
40 M OIOEM, S x 10T M I S 10 M 1M M, Sx 10 M, or 10718 M,
[8188] {n ancther instance, the present disclosure provides ao isolated polynucleotide comprsing, consisting essen-
ially of, or consisting of a nucheic acid encoding an immunoglobudin light chain variahle region (VL) where al least one
of the CDRs of the light chain variable region or at least two of the CDRs of the light chain variable region are at least
0%, B5%, 80% or 95% identical to refersnce light chain COR 1, CORZ, or COR3 amino acld sequences from monocional
& Sp35 antibodies disclosed herein. Allermatively, the COR1, COR2, and COR3 regions of the VL are al least 80%, 85%,
90% or 85% identical to reference light chain CDOR1, CDRZ, and CDR3 aming acld sequences rom monocionat Sp3s
antibodies disclosed hersin. Thus, according to this instance a fight chain variable region of the disclosure has COR1,
CDORZ, or COR3 polypeptide sequences related {o the polypeptide seguences shown in Table &
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in cartain instancas, an antibody or antigen-binding fragment comprising the V6 encoded by the polynucieotide specifically
or preferentially binds to Spds.
[0169] Inanaddiionalinstance of the disclosure, the presend disclosurs provides an lsolated polynucientide comprising,
congisting easentially of, or consisting of a nudlelc acid encading an immunoglobulin light chain variable region (VL) in
= which the COR1, CDR2, and COR3 regions are encoded by nucleotide sequences are al least 80%, B5%, 0%, 35%
or 100% identical fo the VL CORT, CDR2 and CORJ regions of the immunoglobulin light chain polypeptide produced
by hybridorna 2.P3BS.2 {ATCT Deposit Designation PTA-B108) or the VL COR1, CDRZ and CDR3J regions of the
immunogiobulin light chain polypeptide produced by hybridoma 7.P1D8.1.68 (ATCC Deposit Designation PTA-B107).
[0170] In another instance, the present disclosure provides an isolated polyruclectide comprising, consisting essen-
W Hally of, or consisting of 2 nucleis acid encoding an immunaglobulin light shain variable region (VL) it which the COR1,
COR2, and CDR3 regions have polypeptide seguenses which are identical to the COR1, COR2, and COR3 groups
shown in Table 5. In certsin instances. an antibody or antigen-binding fragment comprising the V6 encoded by the
polynuciectide specifically or preferantially hinds to Sp3s.
[0171]  In @ further Instance, the present disclosure provides an isolated polynudiectide comprising, consisting essen-
18 tially of, or consisting of a nucleic acid encoding an immunoglobulin light chain variable region (VL) in which the CDOR1,
CDR2, and CDR3 regions are encoded by nucleciide seguences which are identical to the nuclentide sequences which
encede the CORY, CDR2, and CORS groups shown in Table 3. In certain instances, an antibody or antigen-binding
fragment comprising the VL encoded by the polynucleotide specifically or preferantially binds 1o Spas,
[0172] inanadditionalinstance ofthe disclosure, the present diaclosura provides an isolated polynusleotide comprising,
28 consisting sssentially of, or consisting of a8 nucleic acld encoding an romunogiohulin ight ohain vadable region (VLY in
which the COR1Y, CORZ, and CDR3 regions are encaded by nutiectide sequences at least 80%, 85%, 80%, 95% or
100% identical to the polynucleotide encoding the VL COR1, COR2 and CDRS regions of the immunogiobulin light chain
produced by hybridoma 2.P385.2 {ATCC Deposit Designation PTA-B108) or the palynucliectide encoding the VL CDR1,
CEORZ and CORS regions of the immunogiabulin light chain produced by hybeadorma 7.P105.1.G8 {ATCC Deposit Des-
¥ ignation PTA-8107).
[73]  in certain instances, an antibody or antigen-binding fragment thereof comprising. consisting essentially of, or
consisting of a VL encoded by one or more of the polynuclectides described above specifically or preferentially binds
o the same spifope a3 a monoclonal antibody selacted from the group consisting of 201, 3A3, 3A8, 1A7, 1G7, 2814,
2011, 2F3, IPID10.2C3E, IPMEY1.3B7, IPZCE.3GI0.2HY, 3P2CB.20G4, 3P4A6.108, 3IP4A1.2B8, 3RP4CR.20Z,
JPACS 108, 3P4C8.2G8, 30-C12 {Li01), 38-DO1 (Li02), 35-E04 (Li0J}, 36-C08 (LiG4}, 30-A11 {LiDG}, 34-F02 (Li08), 29-
EO7 {LiD7}, 34-G04 (Li08), 36-A12 (Li0B), 28-D02 (L0} 30-B01 (Li1 1), 34-BO3 (L3, L3, Li32, Li33, Li34, 3383 (L1a. 1L
3485(L1a.2), 3583 {L1a.3}, 3564 (L1a.4), 3585 (L1a.B). 3566 {L1a.8). 3587 (L1a.7), 3568 {L1a.8), I5RY {L1a.8), 3870
{L12.10), 3671 (Lia.11), 3582 (L1a.12), 1968 (L1s.13}), TPID5.1GY, 3B5.2 and Lig1, or will compatitively inhibit such a
monocional antibody from binding 1o Sps.
[0174] In cerlain instances, an antibody or antiges-binding fragment thereof comprising, consisting essentially of, ar
consisting of 8 VL encoded by one or more of the polynuclectidss desoribed above specifically or preferantially binds
to an Sp3s polypeptide or fragment thereof, or & Sp35 variant polypeptide, with an affinity chanacterized by a dissociation
constant {Kp} no greater than 5 x 109 M, 102 M, Sx 109 M, 1090, 5 1078 M, 109 M, B x 105 M, 105 M, Sx 109 M,
109M 5107 M 107 M B 108 M 109 M, S x 109 M 109 M, Sx 1090, 100 M 5 107 M, 101 M, S 1ol
40 M OIOEM, S x 10T M I S 10 M 1M M, Sx 10 M, or 10718 M,
[8175]  In a futher instance, the present disclosure includes an isclated polynucientide comprising, consisting essen-
tally of, or consisting of a nucleic acid socoding 8 VM at least 80%, B5%, 9% or 95% identical to a referanne VH
polypeptide sequence selected from the group consisting of SEQID NQs; 156810 172, 372, 376, 380, 384 and 418 shown
in Tahle 8. Incevtain instances, an antibody or antigen-binding fragment compriging the VM encoded by the polynucisotide
4 gpenifically or preferantially binds to Sp35.
[ot76] if anotherinstance, the present disclosure inchudes an isolated polynucieotide comprising, consisting essentially
of, or consisting of a nucleic acid sequence encoding a VH having a polypeptide saquenne selected from the group
consisting of SEQ 1D NOs: 158 10 172, 372, 376, 380, 384 and 418 shown in Table 6. In certain inslances, an antibody
or antigan-binding fragment compnising the VH encodad by the polynusieatide specifically or preferendially hinds to Sp3s.

Tz
%

Gy
&

53

b2
o

88



DK/EP 2740744 T3

EP 2740 744 B1

29

AV TdIASIONLSVSSALANIOOOMIA

av

IVISSYDAAAV LAV Y TISNINO TA TLN ISNCESLLNIOYASAV AHLODOS
Al

AT IONOIVOUAMONNAYSILIDS VYV IS T ISODIOATODOSATIOAY

IZEN

AV TIdIASIDMLEVSSALANIDODMIAY

VN

TOAVIAIAY LAV Y ISNINO TA TINMSNQUSLLAYDMASAY AGQLADOSS
, , Al
AMTTONOIVOIAMOWY AVSILADSY VIS THISOOdOA TDODSTTIOAT

U

08l

AV IAIASIDO LS VSSALANIOODMIU
av
SADTIVOAAAVIAIVEISNINO TA TLNISNAISLLINOMISAV AALSODSS
w A
S AMTTOEOIYOHAM TN ARSI LADS VYIS THISDODIOATOONSTTIOAT

a0t

851

AV IddASIDIISYSSALALLDYDMATNAAAAANHADS MACA

A4
ISAHY DA AAVIAAVEISNNO TA A LN SNOESILIIID MASAOY ANIIDOS
St
AMTTIOIDIVOUAMANSANSILADS VYIS THISODIOATODDSTTIOAR

ity

BG1

dYVIdIASIONLSYVSSALALLOOOMIAAY
MO

SAUMIADAANY LAAVEISNINO TA TINYSNQUSILAYDYASAY AM L TONS
‘ d5
SAMTTOAOIVORIAMINEALSILADS VYIS THISOOIOA TOONSTTIOAR

a0

‘O QiDES

souanbag

HA

saousnbag epndadliod 1A - D 3I19VLE

@y el T i
RS w & B )

485

53

“y
“r

59



DK/EP 2740744 T3

EP 2740 744 B1

dYId4ASIDILSVSSALANLOOO MY

]

HAGEVIAAAV. LAV ISNWO T A TLN S NOESILIIONASOVASLIDNDS
|
ARTTOIONIVORIAMOWIANSLLIDS VYIS THISODIOATOOOSHTIOAR

AV IdIASIONISVSSAIATIOODM A

A

LIOSYIAAAV LAIV Y ISNNO TA TINNSNISLLINEOYASOV AALNODS
A

ARTIOEOAYONAM IO ANSALADS VYOS TIISDOAOA TONOST TIOAT

Lo

491

dVIdIASIDHISVSSALATLONO M TCIAM

M

SATHY DAAAVIQHVYISNNO TA TINASNAISLLDIONASAY AVIADOS]
13}
SARTIOIDAVOAAMANIALSALIDSVV IS T ISO0dOATODOSTTIOAR

0N

i

AV IdAASIOIISVESALALLOYOMAGINAA

Ad

ISLOAVIAAAY LAIVHISNINO T A TLNNSNMISILAEDNASOVADLAODS
: 1S
IARTIONDIVOEAM ANV ASSALIDSY VIS T ISOOIOATODOSHATIONT

BT

£91

AV TdIASIDNLEVSSALATIONDMAG

4A

QdSHAYIAAAY LAV WISNNO TA LLNISNOESILAEOIASAVAILLYODS
|
ABTIOIOIVOIAMANIAHSLLIOSVY IS TIISONdOATODOSITIOAR

2017

‘Ol Q1 0E8

apusnbisg

HA

{panLuoy}

@y el T i
RS w & B )

485

53

10
i

60



DK/EP 2740744 T3

EP 2740 744 B1

SSALASLOODMAAN

)
SNHUVIAAAVSAISY ISS IOWAVISSS AV L TIVIONINOLALIADANd
Al
NMTTOOONOIAMOILMSS LALADS VIS THASYVOLIVIEVOSOOTOAD

L8 L LdEPUB E0C 010 1dE

LLE

SSALALIOOO

M

ASALOIAID LIV ISNNO TAASSISAMESLLIYOYASTVANLYHNNY IS
¥l

AT I AZISOUAMTTAVESLLIOSY VIS THNSDOAOA TOODSHT TIAH

519

0L

SSALALLOOOMAA

g

SOTEVOAALY LAANT INNAD TAALSY SLHISAVAUDOAAI LALIID LALNI
M

VAT TOEOdVOIAMNND ANLILADSVIDSIALIDIAY THIDSOATOAD

FA4

G924

AV IdAASIDALSYSSALALIDDOMATND A XA AATSADSDOSD

A

AVRAVIAAAV LAV ISNNO TA TINYSNQISLLAYOMASAY ANLNODS
IAMTIONDIVOIAMANNADSILIDS VYOS T ISOOIOA TONOST TIOAT

2

291

dVIdIASADRLSVSSALATILOOOMATIAD
1

NOVAVIAAAV LAV TSNNO TA TINNSNQUSILAIDNASOV AALSDNS
A
IAMTTONOIVOIAMTNIADOSLLIOS VYIS T ISODOIOA TOONOSATIOAND

2017

‘Ol Q1 0E8

apusnbisg

HA

ooy I W T i
by bid R & # L

{panLuoy}

485

53

[Ty
rsd

L]



DK/EP 2740744 T3

EP 2740 744 B1

Zepy

. SSALATIOODM ACIHADHAVIA
AWVINGEVIISSIOTAALSYSLAISIATIOOANHE LALIED LA INIMO WM
YIDOOIVOIAMNINOANLILADSYIISANASYOIONATHOSOATOAD

< BN LY bd

SSALALIDIDMACIIMHSOAALEYD
AAAVSAESLISS TOWAVISSSIUAL TLVADHIAONANLASASAUADIA
FTOODIEOIAMHNM ASLILADS VADS THASLIOTHA THVOIOU TOAD

25 de

SSALATLIOYOMN IQIAMTTIVVEY
DAAAYIAIVIISNNOTA LTINS SNQUSILAUDAASOY AALIDNDSS AIDSA
AAEHOIYOUAMANTANSILIOSY VIS THISOOIOATOODSTTIOAD

¥ ENT

0ge

SSALATLIODEDOM TAAAMONHDTY
d@m&hﬁwﬁmﬁm\wmgﬁﬁﬁwMQMMQZQMMMHwMQM?m&xﬁbwﬁ@@mmﬁgem
AMTTOHDIVOAAMINIAISLLADSVVOS T ISDOJOA TOONSTTIOAY

£ er

gie

SSALATIONOMIAIMADACDNY
DAAAYLATVHISNWOTA TINMSNOUSILIYOYASOV AL LNODSISISSA
M TIONOIVOIAMOWINAVSILADS YV IS TIISODIDATONOSTTIOAT

ZEN

ZLiE

SSALALIODOMIGIVANGDALIYD
AAAVIAEVEISNWOTA TINSNOUSILIED A SAV AN LIODSSATISA
AT TONOIVOIAMANAAHSALIOS VYOS THISOOIOATOOOSTTIOAD

¢ i

‘Ol Q1 0E8

apusnbisg

HA

{panLuoy}

“£y W Tx uy
hoid w o8 mxw ol

485

53

[Ty
rsd

82



DK/EP 2740744 T3

EP 2740 744 B1

eV

, DASISTISHOLAH
NHIVHHWASOSIANDOOMUSIAAL TASA THISOUSUIAII LI ANNY
dODNSHMIAVIASIALONATOLUISAON L TAQES dd TLAAOITHIOONY
HSILMHIAV A TY INSANONATION IMAORTALTASAAYAYSNAOETEd
SIMYNHATADAA THATIOIHSAGAAADLATILISIN LLA NI d
TIASIOD TTAdV IDddD LHLIADS AdIANMAATINS SIHNANDIALOLD
FSSSAALAASSISATDSSOTAVIILHADS UIVOSNMSALAdHdAATEAT
DO TYVIONSLEYSSAV IdIASIONISVSSALALLOOD MITIVANADHLY
DAAAYLATVIISNNO TA TINISNCHUSILAYONASAY AL L4DOSIDIASA
AT TESOIVOIAMINAAVSALIDSYVIS T ISDOA0A TODNST TIOAH

{p &ye jAs ool (D) | g

A% 4

DISTSISYMOLAH
NHIVAHNASOSIANDOOMESNAAL TAS A TAASDASAIAII LI ANNS
JOONSHMIAVIASAAIONATOLISAONI L TAQIS A TLAAOITHIOO Y
MSLLNAIIV ATV INSANOSATION IMAOHTAL IASAASALSNAOEINd
MIMYNHATADAAAMNIIATIAIHSAGAAADLATd DISIWN TLANd N ddd
TIASIDOTTEIVEDddDLHLRUDSHdHIATIAATINSSTHNANDIALDLD
TSSSIALAASS ISAIOSSO IAVIALHADS L IVOSNMSALAJHdIAIAT
DO TVYIDOSLISHSSIVIdIASIORLSVSSALALIDODMICIVANCDALY
DAAAVLAAVIISNINO TA TINSSNCES LD YASOV AL LADOSIOIASA
ATTOIOIVOIAMINIAVSILIDS VYOS THISODOIOATONODSTTIOAT

b8

‘Ol Q1 0E8

apusnbisg

HA

{panLuoy}

“£y W Tx uy
hoid w o8 mxw ol

485

.
“r

83



DK/EP 2740744 T3

EP 2740 744 B1

[0771 o & further instance, the present disclosure includes an isolated polynudientide comprising, consisting essen-

fially of, or consisting of a nudeic acid encoding a VH at least 80%, 85%, 80% or 858% identical o a reference VH

polypepdide senuence selaclted from the group consisting of SEQ 2 NQOs: 158172, 372, 376, 380, 384 and 418. In
cortain instances, an antibody or antigen-binding fragment comprising the VH encoded by the polynucleotide specifically
= or preferentially binds to Sp3s.

[8178] Inanotherinstance, the present disclosure includes anisolated polynucleotde comprising, consisting essentially

of, or consisting of 8 nudeic acid sequence ancoding g VH of the disclosure, seleclad fram the group consisting of SEQ

2 NQs: 158-172, 372, 378, 380, 384 and 416. In cerlain instances, an antibody or antigen-hinding fragment comgprising

the VH encoded by the polynudleatide specifically or preferentially binds o Sp35.

i [178]  In an sdditionad instance, the present disclosure includes an isolated polynucleotide comprising, consisting
essentially of, or consisting of & nucleic anid encoding a VH at least 80%, 85%, 90%. 25% or 100% identical to 8 reference

VH polypeptide seguence salscted from the group consisting of the immunogiobhulin heavy chain polypeptide produced

by hybridoma 2 P3B5.2 (ATCC Deposit Designation PTA-8106) and the immunoglobulin heavy chain polypeptide pro-

dugced by hybridoma T.P108.1.G8 (ATCC Deposit Designation PTA-B107).
18 [0180] In centain instances, an antibody or antigen-binding fragment thereof comprising, consisling essentially of, or
consisting of @ VH encoded by one or more of the polyruicieciides described above specifically or preferentially binds

{o the same apitope as a monoclonat antibndy selectad from the group consisting of {2017) 3AY, 3A8, 1AT7, 167, 2818,

2C11, 2F3, 3P1D10.20C3, 3PE11.3R7, 3P20C6.3G10.2H7, 3P2C8.2G4, 3P4A01D8, 3P4AT1EBS, 3P402.202,

3P4CH.108, 3P4C8.2GY, 30-C12 {Li01), 38-D01 (Li02), 35-E04 (Li03), 36-C0% {Li04), 30-A11 {LI0B), 34-F02 (LI08), 28-
20 EO7 (LiI07) 34-G04 {LiB8), 36-A12 (Li0%), 28-D02 {Li10), 3G-BO1 {(Lif1), 34-B03 {Li12}, Li13, Li32, Li33, Li34, 3383

(L1a.1}, 3495({L1a.2), 3563 {L1a.3), 3564 (L1a.4}, 3565 (L.1a.5), 3586 (L1a.8), 3567 {L1a.7), 3568 {L1a.8), 356¢ (L1a.0),

AS70 1A 0y, 3571 {L1a.11), 3582 (L1a.12), 1968 (L1a13, TP1D6. 1G9 and 3B56.2, or will competitively inhibit such a

maonoclional antibody from hinding fo Sp3s.

[o181] In cerfain insiances, an anlibody or antiger-binding fragment thereof comprising, consisting essentially of, or
¥ consisting of a VH encoded by one or more of the polynucleatides descoribed above specifically or preferentially binds
toan Sp3s polypeptide or fragment thereof, or a Sp3s variant polypeptide, with an affinily characlerized by a dissaciation
constant (Kp) 1o greater than §x 10 M, 1028, 5 1098, 105 M, 5 x 10, 1070 8, 5 105 M, 1088, 5x 1078 M,
109 M, Sx 107 M, 10T M, 5 x 1080, 108 M, B x 1090, 1090, S x 1010 M, 1070 M, 5 x 101 M, 101 M, § x 1012
M, M 5 100 10 M 5 10 M 10W R, B x 1079 M, or 1095 M.

[O182] In additional instances, the present disclosure inclides an isolated polynucleotide which sncodes an immu-
noglobulin heavy chain, comprising, consising essentially of, or consisting of & nucleic acid encrding 8 heavy chainat
least 80%, 85%, 90%, 95% or 100% identical fo the polynusiestide of SEQ 1D NO: 420 as shown helow. In cartain
irnstarices, an antibody or antigen-binding fragment comprising the hsavy chain encoded by the polynuclootide specifically
or preferentiaily binds to 5035 and or the same epitope as the monocional antibody 3B85.2.

[0183] {Immunogiobulin heavy chain polynudlentide sequence for human murine chimeric monocional antibody 3B8.2:

Tz
%

Gy
&

485

53

b2
o

64



DK/EP 2740744 T3

EP 2740 744 B1

ATGGOATGOAGCTGTGTAATGCTCTTGGTATCAACAGCTACAGGTGTCCACTCCCA

GGTCCAACTGCAGCAGCCTGGGGUTGAGCTGGTGAGGCCTGGGACTTCAGTGAAG
¢ TTGTCCTGCAGGGCTTICTGGCTACACCTTCACCAGCTACTGGATGCACTGGGTAAA
GCAGAGGCCTGGACAAGGCCTTGAGTGGATCGGAGTGATTGATCCTTCTGATAGTT
ATACTAACTACAATCAAAAGTTCAGGGGCAAGGCCACATTGACTGTAGACACATC
CTCCAGCACAGCCTACATGCAGCTCAGCAGCCTCGACATCTGAGGACTCTGCGGTCT
ATTACTGTGCAAGACCTTACTACGOTAGTCACTGGTTCTTCGATGTCTGOGGCACA
GGGACCACGGTCACCGTCTCCTCAGCCTCCACCAAGGGCCCATCGGTCTTCCCCCY
GGCACCCTCCTCCAAGAGCACCTCTGGGGGCACAGCGGCCCTGGGCTGCCTGGTC
AAGGACTACTTCCCCGAACCGETCGACGGTOTCGTGGAACTCAGGCGCCCTGACCA
GCGGCGTGCACACCTTCCCGGCTGTCCTACAGTCCTCAGGACTCTACTCCCTCAGC
AGCGTGGTGACCGTGCCCTCCAGCAGCTTGGGCACCCAGACCTACATCTGCAACG
TGAATCACAAGCCCAGCAACACCAAGGTGCACAAGAAAGTTGAGCCCAAATCTTG
TGACAAGACTCACACATGCCCACCGTGCCCAGCACCTGAACTCCTGGGGGGACCG
TCAGTCTTCCTCTTCCCCCCAAAACCCAAGGACACCCTCATGATCTCCCGGACCCC
TGAGGTCACATGCGTGGTGGTGGACGTGAGCCACGAAGACCCTGAGGTCAAGTTC
o AACTGGTACGTGGACGGCGTGGAGGTGCATAATGCCAAGACAAAGCCGCGGGAG
GAGCAGTACAACAGCACGTACCGTGTGGTCAGCGTCCTCACCGTCCTGCACCAGG
ACTGGCTGAATGGCAAGGAGTACAAGTGCAAGGTCTCCAACAAAGCCCTCCCAGC
CCCCATCGAGAAAACCATCTCCAAAGCCAAAGGGCAGCCCCGAGAACCACAGGTG
TACACCCTGCCCCCATCCCGGGATGAGCTGACCAAGAACCAGGTCAGCCTGACCT
GCCTGGTCAAAGGCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGG

Gy
&

485

GCAGCCGGAGAACAACTACAAGACCACGCCTCCCGTGTTGGACTCCGACGGLTCC
TTCTTCCTCTACAGCAAGCTCACCGTGGACAAGAGCAGGTGGCAGCAGGGGAACG

“  TCTTCTCATGCTCCGTGATGCATGAGGCTCTGCACAACCACTACACGCAGAAGAGC
CTCTCCCTGTCTCCCGOGTTGA (SEQ ID NO:«420).

[0184] inadditionalinstances, tha present disclosure includes an isolated polynucieotide which encodes a heavy chain
3¢ variable reglon (Vg where the polynucieotide comprises a Vi, nuclelc acld sequence selected from the group consisting

of SELHID NOs 173 1o 184, 370, 374, 378, 382 and 422, as shown in Table 7. in certain instances, an antibady or antigen-

binding fragment comprising the VH encoded by the polynuclentide specifically or prafarentiaily binds to Sp35b.
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TABLE 7 - VH Polyrucleotide Sequences

VH Sequence SEQ

D
s N
L2 GAAGTTCAA T TG T TAGAGTCTEGTEGCGaTCTTATTCAGCOTEETEETTC 173

TTTACGTCTTTCTTGCGCTGCTTCCGEGATTCACTTTCTCTACTTACGAGA
TGATTTGGGTTCGCCARGCTCCTGETARAGGTTTGCAGTGGETTTCTTOT
CTTCACTATCTCTACGAGACAACTUTAAGAATACTCTCTACTTGLAGATGA
ACAGCTTAAGEGCTCAGGACACCGLCATETATTACTGTGTACGEBATTGAT
GATAGTAGTEGTTGGGCTTTTCGATATCTGEGECCAAGGRACCACEETCAL
CGTCTCAAGCGCCTCCACCAAGGGCCCATCCETCTTCCCGUTAGCACCC

Li09 GAACTTCAAT TE T TAGAGTCTGG TEGCACTCTTETTCAGCOTAETEETTC 174
TP TACGTCT T PO T TGCaC TR T TCCSGAT TCACT T TCTCTATGTACTCTA
TEETTTOGETTCGCCAAGCTCC TGO TAAAGG TTTGGAGTEGETTTCTTAT
ATCTCTCCTTOTCGTGGCARGACTATGTATCCTCACTCCOTTAAAGGTCS
CTTCACTATCTCTAGAGACAACTCTAAGAATACTTTCTACTTGCAGATCA
ACAGCTTAAGGCCTGAGGACACGCCCEGTETATTACTGTGCGAGAGATTCS
AGACGCCGGTATTACGAT T T T TCCAGTOGTTATCACAACTACTACTACTA
CTACATGCACGTCTGGGECAAAGGGACTACGGTCACCOTCTCAAGCECCT
a8 COACCAAGGOCCCATCRETCTTCCCGCTAGCACCT

Liva GAAGTTCAATTOTTAGAGTCTGETEECOETCTTATTCAGCCTOETEETTC 175
TTTACCTC I TC T TGCOC TGO T TCCERAT TCAC T T TCTCTGASTACCCTA
TEEATTEGGTTCECCAAGCTCCTEETAAAGCTTTGCASTEGETTTCTTOT
30 ATC AT TCTTCTGETGOC TCTAC TG T T TATGCTCACTCCATTAAAGGTCG
CTTCACTATCTCTAGAGACAACTU TAAGRATACTC TCTACTTGCAGRTGA
ACAGCTTARGGGCTGAGGACACGGCCG TG TATTAC TG TGCCAGRGAGGET
GACTCTGATCCT TTTGATATCTGGECCCAAGGGACAATGETCALCGETCTC
AAGCECCTCCACCAAGGGCCCATCEETOTTCCCEOTAGCACCC

Li05 GAAGTTCAATTG T TAGAGTCTGETEGCGETOTTE TTCAGLC TG TGETTC 176
TTTACGTCTTTC T TCCGOCTGCTTCOGGATTCACT TTCTCTGCTTACGCTA
TEGETTECS T TCECCAAGCTCOTGG TARAGE T TTGGASTGEATTTCTTCT
40 ATCOTTTCTTCTGGTGGCTATACTGATTATGC TGACTCCETTARAGGTCG
CTTCACTATC TCTAGAGACAACTCTAAGRATACTCTCTACTTGCAGATGA
ACAGCTTAAGGCCTOAGGACACGGCCRTOTAT TACTE TGCCAGAGABGGT
GACCATAATCCTT I TCATATCTGGOECCAAGGGACAATGETCACCETOTC
AAGCGCCTCCACCAAGGGCCCATCEETUTTCCOGCTABCACCT

Liod GARGTTCAAT TG TTAGAGTCTGETGGUGETCTTGTTCAGCC TERTEETTC wr
TTTACGTC T T TC T TGCGO TGO T T CCGaN T TCAC T TTCTCTCOTTACAATA
TOGETTGECTTCGCCAAGUTCOTEETARAGET T TCCAGTCGETTTOTGTT
s ATCTTATCC T IO GE TEGOCGTACTCATTATGOTCACTCCETTAAAGGTCG
CTTCACTATCTCTACACACRACTTCTAAGAATACTC TCTACTTGCAGATGA
ACAGCTTAAGGGCTOAGGACACGECCGTOTATTACTGTCCGAGTTCTATA
GCAGATGATGCTTTIGATATCTGGEGCCAAGGGACRATEGTCACLETCTS
AAGCGCCTCCACCAAGGGCCOATCERTCTTCCCGCTAGCACTC
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{continued)

WH Sequence SEQ
D

Ligg GAAGTTCAATTGTTAGAGTCTOSTEGCGETCTTGTTCAGCCTEGTGETTC 178
TTTACGTCTTTCTTGCGCTECTTCCARATTCACTTTCTCTCATTACGAGA
TGGTTTGGE T TCRCCAAGC TCC TGO TARAGGT TTGRAGTEORTTTCTTCT
7 ATCCET IO T IO GO TEECGCTAC TAAGTATGCTCACTCOGTTARAGETCG
CITCACTATCTC TAGAGACAACTOTAAGRATACTCTC TACTTGCAGATEA
ACAGCTTAAGGGCTCAGGACACGRCCETETATTACTGTGCGARAGAGTCS
COAGACGACTACTTTGACTAC TEGRGCCAGGGAACCC TG TCACCETCTE
. AAGCGCCTCCACCAAGGGECCCATCGETCOTTCCCGCTAGCADCC

Lit1 GAAGTTCAAT TG TTAGAGTC TGATSECAGTCT TR T TCAGCCTAGTERTTO 17e
TTTACGTCT T TOTTGCGC TGO TCCECATTCACT T TCTC TTCTTACGCTA
TETATTGGETTCGCCAAGCTCCTGETARAGETTIGCGAGTGEETTITCTTCT
20 ATCTCTACTTCTIGGTGECTATACTGETTATCCTGACTCCEGTTAAAGETCG
CTTCAUTATCTCTAGAGACAACTCTRAGAATACTCTCTACTTGCAGATGA
ACAGOTTAAGGGCTGAGGACACGGCCETETATTACTETGCSAGAGATACS
AGCGATAATGACTACTACTACATGGACGTOTEGEECARAGEEACCACGET
CACCGETCTCAASCECCTCCACCAAGGRUCCATCEETCTTCCCEBUTAGCAC
cC

Litd GAAGTTCAATTOCTTAGAGTCTGUGTGECGETCTTGTTCAGCCTGETEETTC 180
TTTACGTCTTTCTTCCGUTIGCTTCCGEATTCALTTTCTCTACTTACCCTA
TGETTTCGGTTCGCCAAGCTCCTEGTAAAGGTTTGCGAGTGEETTTICTTCG
ATCGGTCOTTCTEETGGUETTACTGCTTATGCTGACTCOGTTRAAAGETCG
CTTCACTATCTCTAGAGACAACTCTRAAGRATACTCTCTACTTGCAGATGA
ACAGCTTAAGGGUTGAGGACACGECCGTETATTACTGTGCGAGACCCOTAT
AGCAGTCECTGETGEGACTTCGATCTCTEEGGCCETGGCACCCTGETCAL
CGTCTCAAGCGCCTCCACCAAGGRCCCATCEGTCTTICCCGUTAGLACCT

L0 GAAGTTCAATTGTTAGAGTCTGETCOCEETCTTETTCAGCCTGETEGTTC 183
TTTACGTCTTTCTTGCGCTGCTTCCEGATTCACTTTOTC TRAGTACCAGA
TCGACTTGEETTCECCAAGCTCCTOETAAAGGTTTGEASTAGETTTCTTCT
0 ATCTATCCTTCTGOTEGCAATACTET T TATGCTCACTCCGTTARAGGTCG
CTTCACTATCTCTAGAGACAACTCTARGAATACTCTOTACTTGCAGATGA
ACAGCTTAAGGOCTGAGCGACACGGCCETS TATTAC TETECCGAGTEGGACT

[
o

8 BAGCGCCTCCACCARGGGCCCATCOETCITCCCECTAGCALCC

L3107 GAAGT TCAAT TG T TAGAGTC TGGTEECGGTC T IO T TCAGCOTGATRETTC 182
TrTACETCT T IO TGCGC TGO T TCCCGATTCAC T T TCTOTATGTACTTTA
TGGGTTGGGTTCGCCAAGCTCCTGETARAGET TTGGAGTGEETTTCTTCT
50 AT OO T T O TGO TaCC T T T A T T O T T A TGO TGACTCCATTAAAGGTCS
CTTCACTATCTCTAGAGACAACT CTAAGAATACTCTCTACTTGCAGATGA
ACAGCTTAAGCGC TOAGGACACTCCAGTOTACTAT TG TECGAGAGATCEE
CATGOTTT TGATATC TGGEECCARGCGACAA TGO TCACCETCTCAAGCED
CTCCACCARGEGCCCATCEETCT TCCORCTAGCACCC
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{continued)
WH Sequence SEQ
in
5 N
Li03 GAAGTTCAAT TG T TAGAGTCTCGTGCCEETCTTG T TCAGCCTEGTERTTC 183
TP TACGTC T T IO T TGCRCTECTTCCGRAT TCACT T T TCTCAGTACCCOTA
TEGAGTEGE T T CGCCAAGCTCCTEETARAGG T TIGGAG TG TTTOTERT
% ATCTATCC TP CTGE TGO T O TAC TG T T TATGC TCACTCOCT TRAAGGTCG
CTTCACTATC T C TAGAGACAAC TOTAAGAATACTCTCTACTTGCAGATGA
ACAGC T TAAGEGC TOAGGACACGECCATC TAT TACTG TCCGAGAGCARGES
CAGTGECTEEGRGACT T TCAC TACTGGEEUCAGGGAACCUTEATCACCET
oo CTCARGCGCCTCCACCAAGGGCCCATCGGTCTTCLCGCTAGCACCC 1
Litg GAAGTTCAAT TG T TAGAGTCIGE TGGORGTCT TGO T TCAGCOTEE TEETTC 184

TTTACGTCT T T O T IGCGC TGO TCOGEA T TCACT T TCTC TCAGTACAATA
TGTTTTEEETTCGCCARGCTCCTEETAAAGE T T TGCAGTGEETTITOTCGT
2 ATCTCTTCTTC TGO TGGCATCGACTATGTATGCTGACTCCOTTAARGGETCG
CTTCACTATCTCTAGAGACAACTCTAAGAATACTCTCTACTTGCAGATGA
ACAGCTTAAGGECTGAGCGACACGGCTCTETATTACTCTCCCAGAGAAGCE
TTACGGCCT AT TG TAGTGE TOGTAGC TGO TACTCCCACTACTACTACTA
COGTATGGACGTCTGGACCCAAGGGACCACGETCACCETOTCAAGCGCOT
CCACCAAGGGCCCATCRETCTTCCCGCTAGCACCC

Lit3 GAAGTTCAATTCTTAGAGTCTCGTEECGETOT TG T TCAGCCTGATESTTC 370
TP TACGTCT T TC T TECGC TGO T TOCCGAT TCACT T TCTCTCATTACGAGA
TOTATTGGETTCGCCAAGC TCCTOO TAAAGE T TTCCAGTEGETTTCTCQT
ATCETTTCTTCTGETGEC T T TACTAAGTATGC TGACTCCGTTAAAGGTCG
CTTCACTATCTCTAGAGACAACTCTARGAATACTCTCTACTTGCAGATGA
ACAGCTTAAGGEO TCAGGACACGECCETETAT TACTOTGCAACAGAGGAT
GATAATGATGCTTTTGATATCTGGAGCCARGGGACCACCETCACCETOTC
AAGC

Li32 GABGTTCAATTGTTAGAGTCTGGTGROGETCTTETTCAGCCTEETEETTC 474
TTTACGTCT T TCTTECECTECTTCCGGATTCACTTTCTC TGO TTACATGA
TECAGTGGETTCOCCARGC TCCTEATAAAGGTTTEGAGTCGETTTCTTCT
40 ATCTCTCCTTC TG TGGCAATACTAAGTATGCTGACTCCETTARAGETCG
CTTCACTATCTCTAGAGACAACTCTAAGAATACTO TCTAC TTCCAGATCA
ACAGCTTAAGGECTGAGCACACGGCCGTOTATTAC TG TEOCAGAGGAGAT
TATGEATACTEGTTCGACCCUTERGECCAGAGCACCCTRETCACCETOTC
4 ARGC

Li33 GAAGTTCAATTG T TAGAGTCTGOTCGCAETCTTAT TCAGCCTERTARTTC are
TP TACCTCT T IO T TGCEOTSC T TCCGGATTCACTTTCTCTATTTACCCTA
TETTTTGACTTCECCAAGCTCCTAOTAAAGGTTTGRAGTEGETTTOTTGE
80 ATCEGTCOTTUOTGETGGCATTACTAAGTATECTGACTCCHETTAAAGGTCG
CTTCACTATCTC TAGAGACAACTCTARGAATACTCTCTACTTGCAGATGA
ACAGCTTAARGECTGAGCACACAGCCACATATTACTETCCGAGAGAGGGS
CATAACCGACTGOTACTTCCATC TCTRAGCCOETEECACCOTAATCACCET
CTCABGS
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{continued)

WH Sequence SEQ
D

Li34 GAAGTTCAATTGTTAGAGTCTGETGGCEETCT TG T TCAGCCTEGTGETIC 382
TTTACGTCT T TC T T GUGOTGCTTCORGATICACT T TCTCTIAATTACGAGA
TCTATTCGETTCGCCARCCTCOTGG TARAGR T T TGGAGTOGETTTCTGAT
3 ATCTATTC T IO TGO TGOCAT TAC TG TTTATGCTEACTCCGTTARAGRTCG
CTTCACTATCTCTAGAGACAACTC TAACAATACTCTCTACTTGCAGATSA
ACAGCTTAAGGECTGAGGACACESCCATETATTACTATGCTAGGGCAGCC
ATCOTCEACTGETACTTCOATCTCTGOGGCCATGGCACCOTGGTCACCET
i CTCAAGC

385.2 | CAGGTCCRACTGCAGCAGCCTCGGRUTGAGUTGGTEAGGCCTEGRACTTC 422
AGTGAAGTTETCCTCCAGGRCTTCTEECTACACCTTCACCACCTACTEGA
TGCACTGGGTAAAGCAGAGECCTGGACAAGECCTTCAGTGGATCGGAGTG
- ATTGATCCTTCTGATACT TATACTAACTACAATCARAAGTTCAGGGGCAA
GOCCACATTGACTG TAGATACATCCTCCAGCACAGCCTACATGCAGCTCA
GCAGCCTGACATCTGAGGACTCTGOGGTCTATTACTGTGCARGACCTTAC
TACGGTAGTCACTGETTCTTCCATATCTGOCGCACAGRBACCACEETCAL
COTCTCOTCA
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{continued)

WH Sequence SEQ
D

Lig1 GAAGTACAATTGTTAGAGTCTGGTGGCGGTCTTGTTCAGCCTGG 448
TGGTTCTTTACGTCTTTICTTGCGCTGCTTCCGGATTCACTTICTCT
GCTTACGAGATGAAGTGGGTTCGCCAAGCTCCTGGTAAAGGTTT
ut GOGAGTGGGTTTCTGTTATCGGTCCTTCTGGTGGCTTTACTTTTTA
TGCTGACTCCGTTAAAGGTCGCTTICACTATCTCTAGAGACAACT
CTAAGAATACTCTCTACTTGCAGATGAACAGCTTAAGGGCTGAG
GACACGGCCGTGTATTACTGTGCAACAGAGGGTGATAATGATG

s CTTTTGATATCTGGGGCCAAGGGACCACGGTCACCGTCTCAAGE
GCCTCCACCAAGGGCCCATCGGTCTTCCCCCTGGCACCCTICCTIC
CAAGAGCACCTCTGGGGGCACAGCGGCCCTGGGCTGCCTGGTIC

AAGGACTACTTCCCCGAACCGGTGACGGTGTCGTGGAACTCAG

GCGCCCTGACCAGCGGCGTGCACACCTTCCCGGCTGTCCTACAG
TCCTCAGGACTCTACTCCCTCAGCAGCGTGGTGACCGTGCLCTC
CAGCAGCTTGGGCACCCAGACUTACATCTGCAACGTGAATCAC

AAGCCCAGCAACACCAAGGTGGACAAGAAAGTTGAGCCCAAAT
CTTGTGACAAGACTCACACATGCCCACCGTGCCCAGCACCTGAA
CTCCTGGGGGGACCGTCAGTCTTCCTCTTCCCCCCAAAACCCAA
GGACACCCTCATGATCTCCCGGACCCCTGAGGTCACATGCGTGE
TCGTGGACGTGAGCCACGAAGACCOTGAGGTCAAGTTCAACTG
GTACGTGGACGGCGTGGAGGTGCATAATGCCAAGACAAAGCCG
50 CGGGAGGAGCAGTACAACAGCACGTACCGTCTGGTCAGCGTCC
TCACCGTCCTGCACCAGGACTGGCTGAATGGCAAGGAGTACAA
GTGCAAGGTCTCCAACAAAGCCCTCCCAGCCCCCATCGAGAAA
ACCATCTCCAAAGCCAAAGGGCAGCCCCGAGAACCACAGGTGY
ACACCCTGCCCCCATCCCGGGATGAGCTGACCAAGAACCAGGT
CAGCCTGACCTGCCTGGTCAAAGGCTTCTATCCCAGCGACATCG
CCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACA

AGACCACGCCTCCOCGTGTTGGACTCCGACGGCTCCTTICTTCCTC

TACAGCAAGCTCACCGTGGACAAGAGCAGGTGGCAGCAGGGGA
ACGTCTTCTCATGCTCCGTGATGCATGAGGCTCTGCACAACCAC
TACACGCAGAAGAGCCTCTCCCTOTCTCCCOGT
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{continued)

WH Sequence SEQ
D

Lig1 GAAGTACAATTGTTAGAGTCTGGTGGCGGTCTTGTTCAGCCTGG 450
ﬁg TGGTTCTTTACGTCTTTCTTGCGCTGCTTCCGGATTCACTTTICTCT
med | GCTTACGAGATGAAGTGGGTTCGCCAAGCTCCTGGTAAAGGTTT
i GGAGTGGGTTTCTGTTATCGGTCCTTCTGGTGGCTTTACTTTTITA
TGCTGACTCCGTTAAAGGTCGCTTCACTATCTCTAGAGACAACT
CTAAGAATACTCTCTACTTGCAGATGAACAGCTTAAGGGCTGAG
GACACGGCCGTGTATTACTGTGCAACAGAGGGTGATAATGATG

5 CTTTTGATATCTGGGGCCAAGGGACCACGGTCACCGTCTCAAGC
GCCTCCACCAAGGGCCCATCGGTCTTCCCCCTGGCACCCTCCTC

CAAGAGCACCTCTGGGGGCACAGCGGCCCTGGGCTGCCTGGTC

AAGGACTACTTCCCCGAACCGGTGACGGTGTCGTGGAACTCAG

20 GCGCCCTGACCAGCGGCGTGCACACCTTCCCGGCTGTCCTACAG
TCCTCAGGACTCTACTCCCTCAGCAGCGTGGTGACCGTGCOCTC
CAGCAGCTTGGGCACCCAGACCTACATCTGCAACGTGAATCAC

AAGCCCAGCAACACCAAGGTGGACAAGAAAGTTGAGCCCAAAT
CTTGTGACAAGACTCACACATGCCCACCGTGCCCAGCACCTGAA
CTCCTGGGGGGACCGTCAGTCTTCCTCTTCCCCCCAAAACCCAA
GGACACCCTCATGATCTCCCGGACCCCTGAGGTCACATGCGTGE
TGGTGCACGTGAGCCACGAAGACCCTGAGGTCAAGTTCAACTG

GTACGTGGACGGCGTGGAGGTGCATAATGCCAAGACAAAGCCG
s CGGGAGGAGCAGTACAACAGCGCGTACCGTGTGGTCAGCGTCC
TCACCGTCCTGCACCAGGACTGGCTGAATGGCAAGGAGTACAA
GTGCAAGGTCTCCAACAAAGCCCTCCCAGCCCCCATCGAGAAA

ACCATCTCCAAAGCCAAAGGGCAGCCCCGAGAACCACAGGTGT
ACACCCTGCCCCCATCCCGGGATGAGCTGACCAAGAACCAGGT

CAGCCTGACCTGCCTGGTCAAAGGCTTCTATCCCAGCGACATCG
CCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACA

AGACCACGCCTCCCGTGTTGGACTCCGACGGCTCCTICTTOCTC

TACAGCAAGCTCACCGTGGACAAGAGCAGGTGGCAGCAGGGGA
ACGTCTTCTCATGCTCCGTGATGCATGAGGCTCTGCACAACCAC
TACACGCAGAAGAGCCTCTCCCTGTCTCCCGGT

Gy
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[0185] In afurther insiance, the present disclosure includes an isolated polynudectide comprising, consisting sssen-
6 tally of, or consisting of a VH-encoding nucleic acid at least 80%., 8536, 90% or 95% identical to a reference nuceic acid

saquence sedectad from the group consisting of SEQ 1D NOs: 173184, 37D, 374, 378. 382 and 422 of Table 7. In cartain

instances, the polynucleotide encodes a VH polypeptide which specifically or preferentially binds to Sp35.

[O186] In certain instances, an antibody or antigen-binding fragment thereof comprising, consisting essentially of, or

consisting of a VH encodad by ane or more of the polvinucleotides describied above specifically or praferentially hinds
5 o the same epitope as a monoclonal antibody selected from the group consisting of (2017} 3A3, 3A8, 1A7, 167, 281G,
201, ZF3, 3PD10.2C3, IP1E11.387, IP2CE.3G10.2H7, 2P2CL.26G4, 2P4AG.108, 3P4AL.2RY, IP4C2.202,
IP4CH 108, 3P4C8.2GS, 30012 {LI01), 38-DOT (L302), 35-E04 (Li0J), 36-008 {Li04), 30-AT11 {LI0F), 34-F02 (LiDB), 28-
EO7 (L7}, 34-G04 (Li08), 36-A12 (Li0G), 28002 (L1D), 30-BOT (Litt), 34-BO3 {Lind), L1, Li%2, L33, Li34, 3383
{L1a.1}, 3495(L1a.2), 3563 {L1a.3), 3564 {L1a.4), 3565 (L1a.5}, 3566 (L1a.8), 3587 {L1a.7), 3568 (L1a.8), 3563 {L1a.9}.
357TD{L1a 1), 3571 {L1a.11), 3582 (L1a.12), 18688 {L.1a.13), 3B5.2 and Lid1 orwill competitively inhibit such s monocional
antibady from binding te Spas.
[01871  In certain instances, an antibody or antigen-binding fragment thersof comprising, consiating essentially of, ar
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consisting of & VH encodad by one or more of the polynucieotides described above specifically or prefarentially binds
{0 an Sp3s polypeptide ar fragment thereof, or a Sp35 variant polypeptide, with an affinify characterized by a dissociation
constant {Kp} no greater than §x 102 M, 102M, Sx 1098, 1098, 5x 109 M, 109 M, 3 105 M, 105 M, 5 x 105 0,
168 M, 5107 M, 10T M Bx 108 M, 109 M, S x 103 M 109 M, Sx 1010 M, 1010 0, 5 x 10V M, 11T M, B x oW
& MOIGEM, S x 1013 M, 10790 R, B x 10 M MOI0M M, Sx 108 M, or 1018 M,
[8188] In an addilional inslance, the present discloswre includes an isolated polynuclectide comprising, consisting
assentisily of, or consisiing of & nucleic acid encoding a VH at least B0%, 85%. B0%, 95% or 100% idanticaito a relerence
VH polvnucisotide sequenne selected from the group consisting of the polynuclectide encoding the immunoglobudin
heavy chain produced by hybridoma 2.P3B8.2 (ATCC Deposit Designation PTA-8106) and the palynucleotide encading
W the immousogliobulin heavy chain produced by hybridoma 7.P105.1.68 (ATCC Deposit Designation PTAS107).
[01858] In a further instance, the present disclosure ingludes an isolated polyrudectide comprising, consisting essen-
tially of, or consisting of 8 nucleic acid encoding a VL at least 80%, 85%, 80% or 95% identical 10 a reference VL
polypeptide sequence selected from the group consisting of SEQ D NOs: 273 to 288, 373, 377, 281, 385 and 417 shown
in Table 8, in certain instances, an antibody or antigen-binding fragment comprising the VL encoderd by the polynucisolide
18 speacifically or preferentially binds to 8p35.
[0190]  Inanotherinstance, the presentdisclosure inchides anisolated polynucleatide comprising, consisting essentially
of, or consisting of & nucledc acid sequence socoding 8 VL having a polypeptide sequence selected from the group
consisting of SEQ 1D NOs: 273 to 286, 373, 377, 381 385 and 417, shown In Table 8. In certain instances, an antibody
or antigen-binding fragment comprising the VL encoded by the polynuclectide specifically or preferentially binds to Sp34,
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[01811  In & further instance, the present disclosure includes an isolated polynudientide comprising, consisting essen-
tially of, or conmisting of a nucleic acid encoding a VL at least 80%, 85%. 90% or 95% identical to & reference VL
palypeptide sequenne selented from the group consisting of SEQ 1D NQOs: 273 to 288, 373, 377, 381 385 and 417, as
showr in Table 8. In cerlain instances an antibody or antigen-binding fragment comprising the VL encoded by the
= polynucientide specifically or preferentially binds to Sp3s.
[8182] Inanotherinstance, the present disclosure includes anisolated polynucleotde comprising, consisting essentially
of, or consisling of & nucleic acid sequance encoding & V0L of the disclosure, seleated from the group consisting of SEQ
D NOs: 27310 288, 373, 377, 381, 385 and 417, In certain instances, an antibody or antiger-binding fragment comprising
the VL erncoded by the polynuclectids specifically or preferentially binds fo Sp38.
i [ri93] In an sdditionad instance, the present disclosure includes an isolated polynucleotide comprising, consisting
essentially of, or consisting of a nucleic acid encoding a VL at least 80%, 85%, 80%, 85% or 100% identical to 8 reference
Vi polypeplide sequence selecied from the group consisiing of the immunoglobulin ight chain polypeptide produced
by hybridoma 2. P3B5.2{ATCC Deposit Designation PTA-8108) and the immunoglobuiin light chain pelypeptide produned
by hybridoma 7.P1D05.1.G3 {ATCC Deposit Designation PTA-8107).
18 [0184] In centain instances, an antibody or antigen-binding fragment thereof comprising, consisling essentially of, or
consisting of a VL encoded by one or more of the polynuclestides desoribed above specifically or praferentially binds
{o the same epitope as a monocional antibody sedectad fram the group consisting of 2017, 3AB, 3AB8, 1A7, HE7, 2810,
2C11, 2F3, 3P1D10.20C3, 3PE11.3R7, 3P20C6.3G10.2H7, 3P2C8.2G4, 3P4A01D8, 3P4AT1EBS, 3P402.202,
3P4CH.108, 3P4C8.2GY, 30-C12 {Li01), 38-D01 (Li02), 35-E04 (Li03), 36-C0% {Li04), 30-A11 {LI0B), 34-F02 (LI08), 28-
20 EO7 (LiI07) 34-G04 {LiB8), 36-A12 (Li0%), 28-D02 {Li10), 3G-BO1 {(Lif1), 34-B03 {Li12}, Li13, Li32, Li33, Li34, 3383
(L1a.1}, 3495({L1a.2), 3563 {L1a.3), 3564 (L1a.4}, 3565 (L.1a.5), 3586 (L1a.8), 3567 {L1a.7), 3568 {L1a.8), 356¢ (L1a.0),
ABT0 (L1a.10) 3871 (L1a.11), 3582 (L1a12), 1968 (L1a.13), 7TP1D5.1G8, 3B5.2 and LiB1, or will competitively inhibit
such a monoclonal antibody Trom binding to Sp3s.
[O185]  In cerfain insiances, an anlibody or antiger-binding fragment thereof comprising, consisting essentially of, or
& consisting of a VL encoded by one or more of the polynucleotides deacribed above specifically or preferentially binds
o an Sp38 polypeptide or ragment theredt, ora Sp35 varant polypeptide, with an affinity characterized by a dissociation
constant (Kp) 1o greater than 5 x 102 8, 1098, 5 x 1003 M, 107 M, 5 107 M, 104 M. Sx 109 8, 1098, 5 108 M,
109 M, Sx 107 M, 10T M, 5 x 1080, 108 M, B x 1090, 1090, S x 1010 M, 1070 M, 5 x 101 M, 101 M, § x 1012
M, 107 M 5 10T R 0B M, 5 10T M, 10M M, 5 x 1019 M, or 1010 M
[O186] In additional instances, the present disclosure inclides an isolated polynucleotide which sncodes an immu-
noglobulin light chain, where the polyvnucleotide an isolated polyrnuclecide comprising, consisting essentially of, or
consisting of a nucleic acid encoding a light chain af least BQY%, B8%, 80%. 85% or 100%: identical to the polynuclectide
of SEQ D NG: 421 as shown below. int cortain instances, an antibody or antigen-binding fragnient comprising the light
chain ancoded by the polynuclestide spacifically or preferentialy binds fo Sp35 and orthe same epitope as the manocionat
antibody 385.2.
[0187] Immunogiobulin light chain polynuclentide sequencs for the murine and human chimeric antibody 3B85.2:
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ATGGATTTTCAGGTGCAGATTTTCAGCTTCCTGCTAATCAGTGUCTCAGTCATAAT
ATCCAGAGGACAAATTGTTCTCACCCAGTCTCCAGCAATCATGTCTGCATCTCCAG
5 GGOAGAAGGTCACCATGACCTGCAGTGCCAGCTCACGTGTAAGTTACGTGCACTG
GTACCAGCAGAAGTCAGGCACCTCCCCCAAAAGATGGCTTTATGACACATCCAAC
CTGGCTTCTGGAGTCCCTGCTCGCTTCGGTGGCAATGGGTCTGGGACCTCTTACTC
" TCTCACAATCAGCAGCATGGAGGCTGAAGATGCTGCCACTTATTACTGCCAGCAGT
GGAGTACTAACCCACCCACGTTCGGAGGGGGGACCAAGCTGGAAATAAAACGTAC
GOTGGCTGCACCATCTGTCTTCATCTTCCCGCCATCTGATGAGCAGTTGAAATCTG
GAACTGCCTCTOTTGTGTGCCTGCTGAATAACTTCTATCCCAGAGAGGCCAAAGTA
CAGTGGAAGGTGGATAACGCCCTCCAATCGGGTAACTCCCAGGAGAGTGTCACAG
AGCAGGACAGCAAGGACAGCACCTACAGCCTCAGCAGCACCCTGACGCTGAGCA
AAGCAGACTACGAGAAACACAAAGTCTACGCCTGCGAAGTCACCCATCAGGGCCT
GAGCTCGCCCGTCACAAAGAGCTTCAACAGGGGAGAGTGTTAG (SEQ ID NOw421).
¥ [0198]  In addifional instances, the present disclosure inchides an isolated polynucientide which encodes a light chain
vartable region (V). where the polynuclectide comprises a V| nucleio acid sequence selected from the group consisling

Df SEQID NOs 18510 184, 371, 375, 379, 383 andd 423 as shown in Table 8. In cerlain ingtances, an anitbody or antigen-
hinding fragment comprising the V0L encoded by the polynucieotide speifically or preferentially binds 1o Spas.

Gy
&

485

48

53

b2
o

T¥



DK/EP 2740744 T3

EP 2740 744 B1

SRDQLLIOONE D3O DL OON LLOLDOONDILDONNY DO ODODDI00LL
DLDOOITYDOYOLOY IDODDYIOVOOOVDIOOVO LD LIV LLLLOVYDODSOVOL
YODDOALDYYDOLDDOVIDYILYIOVDILODIVOODOOYOYDOOOLILIYYID
LODBIALOLIVOODYDLODDLYDDOYDLOOO00DOIOVYOLVLIYOLIYDLYIOLD
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[0189]  In & further instance, the present disclosure includes an isolated polynudientide comprising, consisting essen-
tially of, or consisting of a nucleic acid sncoding a VL at least 80%, 85%, 90%, or 858% identical to a VL polynucieotide
selected from the group consisting of SEQHD NOs: 185-184, 371, 375, 379, 388 and 423 of Table 8. In cartain inslances,
the polynucleotide encodes a VL polypeptide which specifically or preferentially binds to Spds.
= [02008] In certain instances, an antibody or antigen-binding fragment thereof comprising, consisting essentially of, or
consisting of a VL encoded by one of more of the polynuclectides described above specifically or praferantially binds
o the same gpilope a5 a monoclona antibody selected from the group consisting of 201, 3AJ, 3AG, 1A7, {G7, 2814,
2011, 2ZF3, 3PD10.2C3, IPIE11.387, IP2CH.3G10.2HT, 2R2CO.2G4, 3P4AG.108, 3P4A1.2RY, 3IP4C22D2,
AP4CS 108, 3P4CE.2GY, 30-012 {Li01), 38-001 (LI02), 35-E04 (LI03), 36-C0G {04}, 30-A11 {LIDS), 34-F02 (LiD8), 29-
M EOT {LIBT), 34-G04 (Li0B), 35-A12 (LI0G), 28-D02 (Li30), 30-BOT {Litt), 34-BO3 (Li1d), Lit3, Li32, Li33, Lid4, 3383
{1z 1), 3495(La. 2}, 3563 {(L1a.3), 3564 (L1a.4}, 35685 {L1a.5}, 3566 {(L1a.8), 3567 {L1a.7), 3568 {L1a.8), 3563 {L1a.9},
3570 (L1a.10), 3671 (L1aa ), 3582 (L1a12), 1988 (L1813}, ARS.2 and LiB1, or will competitively inhibit such & mono-
clonal antibody from binding o Sp35.
[02011  In certain instances, an antibody or anfigen-binding fragment tharsof comprising, consisting essentiadly of, ar
18 cansisting of a VL encoded by one or more of the polynuclectides described above specifically or praferantially binds
to an Sp3s polypeptide or fragment thereof, or & Sp35 variant polypeptide, with an affinity chanacterized by a dissociation
constant {Kp} no greater than 5 x 10 M, 1040, Sx 109 M, 1098, 53 10 M, 109 M, 5x 105 M 105 M, Sx 109 04,
1060, B 10T M, 10T M B 108 M, 109 M, 5 x 108 M, 109 M, S 10100, 10-10 M, B x 10T M, 101N, B 108
MOIONER, Sx 10 M, 10 M, S x 1O M, 10 M, S 10 M, or 1018 M,
28 [0202] in an sddiional inslance, the present disclosure incluodes an isolated polynuclentide camprising, consisling
essaentially of, or consisting of a nuclein acid ennading a VL at least 80%, 88%, 90%, 85% or 100% identicalio a reference
Vi polynucisotide sequence selected from the group consiating of the polynuclectide encading the immunoglobulin light
chain produced by hybridoma 2.P385.2 {ATCO Depuosit Designation PTA-8106} and the polynuclectide sncoding the
immunoglobudin fight chain produced by hybridorna 7.P105.1.6G8 {ATCC Deposit Designation FTA-8107).
& [0R03]  Anyof the polynucieotides deseribed above may further include additional nucleic aclds, encoding, e.g., a signal
peptide o diract secration of the encoded polypeptide, antibody consiant regions as desoribed herein, or other heterol-
opgous polypeptides as descrbed hergin.
[0204] Also, as described iIn more detail elsewhere herein, the present disclosure, includas compositions comprising
the polynucleotides comprising one or more of the polynudlentides described above. In ane instance, the disclosure
includes compositions comprising a first polynuciectide and second polynucieotide wherein aid first polynucieotide
encodes a VH polypeptide as described herein and wherein said second polynucientide encodes a VL polypepiide as
described harein. Specifically a composition which comprises, consiats assantially of, or consists of 8 VH polynuciestide,
as show in Table 7, and @ VL polynucleotide, as shown in Table 9, whersin said VH polynucieotide and said VL poly-
nuclectide are selected from the group consisting of!

Tz
%

Gy
&

i} SEQ 1D NON173 and SEQ 1D NO:18BS;
i) SEQ D MO174 and SEQ 1D NO1BS;
iify SECH 1D NGO 175 and SEQ 1D NO:187;
vy SEQHD NO78 and SEQ 1D NO-188;
4 v} BEQ 1D NO178 and SEQ 1D NOIRY;
vi} SEQID NO:179 and SEQ 1D NO: 18,
wii} SEQ D NO:180 and SEQ 1D NGH18Y;
vill} SEQ D NO:181 and SEQ D NO:192;
ix} SEQ 1D NO182 and SEQH D NO183;
44 x} SEQID NO:183 and SEQ 1D NO164;
xiy SEQ D NO:370 and SEQ 1D NO:371,
xii} SEQ D NO374 and SEQ 1D NOG:378;
xiil} BEGQ D NQO:378 and SEQ 1D NO:I7 g,
xiv) SEGQHD NO:382 and SEQ 1D NO:385;
89 ) SEQH D NO422 and SEQ 1D NO423;
xvi} SEQ 10 NO: 448 and SEQ 1D NO:448; and
xvil) SEQ 10 NO:450 ang SEQ 1D NG44,

[0205] The presentdisclosurs also includes fragmaents of the polynucieotides of the disclosure, as described slsewhere.
Additionally polynunlentides which encode fusion polynuciectidas, Fab fragmants, and other derivatives, as described
herein, are also contemplated by the disclosure.

[0206] Tha polynucientides may be producad or manufactured by any methad known in the art. For example, if the
nuclentide sequence of the antibody is known, a polynucientide encoding the antibody may be assembied from chemrdcally
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synthesized oligonuclectides {e.q., as described in Kutmelar atal., BioTechnigues 17:24% (19941)), which, briafly, involves
the synthesis of overlapping oligosucieotides containing partions of the sequence encoding the antibody, annealing and
figating of those cligonuclectidas, and then amplification of the ligaied oligonucieotides by PLR.
[02067] Alernalively, a polynucieotide encoding an Sp35 antibody, or antigen-binding fragment, vardant, or derivative
thereof may be generated from nucleic acid front a sultable source. i a clone containing g nucledn acid encoding a
particular anibody is not available, but the sequence of the ardibody molecule is known, & nucleic acid encoding the
antibody may be chemically synthesized or obizined from & suitslde source (8.9, an antibody cDNA library, or 2 cDNA
library generated from, or nucleic acid, praferably poly A+RNA, isolated from, any tissue or nells expressing the antibody
ar other Sp35 antibody, such as hybridoms cells selecled to express an antibady) by PCR amplification using synthetic
Bes primers hybridizable to the 3" and 8 ends of the segquence or by cloning using an oligonucieotide probe specific for the
patticular gene saguenge o identifv, e.g., 8 cONA clone from a cBNA library that encodes the antibody or other Sp3s
antibody. Amplified nuclelc acids generated by PCR may then be cloned into replicable cloning vectors using any method
well known in the art.
[0208] Once the nusleotide sequence and corresponding amine acld seguence of the Sp38 antibody, or antigen-
18 hinding fragment, variant, or derivative thereof is determined, its nucleotide sequence may be manipulated using methods
well known in the art for the manipulation of nuclectide sequences, e.g., recombinant DNA techniques, site directed
mutagenesis, PCR, elc. (see, for exarmple, the iechniques described in Sambrook et &l Molecular Cloning, A Laboratary
Manuat, 2d Bd., Cold Spring Harbor Laboratory, Cold Spring Harbor, N.Y. {1990} and Ausubel ot al., eds., Current
Protocols in Molecisar Biology, John Wilsy & Sons, NY {1988}, to generate aniibodies having a different aming acid
28 senuance, for exarmple to oreats amine acid substitutions, deletions, andior insertions.
[0209] A polynusieotide encading an Sp3$ antibody, or antigen-binding fragment, varant, or derivative thereof can
be composed of any polyribanuciectide or polydaoxribonuclactide, which may be unmodified RNA or DNA or modified
RNA or ONA. For sxample, a polynucleotide encoding Sp3b aniibody, or antigen-binding fragment, variant, or derivative
therent can be composed of single- and double-stranded DNA, DNA that is a mixture of single- and double-slranded
& regions, single- and double-stranded RNA, and RNA that is mixture of single- and double-stranded regions, hybrid
mnlecules comprising DNA and RNA that may be single-stranded or, more typically, double-stranded or a mixiure of
single- and double-stranded regions. In addilion, & polynucleotide encoding an Sp3s antibody, or antigen-binding frag-
ment, variant, or dervative thereof can be composed of triple-stranded regions comprising RNA or DNA or both RNA
and DNA. A polynucleotide encoding an Sp35 antibody, or antigen-hinding fragmend, vanant, or derivative thereof may
also condain one or more modified bases or DNA or RNA backbones madified for stability or for other reasons. "Modified”
bases include, for example, tritylaled bases and unusuat bases such as inosine. A variely of modifications can he made
to DNA and RNA; thus, “polynuclectide” embraces chamically, enzymatically, or metabolically modified forms.
[o210]  An isolaied polynucisotide snooding a norenatural variant of a polypeptide derived from an immuneglobulin
{e.¢., animmunoglobudin heavy chain portion or Hght chaln portion) can be created by introducing one or mare nucleotide
substitulions, additions or deletions inlo the nuclectide sequence of the immunogiobulin such that one or maore amino
acid substitutions, additions or deletions are introduced info the encoded profsin. Mutations may be introduced by
standard technigues, such as site-divected nmulagenssis and PCR-mediated mulagenesis. Preferably, conservative
aming agid substitutions are made at one or mare non-sssential amino acid rasiduss.
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43\, P35 ANTIBODY POLYPEPTIDES

[8244] The presend disclosure is further directed o isolated polypaptides which make up Sp35 anlibodins, antigen
binding fragments, variants or derivatives thereof. Sp35 antibodies of the present disclosure comprise polypeptides,
e.¢.. aming ackd sequences encoding Sp3&-specific anfigen hinding regions derived from immunogiobulin molscules.
4 A polypeplide or amine acid sequence "derived from” a designated prolein refers o the origin of the polypeptide. In
cartain cases, the polypeplide or aming acid sequence which is darived from a particular starting polypeplide or aming
acid sequence has an amine acid sequence that is essentially identical to that of the stanling sequence, or a portion
thereof, wherein the portion consists of af least 10-20 amino acids, at least 20-30 aming acids, at least 30-5¢ amino
acids, or which is otherwise ideniifiable to one of ordinary skill in the art as having its origin in the starting sequence.
¢ [0212]  Inone instance, the present disclosure provides an isolated polypeptide comprising, consisting essentially of,
or consisting of an immunogiobulin beavy chain variable region (WH}, where at least one of CORs of the heavy chain
variable region or at feast two of the CORs of the heavy chain variable region are at least B0%, 85%, 80% or 45%
identical 1o reference heavy chain COR1, CDRZ or CDR3E amino asid segquances fram monosionat Sp3s antihodies
disclosed herein. Alternatively, the CDR1, COR2 and CDR3 regions of the VH are at least 80%, 85%. 90% or 956%
identical to reference heavy chain DR, COR2 and COR3 amine acid sequences from moncclonal Spi8 antibodies
disciosed hersin. Thus, acnording to this instance a heavy chain variabie region of the disnlosure has CODR1, CORZ,
and CDR3 polypeptide sequences ralated to the groups shown in Table 4, supra. In cerfain insfances, an antibady or
antigen-binding fragment comprising the VH polypeptide specifically or prederentially binds to Sp35.
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[0213] In another instance the present disclosure provides an isolated polypeptide comprising, consisting easeniially
of, or consisting of an immunaglobulin heavy chain variable region (VH)} innwhich the COR1, CORZ, and COR3J regions
have polypeptide sequences which are identical o the COR1, CDR2, and COR3 grovps shown in Table 4. tn canain
instances, an antibody or antigen-binding fragment comprising the VH polypeptide specifically or preferentially binds to
5 Spas.
[8214] {r one instance, the present disclosure provides an isolated polypeplide comprising, consisting sssentially of,
pr consisting of an immanoglebalin heavy chain vadable region {VH). where at least one of CORs of the heavy chain
variable region or af least two of the CDRs of the heavy chain variable region are al least 80%, 85%., 30%, 95% or 100%
identical ta reference heavy chain CDR1, CORZ and COR3 amino acid sequences sslected from the group consisting
Bes of the VH COR1, CDR2 and CDR3 amino acid seguences of the immunoglobutin heavy chain produced by hybridoma
2.P3B5.2 (ATCC Deposit Designation PTA-81086} and the VH CORY, CDR2 and CDRI amino acld sequences of the
irmraunoglobulin heavy chaln produced by hybridoma 7.P1D6.1.68 {ATCC Deposit Designation PTA-B107}.
[d218] In & further inslance, the present disclosure includes an lsolated polypeptide compriaing, consisting essentially
of, or consisting of & VH polypeptide af least 80%, 35%. 20% 95% or 100% identical to a reference VH polypeplide
B sequence selectad from the group consisting of SEQ 1D NO&: 158 to 172, 372, 378, 380, 384, 416 and 433, as shown
in Table 8 and SEQ 1D N(O:435. In certaln inatances, an antibody or antigen-binding fragment comprising the VH polypep-
fide specifically or preferentially binds to Sp35.
[o216] In another instance, the present disclosurs includes an isolated polypeptide comprising, consisting assentially
of, or consisting of a VH polypepiide selacted from the group consisting of SEGH D NOs: 188 1o 172, 372, 378, 380, 384,
28 416 and 433, as shown in Table 8 and SEQ D NO:435. In cedain instances, an antibody or anligen-binding fragment
camprising the VH polypeplide specifically or preferentially binds to Sp35.
[02171 In afurther instance, the present disclosure includes an isolated polypaptide comprising, consisting essentially
of, ar consisting of & VM polypeptide at least 80%, 85%, 90% 95% or 100% identical fo a reference VH polypeptide
saquence sslented from the group consisting of the immunogiohulin heavy chain produced by hybridoma 2.P388.2
¥ {ATCC Deposit Designstion FTA-8108} and the immunogichulin heavy chain produced by hybridoma 7.P1D8.1.G9
{ATCC Deposit Designation PTA-8107).
[0248] In certain Instances, an antibody or antigen-binding fragment thersof comprising, consisting essentially of, or
ponsisting of a one or more of the VH polypeptides described above spesificatly or preferentially binds o the same
epitope as a monoclonal antibody selected from the group consisting of 207, 3A3, 3A8, 1A7, 167, Z2B10, 2011, 2F3,
IPIMD.2CE, 3PIET13BY, 3PZCA.3G10.2HT, 3P2CHB.2G4, 3P4AG.108, 3P4A1.2BS, 3P4C2.202, 3P4ACS1DS8,
3P408. 204, 30-C12 {Li01}, 38-D01 {LiBZ}, 35-E04 (LiDJ), 35-CO8 (L4}, 30-A11 {Li05), 34-F02 {LiDE), 20-ED7 (L7},
34-G04 {Li08). 38-A12 {Li0D), 28-D0Z {Li10), 30-B01 {Lit1), 34-803 (L112), L1138, Li32, Li33, Lid4, 3383 (Liah
3485(L1a.2), 3563 {L1a.3}, 3564 (L1a.4), 3565 (L1a.5}, 3566 {L1a.6), 35687 (L1a7), 3568 (L1a.8), 3569 (L1a.8). 3570
{L12.10), 3571 (L1a.11), 3582 {L 15,12}, 1968 {L1a.13}, TR1DS. 136, 3R5.2 and Li81, or will competitively inhibit such a
monoclonal antibady from bhinding 1o Spls.
[0219] In cerain instances, an antibody or antigen-binding fragment thersof comprising, consisting essentially of, or
consisting of one or more of the VH polypeptides deacribed above specifically or preferentially binds to an Sp35 polypep-
tide or fragment thereof, or 3 Sp35 variant polypeptide, with an affinity characterized by a dissogiation constant {ig) no
greater than 5x 107 M, 109 M, 5 x 109 M, 109 M, Sx 109 M, 100 M, 5 108 M, 1058, 5 x 108 M, 109 M, B x 107
40 MM, 5 IO M 10 ML S x 10T M DB M S 10T M 10-0 M, S x 10T M, 10T M, B 10°1 ML 10 M, B x
1M, B M B 1M M, IO M, B 10D M, or 101 M,
[0228] In another instance, the present disclosure provides an isolated polypeplide comprising, consisting essentially
of, or consisting of an immunoglobulin light chain variable region (VL), whare atleast one of the CDRs of the light ohain
variable region or at least two of the CDRs of the light chaln variable region are al least 80%, B5%, 80% or 85% iderdical
48 {o reference heavy chain CDRY, CDRZ, or CORS amino acid sequances from monaclonal Sp35 antibodies disclosed
herein. Alternatively, the CDR1, CORZ ang COR3 regions of the V0L are al least 80%. 85%, 80% or 95% identical o
reference light chain CDR1, CDRZ, and CORI aming acid sequences from monocional Sp35 antibodies disclosed herein,
Thus, according to this instance, a light chain variable region of the disclosure has CDR1, CDRZ, and CDR3 polypeplide
sequences related fo the polypeptides shown in Table B, supra. In certain instances, an antibody or antigen-binding
¢ fragment comprising the VL polypeptide specifically or preferentislly binds to Sp35.
[6221] In anotherinstance, the prasent disclosure provides an isolated polypeptide comprising, consisting essentially
of, or cansisting of an immunoglobulin ight chain variable region (WL} in which the CDR1, CDRZ, and COR3S regions
have polypeplide sequences which arg identical io the CDR1, CDRZ, and TDR3I groups shown in Table 5. In certain
instances an antibody or antigen-binding fragnent comprising the VL polypeptide specifically or preferentially binds to
Sp3s.
[0222] In one instance, the present disclosure providss an isolaled polypeplide comprising, consisting essentiailly of,
or consisting of an immunoglobulin ight chain variable region {VL), where at least one of CDRs of the light chain variable
region or af least two of the CORs of the light chain variable region are al least 80%, 85%, 90%, 95% or 100% iderdical
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tn raferance light chain COR1, CDR2 and CORI amino acid sequences selacted from the group consisting of the VL
COR1, CODRZ and CDH3 amino acid sequences of the immunoglobulin light chain produced by hybrdoma 293842
{ATCC Depaosit Designation PTA-8108) and the VL CORY, CIIR2 and CDR3 amino acid sequences of the immunaglobulin
light chain produced by hybridoma 7.P1D5.1.698 (ATCC Deposit Designation PTA-8107).
= [0223] In afurther instance, the presernt disclosure includes an isolated polypeptide comprising, consisting essentially
of, or consisting of & VL polypeptide al least 80%, 85%. 80% or 85% idestical to a reference VL polypeptide sequence
selected from the group consisting of SEQ 1D NOs:273 1o 288, 373, 377, 381, 385, 417 and 434, shown in Table 8. in
cettain instances, an antibody or antigen-hinding fragrment comprising the V1. polypeptide specifically or preferentially
binds to Sp35s,
i [0224] In ancther instance, the present disclosure includes an isolated polypeptide comprising, consisting essentially
of, or consisting of a VL polypeplide selected from the group consisting of SEQHD NOs: 273 (o 286, 373, 377, 381, 385,
417 and 434, shown int Table 8. In corlain insiances, an antibody or antigen-binding fragmend comprising the VL polypep-
tide specifically or preferentially binds to Sp38s.
[0228] in s further instance, the present disclosure includes an isolated polypeptide comprising, consisting esserdially
18 of, or consisting of a VL polypeptide at least 80%, 85%, 90% 95% or 100% identical to a reference VL polypeptide
sequence selected from the graup consisting of the VL of the immunoglobutin light chain produced by hybridoma 2.P385.2
{ATCC Deposit Designation PTA-8108) and the VL of the omunogiobulin light chain produced by hybridoma
T.P108.1.68 (ATCC Deposit Designation PTA-81071.
[0226] Incertain instances, an antibody or antigen-binding fragment thereof comprising, consisting essentially of, one
28 or more of the VL polypeptides described above specifically or preferentially binds io the same epifope as 3 monocions!
antibody selectad from the group consisting of 201, 3A3, 348, 1A7, 167, 2810, 2011, ZF3, 3P1D10.2C3, 3P1E11.387,
AIPZCE.3GI02HT, 3P20S.2G4, IP4AS. 108, 3P4A1. 289, AP4C2 202, 3P4CH.1D8, 3P4 C8.2GY, 30-C12 (Li01), 38-D01
{Li02), 35-E04 {Li03), 3I5-CO8 {Li04), 30-A11 (Li05), 34-F02 (Li0&), 28-E07 (L0}, 34-G04 {LiD8), 36-A12 {Li08}, 25-0502
{Li10), 30-BO1 (Li11), 34-B03 (Li12), Lit3, Li32, 1333, Li34, 3383 {L1a.1), 3495{LIa.2). 3563 {L1a.3), 3564 {L1a.4}, 3588
& (L1a.5), 3566 (L1s.6), 3567 (L1a.7), 35688 {L1a.8}, 3569 {L18.9), 3570 (L1a10), 3571 (L1a.11), 3882 {L1a.12), 1968
{L.1a8.13), 7RP10D5.1G9, 3B5.2 and Li81, or will competitively inhibit such a monosional antibody from binding to Spds.
[02271 In certain Instances, an antibody or antigen-binding fragment thersof comprising, consisting essentially of, or
ponsisting of a one or more of the V0L polypeptides described above specifically or preferentially binds to an Spas
polypeptide or fragment thereof, ar a Sp35 variant polypeplide, with an affinity characterized by a dissociation constant
{(Kp) bo greater than 5 ¥ 1028, 1028, 5 x 109 M, 100 M, 5 x 104 M, 1090, 5 % 105 M, 10588, 5 x 108 84, 108 M,
S 07 MO M S 100 M, 108 R, S 109 A, 109 M, B x 101 M, 1090 0, B 10T ML 1T M, B x 1001 M, 10
M AXIOBM 103 M, 5x 10 M 10 M, 8 x 108 M or 10018 M
[0228] inotherinstances, an antibody or antigen-binding fragment thereof comprises, consists essentially of or consists
of 3 VH polypeptide, as shown in Table 6, and a VL polypeptide, asshown inTable 8 | selected from the group consisting of:
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) SEQ D NO:T70 and SEQ D NO:283:
i) SEQ D MOT71 and S8EQ 1D N(O:284;
iify SECH 1D NO172 and SEQ 1D ND:285;
vy SEQD NO72 and SEQ 1D NO286;
40 v} BEQ 1D NO158 and SEQ 1D NOZ73;
vi} SEQID N 188 and SEQ 1D NO274,
wii} SEQ 1D NO: 160 and SEQ 1D NGH2TS;
vill} SEQ D NO:1681 and SEQ D NOR27T8;
ix} SEQ 1D NOUB3 and SEQHID NO2QTT;
46 x3 SEQ D NO:1G4 and SEQ 1D NO278;
x{y SEQ 1D NQ18S and SEQ 1D NO27TD;
xii} SEGQ D NO68 and SEQ 1D NOG:280;
iy SEQ D NO67 and BEG 1D NQ:2BT,
XY SEQHD NO:168 and SEQ 1D NO:282;
8¢ ) SEQH D NO-372 and SEQ 1D NO:3TS;
xvi} SEQ 1D NO:376 and SEQ 1D NO3TT,
xvil) SEQ 1D N(:380 and SEQ 1D NO38Y,
xvill} SEQ 1D N384 and SEQ 1D NO:385,;
xixy SEQ 1D NO418 and SEQ D NO41T,
xx) SEQ D NO433 and SEQ 1D NCn434;
xxi} SEQHD NO:435 and SEQ 1D NO:434,
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of a VH polypeptide and a VL polypeptide selecied from the group consisting of the VH polypeptide and VL polypeplide
produced by hybridoma 2.8388.2 (ATCC Deposit Designation PTA-8106) and the VH polypeplide and VL polypeptide
produced by hybwidama 7.RP105.1.G68 (ATCC Deposit Designation PTA-8107}
[0230] Any of the polypeptides described above may further include additional polypaptides, e.g.. & signal peptide to
direct secretion of the encoded polypeplide, antibody constant reginns as dascribed herein, or other heterclogous
polypeptides as described berein. Additionally, polypeptides of the disclosure include polypeplide fragmenis as described
slsewhere. Additionally polvpeplides of the disclosure include fusion polypeplide, Fal fragments, and other derivativas,
as described herein,
[0231] Also, as desoribed in more delail elsewhere hersin, the prasant disclosure includes compositions comprising
1 the polypeptides described above.
[0232] i will also be undersiood by one of ordinary skill in the art that Sp35 antibody polypeptides as disclosed hersin
may be modified such that they vary in amino acid sequence from the naturally ocourring binding polypeptide from which
they were derived. Forexample, 3 polypeplide or amine asid sequence derived from a designated protein may he similar,
&g, have a ceraln percent identily to the starting sequence, e.g., it may be 80%, 70%, 75%, 0%, 85%, 90%, or 95%
18 identical to the starting sequence.
[0233] Funthermore, nuclectide or aming ackd substifutions, deletions, orinsertions irading to conservative substitutions
or changes at non-essential” amino acid regions may be made. For example, a polypeptide or aming acid sequencs
derived from a designaiad protein may be identioal 1o the starting sequence except for one or more individual amino
acid substitutions, insertions, or deletions, e.g., ona, two, three, four, five, six, aeven, €ight, nine, ien, fifteen, twenty or
28 mora individual aming acid substitulions, insertions, or deletions. In pertain instances, a polypeptide or amino acid
senuence derived from a designated prolain has ane {o five, one to fen, one {o fifleen, or one o twanty individual amino
acid substifutions, insertions, or daletions relative to the starting sequence.
[0234] Certain Sp35 antibody polypeptides of the present disclosure comprise, consist essentially of, or consist of an
amine acid sequenca derivad from a buman amino ackd sequence. However, cartain Sp38 antibody polypeptides com-
¥ prise one or more contiguous smino acids derived from another mammalian species. For example, an Sp38 antibady
of the present disclosure may include a primale heavy chain potion, hnge portion, ar andigen binding region. in another
axample, one or more nurine-derived amino acids may bea present in a non-murineg antibady polypeplide, e.g., inan
antigen hinding site of an Sp35 antibody. In certain therapeutic applications, Sp3%-specificantibodies, or antigen-hinding
fragments, variants, or analogs thereof are designed 50 as to not be Immunagenic in the animal to which the antibody
Is administerad.
[0235] Inceraln instances, an 5p35 antibody polypeptide comprises an amine ack] sequence or oae or more maisties
not normally asacciated with an antibody. Exemplary modifications are describad in more detaif below. For axample, a
single~chain fv anfibody fragment may comprise a fexible linker seguence, or may be modified to add a functional moisty
{e.q., PEG. a drug, a toxin, or 2 label).
[0236] An Sp35 antihody polypeptide may comprise, consist sssentially of, or cunsist of = fusion protefn. Fusion
proteins are chimeric molecutes which comprise, for sxample, an inmunogiobulin antigen-binding domain with at least
one target binding site, and at jeast one heteralogous portion, Le., a porlion with which it is not naturslly linked in nature,
The amino acid sequences may normally exist in separate proteins that are brought together in the fusion polypaptide
or they may normally exist in the same profein but are placed in a new amangement in the fusion polypeptide. Fusion
48 proteins may be created, for example, by chemical synthesis, or by cresting and transialing a polynucieotide in which
the peplide regions are encoded in the desired relationship.
[8237] The tenm “helerologous” as applied 1o a polynudlentide or g polypeptide, means that the polynudediide ar
polypeptide is detived from a distingl entity from that of the rest of the entity 1o which it is being conpared. For instanos,
as used herein, a "heterologous polypepiide” to be fused to an Sp38s antibody, or an anligen-binding fragment, variant,
4 oranalog thereof is derived from a nor-imrmuncglobulin polypeptide of the same spenies, or an immunagiobulin or non-
immunogiobulin polypeplide of a different species.
[0238] A "nonservative aniino acid substitution” is one in which the amino acid residus is replaced with an aming acid
residus having a similar side chain. Families of amino acid residues having similar side chaing have been defined inthe
art, incheding hasie side chains {a.g.. lysine, argining, histiding), acidic side chains {e.g., aspartic acid, glutamic acid),
50 uncharged polar side chains {e.g., glycine, asparagine, ghilamine, saring, threoning, tyrosing, cysteine}, nonpolar side
chains {e.g.. alanine, valine, leucine, iscleucing, profine, phenylalanine, methionine, Iryptophan), beta-branched side
chains {e.g., threonine, valine, isclausing} and arsmatic side chains (e.g., tyrosing, phenylalanine, tryptophan, histiding).
Thus, 8 nonessential mmino asid residue in an immunaglobulin polypeptide is preferably replaced with another aming
acid residue from the same side chain family. In ancther instance, a string of aminoc acids can be replaced with a
structurally sirnilawr string that differs in order andfor composition of skie chain family mermbers.
[0238] Altermatively, inanather instenne, rutations may be infroduced randomiy along alf or part of the immunogliotudin
coding sequence, such as by saturation mutagenesis, and the resultant mutants can be incorporated into SpaS antibodies
for use in the diagnostic and frealment methods disclosed herein and soreenad for their ability to bind 1o the desired
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antigan, e.g.. Spas.

Vi FUSION PROTEINS AND ANTIBODY CONJUGATES

<

[0240] As discussed in more detail elsewhere herein, SpaS antibodies, or antigen-binding fragments, varfants, or
derivatives thereof of the disclosure may further be recombinantly fused to 8 helerclogaus polypeptide at the N-or G-
terminus of cheminally conjugaled (nchuding covalent and non-covalant conjugations) to polvpeptides or other compo-
sitfons. For example, Sp35-speaific Sp35 antibodias may be recombinantly fused or nonjugated to moleculss useful as
labels in detection assays and effector molecules such as helerologous polypeptides, drugs, radionuclides, or toxins.

W See, e.g., PCT publications WO G2/08488; WO 21714438, WO 80/12624; ULE. Patent No. 5,314,945, and EP 385,387,
[6241] Spds antibodies, or antigen-birding fragments, variants, or detivatives thereof of the disclosure include deriv
afives that are modified, fe, by the covalend attachmant of any type of molecule 10 the antibody such that covalent
aftachment does not prevent the antibody hinding Sp35. For sxample, but not by way of limitation, the antibody derivatives
includs antibodies that have bean modified, e.., by glyoosyiation, acetylation, pegylation, phosphyiation, ghosphoryla-

18 tion, amidation, derivatization by known protecting/blosking groups, proteoiytic cleavage, linkage to a cellular ligand or
other protein, ele. Any of numerous chemical modifications may be carrled out by known techniques, including, but not
timited to specific chemical cleavage, acstylation, formylation, medabolic syrdhesis of lunicamyein, ete. Additionally, the
dervative may contain one or more non-classicat amino acids,

[0242] Spab antibodies, or antigen-binding fragments, variants, or derivatives thereof of the disclosure can be com-

28 posed of aming acids pined to eack other by peptide bonds or modified paptide bords, Le., peplive isostanss, and may
cantain aming acids ather than the 20 gene-encoded amino acids. Spli-specfic antibadies may be modified by natural
processes, such as positransiational processing, or by chamical modification technigues which are well known in the
arf. Such maodifications are well describad in basic fexis and int more detalled monographs, as well as in a voluminous
research fiterature. Modifications nan oogur anywhere in the Sp3S-specific antibody, including the peptide backbone,

3 the amino acid side-chains and the aming or carbooyl termini, or on moieties such as carbohydrates. Itwill be appreciated

that the same fype of modificaion rmay be presend in the same of varying degrees af several sites it a given Sp35-

specific ardibody. Alse, a given Spi5-spacific antibody may contaln many types of modifications. Sp3&-specificantibodies
niay be branched, for example, as a result of ghiguitination, and they may be cyclic, with or withaut branching. Gyalic,
hranched, and branched cyclic Sp3&-sgecific antibndies may result from postiransiation natural processes or may be
made by synthetic methods. Modifications include acetylation, acylation, ADP-ribosviation, amidation, novalent attach-
ment of flavin, covalent altachroent of a heme molely, covalent atfachment of a nuclaotide or nuclaotide denvativa,
covatent attachment of a lipid or lipid derivative, covalent attachment of phosphotidylinositol, cross-inking. cyclization,
disulfide bond formation, demethylation, formation of covalent cross-links, formation of cysteine, formation of pyrogiuta-
mate, formylation, gamma-carboxviation, glyecosylation, GPL anchor formation, hydroxylation, indination, mathylation,
myristoylation, cuidation, pegylation, protecdytic processing, phosphorviation, prenylation, racemization, salenovlation,
sulfation, ransfer-RNA mediated addition of amino acids o proteins such as arginyiation, and ubiquitination. {See, for
instance, Profeing - Structire And Malecular Properties, T, E. Creighton, W. H. Freeman and Company, New York 2nd

Ed., {1983); Posttransiational Covalent Modification Of Protnins, B. C. Johnsan, Ed., Academic Prass, New York, pgs.

1-12 {1983}); Seifter ot al,, Meth Enzymol 182:626-648 {1980); Ratlan ef al., Ann NY Acad Sci 863:48-62 (1982)).

48 [0243] The present disclosure also provides for fusion proleing comprising an Sp3d andibody, or andigen-binding
fragment, variant, or dedvative thereof, and a belerclogous polypeptide. The heterologous polypeplide to which the
antibody is fused may be usaful for funclion or is uselid ky larget the Spa5 polypeplide expressing cells. In one instance,
a fusion protein of the disclosure comprises, consisis essentiaily of, or consists of, a polypaptide having the amine acid
sequence of any one or more of the Vy, regions of an antibody of the disclosure or the aminoe acd ssquence of any one

& ormoreotthe V regions of an antibody of the disclosure or fragments or variants thereof, and g heterologous polypaptide
sequence. In ancther instance, a fusion protein for use in the diagnostic and treatment methods disclosed herain com-
prises, consisis sssentially of, or conslsis of a polypeptide having the aming acid sequence of any one, twy, three of the
Yy CDHs of an Sp3S-specific antibody, or ragments, variants, or derivatives theredf, or the amino acid sequence of any
ong, two, three of the V, CDRs of an Sp35-apecific antibody, or fragments, variants, or derivatives thereof, and a

50 heterologous polypeptide sequence. in one instance, the fusion prolein comprises a polypeptide having the amino acid

gaquense of a ¥ COR3Z of an Sp3&-gpecific antihody of the pregent disclosure, or fragment, derivative, or variani thereof,

and a heterologous polypepiide sequence, which fusion protein specifically binds to al least ane epitope of Spd&. In
another instance, a fusion protein comprises a polypeptide having the amine acid sequance of at least one V; region
of an Sp3b-specific antibody of the disclosure and the amino acld sequence of et feast one V_region of an Sp3&-specific
antibody of the disclosure or fragments, derfvatives or varands thareo!, and a8 heterologous polypeptide sequence.

Preferably, the V, and V| regions of the fusion protein correspond to a single source antibody {or scFv or Fab fragment)

which specifically binds at laast one apitope of Sp35. In yet ancther instance, a fusion protein for use in the diagnostic

and reatment methods disclosed herein comprises a polypeptide baving the amino acid sequence of any one, two,
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three or more of the V) CORs of an Sp3S&-specific antibody and the amine acid ssquence of any one, two, thrse or more
ofthe V, CDRs of an 3p3&-specificantibody, or ragments o variants thereof, and a beterologous polypeplide sequencs.
Praferably, two, three, Tour, five, six, or more of the Vi CIDR{s) or V, CDR{s} corespond to single source antibody {or
scFv or Fab fragment} of the disclosurs. Nucleic acid molecules encoding these fusion proteins are also encompassed
= by the disclosure,
[8244] Exemplary fusion proteins reported in the iteradure include fusions of the T cell receplor (Gascoigne et &l
Proc. Notl. Acad. Sci. USA 84:2836-28040 (1987}, CD4 (Capon et al., MNature 337:525-531 (1988}, Traunecksr et al,,
MNature 339:68-70 {1980); Zettmeisst ot al., DNA Cell Blol. USA 9:347-363 {1900); and Byrm ot al, Nature 344867670
{19903} L-selectin (homing recepior) (Watson et al., J. Call, Biol, 11(:2221-2239 {1880); and Watson ef al, Nature

W 3481164187 (1881)); CD44 {Aruffo et al, Cell 8113031313 (1900}, CD28 and BY {Linsley et al,, J. Exp. Med.
173:721-730 {1921} CTLA- {Lisley et al, 4. Exp. Med. 174:561-589 (1881)); CD22 {Stamenkovic et al, Call
86:1133-1144 (19913}, TNF receplor (Ashkenazi et al, Proc. Natl. Acad. Sci. USA 88:10835-10538 {1981}, Lesslauer
et al, BEur J Imownol, 27:2883-2886 (1991); and Peppel et al., J. Exp. Med. 17414831489 {(1991)}; and IgE receptor
a {Ridgway and Gorman, J. Cell, Binl. Vol. 115, Abstract No. 1448 (19281}

18 [0245] in certain instances, Sp35 antihodias, antihody fragments, derivatives and vaniants thereof further comprise a
targeting moiety. Targeling moletias include & protein of 3 peplide which directs localization 1o 3 centain pait of the body,
for axample, to the brain or compariments therain. In cerdain instances, Sp35 antibadies, antibody fragments, derivatives
and variants thereof sre attached or fused 1o a brain targeting molaty, The braintargeting molstias are altachad covalently
{e.g.. direct, Iransiational fusion, or by chemical linkage either direcily or through a spacer molecule, which can be

28 optionaily cleavable) or nop-covadently aftached {e.g., through reversible interactions such as avidin, bintin, prolein &,
igG, ete.). In other instances, the 8p35 antibodies, antibody fragments, derivatives and variants thereof are altached to
one more brain targeting moisties. In additional instances, the brain targeting moistly is attached fo a plurality of Spa&
anfibodies, andibody fragments, derivatives and variants thereof.

[0246] A brain largeling moiely associaled with an Sp38 antibody, antibody fragment, derivalive or variant thereof

& enhances brain delivery of such an Sp35 antibodies, antibody fragments, dervatives and variants thereof. A number of

polypeptides have been daesoribed which, when fused 10 a protein or therapautic agent, delivers the protein orthenapeutic

agent through the blood brain barrier (BBB). Non-limiting examples include the single domain antibody FC5 {Abulrob et
al. {2008) J. Neurochem. 95, 1201-1214); mAB 83-14, a monoolonal antibody to the human insulin receptor (Pardridge
et al. {1995) Pharmacol. Res, 12, 807-818); the B2, B6 and BE peptides binding to the human transferrin receptor (hTIR)

{Xia ef ai. (2000) J. Virol. 74, 11353-11366); the QX28 monoclonal antibody to the transferrin receptor (Pardridge et al

{1991} L Pharmacol Exp. Ther. 258, 66-70); angd SEQ 1D NOs: 1-18 of UL.S. Patent No. 6,308,385.

[6247] Enhanced brain delivery of an Sp35 antibody, antibody fragment, derivative or variant thereof is determined

by & number of means well established in the arl. For example, administering to an animal a radioactively, enzymatically

or fluorasscently labeled Sp38 antibody, antibody fragment, derivative and varant thereaf linked to a brain targeting
molety; determining brain localizalion; and coraparing localization with an equivalent radioactively, enzymatically or

Buorescently Iabeled Sp35 antibody, antibody fragment, delrvative or variant thereof that is not assoclated with & brain

targeting molely. Other means of determining enhanced targeting are described in the above references.

[0248] As discussed elsewhnrs herein, Sp38 antibodies, or antigan-binding fragments, varianis, or derivatives thereof

of the disclosure may be fused o helerologous polypeptides o increase the in viva half life of the polypeptides or for

48 use in immunoassays using methods known in the arl. For example, in one instance, PEG can be conjugated to the
B335 antibodies of the disciosure {o increase their half-life in vivo. Leong, SR, st &, Cylokine 18108 (2001}; Adv. in
Drug Daliv. Rev. 54:531 {2002}, or Wair et al., Biochem, Soc. Transactions 30:512 {2002).

[0249] Moreover, Sp35 andibodias, or antigen-binding fragments, variants, or derivatives thereof of the disclosurs can
be fused o marker sequences, such as a peptide to facilitale their purification or detection. In preferred instances. the

44 marker amino acid seguence s 8 haxa-hislidine peplide, such as the lag provided in a plE veclor (QIAGEN, Inc,, 8258
Eton Avenue, Chatsworth, Calif,, 31311}, among others, many of which are commercially available. As described in
Gentzetal, Proc. Natl Acad. Scil USABH:821-824 (1889}, forinstance, hexa-histidine providas for converiert purification
of the fusion protein. Other peptide tags useful for purification include, but are not limited to, the "MA" tag, which corre-
sponds o an epfiopa darived from the influenza hamagglutinin protein {Wilson et al., Cell 37,767 {1984)) and the "flag"tag.

5S¢ [025Q] Fusion proteins can be prepared using methods that are well known in the art {see for example US Patent Kos.

5,116,864 and §.225 838). The precise site at which the fusion is made may be selected smpirically to optimize the

secretion or binding characieristics of the fusion prolein. DNA encoding the fusion profein s then transfected into a host

cell for expression,

[0251] Spd5 antibodiss or antigen-binding fragments, variants, or derivatives thereof of the present disclosure may

be used in non-conjugatad fom or may be conjugated to at least one of 5 vatiely of molecules, e.g., 1o improve the

therapeutic properiies of the molecule, {o facilifate larget detection, or for imaging or therapy of the patient. Sp35 anti-
bodies, or antigen-binding fragmeants, variants, or derivatives thareof of the disclosure can be labaled or conjugatad
either before or after purification, when purification is performed.
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[02521 In particular, Sp3s antibodies, or antigen-binding fragments, vanants, or derivalives thareof of the disclosure
may be conjugated to therapeutic agents, prodrugs, peplides, proteing, snzynies, viruses, lipids, bivlogical msponse
maodifiers, pharmacesutical agents, or PEG.

[0253] Those skilled in the art will appreciate that conjugates may also be sssembled using a varety of lechniques

depending on the selected agent to be conjugated. For example, conjugates with biotin are prepared s.9. by rescting a

binding polypeptide with an activaied ester of biotin such as the biotin N-hydroxysucoinimide ester. Similady, conjugates

with a fluorescent markar may be prepared in the presence of g coupling agent, e.¢. those lisled herein, of by reaction
with an isothiocyanate, preferably Huorescein-isothicoyanate, Conjugates of the Sp35 antibodiss, or antigen-binding
fragmenis, vanands, or dedvatives thereof of the disclosure are prepared in an analogous manner,

i [0284] The present disclosure Turther encompasses Spib antibodies, or antigen-binding ragments, variants, or de-
rivatives thersof of the disclosure conjugatad to a dlagrostis or therapeutic agent. The 3p35 antibodies can be used
diagnostically to, for example, monftor the development or progression of a neurclogical disease as part of & dlinical
testing procedure to, e.¢. determine the sfficacy of a given treatment andior prevention regimen. Detection can be
faciitated by coupling the 3p35 antibody, or antigen-binding fragment, variant, or derivative thereof to a8 delectable

18 substance. Examples of defectable substances include various enzymes, proathetic groups, fluorescent materials, u-
nnnescant matenals, bicluminescent malerals, radivactive malerials, posifron emilting metals using various positron
ernission tomographies, and nooradioactive paramagnetic medal ions. See, for example, U5, Pal. No. 4,741,800 for
metal ions which can be conjugated to antibodies for use as diagnostics according 1o the present disclosure. Examples
of suitable enzymes include horseradish peroxidase, alkaline phoaphatase, fi-galactosidase, or acetylcholinesterase;

28 examplas of suifable prosthedic group compleses include streptavidin/bictin and avidiniotin; examples of suilable fhu-
orescent materials include umbeliiferone, fluorescein, fluorescein isothiocyanate, rhodamine, dichlorotriazinylamineg fhe-
orescein, dansyl chioride or phycoerythrin; an exampie of a luminescent material includes luminol; exampies of biolu-
minescent materials include lucerase, luciferin, and asquorin; and examples of suitable radicactive material include
1254 1311 1114n or $¥Ta.

2 [0R55]  An SpldS antibody, or antigen-binding fragment, variant, or derivative thereof also can be detectably labeled by

poupling 1 to a chemiluminescent compound. The presence of the chemiluminescent-tagged Sp3s anlibody is then

determined by detecting the presence of luminescence that arises durng the course of a chemical reaction. Examples
of particalarly useful chemiluminascent labeling compounds are luminol, iscluming, theromatic acridinium ester, inida-
zale, acridinium salt and oxalate ssier.

[0256] One of the ways in which an Sp3s antibody, or antigen-binding fragment, variard, or derivative thereof can he

detectably labeled is by linking the same 10 an enzyme ang using the finked product in an enzyme ramuncassay (EIA}

{Volier, A.. "The Enzyme Linked fmmunosorbent Assay (ELISAY Microbiological Associates Quarterly Publication, Walk-

grsvilles, Md., Diagnostic Horlzons 2:1-7 {1978)); Voller st al, J. Clin. Pathol, 31:507-520 (1978); Butler, 1. £, Meth.

Enrymol. 73:482-523 {1981} Maggio, E. {ed.), Enzyma Immunpassay, CRC Press, Baea Raton, Fla., (1880); ishikawa,

E. et al., {eds.), Enzyme Immunoassay, Kgaku Shain, Tokya {1881}, The enzyme, which is bound fo the Sp35 andibody

will react with an appropriate substrate, preferably a chromogenic substrate, in such @ manner as {6 produce a chemical

maiety which can be detected, for example, by spectrophotometric, fluorimelric or by visual means, Enzymes which can
be used o delectably label the antibody include, but are not limited to, malate dehydrogenase, staphylococeal nuclease,
delta-S-sterold isomearase, yeast alcohol dehydrogenase, alpha-glycerophosphate, dehydrogenase, triose phosphate

48 isomerase, horseradish peroxidase, alkaline phosphatase, asparaginase, glucose axidass, beta~galaciosidase, ribonu-
clease, urease, catalase, glucnsa-G-phosphate dehydrogenase, gluccamylase and acelylchalinesterase. Additionally,
the detection can be accomplished by colarimetric mathods which employ a chromogenic substrate for the enzyme,
Detaction may also be accomplished by visual comparison of the extent of enzymatic reaction of a substrate in comparison
with similarly prepared sfandards.

44 [0257] Detection may also be accoraplished using any of a varisty of other immunoassays. For example, by radioactively
labeling the Sp35 antibody, or antigen-binding fragment, variant, or derivative thereof, it is possible 10 detect the antibody
through the use of a radicimmunoassay (RIA) (sge, for example, Weintraub, B., Principles of Radicimmunoassays,
Seventh Training Course on Radioligand Assay Technigues, The Endogrine Soclety, (March, 1886)). The radicactive
isotope can he detected by means including, but not limited to, a gamma counter, a scintilation nounter, or autoradiog-

8¢ raphy.

[6258] An Spl5 antibody, or antigen-binding fragment, variand, or dervative thereof can also be detectably labelad

using fuorescence emilting metals such as 152Eu, or others of the lanthanide sares. These melals can be sttached i

the antibody using such metal chelating groups as disthyvienstriaminepentacatic acid (DTRAY or ethvienediaminetsiraace-

tic acid (EDTA).

[B258] Technigues for conjugating various moieties 1o an Sp38 anlibody, or anligen-binding fragment, variand, or

derivative thereof are well known, see, e.g, Arnon et al., "Monoclonal Antibodies For Immunotargeting OFf Drugs In

Cancer Therapy”, in Monooional Antibodies And Gancer Therapy, Relsfeld st al. {eds.), pp. 243-88 (Alan R, Liss, e,

{1985}); Hellatront & al., "Artibodies For Drug Delivery”, in Controlled Drug Delivery (2nd Ed.}, Robinson et al, {eds),

<

Tz
%

Gy
&

b2
o

80



DK/EP 2740744 T3

EP 2740 744 B1

Marcel Dekker, Inc., pp. 623-53 {1887} Thorpe, "Antibody Carriers Of Cvioloxic Agents In Cancer Therapy: A Heview”,
in Maosoclonal Antibodies "84 Biclogical And Clirdcat Applications, Pinchera et al. {ads .}, pp. 475-508 {1985}, "Analysis,
Resuits, And Future Prospeciive OF The Therapeutic Use Of Radickabelsd Antibody In Cancer Therapy", in Monocloaal
Antibodies For Cancer Detection And Therapy, Baldwin €f al. {eds.}, Academic Press pp. 303-18 {1983}, and Thorpe at
al., “The Freparation And Cytotoxic Properties Of Antibody-Toxin Conjugates”, immunol. Rev, 82:118-58 {1882},

<

VH. EXPRESSION OF ANTIBODY POLYPEPTIDES

[0260] As iz well known, RNA may be isolated from the orginal hybridoma cells or from other transformed cells by
i standard technigues, such as guanidinium isothiooyanate extraction and precipiiation fullowed by centrifugation or chro-
matagraphy. Where desirable, mRNA may be solated from total RNA by standard techniques such as shwomatography
on ofige d7 celfidose. Suitable techniques are familiar in the arl.
[0261] in one instarce, sDNAs that encode the fight and the heavy chains of the andibody may be made, sither
siruiltaneously or separately, using reverse transcriptase and DNA polymerase in accordance with walt known mathods,
1% PCR may he initiated by consenaus conatant region primers or by more specific primers based o the published heavy
and Hght chain DNA and amine acid sequences. As discussed above, PCR also may be used to isolate DNA clones
encodirg the antibody light and haavy chiains. I this case the fibrardes may be soreaned by consensus primers or larger
homologous probes, such as mouss constant region probes,
[0262] DNA, typically plasmid DNA, may be isolated from the cells using techniques known in the art, restriciion
28 mapped and sequenced in accordance with standard, wall knoven technigues set forth in detall, e.g., in the faregoing
references relating to recambinant DNA fechnigues. Of courss, the DNA may be synthetic at any point during the isolation
process or subsequent analysia.
[0263] Fuoliowing manipulation of the isulated genetic material o provide Sp35 antibodies, or antigen-binding fragments,
variants, of dervalives thersof of the disclosure, the polynuclaciides encoding the Spis andibodies are typically inserted
inan expression vector for infroduction info host cells that may be used to produce the desired quantity of Sp35 antibody.
[8264] Reocombinant expression of an antibody. or fragment, derlvative or anglog thereof, &.4., a heavy or light chain
of an antibady which binds fo a targel molecule described herein, gy, Sp35, requires consiruction of an expression
veotor containing a polvnucleotide that ancodes the antibody. Once a polynucieotids encoding an antibody molecule ar
a heavy or light chain of an antibody, or partion thereof {preferably containing the heavy or tight chain variable domain},
of the disclosure has been obiainad, the vecior for the production of the antibody maolecule may be produced by recom-
birnant ONA fechaclogy using technigues well known in the art. Thus, methods for preparing a protein by axpressing a
polynuclentide containing an antibody encoding nuclectide sequence are deacribad herein. Methods which are well
knowr o those skilled in the art can be used 1o construct expression vectors contalning antibody coding sequences and
appropriate ranscriptional and ransiational control sighals. These methods include, Tor example, in vitro recambinant
ONA fechniques, synthetic techniques, and in vive genelic recombination. The disclosure, thus, provides rephcalile
vectors comnprising 8 nuclsotide sequence sncoding an antibody maolscude of the disclosure, or a heavy or light chain
thereof, or a heavy or Hight shain variable domain, openably iinked to a promoter, Such veciors may include the nucieotide
sequence sncoding the constant region of the antibody modecule {see, e.g., PCT Publication WO 88/058807; PCT Pub-
lication WO 89701036, and U.S. Pat. No. 5,122.484) and the vanable domain of the antibody may be cloned inlo such
40 avector for expression of the entire heavy or light chain.
[B285] The host cell may be co-fransfected with two expression veclors of the disclosure, the first vector encading a
heavy chain derived polvpaptide and the second veclor encoding a light chain derved polypeptide. The two vectors may
contain identical selectable markers which enable equal expression of heavy and light chain polypaplides. Alternatively,
a single vector may be used which sncodes both heawy and light chain polypeplides. In such situations, the light chain
44 is advantageously placed befora the heavy chain fo avold an excess of toxic fres heavy chain {Proudfool, Neture 322:52
{1886}, Kohler, Proc. Nafl. Acad. Sci. USA 77:2157 {1880}}. The coding sequences for the haavy and light chains may
comprise CDMNA or genomic DNA,
[0266] The term "veclor or “axpression vector” is used herein fo mean vectors used in accordance with the present
disclosure as a vehicle for introducing into and expressing a desired gene in a host call. As known to those skitled in the
8¢ art, such veclors may easily be selected from the group consisting of plasmids, phages, viruses and refroviruses. In
general, veclors camipatible with the instant disclosurs will comprise 2 selection marker, appropriate restriction sites fo
faciliiata cloning of the desired gene and the ability t© enter and/or replicale in eukaryolic or prokaryotic cells.
[0267] Forthe purposes of this disclosure, numerous expression veclor systems may he employed. For example, one
class of vector utllizes DNA elements which are derived from animal viruses such as bovine papifloma virus, polyoma
virug, adenovirus, vaccinia virus, baculovirus, refroviruses {RSY, MMTV or MOMLYY or SV40 virus. Othars involve the
use of polycistronic systems with internal ribosome binding sites. Additionally, cells which have inlagrated the DNA into
their chromaosomes may be selected by infroducing one or maore markers which allow selection of transfected host cells,
The marker may provide for prototrophy o an suxotrophic host, biocide resislance {g.g., andiblotics) or resistance o
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heavy matals such as copper. The seleciable marker gene can either be diractly linked to the DNA sequences to be
expressaed, or infroduced into the same cell by colransformation. Additional elements may also be nesded far oplimal
synthesis of mRNA. These slements ray Inchude signal sequences, splice signals, as well as transcriptions! promotars,
enhancers, and {ermination signals.
[0268] In particularly preferred inslances the cloned variable region genes are inserted Info an expression vactor along
with the heavy and light chain constard region genes {preferably human) syrdhelic as discussed above. Inons instance,
this is effectad using a proprietary expression vector of Biogen 1DEC, ing., relered lo as NEQSPLA (U183, gatent
6,159,730}, This vector condaing the cyiomegalovinus promoter/enbancer, the mouse bata giobin major promoter, the
SV4G origin of replication, the bovine growth hommone polyadenylation sequence, neomycin phospholransferase exon
1 T and exan 2, the dihydrofulate reductase gene and leader sequence. This vector has been found 1o result in very high
level exprassion of antibodies upon incorporation of vatable and constant region genes, transfection in CHO cells,
followed by selection in G418 containing medium and methotrexate amplification. OFf course, any expression veotor
which is capable of eliciting expression in eukaryotic cella may be used in the present disclosure. Examples of suitable
vectors include, but are not limited to plasmids poDNAS, pHCMV Zeo, pCRI 1, pEF HHIs, pINDIGE, pRa/HCMVE,
18 pSVALZe02, pTRACER-HOMV, pUBB/NVS-Hia, pVAX1, and pZeo8Y2 {availahle from Invitrogen, San Diego, CA), and
plaamid pCl {(available from Promega, Madison, Wi in general, screaning large numbsers of transformed cells for those
which pxprass suitably high levels i imraunoglobuiin heavy and light chaing is rouline sxperimeniation which can be
carried out, for sxample, by robotic systerns, Vector systemns are also laught in U8, Pal, Nos. 5,738,137 and 5,658,570,
This system provides for high exprassion lavels, e.g., » 30 pgicelifday. Other examplary vactor systems are disclosed
28 &4, in U.8. Patent 6 413,777,
[0269] In other preferred instances the Sp3S antibodies, or antigen-hinding fragments, varianis, or derivatives therecf
of the disclosure may be expressed using polycistronic constructs such as those disclosad in United States Patent
Application Publication No. 2003-0157841 A1, filed November 18, 2002. In thess novel expression systems, muitiple
gene products of interest such as heavy and light chains of andibodias may be produced from a single polycistranic
¥ construct. These systems advantageously use an infernal ribosome entry site (IRES) to provide relatively high levels of
Sp35 antibodies, e.g., binding polvpeptides, eg.. Sp3S-specific antibodies or irmmunospecific fragments thereaf in su-
karyotic host cells. Compatible IRES sequences are disclosed in U.S. Pal. No. 8,183,880, Those skilled in the art will
appreciale that such expression systems may be used o effectively produce the full range of Spa5 antihodies disclosed
in the instant application.
[0270] More generally, once the vecior or DNA sequence encoding 2 monomeric subunif of the Sp35 antibady has
bren prepared, the expression vecior may be infroduced into an approprate host cell. Introduction of the plasmid into
the host cell can be accomplishad by various technigues well known to those of skilf in the arnt. These indlude, but are
rtot imited to, transfection (inchuding slectrophoresis and slectroporation), protoplast fusion, caloium phosphate precip-
itation, call fusion with anveloped DNA, micrainjection, and infection with inlact virus. Bee, Ridgway. A, A. G. "Manumnalian
Expression Veclors” Vectors, Rodrigues and Denhardt, Eds., Butlerwarths, Boston, Mass., Chapler 242, pp. 470472
(1988}, Typically, plasmid introduction into the host is via electroporation. The host celis harboring the expression
construct are grown under condifions appropriate to the produstion of the Hight chains and heavy chains, and assayed
for heavy andior ight chain protein synthesis, Exemplary assav techninuas include enzyme-linked immunosorbant assay
{ELISA), radicimmunoassay {RIA), or fluorescence-activatad cell sorter analysis {FACS), immunohistochemistry and
40 the like.
[8271] The expression vector is ransferred 10 8 bost cell by conventionad techniques angd the transfected cells are
then cultured by conventional technigues to produce an antibody for use in the methods described herein. Thus, the
disclosure includes host cells containing & polynudlectide encoding an antibody of the disclosure, or a heavy or light
chain thareof, operably linked to a heterologous promotsr. In preferred instances for the sxpression of double-chained
4 anbibodies, vectors encoding both the heavy and light chains may be co-expressed in the host celt for expression of the
entire immunogiobulin molecule, as detallad below.
[0272] As used harein, "host nelis® refers to calls which harbor vectors constructed using recombinant DNA techniques
and encoding at least ane heterclogous gene. In descriplions of processes for isolation of antibodies from recombinant
hosts, the terms "cell” and “cell culture” are used interchangeably 1o denote the source of antibady unless it is clearly
50 specified otherwise. In other words, recovery of polypeptide from the "cells” may mean either from spun down whole
celfs, or from the cell cullure containing hoth the medium and the suspended tells.
[0273] A variety of host-expression veclor systerns may be ulilized to express antibody molecules for use in the
methods desoribed herein. Such host-expression systams represent vahicles by which the coding sequences of interest
may be produced and subssquently purified, but also represent cells which may, when transformed or transfected with
the appropriate nucleotide coding saeguences, exprsss an antibody malecule of the disclosure in sfu. Thess includs but
are not limited to microorganisms such as bacteria {e.q., £ cof,, B. subtilis) ransformed with recombinant bacteriophage
DNA, plasmid DNA or coamid DNA expression vectors containing anfibody coding sequences; veast {e.g., Saccharo-
myees. Pichia} transformed with recombinant veast expression vecltors containing antibody coding sequences; insect
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cell systemns infected with recombinant virus expression veclors {e.g., baculovirus) containing antibody coding sequencas;
plant cell systems infected with recombinand virus expression vectors {e.g., cauliflower mosaic virus, CaMV,; ohacco
masaie viras, TAY) or fransformead with recombinant plasmid expression vedtors {e.g., Ti plasmid] containing antibady
coding sequences; or mammalian cell systems {e.g., COS, CHO, BLE, 283, 3T3 celis) harboring recombinant expression
conegtructs containing promoters derived from the genome of mammalian cells {e.g., metaiiothionein promoter or from
mammalian viruses (8.4, the adenovirus lale promoter; the vaccinia virug 7.5K promuoter). Preferably, bacterial cells
such as Escherichia cofi, and more preferably, sukaryolic cells, espedially for the expression of whole recombinant
antibody minleculs, are used for the expression of a recombinant antibody molesule. For example, mammalian cells
such as Chinese hamsier ovary cells {CHO}, in conjunction with a8 vectar such as the major intermediate sarly gene
W promuotar element from human cylomegalovirus is an effective expression system for antibodies (Foecking et al., Gane
45:101 {1988); Cockett ¢ a1, Bia/Technology 8:2 {1830)).
[0274] The host coll ling used for protein expression is ofien of mammalian origin; those skilled in the art are oredited
with ability to preferentially determine particular host cell ines which are best suited for the desired gene praduct o be
exprassed therein, Examplary host cell ines include, bul are nol limited to, CHD (Chinese Hamster Ovary), DG44 and
B DUXB11 {Chinese Hamster Ovary fines, DHFR minus), HELA thuman cervical carcinoma), CVI {monkey kidnay fingj,
OS {a derivative of OVl with SV40 T antigen), VERY, BHK {baby hamaster kidney), MDCK, 283, Wi38, R1610 {Chinese
hamsler fibroblast) BALBCIAT 3 {mouse fibrobiast), HAK (hamster kidney lina}, SP2/( (mouse roveloma}, P3x83-Agl.653
{mouse myesloma), BFA-101BPT {bovine endothelial cells), RAJ thuman ymphocoyle) and 283 (human kidney). SHO
cells are particidarly preferred. Host cell lines are typically available from commaercial services, the American Tissue
2 Culture Collection ar from published fileralure.
[0278] In addilion, a host cell slyain may be chosen which modulates the axprassion of the insertad saguences, or
modifies and procesaes the gene product in the specific fashion desired. Such maodifications {a.g., glycosylation) and
processing {e.g., cleavage} of protein products may be important for the function of the profein. Different host cells have
characteristic and spegific machardsms for the postiransiational processing and modification of proleins and gene
¥ products. Appropriate cell lines or host systems can be chosen {o ensurs the correct modification and processing of the
foreign profein expressed. To this end, eukaryotic host cells which possess the cellular machinary for praper processing
of the primary ranscript, glycosylation, and phosphorviation of the gepne product may be used,
[0276] Forlong-term, highewisld production of recombinant proteins, stable expression is preferred. For axample, cell
lines which stably express the antibody molecule may be enginesred. Rather than using exprassion vectors which
contain viral origing of replication, host celis can be transformed with DNA conirolled by appropriate expression control
elaments {e.g., prorooter, enhancer, sequences, ranscription lerminalors, polvadenylalion sites, etc}, and a selectabla
marker. Following the introduction of the forsign DNA, engineered cells may be allowed o grow for 1-2 days in an
entiched media, and then are switched 10 & selective media. The selectable marker in the recombinant plasmid confers
resistance to the seleclion and allows cells to stably integrate the plasmid info their chromosgomes and grow to form foct
which in tum can be cloned and expanded into cell ings. This method may advantageously be used 1o enginser cell
lines which stably express the antibody moleculs.
[0277] A number of selection systems may be used, inoluding but not limited 1o the herpes simplex virus thymidine
kinase {Wigler of al., Cell 11:223 {1977}), hypoxanthine-guanine phosphaoribosyltransferase {Szybaiska & Szybalski,
Prac. Natl. Acad. Scl. USA 48:202 (1892)), and sdenine phosphoribosyliransferase {Lowy et al,, Cell 22:817 1380) genes
40 can be employed in k-, hgprt or apri-cells, respectively. Alsc, antimetiabolite resistance can be used as the basis of
selection for the following genes: dhfy, which confers resistance to methalrexate {Wigler et al, Nafl. Acad. Sci. USA
F7:3587 {1980} C'Hare et al., Proc. Mall. Acad. Soi. USA 781527 {188 1}); gpt. which confers resistance o mycophenclic
acld {Mulligan & Berg. Proo. Natl, Acad, Scl. USA 78:2077 {(1981)}; neo, which confers resistance (o the aminoglycaside
G-418 Clinlcal Pharmacy 12:488-505; Wu and Wy, Bintherapy 3:87-85 (1891} Tolstoshev, Ann. Rev. Pharmacol. Toxicnl,
46 32:573-58G (1993); Mulligan, Sclence 26(:828-232 {1993}; and Morgan and Anderson, Ann. Rev. Blochem, §2:191-217
{1893}, TIB TECH 11{8)155-215 (May, 1893} and hygro, which confers resistance fo hygromycin (Santerre et al., Gens
30:147 {1884), Methods commeanly known in the at of recombinant DNA techinology which can be used are desoribed
it Ausubel et al. {eds.}, Current Protocols in Molesular Biclogy, John Wiley & Sons, NY {1883); Kriegler, Gene Trangfer
and Expression, A Laboratory Manual, Stockion Pregs, NY {1200} and in Chapters 12 and 13, Dracopoli et al. {eds),
50 Current Prolocols in Human Genetics, John Wiley & Sons, NY {1884); Colberre-Garapin et al, J. Mol. Biol. 150:1 {1881).
[0278] The expression levels of an antibody molecule can be increased by vactor amplification {for a review, see
Bebbington and Hentschel, The use of vettors based on gene amplification for the expression of cloned genes in
manmalian cells in DNA cloning, Academic Prass, New York, Vol 3. {1887Y). When 8 marker in the veclor system
expressing antibody is ampiifiable, increase in the level of inhibitor present in culture of host cell will increase the number
of coples of the marker gene. Since the amplified region is associated with the antibody gene, production of the anfibody
will aiso increase {Crouse of al., Mol Cell. Biol. 3:257 (1883)).
[0279] invitro production allows scale-up o give large amounts of the desired polypeptides. Technigues formamemalian
cell culfivation under tissue ouliure conditions are known in the art and include honogeneous suspension culture, &.g.
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in an ailift reactor or in & continuous stirrer reactor, or immobilized or entrapped cell cullure, e.g. in hollow fihers,
micracapsules, on agarose microbeads or ceramic cartriddges. [ necessary and/or desired, the solutions of polypeplides
can ba puriied by the costomary chromatagraphy methods, for exampie gel filtraion, lon-exchange chromatography,
chromatography over DEAE-celiulose or (immuno-Jaffinity chromatography, e.g., after preferential biosynthesis of a
synthetic hinge region polypeptide or prior to or subseguent to the HIC chromatography step described herein.
[8280] Genesencoding Sp3s antibodies, or sntigen-binding fragments, variants, or derivatives thersof of the disclosure
can zso be expressed non-maramalian cells such as baclerfa or yeast or pland cells. Bacleria which readily take up
nuclein acids include members of the enterchacteriaceae, such as strains of Escherichia coff or Salmoneils; Bacillaceas,
such as Baciffus subtiis; Pneumococcus; Streploceceus, and Hasmophiius influsnzas. hwill further be apprecisted thet,
W when expressad in bacteria, the heterologous polypepiides typically bacome part of inclusion bodies. The heterniogous-
polypeptides must be isclated, purified and then assembiled into funotional molenules. Where tetravalent forms of andi-
bodies are desired, the subunits will then seif-assemible into telravalent antibodies (WOU02/0962048A2),
[281] In bacterigl systems, a number of expression veciors may be advantageously selected depending upon the
use intended for the antibody molecule being axpressed. For example, when a largs quantity of such a protein is lo be
18 praduced, for the genaration of pharmaceutical compositions of an antibody molecule, vectors which direct the exprassion
of high levels of fusion protein products that are readily purified may be desirable. Such veclors include, bul are not
timited, o the £ coli expression vector plURZTS (Ruther st al., EMBO J. 201781 (1883)}, in which the antibady cosding
sequenca may be ligated individually info the veclor in frame with the lacZ coding region so thal a fusion protein is
produced,; piN vectors {inouye & Inouyes, Nucleic Acids Res. 13:3101-3108 {1885); Van Heeke & Schuster, J. Biol. Chem,
20 24:5503-5509 (1988)); and the like. pGEX veclors may also be used to express foreign polypegtides as fusion proteins
with ghdathione Sransferase (G8T). In general, such fusion proteins are soluble and can easily be purified from lysad
cells by adsorption and binding fo a malix glutathions-agarose beads followed by elufion in the presance of free glu-
{athione. The pGEX veciors are designed fo include thrombin or factor Xa protease cleavage siles so that the cloned
target gene product can be released from the GST moisty.
& [0282] In addition to prokaryotes, eukaryotic microbes may also be used. Saccharomiyces cerevisiae, of common
baker's yeast, is the most commonly used among eukanvolic microorganiams although a number of other straing are
carmmonly available, &.q., Flcfia pastons.
[0283] For exprassion in Saccharomyees, the plasmid YRpT, for example, (Stinchcomb at al, Nature 282:38 (1879
Kingsman et al., Gene 7141 (1978}, Tachemper st al., Gene 10:157 {1880)) is commonly used. This plasmid already
oontaing the TRP1 gene which provides a selection marker for a mustant strain of veast lacking the ability 1o grow in
tryptogphan, for exaraple ATCC No. 44076 or PEP4-1 (Jones, Genetics 8512 {1977}}. The presence of the irpl lesion as
a characterniatic of the yeast host cell genome then provides an effective environmant for detecting transformation by
growth in the absence of tryplophan.
[0284] in an insect system, Awlographs calffornica nuclear polvhadrosis virus (ASNPV) s typically used as a vactor
o exprass foreign genes. The virus grows in Spodoptera frugiperda cells. The anfibody coding sequence may ba dloned
individually into non-ssacntial regions {for example the polyhednin gene) of the virus and placed under control of an
AcNPY promoter {for example the polyhedrin promoter).
[0285] Once an antibody molecule of the disclosure has been recombinantly exprassed, it may be purified by any
method known in the ard for purification of an immunoglobudin molecule, for example, by chromatography {e.g., fon
40 exchange, affinity, particularly by affinity for the specific antigen after Protein A, and sizing colurmn chromatography),
centrifugation, differential solubility, or by any other standard technigue Tor the purdication of prateins. Aftematively, a
prafared method for increasing the affinity of antibodies of the discloswre is disclosed in US 2002 8123087 A1,

o

Tz
4

=
&

Vi TREATMENT METHODS USING THERAPEUTIC 5p38& ANTIRODIES

[0286] As described hercin, Sp35 antibodies, or antigen-binding fragments, varants, or devivalives thereof of the
disclosure can refieve NgR1-mediated inhibition of axonal extension that noomnally takes place in CNS neurons. This is
beneticial in situations where axonal extension of neurite sprouling is needed in the brain or spinal cord. Spinal cord
infury, insluding partial or complete crush or severance, exemplifies a situation in which axonal extension is neaded, but
5¢ s normally inhibited through operstion of the Mago pathway. Exarmplas of diseasaes or disorders inwhich axonal extension
and/or neurite sprouting in the brain would be beneficial include stroke, mulliple solerosis, and other neurodegenerative
diseases or dizorders such as mulliple sclerosis {MB), progressive muitifocal leukosncephalopathy (PML), encephato-
myvelitis {EPL}, central pontine myelolysis {CPM), adrenoleukodystrophy, Alexander's diseass, Pelizasus Merzbacher
disease (PMZ}, Globoid cell Leucodystrophy (Krabbe's disease) and Wallsrian Degenerstion, optic neuritis, iransverse
myeditiz, amviclroghic iateral sclerosis {ALS), Hunlinglon's disease, Alzheimer's diseass, Parkinson's disease, spinal
card injury. traurnatic brain injury, post radiation injury, neurologic complications of chamotherapy, stroke, neumpathy,
acute ischemic optic newropathy, vitamin E deficlency, isolated vitamin E deficiency syndroms, AR, Baaser-Kornzwaig
syndrome, Marchinfava-Bignami ayndrome, metachromatic leukodystrophy, tigeminal neuralgia, Belfs palsy, spinal
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cord injury and all newrclogical diseases related o neuronal call death.

[0287] The inventors have further discovered that Spdb is expressed in oligodendrocyles, and condributes 1o oli-

gadendrocyle binlogy. Soluble dervalives of 3p35, cedain polypuclentides {e.g. RNAI, as well as certain andibodiss

which specifically bind to Sp35, as described hereln act as antagonisis to Sp35 funclion in cligodendrocytes, promoting
profiferation, differentiation and survival of gligodendrocytes and promoting myelination of neurons i vitro and i vivo,

This is bensficiad in for disesses, disorders or condifions involving demyslination and dysmyelination. Exarnples of

tispases or disorders in which oligndendrocyle prodiferation, Wifererdiation and survival, andios myslination or remyali-

nation would he beneficial include mulliple sclerosis (M3), progressive multifocal lsukoencephalopathy (PML), snceph-
slomyeditis (EPL), central pontine myelolysis (CPM}, adrenoleukodystrophy, Alexander's digsase, Pelizaeus Merzbacher

W disease (PME), Globold celt Leucodysirophy [(Krabbe's disease), Wallerian Dageneration, optic neurilis, iransverse
myelitis, amylotrophic lateral sclerpsis (ALS), Huntington's disease, Alzhelmers dissase, Parkinson's disease, spinal
cord irjury, traumatic brain infury, post radiation Injury, neurclogic complications of chemotherapy, stroke, acule ischermic
optic neuropathy, vitsmdn E deficiency, lsnlaled vitamin E deficlency syndrome, AR, Bassen-Kortzweig syndrome,
Marchiafava-Bignant syndrome, metachromatic leukodystrophy, tigeminal neuraigia, and Bell's palsy.

18 [0288] Accordingly, one inatance of the presant disclosure provides methods for irgating spinal cord injury, diseases
or disorders associated with inhibition of neurenal growth in the CNS, dissases or disorders assuciated with inhibition
of dligodendrocyie growth or differentiation, and diseases involving denyalination or dysmyelination of CNS neurons in
an animal suffering frons such injury or disease or predisposed o contrant such disease, the mathod comprising, consisting
essentially of, or consisting of administering to the animal an effective amount of an Sp3s antibody, or antigen-binding

28 fragrment, variard, or derivalive thereof. Antibodies of the disclosure are described berein, and include the monoeionsl
antibodies isted in Table 3A and 3B, antihodies which specifically bind o the same epitope as the monoclonal antibodies
listed in Table 3A and 3B, antibodies which competitively inhibit binding of the monocional antibodies listed in Table 3A
and 38 to Sp38, and antibodies comprising polypeplides derived from the monocionat antibodies listed in Table 3A and 38.
[0289] A therapeutic Sp36 antibody to be used in freatmen! methods disclosad herein can be prepared and used as

& atherapsutic agent which promotes CNS naurite oulgrowth, neuronal survival, axon guidance and axon regeneration,

which promotes oligodendrocyle survival, growth, and/or differentiation. and which promotes myelination or rensrelination

of CNB neurons. Characteristios of suitable therapeutic Sp35 antibodies include; binding fo Sp35 epitopes which result
in blocking of Sp38 activity, binding to Sp38§ with sufficient affinity to slicit a therapeutic affect, and binding o Spas
praferentially fo normal binding partners, e.g.. Nogo Receptor.

[02801 Therapeutic Spds antibodiss may be monaclonal, chimeric or humanized antibodies, or fragments of andibodies

that bind specifically tu Sp35. The antibodies may be monovalend, bivalend, polvvalent; or bifunctional antihodies. Antibody

fragments include without imitation Fab F{ab'),, and Fv fragments.

[0281] Therapeulic Sp356 antibodies, or antigen-binding fregmenis, variants or derivalives thereof according to the

disclosure can be used in unlabeled or unconjugsatad form, or can be coupled or linkad to drugs, labals or stabilization

agents which may or roay not exad additional therapeutic effects.

[0282] Aspecific dosage and trestment regimen for any particular patient will depend upon a vasiety of faclors, including

the particular Sp35 antibody, or anfigen-binding fragment, variant or dervative thereof used, the patient's age, body

weight, genaral health, sex, and died, and the time of administration, rate of excrelion, drug combination, and the spyenly
of the particular disease being treated. Judgment of such factors by medical aregivers is within the ordinary skill in the

40 ant The amount will also depend on the indhvidual patient to be freated, the route of administration, the type of formulation,
the characlenstics of the compound used, the severily of the disease, and the desired effect. The amount used canbe
determingd by pharmacalogical and pharmacokingdic principles wall known in the art
[0283] In the methods of the disclosure the Sp3B antibodies, or antigen-binding fragments, variants or dervatives
thereof may be administered direcily to the nervous system, infracershroverdricularly, or intrathecally, s.g. into a chronic

44 lesion of MS, as disoussed in more detail below.

[0284] invarousinstances an Sp35 antibody as described above is an antagonist of Sp33 aclivity. In cerlaininsiances,

for example, binding of an antagonist Sp35 antibody to Spdb, as expressed on neurons, blocks mysdin-associated neurite

gutgrowth inhibition or neuronal cell death. In other instances, binding of the Spa& antibody 1o Sp35, as expressed on

oligodendrocytes, blocks inhibition of oligodendracyte growth or differantiation, or blocks demyelination or dysmyelination
¢ of ONS neurons.

[6285] In methods of the present disclosure, an Sp3& antibody, or an antigen-binding fragment, variant, or derivative

therenf, in paticular the Sp35 antibodies described herein, can be admindsiered directly as a preformed polypepdide, or

indirectly through a nucleic acid vector, 1o permit beneficial axonal cutgrowth, promote oligodendrocyie proliferation,
differentiation, and survival, andfor promote myelination or remyeiination.

[B286] In certain instances, a subject may be eated with & nuchaie acid molenule encoding an Sp38 andibody, or

antigen-binding fmgment, vanant, or analog thereof, e.g., In a veclor. Doses for nuclelc acids encoding polypeptides

range from about 10 ng to 1 g, 100 ng to 100 mg, 1 pg o 10 mg, or 30-300 pg DNA per patient. Doses for infentious
viral vectors vary from 10-100, or more, virlons per dose.
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[02871 In some inslances of the present disclosure an Sp35 antibody, or an antigen-binding fragment, variant, or
derivative thereof is administered in & treatmerd method thal includes: {1} transforniing or transfesting an implantable
host cell with a nuclelo acid, e.g., 8 vactor, thal expresses an 8p38 antibody, or an antigen-binding fragrnent, vardant,
or derivative thereof, and {2} implanting the transformed host cell into & mammal, at the site of a disease, disorder or
irjury. For example, the transformed host cell can be implanted at the site of a spinal cord Injury or gt a site of dysmy-
elinaban. in some instances of the disclosure the implantable host cell 1s removed from a mammal, temporarily cultured,
fransformed pr fransfectad with an isoleted nuclelr acid sncoding a an Sp38 antibody, and implanted back into the same
marmmal from which it was removed. The cell can be, but is not required (o be, removed from the same site at which it
is implanted. Such instances, somstimes known as ex vivo gene therapy, can pravide a continuous supply of the Sp35
i polypeptide, localized at the sile of site of aclion, for a limited period of lime.
[0288] The methods for reating spinal nord injury, diseases or disorders associated with inhibition of neuronal growth
irt the CNS, diseases or disorders sssociated with inhibition of oligodendrocyte growth or differentiation, and diseases
involving demyslination or dysnwslination of ONS neurons comprising administration of an Sp35 antibody, or antigen-
hinding fragment, variant, or derivative thereof are typically tasted in vitro, and then i vive in an acceplable animal
18 madel, for the desired therapeutic or prophylactic activity, prior to use In humans. Suitable animal modals, including
transgenic animals, are will known 1o those of ordinary skill in the arl. For example, i wiirp assays to demonstrate the
therapeutic utility of Sp35 antibody described herein include the affect of an S35 antibody on 3 calt ling or @ palient
tissus sample. The effect of the Sp3s antibody on the cell fine andfor Hissue sample can be determined utilizing technigues
known o those of skill in the art, such as the assays disclosed elsewhere herein. In ascordance with the disciosure i
28 vitro assays which can be usad to delermine whether adminisiration of & specific Sp38 antibody is indicated, include in
vitra cell culture assays in which a patient lissue sample is grown in culture, and exposed to or otherwise administarad
a compound, and the effect of such compound upon the fissue sample is chserved,
[0298] Supplementary active cornpounds also can be incorporated into the compositions of the disclosure. Forexample,
a SpR5 ardibody, or antigen-binding fragment, variant, or dedvative thersof of the disclosure mav be coformulated with
3 andior coadministered with one or more additional therapsulic agents.
[300] The disclosure encompasses any suitable delivery method for a 5p3% andibody, or antigen-binding fragment,
variant, or derlvative thereof of the disclosure o 3 selected target lissue, including bolus injection of an agqueous solulion
of implartation of a controlled-release system. Use of a controlled-release implant reduces the nead for repasat injections.
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[8301] Methods of preparing and administering Sp35 antibodies, or antigen-binding fragments, variants, or denvatives
thersol of the disclosurs 1o a subject in need thereof are well known fo or are readily determined by those skilled in the
ar. The routs of administration of the S35 antibody, or anfigen-binding fragment, variant, or derivative theraof mav be,
for example, oral, parenteral; by inhalation or topical. The term parenteral as used herein includes, e.g.. infravenous,
intraarterial, intraperitoneal, intramuscular, subcutaneous, rectal or vaginal adminisiration. While all these forms of ad-
ministration are clearly contempiated as being within the scope of the disclosure, a form for administration would be a
solution for injection, i particular for inravenous or infraasterial injection or drip. Usually, & suitable pharmaceudical
composition for injection may comprise a buffer {e.g. acelate, phosphate or clirale buffer), a surfactant (e.g. polysorbate),
40 optionally a stabilizer agent {e.g. human albumin}, ete. MHowever, In other methods compatible with the teachings herein,
Spa&antibodies, or antigen-binding fragments, vadants, or defvatives thereof of the disclosure can be delivered directly
o the site of the adverse cellular population thereby incressing the exposure of the discased tisaus fo the therapeutic
agent.
[0362] As previously discussed, Sp35 antibodieg, or antigen-binding fragments, variants, or derivatives thereof of the
46 disclosure may ke adminislered in a8 pharmageutically effeclive amound for the in wivo trealment of mammalian spinal
cord injury, diseases or disorders associated with inhibition of neuronal growth In the ONS, diseases or disorders asso-
ciated with inhibition of oligodendrocyte growth or differeniiation, and diseases involving demysiination or dysnwelination
ot CNS. Inthis regard, itwill be appreciated that the disclosed ardibodies will beformulated so as fo facilitate administration
and promote stability of the active agent. Praferably, pharmaceutical compositions in acoordanae with the present dis-
50 closure comprise a pharmaceutically acceptable, non-toxic, sterile carrier such as physiological saline, non-toxic buffers,
preservatives and the like. For the purposes of the instant application, 8 phanmaceutically effective amount of an Bp3s
antibody, or antigen-binding fragrent, variant, or derivative thereof, conjugated or unconjugated, shall be held o mean
an amount sufficient to achieve effsctive binding to a target and fo achisve @ banefit, .., o amsliorate symploms of a
disease or disorder or to detect a substance or a celt.
[8383] The pharmaceutical compositions used in this disclosure comprise pharmaceutically acceptable camriers, in-
cluding, ¢.g., ion exchangers, ahaming, aluminum stearale, lecithin, sarum profeins, such as human serum albumin,
buffer substances such as phosphates, glvcine, sorbio acid, potassium sorbate, partial glyceride mixtures of saturatad
vegeiable falty acids, water, salts or slectrolyles, such as profamine suifate, disodium hydrogen phosphate, potassium

Gy
&

b2
o

a8



DK/EP 2740744 T3

EP 2740 744 B1

hvdrogen phosphate, sodium chioride, zing salts, collvidal silica, magnesium irisilicate. polyviny pyrrolidone, calivioss-
based substances, pulyathylens glycol, sedium carboxymethylcelhdoss, polyacrylates, waxss, polyethviene-polyoxy-
prepylene-plack polyrers, polyethylens glvedl and wool fat.
[0304] Preparations for parenteral adminisiration includes sterile aqueosus or non-aqueous solutions, suspensions,
and ermuilsions. Examples of non-aqueous aolvents are propylens giveol, polysthviene giveol, vegetahle oils such as
olive ol, ard injectable organic esters such as sthyl oleats. Aguscus carrers include watsr, slocholinfaquetus solutions,
emulsions or suspensions, inchuding saline and buffered media. In the subject disclosure, pharmaceutically sceepiable
carriers include, but are notlimited to, 0.01-0.10M and preferably 0.05M phosphate buffer or 0.8% saling. Other common
parenteral vehicies include sadium phosphate solutions, Ringer's dexlroge, dexiross and sodiurn chionide, laciated
Bes Ringar's, or ixed olis. Intravenous vehicles include fluid and nulrient replenishers, electralyle replenishers, such as those
based on Ringer's dexirose, and the ke, Preservatives and other additives may also be present such as for example,
antimicrobials, srdioridants, chelating agents, and inert gases and the lke,
[6305] More particularly, pharmaoceutical compositions suilable for injectable use include sterile agueous solutions
{where waler soluble} or dispersions and sterile powders for the extemporaneous preparation of stedle injectable solutions
1% or diapersions. In such cases, the compaosition must be sterile and should be fluid to the exient that easy syringabifity
axists. it should be stable under the conditions of manufactiire and storage and will preferably be preserved against the
contaminating action of microorgardss, such as bacieria and fungl. The carrier can be a solvent or dispersion medium
containing, for example, water, sthanal, polval {e.g.. glveerol, propylens glyool, and liguid polvethylene glycol, and the
like}, and suitable mixiures thereol. The proper fhiidity can be maintained, for example, by the use of a coatling such as
28 lecithin, by the mairtenance of the required perlicle size in the case of dispersion and by the use of surfactants. Suitable
formulations for use in the therapeutic methods disclosed herein ara desoribed in Remingion's Pharmaceutical Sciences,
Mack Publishing Co., 16th ed. {1980},
[0306] Prevention of the action of microorganisms can be achieved by various antibacterial and antifungal agents. for
example, parabens, chiorchutanal, phenol, ascorbic ackd, thimeresal and the tike. In many cases, it will be preferable in
& inelude isttorde agends, for example, sugars, polyalcohols, such as mannitol, sorbitol, or sedium chioride in the compo-
sition. Prolonged absorplion of the injectable compositions can he broughl about by including in the composition an
agent which delays absorption, for example, aluminum monostearate and gelatin,
[B307] In any case, sterdle injectable solulions can be prepared by incorporating an aclive compound (e.g., an Spad
antibody, or antigen-binding fragment, variant, or dervalive thereof, by itself or in combination with cther active agents)
in the required amount inan appropriate solvent with one or a combination of ingredients enumaerated herein, as required,
followed by Bltered sterilization. Generally, disparsions are prepared by incorporating the aclive compaund info a stedle
vahicle, which contains a hasic dispersion medium and the reguired other ingradients from those snumerated above,
In the case of sterfle powders for the preparation of stenlle injectable solutions, the preferred methods of preparation are
vacuum drying and freeze-drying, which vields a powder of an active ingrediant plus any addifionat desired ingradient
from a previously stertde-filtered solution thereol. The preparations for injeclions are processed, filled inlo containers
such as ampoules, bags, boltles, syringes or vials, and sealed under aseplic conditions according to methods known
i the ant. Further, the preparations may be packaged and sold in the form of a kit such as those desoribed in copending
U.8.8.N. 09/258,337 (US-2002-(NB2Z208 A1), Such arlicles of manufacture will preferably have iabels or package inserts
indicating that the associated compositions are uselid for reating a subject suffering from, or predisposed 1o autolmmune
40 or neoplastic disorders,
[0308] Parenteral formulations may be a single bolus dose, an infusion or & lbading bolus dose followed with a main-
tenance dose. These compositinns may be administered at specific fixed or variabls intervals, .., once a day, or on
an "as needed” basis.
[0308] Certain pharmaceutical compositions used in this disclosure may be orally administered in an acceptable
44 dosage form including, e.g., capsules, ablets, agueous suspensions or solutions. Certain phammaceutical compositions
also may he adminisiered by nasal aerosol or inhalation. Such compaositions may be prepared as solulions in saling,
smploying benzyl alcohol or other suitable preservatives, absorption promoters o anhance bioavailability, and/or other
conventional solubllizing or dispersing agents.
[0310] Tha amount of an Sp38 antibody, or fragment, variant, or derivative thereof that may be combinad with the
50 carrier matenals to produce a single dosage form will vary depending upon the host trested and the particular rode of
adnisiration. The composition may be admindstered as a single doss, multiple doses or over an eslablished period of
time in an infusion. Dosage regimens also may be adjusied to provide the optimum desired rasponse {g.4., & therapseutic
or prophylactic response).
[0311] Sp35 antibodies, or antigen-binding fragments, variants, or derivatives thereof may be administered to a human
or pther animal in aceprdance with the aforementioned methods of treatment in an armount sufficient o produce a
therapeuticefiect. The Sp3s antibodies, or antigen-binding fragments, variants, or derivatives thereof can be adminisipied
to such human or other animal in a conventional dosage form prapared by sombining the antihody with a nonventional
pharmaceutically acceplable carrier or diluent according o known techniques. it will be recognized by one of skill in the
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art that the form and character of the pharmaceutically acceptable carrier or diluent is dictated by the amount of active
ingrediert with which # 15 {o be combined, the route of administration and other well-known variables. Those skilfed in
the art wili further appreciate that a cockiall comprising one or more spacies of Sp38 anlibodies, or anfigen-binding
fragrments, vatiants, or derivatives therecf may prove o be paricularly effeclive.
[6312] Efective doses of the compositions of the presend disclosure, for ireatment of spinal cord injury, diseases or
disprders associated with inbibition of neuronal growth in the CNS, diseases or disorders associated with inhibiion of
pligedendrocyte growth or differentiation, and diseases involving demyelination or dysryelination of CNS vary depending
upon many different factors, including means of administration, {arget site, physiclogicel state of the patient, whether
the patierd is humar or an animal, other medications administered, and whether treatment is prophylactic or therapeutic,
Bes Usually, the patient is & human bul noshuman maramads including fransgenic manimais can also be treated. Treatment
dosages may be titrated using routine methods known o those of skill in the art to optimize safety and efficacy.
[0313] For treatmentd of spinat cord injury, diseases or disorders associgted with inhibition of npeuronal growth in the
ONS, dincases or disorders associated with inhibition of oligodendrooyte growth or differentiation, and diseases involving
demyelination or dysmyslination of ONS with an Sp35 antibady, or andigen-binding fragrment, variant, or derivative thereof,
1% the dosage can range, &.g.. from about 0.0001 to 100 mg'kg, and more usually 0.01 to 5 moikyg (s.9., 0.02 mgikg, 0.28
mgikg. 0.5 mgfky, 0.75 mgfkg, 1mgfkg, 2 mgikg. ele.), of the host body weight. For example dosages oan be 1 moikg
body weight or 10 mgfag body weight or within the range of 1-10 mgfky, preferably at least 1 mg/kg. Doses intermediale
in the above ranges are also intended o be within the scope of the disclosurs. Subjects can be administered such doses
daily, on allernative days, weekly or according to any other achedule delermined by empirical analysia. An exemplary
28 reatment entails adminisiration in multiple dosages over a prolonged pariod, forexarnple, of at least six manths. Additions!
exemplary treatment ragimes entail administration once per every two weeks or once a month or once every 3o 8
months. Exemplary dosage schedules include 1-10 mg/kg or 15 mgikg on consecutive days, 30 mgfhg on allernate days
ar 80 mgikg weekly. In some methods, two or more monoclonad antibodies with different binding specificities are admin-
isiered simuitaneousty, in which case the dosage of each antibody administered falls within the ranges indicated.
2 [0314] Sp3s antibodies, or antigen-binding fragments, variants, or derivatives thereof of the disclosure can be admin-
isterad on mulliple occasions. Infervals belweaen single dosages can be daily. weekly, monthly or yearly, vervals can
also be regular as indicated by measuring blood levels of targst polypeptide or target nwlecule in the patient. Insome
methods, dosage is adjusted to achieve @ plasma polypeptide concentration of 1-1000 pg/mil and In some methods
25-300 pgfml. Altematively, Sp38 antibodies, or antigen-binding fragments, varianis, or derivatives thereof of the dis-
closura can be adminisiered as 3 sustained releass formulation, in which case less frequent administration is required.
Dosage and frequency vary depending on the halfdife of the antibogy in the patient. The hali-life of an 3p35 antibody
canalso be prolonged via fusfon to a stable polvpeptide or mosity, e.g.. alhumin or PEG. Ingenaral, humanized antibodies
show fhe longesthalf-lifs, followed by chimeric antibodies and norhuman sntibodies. inoneinstance, the Sp3s antibodies,
or antigen-binding fragments, varianis, or derivatives thereal of the disclosura can be administerad in unconjugated
form, in another instance, the S5p38 antibodies, or anligen-binging fragmends, varianis, or derivatives thereof of the
disclosure can be administered mulliple times in conjugatsd form. In sl another instance, Sp35 antibodies, or antigen-
binding fragments, variants, or derivatives thereof of the disciosure can be administered in unconjugated form, then in
conjugated form, or vice versa.
[0315] The compositions of the present disclosure may be administered by any suitsble method, e, parenterally,
48 infraveniricularly, orally, by inhalalion spray. topically, rectally, nasally, buccally, vaginally or via an implanted reservolr.
The term “parerderal” as used hersin includes subcutaneous, infravenous, inframusculsr, intra-articudar, infra-synovial,
intrasternal, intratheca!, infrahepatic. intralesional and inlracranial injection or infusion technigues. As describad previ-
ously, Sp3b antibodies, or andigen-binding fragments, varlants, or derivatives thereof act in the nervous system o promote
survival, proliferation and differentiation of oligodendrocytes and myelination of neurons and neurornal survival, axon
4 regeneration and axon guidance. Accordingly, in the maethods of the disclosure, the Spds antibadies, or antigen-binding
fragments, variants, or derivatives theraof are administerad in such a8 way that they cross the blood-brain barrer. Thig
crossing can resulf from the physicochemical properties inherent in the Sp35 antibody molecute iteslf, from other com-
ponents in a pharmaceutical formulation, or from the use of a mechanical device such as a needle, cannula or surgical
instruments to breach the blood-brain barrier, Where the Sp35 antibody is a molecule that does not inherently cross the
3¢ blood-brain barrier, e.g.. a fusion to a molety that facilifates the crossing, suitable routes of administration are, e.g.,
intrathecal or infracranial, e.g.. directly inlo 8 chronic lesion of MS. Where the Spis antibody is 8 molecule that inherently
crosses the bload-brain bamter, the route of administration may be by one ormore of the various routes describad below.
in some mathods, antibodies are administored as 3 sustained release composition or device, such as 8 Madipad™
device, Delivery across the biood brain barrier can be enhanced by a canying molsocule, such as anti-Fo receptor,
ransferrin, anti-insulin receplor or & toxin conjugats or gensiration snhancer.
[0316] The Spds antibodies, or antigen-binding fragments, variants, or derivatives thereof used in the methods of the
disciosure may be directly infusad into the brain. Various implants for divect brain infusion of compounds are known and
are effective in the delivery of therapeutic compounds to human patients suffering from newrological disorders, These
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include chroniz infusion into the brain using a pump. slereotactically implanted, temporary interstitial catheters, permanent

intracrarial catheter implants, ang surgically implanted biodegradable implants. See, e.g.. Gill et al., “Direst brain infusion

of ghat cell line-derived neuralrophic factor in Parkinson disease,” Nature Med. 8 588-85 (2003); Scharfen st al,, "High

Activily loding-125 Interstitial Implant For Gliomas,” inl. J. Radiation Oncology Biol. Phys. 24{4):583-81 {1992); Gaspar

ef al., "Permanent 125! implants for Recurrent Malignant Gliomasg,” Int, J. Radiation Oncology Biol, Phys, 43(80877-82

{1889, chapier BE, pages H77-580, Bellezza etal., "Slerectactic interstitial Brachytherapy,” in Gildenberg etal., Textbook

of Stereotactic and Functional Newrosurgery, MoGraw-Hill (1988); and Brem et al., "The Salely of Intersiitial Chemao-

therapy with BCNU-Loaded Polymer Foilowed by Radistion Therapy in the Treatment of Newly Diagnosed Malignant

Gliomas: Phase | Trial," J. Newro-Oncology 28:111-23 {1885}

i [O317] The compositions may also comprise an Sp35 antibody dispersed in a biocompativle carrier malerial that
funotions as a sudlable delivery or support system for the compounds. Suitable examples of sustained release carriers
include semiparmeable polymer matrices in the form of shaped articles such as suppositories or capaules. Implantable
or microcapsitar austained releass matrices incliide polylactides (U S, Patent No. 3,773,319, EP 58 481), copolymers
of L-ghutamic acid and gamma-ethyl-L-glutamate {(Sidman of &, Blopolymers 22:547-58 {1985)); poly(2-hydroxyethyi

1% methacrylate), athylane vinyl acetate {Langer et al., J. Biomed. Mater. Res. 151187277 (1981); Langer, Chem. Tesh.
12:98-1405 {1982} or poly-D-{-}-3hydroxybulyric acid (EP 133,988},

[6318] Insomeinsiances ofthe disclosure, an 3p35 andibody, or antigen-binding Fagment, varant, or derivative thereof
of the disclosure is administerad to a patient by direct infusion into an appropriate region of the brain. See, e.g., Gl of
al., supra. Alternative techniques are available and may be applied to administer an Spa5 antibody according to the

28 disclosure. For sxample, sterectactic placement of a catheter or implant can be accornplished using the Riechert-
Mundinger unil and the ZD (Zamorano-Dujovny) mudtipurpose localizing unit. A conirast-enhanced compuderized fom-
ography (CT) scan, injecting 120 mi of oninipague, 350 my fodine/ml, with 2 mmn alice thickness can aflow three-dimen-
sional muitiplanar treatment planning (STP, Fischer, Freiburg, Germany). This equipment permits planning on the basis
of magnelic resonance imaging studies, merging the CT and MR larget information for dear targe! confirmation.

& [0318] The Leksell stereotactic system {Downs Surgical, Inc., Decatur, GA) maodified for use with a GE CT scanner

{General Elentric Company, Mibvaukee, W a3 well as the Brown-Roberis-Wells (BRW) slereotactic system {(Radionics,

Busdington, MA} can be used for this purpose. Thus, on the moming of the inplant, the annular base ring of the BRW

stereciactic frame can be aliached o the patient’s skull. Serial CT sections can be oblained at 3 mm inlervals though

the {target tissue} reginn with a graphite rod localizer frame clamped o the base plate. A compuierizad reatment planning
program can he runon a VAX 114780 computer (Digital Eguipment Corporation, Maynard, Mass.) using CT ooordinates
of the graphite rod images fo map belweesn CT space and BRW space.

[8320] Spas antibodies, or antigen-binding fragments, variants, or devivatives thereof of the disclosure can optionally

be administered in combination with other agenis that are effective in tresting the disorder or condition in need of treatment

{e.g., prophyiactic or therapeutich.
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X DIAGNOSTICS

[0321] The disclosure further provides a diagnostic mathod usefid during diagnosis of neronal disordars or injuries,
which involves measwting the expression level of Spis profein or transcript in tissue or other cells or body fluid from an
48 individual and comparing the measured expression level with a standard Sp3§ expression levels in normal tissue or
body fluid, whersby an incresse in the sxpression level compared o the standard is indicative of a disorder,
[0322] Sp35-specific antibodies can be used o assay protein Jevels in 8 biclogical sample using classical immuno-
histologioal methods knowrt o those of skill in the art (e.g.. see Jalkanen, et al,, J. Cell, Blol, 101.:976-985 {1988},
Jalkanen, et al, J. Cell Biol. 105:3087-3098 {1887}). Other antibody-based methods usefiul for detecting protein expres-
& gioninclude Immunoassays, such as the enzyme linked immunesorbent assay (ELISA), immunopracipitation, or westam
blatting. Suitable assays are described in more delail elsewhere herein
[0323] By “sssaving the expression level of 3p38 polypeptide” is intended qualifatively or quantitatively measuring or
estimating the level of Sp3b polypeptide v a first bivlogical sample either directly {e.g.. by determining or estimating
absohde protein leval) or relatively {e.g., by comparing to the cancer associatad polypeplide level in g sacond biclngical
80 sample). Preferably, Sp38 polypeptide expression level in the first bislogical sample is measured or estimated and
compared to a standard Sp38& polypaptide level, the standard being taken from a8 second biolegicat sample oblained
from an individual not having the disurder or being delemmined by averaging levels from a population of individuals not
having the disorder. As will be appreciated in the arl, once the "standard” Sp35 polvpeptide level Is known, & can be
used repeatediy as a standard for comparison.
[0324] By "biclogical sample” is infended any biological sample obisined fram ap individual, cell line, tissus oulture,
prother spurce of cells potentially expressing Sp38. Methods for oblaining tissue bippsies and body Ruids from mammals
are well known in the art.
[0325] Sp3%antibodies foruse in the diagnostic methods described above include any Sp3s antibody which spacifically
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binds to an Sp35 gene product, as described elsewhere herein.

i IMMUNOASSAYS

<

[0326] Splasantibodies, or antigen-binding fragments, variants, or derivatives thereof of the disclosure may be assayved
far immunosgpecific binding by any method known in the arl. The immunoassays which can be used include but are not
limited to compatitive and non-competitive assay systems using techninues such as western blots, radivimmunoassays,
ELISA {enzyme linked Immunosorbent assay), "sandwich” immunoassays, immunoprecipitation assays, precipitin re-
actions, gel diffusion precipitin reactions, immunodiffusion assays, agglutination assays, conplemeni-fixation assays,
1 immunoradiomelric assays, fluorescent immunoassays, prolein A immunoassays, 1o name but 8 few. Such assays are
routing and well known in the art {sees. e.g., Ausubel et al.. eds, Cumrent Protoools in Molecular Bickagy, John Wiley &
Sons, Ine., New York, Vol 1 {1884)). Exemplary immurnioassays sre described briefly below (but are not intendsd by
way of imitation}.
[8327]1 Immunoprecipitation profocols generally comprise lysing a population of cells in & lysis buffer such as RIPA
18 buffer (1% NPF-40 or Triton X-100, 1% sodium deoxycholate, 0.1% SDE, 0.18 M NaCl, 0.01 M sodium phosphate at pH
7.2, 1% Trasylol) supplemented with protein phosphatase andior protease inhibitors {s.q.. EDTA, PMSF, apratininm,
sodiuny vanadate), adding the antibody of intarest 1o the cell lysate, incubating for a perind of time {e.g.. 14 hours} at
4 degree. C., adding protein A andior protein G sepharose baads 1o the cell lysate, incubsting for about an hour or more
at 4. degree. C., washing the beads in lysis buffer and resuspending the beads in SDS/sample buffer. The ability of the
28 antibody of interest to immunoprecipitale a paricular antigen can be assessad by, e.g., western blol analysis. One of
skilt in the art would be knowledgaable as o the parameters that can be modified to incraase the binding of the antibody
to an antigen and decrease the hackground {e.¢., pre-clearing the cell iysale with sephaross baads), For further discussion
regarding mmunoprecipitation profocols see, e.g., Ausubel 8 al., eds, Current Protocols in Molscular Biology, John
Wiley & Sons, Inc., New York, Vol 1 {1884} at 10.18.1.
2 [0328] Western blot analysis generally comprises preparing profein samples, slectrophoresis of the protein samples
in & polyacrylamide gl (e.q., 8%-20% SDS-PAGE depending on the mnlecular weight of the antigen), ransfering the
profein sarple from the polyacrylamide gelto a membrane such as ritroceliulose, PVDF or nylon, blocking the membrane
in blocking solution {e.g., PBS with 3% BSA or nan-fat milk), washing the mernbrane in washing buffer (e.g., PBS-Twean
20}, blocking the membrane with primary antibody {the antibody of interest) dikated In blocking buffer, washing the
mambrane in washing buffer, blocking the membrane with a secondary antibady {(which recognizes the primary antibody,
e.q., an anti-human antibody) conjugaied o an enzymalic substrale {e.g., horseradish peroxidase or akaline phos-
phatase) or radicactive molecule {g.g9.. 32p or 1251} diluted in blocking buffer, washing the membrane in wash buffer,
and detecting the presence of the antigen. One of skill in the art would be knowledgeable a5 o the parameters that can
e mondifled fo increase the signal detecied and fo reducs the background noise. For further discussion regarding western
blot protocols see, e, Ausubel el al., ads, Current Profocals in Molecular Binlogy, John Wiley & Sons, Ing., New Yok
Vol 1{1994) at 10.8.1.
[0329] ELISAs comprise preparing antigen, coating the wall of a 96 well microtiter plate with the antigen, adding the
antibody of intarest conjugatad 1o a deteotable compound such as an enzymatic substrale {e.g., barseradish peroxidase
or alkaline phosphatase) o the well and Incubaling for a period of time, and detecting the presence of the anligen. In
48 ELISAs the antibody of interest does not have o be conjugated o a deteclable compound; instead, a second anfibody
{which recognizes the antibody of interest) conjugated (¢ 2 delsciable compound may be added {o the well. Fudher,
instead of coating the well with the anligen, the antibody may be coated to the well In this case, a sccond antibody
conjugated {0 a detectable compound may be added following the addition of the antigen of interest to the coated well,
One of skill in the art would be knowledgeable as to the parameters that can be modified to increase the signal detected
4 as well as other variations of ELISAs knowr i the arl. For further discussion regarding ELISAs sge, 2.4, Ausubel 2t
al., eds, Current Protocols in Molecular Biclogy, John Wiley & Sons Inc., New York, Vol 1 {1834) al 11.2.1.
[0330] The binding affinity of an antibody o an antigen and the offrate of an antibody-aniigen interaction can be
determined by competitive binding assays. One example of a competitive binding assay is a radicinmmunoassay cont
prising the incubation of labeled antigen {(2.g., M or 1950 with the antibody of Interest In the presence of increasing
50 amounts of unlabeled antigen, and the detection of the antibody bound fo the labeled antigen. The affinity of the antibody
of interest for a particular antigen and the binding off-rates can be determined fram the data by soatchard plot analysis.
Competition with a second antibody can also be determined using radichmmuncassays. o ihis case, the andigen is
incubated with antibody of interest is conjugated to a labsled compound {e.g., 3H or 125 in the presence of increasing
amounts of an unjabeled second antibody.
[0331] Sp35 antibodies, or anligen-binding fragrents, variants, or derivatives thereof of the disclosure, additionatly,
he employed histologically, as in immunofluorescensce, immunoeleciron microscopy o non-immunciogical assays, for
in situ detection of cancer antigen gene products or conserved variants or peptide fragments thereof. In siti detection
may be accomplishad by removing a histological specimen from a patient, and applying thereio a labeled Sp35 antibody,
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or antigen-binding fragment, vartard, or derivalive thereof, preferably applied by overlaying the labeiad antibody {or
fragment) onto a biclegical sample. Through the use of such a procedurs, i is possible 1o determing not only the presence
of 3p35 protein, or conserved variants or paplide fragmenis, bul also ils dislribution ip the examined tissue. Using the
present disclosure, those of ordinary skill will readily perceive that any of  wide variely of histological methods {such
as slaining procedures) can be madified in order to achigve such in sity detection,

[8332] Immunoassays angd non-immunoassays for Sp3s gene produdts or conserved variants of peptide fragmenis
theraof will ypically comprise innubsaling a saraple, such as a biological luid, a lissue exbract, freshly harvestad cefls,
or lysates of cells which have been incubated in cell culiure, in the presence of a defecisbly labeled antibody capable
of binding o Sp35 or consarved varianis or peptide fragments therea!f, and detecting the bound antibody by any of a
i number of techniques well-known int the ard.

[8333] The biological sample may be brought in contact with and immobilized onto a solid phase support or carvier

such as nifrocellulose, or other solid support which is capable of immobilizing oelis, cell particles or soluble proteins.

The support may then be washed with suitable buffers followed by treatment with the detectably labeled Sp35 antibody,

pr antigen-binding fragment, variant, or derivalive thereo!, The solid phase support may then be washed with the buffer
¥ asecond time to remove unbound antibody. Qptionally the antibody is subsequently labeled. The amount of bound lahel

ot solid suppo may then be delacted by conventional means,

[0334] By "solid phase support or carrier” is infended any support capabile of binding an antigen or an antibody. Well-

known supports or carriers include glass, polystyrene, polypropyiene, polvethivlene, dexiran, riylon, amylases, naturad

and modified cellidoses, polyacrylamides, gahbros, and magnetite. The nature of the carrer can be either soluble to
28 some extent or msoluble for the purposes of the presant disclosure. The support material ray have virtually any possible
structural configuration so long as the coupled molecule is capable of binding to an antigen or antibody. Thus, the support
configuration may be spherical, as in a bead, or cylindrical, as in the inside surface of a teat tube, or the extemnal surface
of a rod. Allermnatively, the surface may be flat such as a sheed, {est strip, elc. Preferred supports include polysiyrene

beads. Those skilled in the art will know many other suitalle cariens for binding antibody o antigen, or wil he abde o
& ascertain the same by use of rouline experimentation.

[338] The binding activity of a given lot of Sp35 antiboddy, or antigen-binding fragmend, variant, or derivative thereof
may be determined according to well known methods. Those skilled in the art will be able to delennine operalive and
pptimal assay condiions for each determination by emploving routine experimantation.

[03368] There are a variely of methods available for measuring the affinity of an anBibody-antigen inleraction, hut
relatively few for determining rate constanis. Mast of the methods rely on either iabeling antibody or antigen, which
fnavitably cornplicates rouline measwemenis and infroduces uncertainties in the measured guaniities.

[8337] Surface plasmon reasonance (SPR) as performed on BlAcore offers a number of advantages over conventional
methods of rheasuring the affinity of antibody-antigen interactions: {§) no requirement 1o label sither antibody or antigen;
(i) antibodies do not need to be purified in advancs, cell culture supernatant can be used diractly; (i} real-time meas-
urements, aliowing rapid semi-guantitative comparison of different manocionatl antihody interactions, are enabled and
are sufficient for many evaluation purposes; (v} blospeciic surface can be regensrated so that a serdes of different
manoeclonsi antibodies can easily be compared under identical conditions; {v) analytical procedures are fully automated,
and extensive series of measuremants can be performed without user infervention. BlAapplications Handhodok, varsion
AB {reprinded 1988}, BIACORE code Mo. BR-1001-86; BiAtechnology Handbook, version AB (reprinted 1998}, BIACORE
48 code No. BR-1001-84.

[8338] SPR based binding studies require that one siermber of a binding pair be immobilized on a sensor sudace. The

binding parner immuobilizad is referred 1o as the ligand. The binding padner in solulion is referred 10 a5 the anaivie. in

some cases, the ligand is attached indiractly 10 the swrface through binding to another immobilized moleculs, which is
referred as the caplring molecule. SPR response reflects a change i mass concentration at the detector surface as
4 anslyles kind or dissaciate.

[0338] Based on SPR, real-time BlAcore measuremeants monitar interactions direclly as they happen. The technigus

is well suited to determination of kinetic parameters. Comparative affinity ranking is exfremely simple to perform, and

beth kinetic and affinily consiants can be derved from the sensorgram data.

[0340] When analyie is injectad in g discrete pulse across 8 ligand surface, the resulting sensorgram oan be dividad
3¢ into three essential phases: (i} Association of analyle with ligand during sample injection, {it} Equilibrium or steady state
during sample injection. where the rate of analyte binding is balanced by dissociation from the complex; {iil} Dissociation
of analyle from the surface during buffer How.

[0341] The association and dissociation phases provide information on the kinetics of analyte-ligand interaction {k,
and ky, the rates of complex formation and dissociation, kK, = Kp}. The equilibrium phase provides infermation on the
affinity of the analyte-ligand interaction (Kp).

[0342] BlAsvaluation software provides comprehensive Tailities for curve fiting using both numerical integration and
giobal fitling algorithms. With suitable analysis of the data, separate rate and affinlly constants for inferaction can be
oblained from simple BlAcore investigations, The range of affinities measurable by this technique s very broad ranging
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from mM to pM.
[0343] Epilope specificily is an important characteristic of a monoclonal antibody. Eplops mapping with BlAcore, in
confrast to conventional lechnigues using radinimmuncassay, BELISA or ather surface adsorption methods, does not
require labeling or purified antibodies, and allows multi-site specificity tests using a sequence of several monoclonal
= antibodies. Additionally, large numbers of analyses can be processed automatioally,
[6344] Pair-wise binding experiments test the abilify of hwo MAbs o ind simultansously to the same ardigen. MAbs
direcied against separate epitopes will bind independently, whereas MAbs directed agains! identical or dosely relaled
epitopes witl interfere with each ofher’s binding. These binding expsriments with BlAcore are straightforward 1o carmy out,
[0345] Forexample, one can uss a caplure molecule 1o bind the first Mab, followed by addition of antigen and second
W MAD sagquentially. The sensorgrams will reveal: 1. how much of the antigen binds o first Mab, 2. to what axlent the
second MAD binds to the surface-altached antigen, 3. if the second MAL doss not bind, whether reversing the order of
the pair-wise test alters the resulls,
[6346] FPeptide inhibition is ancther technigue used for epifope mapping. This method can complemeant pair-wise
antibady binding studies, and can relate funotional epitopes t© structural festures when the primary sequence of the
18 anfigen is known, Peptides or antigen fragments are tested for inhibition of binding of different MAbs 1o immobilized
anfigen. Peptides which interfere with binding of & given MAD are assumed o be structurally related to the epilope
dadined by that MAL.
[0347] The practics of the present disclosure will ermploy, unless otherwise indicated, conventional techniques of call
bintogy. call culture, molecular biclogy, ransgenic biology, micrabiclogy, recombinant DNA, and immunology, which are
28 within the skill of the art. Such techninues are sxplained fully In the literature. See, for example, Molecular Cloning A
Laboratory Manual, Znd Ed., Sambrook et al,| ed., Cold Spring Harbor Laboratory Press: {1988}, Malecular Cloning: A
Laboratory Manual, Sambrock et al., ed., Cold Springs Harbor Laboratory, New York {1822}, DNA Cloning, D, N. Glover
ed., Volumes | and § (1888); Oligonucleotide Synthesis, M. J. Galf ed,, {1984} Mullis et al. US. Pal No: 4,683,185,
Nucheic Acid Hylridization, B, D Hames & S, ). Higgins sds. {1884); Transcriplion And Transiation, B. & Hames & 8.
& Higoins eds. (1884}); Culture OF Animal Celis, R | Freshney, Alan R, Liss, Inc., {1887} Immobilized Cells And Enzymes,
IRL Press, (1888); 8. Perbal, A Practical Guide To Molecular Gloning {1984) the reatise, Meihods In Enzymology,
Academic Press, Inc., N.Y.. Gene Transfer Vedtors For Mammalian Cells, J. H. Miller and M. P. Calos eds., Cold Spring
Harbar Laboratory {1887); Methads In Enzymology, Vols. 154 and 1588 (Wu et gl. eds.}; Immunochemical Maethods in
Cell And Molecular Biclogy, Mayer and Walker, eds., Academic Press, London {1887); Handbook OF Expenmental
immunology, Volumes -V, D, M. Welr and C. C. Blackwell, sds., (1986); Manipulating the Mouse Embiyo, Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, RUY ., {1986); and in Ausubsel st al., Current Protocols in Molecular Blology,
John Wiley and Sona, Baltimore, Marvland (1988},
[0348] General principles of antibody enginesting are set forthin Antibody Enginesring, 2nd edition, C.A K. Borrsbasck,
Ed.. Oxford Univ. Press (1085). Genersl principhss of protein enginesring are set forth in Protein Enginsering, A Practics!
Approach, Rickwood, ., et al., Eds., IRL Prass al Oxford Univ. Press, Oxlord, Eng. {19495}, Geosral principles of
antibodies and antibody-haplen binding are setforth in: Nisonoff, A, Molecular immunology, 2nd ed., Sinauver Associates,
Sunderland, MA (1884); and Steward, M.W., Anlibodies, Thelr Structure and Funciion, Chapman and Hall, New York,
NY {1984}, Additionally, standard methods in immunclogy knows in the art and not specifically described am generally
followed as in Current Profocols in Immunology, John Wiley & Sons, New York; Stiles et al. {eds}, Basic and Clinical
40 Jdmmunology (8th ed ), Appleton & Langes, Norwalk, CT {1984} and Mishell and Shilgi {eds}. Selected Methods in Cellidar
mmunclogy, W.H. Fresman and Co., New York (1980}
[0349] Siandard reference works setting forth general principles of immunclogy include Currant Profocols in fmmue-
nology, John Wilsy & Sons, New York; Klein, L, lmmunology: The Science of Seif-Nonsgslf Disorinination, John Wilsy
& Song, New York {1882); Kennett, R, et al, eds., Monocional Antibodies, Hybridoma: A New Dimension in Bislogical
4 Analyses, Plenwm Press, New York {(1980); Campbell, A., "Monoclonal Antibody Techndlogy” inBurden, R et al., eds.,
Laboratory Techniques in Biochemistry and Molecular Biology, Vol. 13, Elsevere, Amsterdam (1284}, Kuby Immunnology
4ih ed. Ed. Richard A, Goldsby, Thomas J. Kindt and Barbara A, Osborne, M. Freemand & Co. (2000); Roitt, 1, Brostoff,
4. and Male D, nraunology 6th ed. London: Mosby (2Q01); Abbas A., Abul, &, and Lichiman, A.. Cellular and Molscular
immunology Ed. §, Elsevier Health Sciences Division {2008); Kontermann and Dubel, Antibody Engineering, Springer
50 Verlan {(2001); Sambrook and Russell, Molecular Cloning: A Laboratory Manual. Cold Spring Harbor Press (2001);
Lewin, Ganes Vi, Prentice Hall (2003); Haerlow and Lane, Antibodies: A Laboratory Manual, Cold Spring Harbor Press
{1683}; Dietfenbach and Dveksler, PUR Primer Cold Sprng Harbor Press {2003},
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EXAMPLES
EXAMPLE 1
5 Sp38 is involved in oligodendrooyte biology

[8350] Oiligodendrocyles mature through several developmental stages fram AZBES progenilor cells (which axprasgs
AZBE), differsntiating into pre-miyslinating oligodendronytes {which express O1 and 04) and finally into mature myslinating
oligodendracyles (which express 01 04 and MBP). Thus, by monitaring the presence and absence of the A2BS, O1, 04
W ang MBP markers it is possible o delermine a given call's developmental stege and lo evaluate the role of Sp3&-Fein
oligodandroovie binlogy. For a general review of aligodendrocyte biology, see, e.g., Baumann and Phan-Dinh, Physiol.
Rev. 81: 871-827 {2001).
[0351] Monoclonal anthodies against 04, MBP and CNPase ware from Sternbarger Monosclonals; sntibody to APC
{clong CC-1; rel. 28} was from Calbiochem. Other antibodies were fo Bl tubulin {Covance}, Sp3s (Biogen idec), Fyn
18 (Banta Cruz Bictechnology) and phospho-Fyn {Biosource). Monaclonal antibodies against AZBS are available from
Chamicart.

Spa5 is expressed in aligodendrocytes

28 [0352] The expression of Sp35 in purified rat P13 CG peuron, P2 oligndendrooyle, and P4 astrocyte nullures was
analyzed by polymerase chain reaction after reverse transcription (RT-POR). A kit from Ambion, Inc. was used 1o extract
miRNA from the rat brain cells according fo the manufacturer's instructions. Semi-guantitative HTPCR was carried out
using forward primer 5 AGAGACATGCGATTGETGA 3 (SEQ 1D NOx344)}, and reverse primer b AGAGATGTAGAC-
GAGGTCATT 3" (SEQ 1D NO:348) showad high expression in neurons, lower expression in oligodendrocyles, and no

& expression in astrocyles.
[353] The expression of B35 in ofigodendrocytes was confinmed by i sifu hybridization in sections derived from
adull rat oplic nerve. Rat optic nerve seclions were prepared and processed as described in Mi st al, "S5p35 s a
pomponent of the Nogo-86 receptor/p 75 signaling complex,” Nat. Neuroscl, 7. 221-28 (2004) and probed with digoxigenin.
labeled Sp38 antisense or sense RNAs using the first 500 nudlestides of the 8p35 coding sequence. The sections were
stained acoording 1o the manufaciurers’ instructions using a Tyramide Signal Armplification kit (Amersham Biosclences)
and a luorescent ardi-digoxigenin conjugatad antibady kit (Perkin Elroer). For combined in sfu aad immunofiuorescence
analysas, the sections were first probed with digoxigenin-labaled RNAs and then with antthodies, e.g. CC1 antibody
{Cadblochem; & marker of mature oligodendrogytes) or anti-Spas antibody. We observed that oligodendrocytes that
hybridized to an antisense Sp35 probe also co-stained with an antibody to ©C1 {data not shoawn). No specific labeling
was observed using 2 sense Sp35 probe. Sp35 exprassion in dligodendrocytes also was confinned by Immunchisto-
chemistry studies of tiasue sections from the {ateral ventricle region of P7 ral cortex. A majority of cortical cells that
labeled with CC1 antibody also labeled with ant-5p35 antibody. Data not shown. The specificily of the interaction was
confirmed by preadsorption of the anti-Sp35 antibody with Spas-Fo {see Example 2}, which eliminated the signal.
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40 Bp3&-specific RNAI knockdown of Spdb expression promotes oligodendrocyte growth and differentiation

[0354] Spd&-specific RNAI was used to ahiate Sp35 expression in oligodendronyte precursor cells o examine how
Sp3b nontributes o oligndendronyie growth and differsntiation. 50,000 AZB5 oligodendrocyte precursor cells were in-
fected with lentivirus carrving Sp35&-specific RNAI sequence or control RNAI prepared as follows.

44 [0355] Mudne and ral Sp35 DNA sequences were comparad to find bomologous regions 1o use for candidate small-
hairpin RNAs {shRNAY CH324, for lentivirus sxpression of Spas RNAIL was constructed by annealing oligonuclestides
LY1-035 and LV1-036 and ligating to Hpal and Xhol digested pLL3.7. The plL3.7 vector, additfonal methodology and
virus production were as described in Rublnson ef al., Nat. Genel. 33, 401-06 (2003}, The Spdb RNAI oligonucleotides
ware purchasad from MWG and have the following seguenges: LV1-035 {sense olign} 8 - TGA TCG TCA TCC TGC

80 TAG ACT TCA AGA GAG TCT AGC AGS ATG ACG ATCTTT TTT C - 3 {SEQ 1Y NO:346) and LV1-036 (antisense

olige} § - TCGE AGA AMA AAG ATC GTC ATC TG CTA GAC TCT CTY GAA GTC TAG CAG GAT GACGAT CA - ¥

{SEQ 1D NO:347),

[0386] Condrol RNAI was designaed with the same oligonuclsotide sequences sxcept for the nuciaotide changes indi-

cated in lower-case lefters: 5-TGA TCo TCA TeC O Tet ACT TCAAGA GAG TgT AGC AGG ATG ACG ATC TTT TIT

CTC GA-D {SEQHID NO: 348} angd §-TCG AGA AAA AAGATC GTCATC CTG CTAGAL TCT CTT GAA GTa TAG aAG

GAT GAG GAT CA-Z. {SEQ 1D NO:348).

[0387] Prior to produging the lentivirus, DNA from pLL2.7 or candidate shRNA in plL3.7 were cotransfected with

muring Sp35s-HA tagged plasmid at a ratio of 5 o 1 info CHO cells in a S-well format. Knockdown was analyzed by

b2
o

103



DK/EP 2740744 T3

EP 2740 744 B1

western biot detection of Sp35-HA tag from transfected CHO cell lyaates as well as by northern blot of total RNA prepared
from duplicate welis. The blot was probed with & fragmend of Sp3b cDNA. Assays were performed 48 hours post-
transfection. As expecied, there was a 10-inld reduction of Sp35 mRNA in CH324 RMAlrealed CHO cells relstive o
control-ireated celis. Data not shown. RNA lentiviruses carrying green fluorescent profein {GFP) were generated as

§ described in Rubinson st &l In cullures freated with either control or Sp38 RNAL approximately 80% of the oligodendro-
cyies were GFP positive. Total cell number was not allered by the RNAI treatments. To quantify the effects of RNAion
differentiation, only GFP-expressing oligodendronyies were counled.

[02358] Enriched populations of oligodendrocyies ware grown from female Long Evans P2 rats as described by Conn,
ideth. Newrosol, 2:1-8 {Academic Press; 1980) with modifications as follows. Briefly, the forebrain was dissected and

Bes placed in Hank’s bufferad sall solution (HBSBSE; lwitrogen). The lissue was cuf infe T-rom fragrents and was inculated
at 37°C for 18 min in 0.01% bypsin and 10 pgiml DNase. Dissociated cells were plated on poly-L-ysine-coated 175
tissue culture flasks and wers grown at 37°C for 10 d in DMEM medium with 20% fetal calf serum {Invitrogen}. Ol
godendrooyte precuraors {(A2B5Y) were coliected by shaking the flask overnight at 200 rpm at 37°C, resulting in 2 85%
pure population. Cultlures were maintained in high-glucose Dulbascoo’s modified Eagle's mediom {DMEM) with FGF/PDGF

1 (10 ng/ml; Peprotech) for 1 week. Ramoval of FGFR/PDGF allowed A2R5™ calls 1o differentiate into Q4% pramyelinating
oligodendrocytes after 3-7 d, and to differentiate into O4% and MBP* maturs oligodendrocytes after 7-10G d. These
differentiation states ars readily apparent from changes in morghology: AZBS* cells are bipolar in shape, 04" premy-
elinating oligodendrooylas have longer and more branched processes and MBP* matire oligodendrooyies contain mystin
sheel atruciures behwaen Procasses.

28 [0358] A2BS oligedendrocyie precursar cells ware infecterd with the lentivinus cordaining the CH324 RNAIL The resulling
cells were cudtured for 3 days and the number of Od-positive {a marker for oligodendrocyte differentiation} cligodendra-
oytes was counted. Endogenous Sp3h expreasion was reducad by infection with Sp38 RNAI lentivirus and was confirmed
by RT-PCR. Reduction of Sp35 resulted in more highly differentiated, mature oligudendrocytes as compared with control
infected cells, as was sviderd by increases in the length of cell pronesses and by the presence of abundant myatin shest

bt structures {data not shown). In cells that expressed Sp38 RNAI there were three times as many mature (04-pasifive)
pliqudendrocyies as incontrol cultures. These data indicate that Sp3& may negatively reguiate oligodendrocyte differ-
entiation.

Dominant-negative Sp35 promotes cligodendronyie growth and diferentiation
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[0360] Lenliviralveciorsthal exprasswild-type and a dominant-nagatlive form of Sp3b were canstructed. DNA sequence
encoding mouse full length Sp356 {FL-8p35, amine acid residues 34614 of SEQ 1D NO:2) was ampiified by PCR using
primers 5 - GAG GAT CTC GAC GUG GCC GCA TGG AGA CAG ACA CAC TCC TG - 3 (SEQ D NOW3S0 and 5~
GGG GCG GAA TTG GAT CCT CAC AGA TCG TCT TCT GAG ATG AG-3' {SEQ ID NO:351) and insertad into the
HRETIRESeGFP lentiviral vector at the Notl and Bamtl sites. Similarly, DNA seguence ancoding dominant negative
Sp35 (ON-Sp35, amino acld residues 34-581 of SEQ 1D NG:Z) was amplified by PCR using primers &' - BAG GAT CTC
GAC GCG GCC GCA TGG AGA CAG ACA CGAC TCC TG - I {SEQ D NO:352) and & - GAT ACG GAT GCT CAG
COT TTE COC CGG OTC CAT AGA AAC AC -3 (SEQ 1D N(O353). The FL-8p35 and DN-Sp35 plasmids weare
transfecied info 293 celfs {o produce lentivirus as described by Rubinson ef al,, "A lentivirus-based system to functionally
48 silence genes in primary mammalian cells, stem cells and transgenic mice by RNA inferference,” Nat. Genet. 33: 401-08
{2003}, Cligodendrocyltes were infecled with lentivirus at 2 MOI per cell and confirmed expression of FL-Sp35 and BN-
Sp35 by westam biot,
[0361] DN-Sp35promoted oligodendrocyte differentiation, produsing an increase in the number of mature oligodendro-
oytes. in contrast, overexpression of full-length 8p3s (FL-Spd5) had the opposite effect and inhibited differentiation, as
4 was aviden! by 8 reduction in the number of malure oligodendrocyles as compared with the control {data nal shown).
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EXAMPLE 2

Construction and purification of Sp35&-Fo fusion protein

50

[0362] A sonstruct was made fusing the exira-celiular portion of hurman Sp3S {(residues 1-532) fo the hinge and Fe
ragian of human IgG1 to study the binlogical funclion of Sp35. A parlial coding sequence for hurman 8p35 was oblained
by PCR fram clone 227.2 using the forward primer § - CAG CAG GTC GAC GUG GCC GCA TGO TGG GGG GGG
GCG T - 3 {SEQ 1D NO354) and reverse primer 5 ~ CAG CAG BTC GAC CTC GCC CGG CTG GTT GGL CAA CCA
GOC GGG COA GGT CGA COT CHA GG - 3 (SEQ 1D NO:258).

[8363] The bluntend PCR product was subdloned into the &1 site of the PCR SCRIPT AMP vector (Siratagens) o
create PCR SCRIPT AMP-Sp35. A Saft fragment was isolated from PCR SCRIPT AMP-3p35 and subcloned into the
PCRCAMP lg vector {derdvative of Stratagene veclor PCR SCRIPT AMP). In the PCRCAMP g vector, the hinge and
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Fo gamma saquence is subcloned as a Sall(8') fo Nofl{3) fragment. The Sail Spls fragment was subclonsd into the
Safl site of the PCRCAMP lg vector thergby fusing the Sp3b signal sequence and extraceliular domain {codons 1-833)
in-frama with sequences encoding the hings and Fo region of human ig1. Correc! isolates were idantifind, and a Noft
fragment encompassing the Sp3& Fo fragment was aubclaned into the single No#t cloning site of the TRO expression
= vector, PV80 (Biogen idec). The resulting plasmid was confirrned by DNA sequencing a and designated GT123.
[6384] Stable cell lines expressing the Sp3&-Fo fusion protein were gensrated by eleciroporation of UHO host selis
D44 with plasmid GT123. Transfented CHO calls were cultured in alpha minus MEM in the presence of 10% dialyzed
serum and 4 mM glutamine o select for nucleoside-independent growth, Fourteen days post-transfection, cells were
fed fresh media. To scraen for cells expressing Spi5-Fe, THO cells were labeled with phycoerythrin {PE)-labeled goat

W anfi-human {gG {Jackson Labs) and subjecled fo high speed Bow cviomelry sorting in a8 FALS Mo-Flo {Cylomation}.
The cells that expressed the highest levels of Spl5-Fo were selented. These cells were expanded in culture for 7 days,
then re-labeled and resoried. Cells expressing the highest lovels of §p35-Fo wers isolated as Individual clones in 86-
well plates. These clones were grown for two wesks and then fad fresh madia one day prior to FACS analysis to check
for expression levels, Clones that expressad the highast levels of Sp3&-Fo ware sxpanded, and frozen cell banks were

18 astablished. The cell lines were adapted 1o grow in suspension culture in the serum-res media BCM16. The liter of
Sp35-Fe produced by these clones was delermined by growing cell lines at 37°C for 4-5 passages, hen growing the
cells i 0% maximal cell density and cutturing thern for 10418 days at 28°C undil the viable cell density drapped to 75%.
At this Hime, the cullurs media were harvested, cleared of cells and debris by centrifugation, and the cudlure supernatants
titered for Sp35-Fe levels by Western blot analysis using an anti-human g antibody {Jackson Lab) as the probe.

28 [B385] Sp35-Fo fusion profein was purified from the clarified cullure medium as follows: 8 mi of 1M HEPES pH 7.5
was added to 900 mi of conditioned medium. The medium was batch loaded for 3 br at 4°C onte 3 mi of Profein A
Sepharose {Amersham Bioscience). Tha resin was collected in a 1.5 cm (LD.} column, and washed four imes with 3
mi PBS. two tires with 4 ral of PES containing 800 mM NaQl, and then again with 3 mi of PBS. The 8p3&-F¢ was eluted
from the colurmn with 25 mM NaH POy, pH 2.8 and 100 mM NaClin 1.5 md fractions and neutralized by adding 75 plof

& G.5MNaH,PO,, pH 8.8, Peak protein-containing fractions wereg identified by absorbance at 280 nm, pooled, and subjected

to further purificalion on a 1 mL Profein A columin, Prior 1o loading, NaCl was added o 800 mM and HEPES, pH 7.5t

50 mM. The colurmr was washed twice with 600 i of 10 mM HEPES pH 7.5 aad 1 M Nall, and then with 1 mi PBS.

3p35-Fo was chided from the column with 25 mM Nab,PO,, pH 2.8 and 100 miM NaCl, coliecting 0.5 mi fractions, and

neutralized by adding 25 wl of 8.5 M NaH,PO,, pH 8.6. Paak protein-containing fractions were identified by absorbance
at 280 no and pooled. By reducing SDS-PAGE, the Spi5-Fo profein migrated as a single band (>85% pure) with an

apparent mass of 80 kDa. Under non-educing conditiuns, the profein ran as 8 dimer with an approximate mass of 180

kDa. The purified &p38-Fc protein was aligucted and stored at -70°C.
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EXAMPLE 3
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Praduction of 3p35-Specific Monoclonal Antibodies

fo366] Ani-Sp3s Antibadies thal spacifically bird an Sp35 polypeptide of the disclosurse wers made using the following
methods and procedures.
48

A Antibody Screening Assays
1. ELISA Assay

44 [O0367] Sp38-Fc (0.5 pg in 50 pl of 0.1 M sodium bicarbonale buffer, pH 8.0) was added o each well of 38-wall
MaxiSorp™ plates (Nunc™). The plates were then incubated &l 37°C for 1 howr or 4°C for 16 hours. Non-specific binding
sites on the plates were blocked using 25 mb HEPES, pH 7.4 containing 0.1 % BSA, 4.1 % ovalbumin, 8.19% (6% (wiv)
nonfat dry milk in 150mM NACE) and 0.001% azide. Dilutions of serum or hybridoma supematanis (for example, serial
threa-fold dilutions} were added across each row of the plate, and incubated at 25°C for 1 hour. After washing three

50 times with PBS, 50 pd of 3 1:10,000 divtion of horseradish peroxidase-conjugated goat anti-mouse secondary antibody
{Jackson imrunoRasearch Ine.) was addad to each well and incubalted further for 1 hour. After three washings, color
was developad by TMB {Pierce) and stopped with 2 M sulfuric acid. Color indensity was manitorad in a specirophclometer
at 480 nmy,
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2. FACS Assay

[0388] COS-7 cells or CHO cells were labeled with 0.1 pM CellTracker™ Green CMFDA (Molecular Probes, Eugene,
OR} as described by the vendor. Equal volumes of CeliTracker™ labeled control cells were mixed with washed Sp35-
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COS-7 calls or Sp3&-CHG~celis {produced by transiant transfection of Sp35 expression vector) before incubation with
ardi-SpdS {est sera or hybridoma supematants. Filty microliters of the cell mixture was dispensed inlo sach well of a 86~
well V-baotfom polysiyrene plates (Coslar® 3877, Corning, NY) and 100 pd of mouse serum, hybridoma supematant, or
a control anti-Spds antibody was added. After incubation at 4°C for 30 minutes, the cells were washed and incubated
= with 50 ul of phycoerythrin-conjugated affinity pure F{ab’), fragment goat anti-mouse 1gG Fo gamma specific second
antibody (1:200, Jackson immuncflessarch Laboratory, West Grove, PA} in PBS. Atthe end of the incubation, the cells
were washed twice with PBS and suspended in 200 i of PBS conlaining 1% felal bovine serum {FBS), and subjeciad
to FACS analyses. Alternately, Sp35-COS8-7 cells or Sp35-CHO-cells were mixed with mouse serum or hybridoma
supematant and then bealed with R-phycoerythrircconjugatsd goat antivnouse secondary antibody and divectly sub-
W jected to slandard FACS analyses.

B. Hybridoma Production of Murins Monoclonal Anti-Sp38 Antibodies

[0389] Eightwesk-old fermale RBF mice (dackson Labs, Bar Harbor, ME) ware immunized intrapasitoneally with emul
1% sion containing 80 pg Spl&-Fo {amine acids 34 to §32 of SEQ D NOZ fusad to the hinge and Fereglon of human igG1},
produced as described in Example 2 or were immunized infraparitoneally with an emulsion containing 50 pg of human
Sp35-Fe, and 50 pd compleds Freund's adjuvant (Sigma® Chemical Co., St Louis, MO} once svery two weeks. Sem
from the immunized mice wers collacted before the first immunization and 1 week after the second and thisd immuni-
zations, and anti-Sp38 antibody titers were measured by FACS assay on Sp3&-expressing COS-7 cells as desoribed
28 abova. A booster final dosa was givan after the third immunization and three days prior to when hybridoma fusions were
initiated.
[0370] Sera from mice immunized with the various Sp35 peptides were screanad by ELIBA as described above. Mice
that were positive for antibodies that specifically bound Sp35 expressing COS8-7 cells were identified by flow cytometry
{FACS} as described above, and were sacrificed. Splencovies weare isolated from the mice and fused to the FLBS]
¥ mysloma {(an APRT-derivative of g Ig-HGPRT- Balb/c mouse myeloma, maintained in DMEM containing 10% FBS,
3500 myfl. giucose, 4 mbl L-glutamine, and 20 mgiml B-azaguanine) as described in Monodonat Antibodies. Hybridoraas:
A New Dimension in Biological Analyses, ad. Kennelt, R.H., McKeam, T.4. and Bechial, K.B. New York: Plerasm Press
{1882}, Fused cells wers plated info 24- or 48-will plates (Corming Glass Waorks, Coming, NY), and fed with adenine,
aminopterin and thymidine {AAT, available from Sigma® Chemical Co., 81 Louis, MQ) containing culiure medium, AAT
resistant cultures were screened by ELISA or flow aytometry as described above for binding to sither $p35-COS-7 cells
or fo Sp3h-Fc. Positive hybradomas were furither subdloned by limiling dilulion.
[8371] Seventeen hybridoma cell lings producing monocional antibodies produced from mice immunized with Sp35-
Fo were isolaied. Properties of the hybridoma-derived monoclonal antibodies ars shown in Tables 34 and 3B.
[0372] Polynucieotides encoding the variable domaing (Vi and V) of monocional antibodias 1A7, 2F3, 3R1D10.2C3
and 3R1E11.387 were izsolated by PCR, cloned and were subjecled 1o seguencs analysis by the foliowing method. Total
RNA was extracted from hybridoma cetlls using Qiagen® RNeasy® mini kit.and cDNA was generated from the isolaisd
RNA by RT PCR, using standard conditions. A cockialf of primers were used for the RT-PCR. A prefered set of primars
included a primer with the 5 of the primer hybridizing to the signad sequesce and the 3 and of the primer hndoridizing fo
the constant domain 3 of the FR4/constant domain junction. This allows for the amplification of an intact variable domain
40 with no ambiguities about the monoclonal antibody N-ferminus and the VIC junciion. One of skill in the ant will recognize
that primer sels nead o be maodified for amplifying different templates and for diferent PUR conditions. Occasionally,
the presence of highly abundant nonproductive messages {8.4g. the COR3-FRYS frameshified nanproductive light chain
from the fusion partner) or nonspecific productive messages can be produced and complicate the cloning of variable
chains. One solulion is o use N-lerminal sequence data from the authentic purified antibody to design a degenerate
44 primer 1o enable cloning. Allernatively, one nan use “universal framework” prirmers, such as those descoribed in Griandi
et al, PNAS 86:3833 (1989}, which "fix" the N~ and C-emmini of the variable domains {ie. the Nderminus of FR1 and
the C-ferminus of FR4 are primer-determined).
[0373] Additionally, sequence data, Tor designing morg effective primers, can be obtained from the bulk RT-PCUR
products which have been gel purified and then sequenced. The PCR product can also be seboloned uaing, for example,
5¢  the TOPO Cloning Kit {Invitrogen} then sequence. Sequence data is then obtained from multiple independent subclones
or gel purified fragments to finnly sstablish the consensus sequence.,
[G374] The sequence of the light chain of the P1E11.3BY was determined by using a cocktail of 5 murine kappa light
chain signal sequence primers: i) 5 GGG GAT ATC CAD CAT GGA TTT TCA GGT GCA GAT TTT CAG 37 (SEQ D
NC:358), (i) 5 GGG GAT ATC CAC CAT GRA GTC ACAKAC YCA GGT CTT YRT A 3 (SEQ ID NO35T, (i) 5 GGG
GAT ATC CAC CAT GAA GTT 3C1 TGT TAG GCT GTT G ¥ {SEQ I NO:338}, and {iv) 5 (3G GAT ATC CAC CAT
GAG GKC CCC WGC TCA GYT YCT KGG A 37 (SEQ 1D NO:358), with a single 3" murine kappa constant domain
primar & GCG TCT AGA ACT GGA TGG TGG GAG ATG GA 37 {8EQ D NO4), whare K=G/T, R=A/G, W=A/T and
Y=CIT, The resulting POR product was subcioned and multiple independent subclones were sequenced, The deduced
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CONSensus sequence was consistent with the Edman degradation sequencing data. Ssquencing indicated that the

degenerate signal sequence 5 primer 5 GGG GAT ATC CAC CAT GRA GTC ACAKACYCA GBTCTT YRT A 3'{SEQ

3 NO-357) was the ona that had viekded the 3P1E11.3B7 light chain variable domsin durdng the ampification.

[0375] The3P1E11.387 heavychain sequence was determined using a cockiall of murine heavy chain signal sequence
5 5 PCR primers: (i} 5 GGG GAT ATC CAL CAT GGR ATG SAG CTG KGT MAT SCT CTT 3, (SEQHD NO380) (i) 5

GG GAT ATC CAC CAT GRA CTT CGG GYT GAG CTK GGT TTT 3 (SEQ 1D NO:381), and (i} 5 GG GAT ATC

CAC CAT QGRC TGT OTT GGG GCT GCT CTT T 3" (SEQ 1D NO:36Z), with a degenerate murine 1gG CHY constant

domain 3’ primer 5 AGG TCT AGA AYC TCC ACA CAL AGG RRU CAG TGG ATA GAC 3 {SEQ 1D NO:383}, where

K=GIT, M= AC, R=A/G, and Y=C/T, PCR using this cockiall of primers, with 8 variety of different cycling condditions,
Rt failed {0 vield a heavy chain vadable domain sequence in which the deduced N-ferminus was consistend with that

determined by Edman degradation sequence of the purified 3PIE11.387 antibody. We therefore used heavy chain

universal primers; FR1 § AGG TEM ARC TGO AGS AGT CWG G 37 (SEQ 1D NG:364) and FR4 5 TGA GGA GAC

GGT GAC CGT GGT CCC TTEG GCC CCA G 37 (SEQ 1D N(O:385), where M= A/C, R=AIG, S=CIG, and W=A/T. This

set vielded 8 murine heavy chain varable domain whose deduced sequence was consisient with the empirical
1§ PTEN.IBY data.

[0378] In order to varify that the heavy chain variable domain N- ang CHermint were authentic and not primer-defer-

mined, another PCR reaclion was pedormed with a degensrate signal saguence primer § ATG GAR TGY AAY TGG

ATHCTN CCN TTY A 3 (SEQ D NO:366) and the aforementioned consiant domain 37 primmer 5 AGG TCT AGA AYC

TCC ACA CAC AGG RRC CAG TGG ATA GAC 3 {SEQ D NOAsT, where H=A/CTT, N=AICIGHT, R=NG, and Y=U/T.
28 The design of the degenerale signal sequence prirer was based upon signal sequernces of the best hits derved fom

a TFASTA search of the Genbank rodent sequence database queried with the 3P1E11.3B7 consensus deduced FR1

sequence romthe PCR reaction with the "universal primer” describad above, This PUR vieldad a product with a complete

muring heavy chain variable domadn.

[0377] The cornplete 3P1E11 387 murine vardable domains were used {with silent mulagenesis as necessary o
¥ indroduce restricion sites) in conjunction with human 1gG1 and kepps constant domain cBNAs to construct chimeric
heavy and light chain ¢cNAg, respectively. The full-length romuncoglobulin cDNAs were subclonad inlo an expression
vector called pNEGOT, a derivative of the commercial EBV manmalian cell episomal expression vector pCEP4. The
heavy and light chain expression vectors {called pXW372 and pXW363, respeclively) were co-fransfeated into 283-
EBNA cells. Western biot analysis {probed with human 1gG-specific reagents} of conditioned medium from fransiently
transfected cells confirmed the expression of chimeric 3P1E11.387-hulgG1, kappa mAb, The resuiting 3P1E11.3B7 VH
angd VL polypeptide sequences are shown inTables § and 8 and are SEQHD NOs: 173 and 208, respestively. The heavy
and light chain segquances forthe 1A7, 2F3, and 3P1D10.2C3 monaoclonal antibodiss were determined by similar methods,
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C. Identification of Anti-Sp35 Monocional Antibodies by Phage Display
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[0378] Anti-Sp35 monoclonat antihody Fab fragments were identified and isolalsd from phage display libraries as
described in Hoet &t al., Nal. Biotech. 23:344-348 {2005); Rauchenberger, et al,, J. Biol. Chem. 278 184-205 (2003);
ang Knappik, sf al, J. Mol Bind. 286:57-86 {2000}
[0379] The MorphoSys Fab-phage display library HuCALE GOLD {"Phage Display Library-2" in Table 38), which
40 comprises humanized synthetdic antibody varable regions was screened against recombinant human soluble Spas-Fe
protein by standarg ELISA AND HC screening methods. Bee, e.g., Qstendorp, R., Frisch, C. and Urban M, "Gereration,
enginesring and production of human antibodies using HuCAL@" Antibodies, Volume 2 Novel Techadlogiss and Ther-
apautic Use. New York: Kluwer Academic/Plenum 13-52 {2004). Fab-phages that specifically bound to Sp35 were
purified and characterized. Properting of these phage display-derived monocional antihady Fab fagments are shown
44 in Table 3B as "phage display library-2-derived monoclonal Fab fragments.” Isolsted Fab-phage 1958 was saleclad for
further analysis.

EXAMPLE 4
¢ immunoprecipitation of Sp35 by Anti- Sp3S5 Monoclonal Antibodies

[G380] To perform the immunoprecipitation, COS-1 cells exprassing Sp35, fusad to a hemaglulinin {HA} tag on the N-
terminus, were produced by transiently transfecling COS-1 calls with a DNA construct which exprasses the full-langth
Sp35 protein with an HA tag. Cells were harvested 48 v after transfection and were lysed in 1 mi lysis buffer {(§0mM
HEPES, pH 7.5, 150mM NaCl, 1.5mM MgCl,, 1mM EGTA, 1% Triton X-100 and 10% glycerol} for 30 min at 4°C. Aftar
pcentrifugation at 14,000xg for 15 min, the supernalants were incubated with ProteinA/G-Sepharoese beads {Sanla Cruz)
at4°C for 1 hr, and then incubated at 4°C for 1 hr with githar the 147 or the 2F3 anti-Sp35 murine monoaclonal antihodias.
The beads were washed 3 times with lysis bustfer, boiled in Laemmii sample buffer, subjected 1o 4-20% SDE-PAGE, and
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analyzed by Western blotling using an andibody which recognizes the HA tag. As shown on the SDS-PAGE gel, mono-
clonal antibodies TAY and 2F3, immunoprecipiiated human and munne Sp38 (Fig. 1) As shown in Fig. 1, monocional
ardibody 2F3 strangly irnrousapracipiiatad both huroan and morine Sp35, while monoclonal antibody 1A7, which strongly
immunoprecipitated human Sp35, only recognized murine Bpds profein weakly. Similarly, monoclonal antibodies 1G7,

& 2810, 2F3, 3P4C2.2D02, 3P4CH.26G8, LD, Li03, L1086, LGB, Lin7, Lios, Litt, L2, 7P1D5.1G9 and 3B5.2 immurapre-
cipitate human of mouse or human and mouse Sp35 {Sse Table 38 and 3C}. Additionally, L8 immunoprecipitates AP-
Sp3s5 and monocional antibodies 1B8.4 and 3E3.1 immunopracipiiate endogenous Sp38 {See Table 3B).

EXAMPLE 5
Anti-8p35 Antibody Binding Speaifically to Spa5 determinad by ELUISA

[0381] in order fo determine which regions of the Sp35 polypeptide ware bound by the various hybridoms- and phage
display-derived monockonal antibodies produesd in Example 2, an ELISA assay was performed using a panel of truncated
18 Sp35 polypeptides, each fused to the hinge and Fe regions of IgG1 by the methods described in Example 1. The panel
consisied of the following Sp3a fragmenis: amino aclds 34425 of SEQ D NG:2, amino acids 417-532 of SEQ 1D NO2,
arning acids 417-493 of SEQH D NO:2, and amino acids 34-532 of SECH D NO:2. Ovalbumin and BSA were used as
confrols. Ag shown in Table 38, hybridoma-derived mAbs 2F3, 2810, 3A3, 3P4nZ 2d2, and 3P4c8.2g9, and Fab-phage
derived mAbs 3383, 3563, 35684, 3565, 3568, 3569, 3570, and 3582 all specifically bound to the 1417 and 1-534 Sp3s
28 fragroents, suggesting that these andibodies bind to apiopes in the LRR region of Sp38. Hybridoma-derived Mabs 1A7,
APIB1IFG, 3P1D10.203, IP1IETL3BY, IPZCE3G10.2HT7, ZR209.2034, 3P4AB108, and 38405108, and Fab-phage-
derived Mabs 3485, 3566, 3587, and 19688 speacifically bound to the 34-8532 Spab fragment and weakly bound 1o the
417-532 Sp3b, suggesting thaf these antibodies likely bind to epitopes which at least include & portion of Sp35 Cterminal
1o the LRR region. In similar experimeants, thess {atier antibodies also specifically bound an Sp38 polvpeptide congisting
& of amino acids 34-534 of human Spas and low affinily o mouse and rat Sp33. The affinity of these latter antibodies for
mpuse and rat Sp35 was restored o the level seen using hurman Sp3s when amino acid 419 of the mouse or rat Spi3b
is changed from histidineg {H} fo arginine (R}, Arginine is the amino acid at position 318 in human Sp85. The Ky for
monacional antibody 1AT was determined to be 10nM {1 x 1080} for binding human Sp35 and 20uM (2 x 105 M) for
hinding murine Sp35. For Ap-Sp35 ELISA o detect the aniibadies bound o the 417 to 332 region, the ELISA was
performed as follows: The Mabs were coated onto ELISA plates, then incubated either with an Sp35-AP fusion protein
at 4°C cvamight foliowed by APdinked anti-human (H+L) {1:5.000, Jackson ImmunoResearch) st RT for 1 he, or with
AP-fusion proteins at 4°C overnight. AP substrate was then developed by 10 mg/mi 4NPP in 0.1 M Glycine, 1 mbd MgCl,,
1 mbt ZnCly, pH 10.5, and read a1 0.0, 405,
[0382] in similar experiments, monoclonal antibodies 3RS5.2 and 7P105.138, as well as the Fab fragment of the
7R105.1G9 anlibody ware tested in ELISA assays for their ability i bind human Sp35, the entire LRR region of Sp38,
the Ig region of Sp35 and murine Sp35. As shown in Table 3C, 385.2, 7P1DS5. 1G9 and the 7TP1D5.1GE Fab fragmaent
bound humarn and murine 8p3§. The 385.2 and 7P1D6.1G8 monodional antihodies aiso bound the LRR reglon of Sp3s.
See Table 30,
[9383] In an SpdS binding assay with 3B5.5 monocional fixed to the boltom of a tissue cuiture well, the following
48 antibodies did not block 3B5.2 binding of Sp35&; Li03, Li0&, Li0B, LiD11 and the Fab fragment of LI13.
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EXAMPLE 6
Anti-Bp35 Antihody binding Specifically to Sp35s determined by FACS

[0384] To further characterize the binding properties of hybridoma-derived ani-Sp35 mAbs 1AT and 2F3 produced
as described in Example 3, binding to both fixed and live COS-7 or 293 nelis exprassing mouse of human Sp35 was
compared. Sp3& fransfected and non-ransfected cells were fixed and subject o FACE analysis (FACS: Cells transfecied
with human or mouse Sp38 or vector contral ware dissociated from culture plates, washed with 2% FBSHPBS, and
50 incubated with primary antibody at 1 pg/mi on ice for 1 hr. The cells were washed 3 fimes with 2% FBS/PRS, then
incubated with PE labeled secondary antibody (1108, JacksonimmunoResearchy on ice for 30 min. After 2 washes with
2% FBS/PBS, cells were fixed in 2% PFA and subjected to FACS anslysis by PE.} FAUS resull showed that MAbs TAY
and 2F3 bound to COS-7 or 283 cefls expressing Spa5, but not bind to contral cells with no Sp3% exprassion (Fig 2},
[O385] in similar exporiments, CHO cells stably transfooted with Sp35 were used in FACS analysis 1o further charac-
terize the binding proparties of 3B5.2 angd 7R1D8.1GY. As shown in FIG. 11, 3B5.2 and 7P1D5.1G8 bound fo Sp3s an
transfectad CHO ceils, Speaifically, the 385.2 and 7P1D8.1GY antibodies were testad for their ability o bind CHO vells
transfectad with, and expressing, human or muring Sp35. As shown in FIG, 11, the number of pells the 3B5.2 and
TP105.15G8 antibodies bound, as measured by the mean fluorescence (MCF), increased with the concentration of
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anibody used. Additionally, the 3B5.2 antibody hound more cells as measured by the mean Hluorescence {MCF) than
TRP1D5.1G%.

EXAMPLE 7
Neurite Quigrowth Assay

[0386] Totest the ability of the hybridoma-derived and Fab-phage-derived monocional antibodies produced above o
raverse the inhibitory effect of ONS myelin inhibitars, e.g., OMap, on nsurons, Lab-Tek® culture slides {4 wells) were
W coated with §.1mgfm pady-D-lysine (Sigma®). Ap-OMagp {1ugfspot} or PBS was spolied as 3 pl drops. Lab-Tek® slides
were then finsed and coated with 10 pofmd laminin{Gibeo ™). Dorsal root ganglions (ORG's) from PB-T Sprague Dawley
rat pups were dissociated with 1 mg/mi collagenase type 1 (Worthington), triturated with fre-polished Pastewr pipeltes
pre-plated to anvich in neuronal cells and finally plated at 10,000 celisfwell on the pre-coated Lab-Tek® culture slides.
Tern g/t of mAb TA7 or 2F3 were sdded immediately after plading of the DRGs, The cullurs medium was F12 {availahle
% from Gibecoftnvilrogen) contalning 5% heat inactivated donor horse serum, 5% heat inactivated fetal boving serum and
50 ngfmi mouse nerve growth factor {mNGF) and incubated at 37°C and 5% GO, for § haurs. Following incubation, the
slides were fixed in 4% paraformaldebydn/20% sucross and siained with anti-fii-tubutin TUJ T antibody {Covanne) after
16 hours.
[O387] As secondary antibody anti-mouse Alexa-~ Fluor® 534 (Molecular Probes) diluted 1.300 was added to the slides
28 and incubated for 2 hours at room femperatre. The slides were coverslippred with GelfMount™ (Biameda ™). 5x digital
images were acguired with Openl.ab™ sofbware (Improvision, Inc., Lexington, MA), and the images were analyzed for
guantification of neurite cuigrowth using the OPENLAB™ software, all accarding to manufacturer's specified parameters.
[0388] Both MAbs 1A7 and 2F3 protecied DRG neurons from OMgp-mediated inhibitiort of neurite sutgrowth. (Fig 3}
3B5.2 also prodecied DRG naurons from OMgp-mediated inhibilion of newite oulgrowth {data not shown).

EXAMPLE 8

Monaclonal antibody 1A promotes functional recovery in the rat Spinal Cord Injury modsd

Tz
%

[0389] Spinal cord injury ("SCIMY was induced by dorsal over-hemi-section as follows, modified from methods described
previousty {LI, S. stal d. Neurascl. 24, 10511105620 {2004)). Anesthelized female Lang Evans rats {7 weeks olid, Charles
Rivar} were given pra-operalive analgesia (Buprencrphine/Buprenex, 0.05mgkyg s.o.) and tranguillized {Midazolam,
2.5myfkg Lp.) and a dorsal hemib-section was performed at thoracie vertebrs 677 completely inderrupting the main dor
somaedial and the dorsolatenal corticospinal tract {(CST). The dorsal and dorso-lateral cormponents of the corticospinat
fract (C8T) were complelaly interrupled and the vaatral portion of the CST lell intact. The ventrat tissue britige remaining
aftsr hemi-section constituted approximately 20% of the cord in both reatment groups (data not shows}.
[0380] Hindlimb funclion was quaniified using the Basso-Beatlie-Bresnahan {BEB) open field souting method (Eby,
i4.7. et al, J. Biol. Chem. 275, 15336-18342 {2000}} and all animals sustainad marked funclional deficits after SCI, with
almost complete hindlimb paralyals the day sfter surgery. Immediately alter CST transestion, an intrathecal catheter
40 was inserled info the subarachnoid space 8177 and connected o a primed mini-osmotic pump {Alzel model 2004, Alza
Carp} inserted info the subcutanecus space. Mini-osoolic pumps delivered Human IgG isolype controd protem {Smgimd)
or manocional antibody 1AT (4. 8mgfml), continuously at a rate of 0.25u0h over & weeks. Contral (Human IgG-treated)
animals recovered substantial function over the 5 week duration of the sxperiment, but plateaued 81 3-4 weeks, ultimately
altaining a mean BBB score of 8 = 045 (Fig. 7). In contras, continuous intrathecal infusion of 1AT for 5 weeks after
4 gpinalcord transechion resulted in significantly improved BBB scores over the condrolanimals by 8 weeks with a continued
improvement in funclion in the 2-5 week timeframe, reaching a mean BBB score of 11.1 = 0.7 (Fig. 4). Thess resulls
demonsirate that reatment with anti-Sp35 monosional antibody 1AT promoted recovery of function alter spinal cord
imury as demonstrated by an increase in BEB score, axon regeneration and less axon retraction observed by immuno-
histochemical staining of the axons. Antibody 385.2 also promoted recovery affer spinal cord infry {data not showrs).
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EXAMPLE D

Anti-Sp35 antibodies 1AT7, 2F3, 3P1D10.203, 3P1E11.387, 6P4F4.103, 6P4F4 1F8, 7P1DE.1GS, Li0s, Li0s, LR, Li1g,
Liz8, Li33, D05, DOB and 3B5.2 promote myslination in witro
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[0381] The role of anii-Sp38 antibodies 1A7 and 2F3 in myelination was investigalad in vitra by treating co-oullures
of dorsal root ganglion (DRG) neurons and oligodendrocytes with anti-Spa8 anfibodies 1A7 and 2F3 and testing for
myelinalion by immunohistochemistry and Western blolting. For these studies, i was necessary o first generate primary
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cultures of DRG neurons and of oligodendrocyies.

[0382] Femals Long Evans rat E14-E17 embryonic dorsal root ganglis were cultured as desoribed by Plard el al., J.
Newurescl. Z2:8083-81 (2002}, Dissecled DRGs were plated an poly-L-lysine-coated cover sips {100 pofnd} for 2 weeks.
The cells were incubsated in the presence of fluorodeoxyuriding for days 2-8 and in NLA medium cordaining 1 x B27,

§ 100 ngfmi NGF (Gibco) for days 811,

[3383] Female Long Evans pustnatal day 2 (P2) rat oligodendronyies were culturad as described by Conn, Meth,
Meurosal. 2:1-4 {Academic Press; 1980} with modifications as follows. Briefly, the forebrain was extimated from P2 rals
and placed in cold HBSS madium {Giboo). The tissue ragments were cut into 1 mim pietes and incubated at 37°C for
15 min in 0.01% trypsin and 10 pg/mt DNase. Bissociated calls were plated on a poly-L-ysine coaled T75 lissue culture

W flasks and grown in DMEM with 20% felal bovine serum at 37°C for 10 days. AZBB-positive oligodendrocyiss weea
collected by shaking the flasks overnight at 200 rpm at 37°C. The A285 oligodendronyies were cultured for 7 days In
DMEM (Giboo) containing 25 mM D-glucose, 4 mb L-ghutaming, 1 mM sodium pyravate, 50 pg/ml human ape-transferrin,
5 pgfmid bovine pancreatic insulin, 30 nM sodium selenate, 10 nhM hydrocortisone, 10 nM D-hiotin, 1 mgimi BSA, 1Ong/mi
FGF and PLRGF (Peprolech), The cells were then harvested by trypsinization. The cells then co-cultured with the DRG

18 newrons in the presence or absence of 1, 3, 10, or 30 pg/mi of antl Sp3s monoclonal antibodies 1AT or 2F3, or a negative
control antibody in NLA medium containing 2% fetal bovine serum, 50 pgfmi ascorbic acid, 130 ngfmi NGF (Gibeo). An
effective antibody dose to administer in such an assay has been delerminad {o be inthe range of Q. pgimi to 10 pafmd,
depending upon the antibody. One of skif! in the arhwould be sble to determine an effective dose using assays desaribed
herein,

28 [0384] The culiure medium was changed and the various monocional anthodies were replenished every three days.
After 30 days at 37°C, the co-culiured cells were stained by immunohistochemical staining ("IHC") for neurcfilaments
with anti-pii-tubulin antibody to identify axons, or anti-MBP antibody to identify oligodendrooytes (Fig. 4A-E). Co-cultured
cells were also lysed and subjecied to Weslem biot analysis to quantify the MBPR {Fig. 4G). Based on IHC and Westem
blat analyses, co-ouliured calls freaiad with anti-Sp35 antibodies 1A7 and 2F3 showed increased survival of ofigndendro-

& cyte and neurons, increased numbers of bundled axens and increased numbers of MBF positive cells (Fig. 4F, 10-fold

more MBP-positive celis when compared fo conbrol-antibody treated co-cullures.

[0385] In a similar experimend, oligodendrocyte and DRG co-cultures were incubated in the presence or absence of

anti-Sp38 antibodies LIS and LIDG, or a nepative sontrol antibody. Co-cultured pells were lysed and subjecied 1o Western

hiot analysis o quantify the MBP {Fig. 8). Based on Westem biot analyses, co-culiured cells treated with anti-Sp35

anfibodies Li05 and Li08 showed increased numbers of MBP positive cells, similar to co-cultured cells treated with 3,

10 and 30 pg of Sp35-Fo (LINGO-1-Fc}.

[0386] in similar experiments oligadendrocyte and DRE co-culiures were incubated in the presence or absence of

anth-Sp38 antibodies 385.2, IP1D10.2C3, 3P1E11.2B7, 6P4F4 103, 6P4F4 172, TP1D5S1GE, LIoB, L3, LiZ8, and Li33

and also promoted myalination. Similiadly, full-langih antibodies DOS and D08 also promoted myalination. The lowest
effective dose of the 3B5.2 and 7P1D5.1G8 antibody needed o promnts myelinalion o the DRG co-cullure experiment
was 0.1 wgiml,

[0387] Addifionally, the 7TP1D6.1GY Fab fragment was tested in a similar in vitre myslination assay. The TP1D35.1G8

Fab ragment promaoled myelination at a concentration of 1.0 pgiml

[0388] These results indicated that treatment of DRG-cligodendrotyte coculiures with anti-8pa3 antibodies 1A7, 2F3,

40 3P1D10.203, 3PET.3B7, 6P4F4.1D3, 6P4F4 RS, 7P1DS. 168, LIS, LI0B, Liag, Lit3, Li2g, Li33, DS, DB and 38B5.2
promoted mature oligedendrocyle axon interactions and myedination conpared io contral-andibody treated co-culturss.
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EXAMPLE 10
46 Anti-Sp3s antibodies and Fab fragments promaole oligedendrocyle survival and myslination in viva

[0389] Adult wild-type O57B1/6 male mice were fed cuprizone {0.2% milled with ground mouse ohow by weight) for

& weeks to induce demyslination within the corpus callosum ascording (o the mathod described by Morsll P et al., Mol

Call Neurosal. 12:220-7 {1998). Brefly, anti-Sp35 monocional anttbody 1AT was stereotactically injected into the demy-
56 elinating corpus callosum al weeks 2, 2.5, and 3 weeks of cuprizone feeding, by the method desaribed below. Control
mice were sterectactivally injectad at the sama indervals with sterilized media containing control antibody. After the 6
weeks of cuprizane feeding was completad, the mice were returned n a normal died for 2, 4 and 8 weeks (ground mouse
chow only} o allow remyelination.
[0400] The 1A7 and control monocional antibodies were delivered as follows. The cuprizona-freated mice wereg an-
psthatizad with ketamine (80 mgfkg body weight) and xylazine {10 mgikg body weight) and positionesd in an inwnohsifization
apparatus designed for stereotantic surgery {Bavid Kopf Instraments}. The scalp was opened and the sterife compounds
injected {1 uM in 1 mi of HBSS) unilateraily info the anutely demyelinated corpus callosum of the wild-type recipient
mice with a 18 pl Hamilton syringe using stereciaciic conrdinates of 0.7 mm postedor and 0.3 mm lateral to bregma at
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a depth of 1.7 mm {(Messter et al., Pharmacol. Biochem. Behav, 63 313-18 (1888}, Additional control recipient mice
werg sterectactically injected with HBSS cordaining no compounds. The operdng in the skudl was Blled with Gelfoam,
angd the area was swabbed with penicilin and slreplomynin {Gibeo) and the wound was sulured. Mice were saorificed
every waek of the experimant after injection and their brains removed and processed for molecular, bicchemical and
histological analysis.

[0481] The animals receiving aoti-Sp3s antibody AT treatment showed increased mature oligodendrocyte survival
{basad on CC1 antibody slaining, Fig. 5A) and axon myelinalion by IHC using anii-MBP prolein antibody or luxol fast
biue {Fig. 58). CC1 antibndy-positive cligedendrocytes were quantitated at four weeks and 8 weeks (Fig. 8C). These
rasulis indicated that anti-Sp35 antibody 147 reaiment proamoied mature oligodendrocyls survival and son myelination
W comparad to control-antibody Ireated mice. Similarly, animals receiving the 1AT antibody or 1 pgfmi of the TP15 38

Fab fragment in a lysolecithin model of demyslination also promoted axon rvelination cornpared to controf animats,

<

EXAMPLE 1
18 Anti-Sp35 antibody 1A promotes retinal ganglion cell {RGC) survival in the oplic nerve transaction model

[0402] Ani-Sp35 antibody 1A7 was tesied in an optic nerve iransection model, which investigates factors that affect
netroral funclion. Young adult famale Spragus Dawley (8D} rats were used In this study. The right optic nerve of each
animal was ransected infraorbitally 1.5 mm from the oplic disc. A piese of gelfoam soaked with 6% Fluoro-Gold {FG)
28 was applied 1o the newly transecied site right behind the oplic disc o iabed the surviving retinat ganglion cefls (RGCs).
The animals were divided into three groups {n=8 in each group) which received sither anti-8p35 antibody 1AY, control
anfibady, or just FBS, by intravitreal injection. The volume of each intravitreal injection was 4 uf while the dosage of
each injection was 2 pg. The intravitreal injections were performed immediately after the optic nerve transection.
[0403] Al animals were allowed 1o survive for 1 week. Two days before sacrificing the animals, the lelt oplic nerve of
24 gach animal was iransected and 8% FG was administered as desoribed above o label the surviving RGCs, {o serve as
the internal condrol. Animals were sacrificed with an overdose of Nembudal and the relinss dissecied in 4% parafonnsl-
dehyde. Four radial cuts were made to divide the retinas inlo four quadrants (supernios, inferior, nasal and termporal). The
retinas were then post-fixed in the same fixative for 1 howr before they were flatvmounted with the mounting medium
{Bako). The slides were examined under a fluorescence microscope gsing an ulirawviclet filter {excitalion wavalength =
330-380 nm). Labeled RGCs were counted along the median line of each quadrants starting from the optic disc o the
perpheral border of the relina at 800 wm intervals, under an eyepiece grid of 200 X 200 wm®. The percentage of surviving
RGCs resulting from each ireatment was expressad by comparing the number of surviving RGCs in the injured ayes
with thelr contra-lateral eyes. All data were exprossed as mean & SEM, Statistical significanse was evaluated by one
way ANOVA, followed by a Tukey-Kramer post hor test, Differences ware considerad significant for p<0.05. Anti-Spi5s
antibody 1AT treated animals showed raore neuranal survival (80%) when compared o contral-antibody or P8BS treated
animatls, which each only showsd approximately 50% neuronal survival {Fig 6).
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EXAMPLE 12
48 Testing Ant-8p35 antibodies for remyelination in the optic nerve crush model

[0404] The right optic nerve receives complete crush by #5 forceps for 10 secands around 1.5 mm behingd the eyehall
intraorbitally just before administration of 2 ul of monoclonal antibody 1A7, 2F3, LIO5 and Li08 in 2mi by intravitreal
injection.

44 [0485] The animals receive a second intravilreal infection of the same treatment one week after the surgery. Two
waeks after the surgery, the animals are perfused with EM fixatives, postfixed and processed for semithin and ulirathin
sections. The longitudinal oplic nerve sentions are stained and prepared for myelin observation. The myelination of the
proximal and the distal parts of the crushed oplic nerve are compared among different realment groups. Spdb-Fo and
1AT, 2F3, LIOB and Li0G treated animals, as well as approprigte controls, will be analyzed for remyslination in the diatal

50 part of the optic nerve compared 0 the conirols.

EXAMPLE 13

Testing Anti-3p35 antibodiss for axon regeneration in the optic nerve crush model
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[0406] The rght optic nerve was crushed by #5 forceps for 10 seconds around 1.5-2 mm behind the eyeball intraorbitally
just before admindatration of 2 pg of monaclonal antibody 1A7 In PBS via intraviireal injection. 4 rats were tested with
the 1AT antibody and 8 rats were used as control animals, The animals received a second intravireal injection of the
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same treatment one week after the surgery. Three days prior to sacrifice of the test animals (day 11 of the experiment),
2 mi of CTB-FITC was injected miravitreadly to label, anterograde, the regenerative oplic nerve axons. On the 14th day
past sugery, the animals were padused and posifixed. The crushed optic nerve was processed for frozen longifudioal
sections. The CTR-FITC labeled axons, which cross the lesion siie were counded as regenerative fibers at vanous
distances beyond the orush site. When 147 was injected into the eye, regeneration of axons was chserved up to 250
paty beyond the crush site. Ses Fig. 10

<

EXAMPLE 14
W Apti-Sp38 antibodies promote remyslination and repair in the oplic nerve using the MOG induced EAE rat model.

[0407] Forthese sxpariments, the Myslin Oligodendrocyte Glycoprotein (MOG) induced Experimental Autolmivune
Encephalomyelitts (EAE) rat model was used. This s the animal model for human multiple sclerosis. 50 pl of 200 ng
pomplele Freund's adjuvant {Chondrex Inc.) plus 50 ul of 50 ng MOG in saline was emulsified {1:1) and kept on ke
18 hefore baing injected infradermally at the base of the tail for sach animal. Female hrown Norway rats, 8-10 weeks old,
were used for all experimants. General observalion in the arl indicates that the EAE model is induced around 15 days
after MO injection. Rats are scored for clinical signs of EAE. The signs are scored as foliows: grada 0.5, distal paresis
of the tail; grade 1, complete tall paralysis; grade 1.5, paresis of the tail and mild kind leg paresis; grade 2.0, unilateral
savere hind leg paresia; grade 2.5, bilateral severe hind limb paresis; grade 3.0, complete bilateral hind imb paralysis;
28 pgrade 3.5, compleie bilateral hing fimb paralysis and parssis of ane front imb; grade complele paralysis {tstraplegial,
moribund siate, or death. The animals receive traatment once the EAE model is induned.
[0408] 2Zpgfil of an anti-Sp3s antibody {(1A7) was injected intravitreally at day 15 upon MOG-EAE induction. Zpg/ful
ofthe anti-Sp35 antibody, 1AT, was injecied iwo additionat imes atday 22 and day 28. Upon termination of the experiment,
the animals were pedused with 4% PFA. The oplic nerves were post fixed in 1% Os0y, dehydeated and embedded in
2% Epon. Semithin sections (1pM) wers cut and stained with Toluidine blue for evaluation of myslination. The optic nerves
of treated animals were compared o untreated animals for axon regeneration and remyelination in the oplic nerve. All
procedures weare perfonned following 2 profocal approved by institutional animal care and use cammittes (IACUCY
[0409]  Animals receiving reatment with the anti-Sp35 antibody 1AT showed remyadination and repair ofthe opticnerve
as compared {0 normal oplic nerves or animals which were subjected to MOG-induced EAE, bul received no treatment
{Fig. 31 In Fig. 9C, the arrows point to myelinated axons. Animals receiving an antibody which recognizes domain i of
Protein (3 from Streplococous (MOPTZ1), not specific for 8038, showed no signs of remylination or repair of the oplic
nerve as comparad to notmal optic nerves or the oplic nerves of untreated animals {data not shown}. The S5p35 antagonist
antibody 1AT promoted remyelination and repalr of optic nerves in a rat MOG-intduced EAE opiic neuritis mods! {Fig. 9.
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EXAMPLE 15
Testing Arti-Sp35 antibodias for promotion of CNS remyelination using MOG indused EAE mouss mods!

[0410] EAE is induced in the 12088 mixed sitrain of mice by intradermal immunization {day O} with 100 pg MOGT-125
48 protein emulsified with complete Freund's adjuvant {CFA), The injected volume is 100 pd per mouse and is distributed
over 3 sites {pinnas, back and skin). The amulsion is preparad on the basis of & 1:1 volume ratio and condaing 1 mgimi
MOG1-125 and 2 mgimt M. fubereufosis (strain H37Ra, Chondrex). Perlussis toxin (200 ngfmouse) is administered intra-
peritoneally at the ime of immunization and 2 days thereafter. Body waight and clinical EAE scores {0 = no olinical signs;
1= limp {ad; 2 = bind imb weakness, impaired righting reflex or waddisd gait; 3 = complate hingd iimb paralysis or absent
46 righting reflex; 4 = complete hind limb paralysis with some degree of fore Bimb involvemend; § = animal fully paralyzed;
& = maribund or dead) are recorded daily. All procedures are performed following a protocol, approved by our institutional
animal care and use committee JACUC), The animals receive the treabment with 1A7, 2F3, LiDS and Li0& monaclonal
anitbodies or control antibody at day 0 of the study. Blood samples are taken at various times throughout the experiments
by retro-orbifal bleeding technigue. Plasma is saparated from PBMC by centrifugation and cell phenotyping performed
50 by FACS staining. Profiling of the humoral anti-MOG antibody response is performed by ELISA using subclass-fisolype-
specific maAbs {(Pharmingen). Al the end of each sxperiment, brain. spinal cord. optic nerves and scialic nerves are
harvested following perfusion.
[0411] This same protocol is used to induce the EAE in Sp385 knockout mice and itter mates. Spa8 knockeut mics
typically show lower EAE scors {1.8), and no relapse compared 1o control {over a 45 day period), then wild type lifter
mates (EAE score 3.5).
[0412] Sp356-Foand 1A7, 2F3 treated animals will be analyzed for remyelination comparing fo the conirol.
[0413] The Hia-tagged MOG 4 o5 protein was exprassed in Plohfa pasforis using a Doxyoycline indusible TetO-AOX
promoter (M. Levesque, D, Krushinskis and K. Strauch, manuscripd in preparation}. The extraceliular coding sequence
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