
SP35 ANTIBODIES AND USES THEREOF BACKGROUND OF THE
INVENTION Field of the Invention [0001] This invention
relates to neurology, neurobiology and molecular
biology. More particularly, this invention relates to
molecules and methods for treatment of neurological
diseases, disorders and injuries such as spinal cord
injury. Background of the Invention [0002] Axons and
dendrites extend from neurons. The distal tip of an
extending axon or neurite includes a specialized
region, known as the growth cone. Growth cones sense
the local environment and guide axonal growth toward a
neuron's target cell. Growth cones respond to
environmental cues, for example, surface adhesiveness,
growth factors, neurotransmitters and electric fields.
The growth cones generally advance at a rate of one to
two millimeters per day. The growth cone explores the
area ahead of it and on either side, by means of
elongations classified as lamellipodia and f lopodia.
When an elongation contacts an unfavorable surface, it
withdraws. When an elongation contacts a favorable
growth surface, it continues to extend and guides the
growth cone in that direction. When the growth cone
reaches an appropriate target cell a synaptic
connection is created. [0003] Nerve cell function is
influenced by contact between neurons and other cells
in their immediate environment (Rutishauser, et al,
1988, Physiol. Rev. 68:819). These cells include
specialized glial cells, oligodendrocytes in the
central nervous system (CNS), and Schwann cells in the
peripheral nervous system (PNS), which sheathe the
neuronal axon with myelin (Lemke, 1992, in An
Introduction to Molecular Neurobiology, Z. Hall, Ed.,
p. 281, Sinauer). [0004] CNS neurons have the inherent
potential to regenerate after injury, but they are
inhibited from doing so by inhibitory proteins present
in myelin (Brittis et al, 2001, Neuron 30:11-14; Jones
et al, 2002, J. Neurosci. 22:2792-2803; Grimpe et al,
2002, J. Neurosci.:22:3 144-3 160). [0005] Several
myelin inhibitory proteins found on oligodendrocytes
have been characterized. Known examples of myelin
inhibitory proteins include NogoA (Chen et al, Nature,
2000, 403, 434- 439; Grandpre et al., Nature 2000,
403, 439-444), myelin associated glycoprotein (MAG)
(McKerracher et al, 1994, Neuron 13:805-811;
Mukhopadhyay et al, 1994, Neuron 13:757-767) and
oligodendrocyte glycoprotein (OM-gp), Mikol et al,
1988, J. Cell. Biol. 106: 1273-1279). Each of these
proteins has been separately shown to be a ligand for
the neuronal Nogo receptor- 1 (NgRl (Wang et al,
Nature 2002, 417, 941-944; Grandpre et al, Nature
2000, 403, 439-444; Chen et al, Nature, 2000, 403,
434-439; Domeniconi et al, Neuron 2002, published
online June 28, 2002).[0006] Nogo receptor-1 (NgRl) is
a GPI-anchored membrane protein that contains 8
leucine rich repeats (Fournier et al, 2001, Nature
409:341-346). Upon interaction with inhibitory
proteins {e.g., NogoA, MAG and OM-gp), the NgRl
complex transduces signals that lead to growth cone
collapse and inhibition of neurite outgrowth. [0007]
There is an unmet need for molecules and methods for
inhibiting NgRl -mediated growth cone collapse and the
resulting inhibition of neurite outgrowth.
Additionally there is a need for molecules which
increase neuronal survival and axon regeneration.
Particularly for the treatment of disease, disorders
or injuries which involve axonal injury, neuronal or
oligodendrocyte cell death, demyelination or
dymyelination or generally relate to the nervous
system. [0008] Such diseases, disorders or injuries
include, but are not limited to, multiple sclerosis
(MS), progressive multifocal leukoencephalopathy
(PML), encephalomyelitis (EPL), central pontine
myelolysis (CPM), adrenoleukodystrophy, Alexander's
disease, Pelizaeus Merzbacher disease (PMZ), Globoid
cell Leucodystrophy (Krabbe's disease) and Wallerian
Degeneration, optic neuritis, transverse myelitis,
amyotrophic lateral sclerosis (ALS), Huntington's
disease, Alzheimer's disease, Parkinson's disease,
spinal cord injury, traumatic brain injury, post
radiation injury, neurologic complications of
chemotherapy, stroke, acute ischemic optic neuropathy,
vitamin E deficiency, isolated vitamin E deficiency
syndrome, AR, Bassen-Kornzweig syndrome,
Marchiafava-Bignami syndrome, metachromatic
leukodystrophy, trigeminal neuralgia, and Bell's
palsy. Among these diseases, MS is the most
widespread, affecting approximately 2.5 million people
worldwide. [0009] MS generally begins with a
relapsing-remitting pattern of neurologic involvement,
which then progresses to a chronic phase with
increasing neurological damage. MS is associated with
the destruction of myelin, oligodendrocytes and axons
localized to chronic lesions. The demyelination
observed in MS is not always permanent and
remyelination has been documented in early stages of
the disease. Remyelination of neurons requires
oligodendrocytes. [0010] Various disease-modifying
treatments are available for MS, including the use of
corticosteroids and immunomodulators such as
interferon beta and Tysabri(r). In addition, because
of the central role of oligodendrocytes and
myelination in MS, there have been efforts to develop
therapies to increase oligodendrocyte numbers or
enhance myelination. See, e.g., Cohen et al, U.S. Pat.
No. 5,574,009; Chang et al, N. Engl. J. Med 346:
165-73 (2002). However, there remains an urgent need
to devise additional therapies for MS and other
demyelination and dismyelination disorders. BRIEF
SUMMARY OF THE INVENTION [0011] The present invention
is based on the discovery that Sp35 (Sp35 is also
designated in the literature as LINGO-I and LRRN6) is
expressed in oligodendrocytes and neuronal cells and
negatively regulates oligodendrocyte/neuronal
differentiation, survival and axon myelination.
Furthermore,certain antagonists of Sp35 promote
survival, proliferation and differentiation of
oligodendrocytes and neuronal cells, as well as
myelination of neurons. Based on these discoveries,
the invention relates generally to antibodies, antigen
binding fragment or derivatives thereof which can be
used as an antagonist of Sp35. Additionally, the
invention generally relates to methods for treating
various disease, disorders or injuries associated with
demyelination, dysmyelination,
oligodendrocyte/neuronal cell death or axonal injury
by the administration of an Sp35 antagonist antibody
or antigen binding fragment. [0012] In certain
embodiments, the invention includes an isolated
antibody or antigen binding fragment thereof which
specifically binds to the same Sp35 epitope as a
reference monoclonal antibody selected from the group
consisting of 201', 3A3, 3A6, 1A7, 1G7, 2B10, 2Cl 1,
2F3, 3P1D10.2C3, 3P1E11.3B7, 3P2C6.3G10.2H7,
3P2C9.2G4, 3P4A6.1D9, 3P4A1.2B9, 3P4C2.2D2, 3P4C5.1D8,
3P4C8.2G9, 30-C12 (LiOl), 38-D01 (LiO2), 35-E04
(Li03), 36-C09 (LiO4), 30-Al 1 (LiOS), 34-F02 (LiO6),
29-E07 (LiO7), 34-G04 (Li08), 36-A12 (LiO9), 28-D02
(LiIO), 30-B01 (LiIl), 34-B03 (Lil2), Lil3, Li32,
Li33, Li34, 3383 (Lla.l), 3495(Lla.2), 3563 (Lla.3),
3564 (Lla.4), 3565 (Lla.5), 3566 (Lla.6), 3567
(Lla.7), 3568 (Lla.8), 3569 (Lla.9), 3570 (Lla.lO),
3571 (Lla.ll), 3582 (Lla.12), and 1968 (Lla.13).
[0013] Certain embodiments of the invention include an
isolated polypeptide comprising an immunoglobulin
heavy chain variable region (VH) wherein the CDRl,
CDR2 and CDR3 regions are selected from the
polypeptide sequences shown in Table 4 or at least
80%, 85%, 90 or 95% identical to the polypeptide
sequences shown in Table 4. [0014] Certain embodiments
of the invention include an isolated polypeptide
comprising an immunoglobulin light chain variable
region (VL) wherein the CDRl, CDR2 and CDR3 regions
are selected from the polypeptide sequences shown in
Table 5 or at least 80%, 85%, 90% or 95% identical to
the polypeptide sequences shown in Table 5. [0015]
Certain embodiments of the invention include an
isolated polypeptide comprising an immunoglobulin
heavy chain variable region (VH) selected from the
group consisting of SEQ ID NOs: 158 to 172, 372, 376,
380 and 384, as shown in Table 6, or at least 80%,
85%, 90% or 95% identical to said SEQ ID NOs: 158 to
172, 372, 376, 380 and 384 as shown in Table 6. [0016]
Certain embodiments of the invention include an
isolated polypeptide comprising an immunoglobulin
light chain variable region (VL) selected from the
group consisting of SEQ ID NOs: 273 to 286, 373, 377,
381 and 385, as shown in Table 8, or at least 80%,
85%, 90% or 95% identical to said SEQ ID NOs: 273 to
286, 373, 377, 381 and 385, as shown in Table 8.
[0017] In additional embodiments, the invention
includes an isolated polynucleotide comprising a
nucleic acid encoding an immunoglobulin heavy chain
variable region (VH) wherein the CDRl, CDR2 and CDR3
regions are selected from the group selected from the
polynucleotide sequences shown in Table 4 or at least
80%, 85%, 90 or 95% identical to the polynucleotide
sequences shown in Table 4.[0018] In other
embodiments, the invention includes an isolated
polynucleotide comprising a nucleic acid encoding an
immunoglobulin light chain variable region (VL)
wherein the CDRl, CDR2 and CDR3 regions are selected
from the the polynucleotide sequences shown in Table 5
or at least 80%, 



85%, 90% or 95% identical to the polynucleotide
sequences shown in Table 5. [0019] Other embodiments
of the invention include, an isolated polynucleotide
comprising a nucleic acid encoding an immunoglobulin
heavy chain variable region (VH) selected from the
group consisting of SEQ ID NOs: 173 to 184, 370, 374,
378 and 382, as shown in Table 7, or at least 80%,
85%, 90% or 95% identical to said SEQ ID NOs: 173 to
184, 370, 374, 378 and 382, as shown in Table 7.
[0020] Other embodiments of the invention include, an
isolated polynucleotide comprising a nucleic acid
encoding an immunoglobulin light chain variable region
(VL) selected from the group consisting of SEQ ID NOs:
185 to 194, 371, 375, 379 and 383, as shown in Table
9, or at least 80%, 85%, 90% or 95% identical to said
SEQ ID NOs: 185 to 194, 371, 375, 379 and 383, as
shown in Table 9. [0021] In certain embodiments, the
invention includes compositions comprising the
antibodies or antigen binding fragments described
herein. [0022] In additional embodiments, the
invention includes methods for treating CNS injury,
ALS, Huntington's disease, Alzheimer's disease,
Parkinson's disease, diabetic neuropathy and stroke
comprising administering to an animal in need of said
treatment an effective amount of an agent selected
from the group consisting of an isolated Sp35 antibody
or fragment thereof or compositions comprising said
antibody or fragment thereof. [0023] In other
emodiments, the invention includes methods for
treating disease or disorders associated with
inhibition of oligodendrocyte growth or
differentiation; demyelination or dysmyelination of
CNS neurons including multiple sclerosis (MS),
progressive multifocal leukoencephalopathy (PML),
encephalomyelitis (EPL), central pontine myelolysis
(CPM), Wallerian Degeneration, adrenoleukodystrophy,
Alexander's disease, and Pelizaeus Merzbacher disease
(PMZ) by adminstering to an animal in need of said
treatment an effective amount of an agent selected
from the group consisting of an isolated Sp35 antibody
or fragment thereof or compositions comprising said
antibody or fragment thereof. [0024] Other embodiments
of the present invention include a method of
inhibiting signal transduction by Nogo receptor 1
(NgRl), comprising contacting the NgRl with an
effective amount of an agent selected from the group
consisting of the isolated Sp35 antibody or fragment
thereof or compositions comprising said antibody or
fragment thereof. [0025] Additional embodiments of the
present invention include a method of decreasing
inhibition of axonal growth of a central nervous
system (CNS) neuron, comprising contacting the neuron
with aneffective amount of an agent selected from the
group consisting of the isolated Sp35 antibody or
fragment thereof of or compositions comprising said
antibody or fragment thereof. [0026] Other embodiments
of the present invention include a method of
inhibiting growth cone collapse of a CNS neuron,
comprising contacting the neuron with an effective
amount of an agent selected from the group consisting
of the isolated Sp35 antibody or fragment thereof or
compositions comprising said antibody or fragment
thereof. BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES
[0027] FIG. 1: SDS-PAGE gel showing
immunoprecipitation of Sp35 by monoclonal antibodies
lA7 and 2F3. [0028] FIG.2: FACS result showing that
MAbs 1A7 and 2F3 bound to COS-7 or 293 cells
expressing Sp35, but not to control cells with no Sp35
expression. [0029] FIG.3: MAbs 1A7 and 2F3 protected
DRG neurons from myelin-mediated inhibition of neurite
outgrowth. [0030] FIG.4A-G: Immunohistochemical
staining ("IHC") of cocultures of DRG neurons and
oligodendrocytes treated with monoclonal antibodies
1A7 and 2F3, or control antibody. Panels D and E are
enlargements of panels B and C, respectively. Staining
with anti-bffl-tubulin antibody to identify axons, or
anti-MBP antibody to identify oligodendrocytes. F:
Quantitation of MBP+ myelinating cells upon treatment
of cocultures with 1A7 or 2F3. G: Western blot
analysis to quantify the MBP produced from cocultures
of DRG neurons and oligodendrocytes treated with
monoclonal antibodies 1A7 and 2F3. [0031] FIG. 5A-C:
A: CCl antibody staining of mouse oligodendrocytes in
cuprizone model. B. Anti-MBP protein antibody or luxol
fast blue staining of mouse neurons in cuprizone
model. C: Quantitation of CCl antibody-positive
oligodendrocytes at four weeks and 6 weeks. [0032]
FIG. 6: Surviving RGCs. Treatment with monoclonal
antibody 1A7 Anti-Sp35 antibody 1A7 treated animals
showed significant neuronal survival (80%) when
compared to control-antibody or PBS treated animals,
which each only showed approximately 50% neuronal
survival. [0033] FIG. 7. BBB scores of mice receiving
anti~Sp35 antibody 1A7 after spinal cord injury as
described in Example 8. [0034] FIG. 8. Western blot of
co-cultured oligodendrocytes and DRGs after incubation
with anti- Sp35 antibodies LiO5, LiO6 and 3, 10 and 30
mg of Sp35-Fc (LINGO-I-Ig) as described in Example 9.
[0035] FIG. 9. Photographs of the optic nerves of A)
Normal Rats; B) Myelin Oligodendrocyte Glycoprotein
(MOG) induced Experimental Autoimmune
Encephalomyelitis (EAE) rats; and C) Myelin
Oligodendrocyte Glycoprotein (MOG) induced
Experimental Autoimmune Encephalomyelitis(EAE) rats
treated with the Sp35 antibody 1A7. Electron
micrographs of each optic nerve are shown below each
photograph of the optic nerve. [0036] FIG. 10. Graph
of the number of regenerative neuronal fibers per
section counted in animals receiving an intravitreal
injection of the Sp35 antibody 1A7 after optic nerve
crush. DETAILED DESCRIPTION OF THE INVENTION I.
DEFINITIONS [0037] It is to be noted that the term "a"
or "an" entity refers to one or more of that entity;
for example, "an Sp35 antibody," is understood to
represent one or more Sp35 antibodies. As such, the
terms "a" (or "an"), "one or more," and "at least one"
can be used interchangeably herein. [0038] As used
herein, the term "polypeptide" is intended to
encompass a singular "polypeptide" as well as plural
"polypeptides," and refers to a molecule composed of
monomers (amino acids) linearly linked by amide bonds
(also known as peptide bonds). The term "polypeptide"
refers to any chain or chains of two or more amino
acids, and does not refer to a specific length of the
product. Thus, peptides, dipeptides, tripeptides,
oligopeptides, "protein," "amino acid chain," or any
other term used to refer to a chain or chains of two
or more amino acids, are included within the
definition of "polypeptide," and the term
"polypeptide" may be used instead of, or
interchangeably with any of these terms. The term
"polypeptide" is also intended to refer to the
products of post-expression modifications of the
polypeptide, including without limitation
glycosylation, acetylation, phosphorylation,
amidation, derivatization by known protecting/blocking
groups, proteolytic cleavage, or modification by
nonnaturally occurring amino acids. A polypeptide may
be derived from a natural biological source or
produced by recombinant technology, but is not
necessarily translated from a designated nucleic acid
sequence. It may be generated in any manner, including
by chemical synthesis. [0039] A polypeptide of the
invention may be of a size of about 3 or more, 5 or
more, 10 or more, 20 or more, 25 or more, 50 or more,
75 or more, 100 or more, 200 or more, 500 or more,
1,000 or more, or 2,000 or more amino acids.
Polypeptides may have a defined three-dimensional
structure, although they do not necessarily have such
structure. Polypeptides with a defined
three-dimensional structure are referred to as folded,
and polypeptides which do not possess a defined
three-dimensional structure, but rather can adopt a
large number of different conformations, and are
referred to as unfolded. As used herein, the term
glycoprotein refers to aprotein coupled to at least
one carbohydrate moiety that is attached to the
protein via an oxygen-containing or a
nitrogen-containing side chain of an amino acid
residue, e.g., a serine residue or an asparagine
residue. [0040] By an "isolated" polypeptide or a
fragment, variant, or derivative thereof is intended a
polypeptide that is not in its natural milieu. 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 proteins expressed in host
cells are considered isolated for purposed of the
invention, as are native or recombinant polypeptides
which have been separated, fractionated, or partially
or substantially purified by any suitable technique.
[0041] Also included as polypeptides of the present
invention are fragments, derivatives, analogs, or
variants of the foregoing polypeptides, and any
combination thereof. The terms "fragment," "variant,"
"derivative" and "analog" when referring to Sp35
antibodies or antibody polypeptides of the 



present invention include any polypeptides which
retain at least some of the antigen-binding properties
of the corresponding native antibody or polypeptide.
Fragments of polypeptides of the present invention
include proteolytic fragments, as well as deletion
fragments, in addition to specific antibody fragments
discussed elsewhere herein. Variants of Sp35
antibodies and antibody polypeptides of the present
invention include fragments as described above, and
also polypeptides with altered amino acid sequences
due to amino acid substitutions, deletions, or
insertions. Variants may occur naturally or be
non-naturally occurring Non-naturally occurring
variants may be produced using art-known mutagenesis
techniques. Variant polypeptides may comprise
conservative or non-conservative amino acid
substitutions, deletions or additions. Derivatives of
Sp35 antibodies and antibody polypeptides of the
present invention, are polypeptides which have been
altered so as to exhibit additional features not found
on the native polypeptide. Examples include fusion
proteins. Variant polypeptides may also be referred to
herein as "polypeptide analogs." As used herein a
"derivative" of an Sp35 antibody or antibody
polypeptide refers to a subject polypeptide having one
or more residues chemically derivatized by reaction of
a functional side group. Also included as
"derivatives" are those peptides which contain one or
more naturally occurring amino acid derivatives of the
twenty standard amino acids. For example,
4-hydroxyproline may be substituted for proline;
5-hydroxylysine may be substituted for lysine;
3-methylhistidine may be substituted for histidine;
homoserine may be substituted for serine; and
ornithine may be substituted for lysine. [0042] The
term "polynucleotide" is intended to encompass a
singular nucleic acid as well as plural nucleic acids,
and refers to an isolated nucleic acid molecule or
construct, e.g., messenger RNA (mRNA) or plasmid DNA
(pDNA). A polynucleotide may comprise a conventional
phosphodiester bond or a non-conventional bond (e.g.,
an amide bond, such as found in peptide nucleic acids
(PNA)). The term "nucleic acid" refer to any one or
more nucleic acid segments, e.g., DNA or RNA
fragments, present in a polynucleotide. By "isolated"
nucleic acid or polynucleotide is intended a nucleic
acid molecule, DNA or RNA, which has been removed from
its native environment. For example, a recombinant
polynucleotide encoding an Sp35 antibody contained in
a vector is considered isolated for the purposes of
the present invention. Further examples of an isolated
polynucleotide include recombinant polynucleotides
maintained in heterologous host cells or purified
(partially or substantially) polynucleotides in
solution. Isolated RNA molecules include in vivo or in
vitro RNA transcripts of polynucleotides of the
present invention. Isolated polynucleotides or nucleic
acidsaccording to the present invention further
include such molecules produced synthetically. In
addition, polynucleotide or a nucleic acid may be or
may include a regulatory element such as a promoter,
ribosome binding site, or a transcription terminator.
[0043] As used herein, a "coding region" is a portion
of nucleic acid which consists of codons translated
into amino acids. Although a "stop codon" (TAG, TGA,
or TAA) is not translated into an amino acid, it may
be considered to be part of a coding region, but any
flanking sequences, for example promoters, ribosome
binding sites, transcriptional terminators, introns,
and the like, are not part of a coding region. Two or
more coding regions of the present invention can be
present in a single polynucleotide construct, e.g., on
a single vector, or in separate polynucleotide
constructs, e.g., on separate (different) vectors.
Furthermore, any vector may contain a single coding
region, or may comprise two or more coding regions,
e.g., a single vector may separately encode an
immunoglobulin heavy chain variable region and an
immunoglobulin light chain variable region. In
addition, a vector, polynucleotide, or nucleic acid of
the invention may encode heterologous coding regions,
either fused or unfused to a nucleic acid encoding an
Sp35 antibody or fragment, variant, or derivative
thereof. Heterologous coding regions include without
limitation specialized elements or motifs, such as a
secretory signal peptide or a heterologous functional
domain. [0044] In certain embodiments, the
polynucleotide or nucleic acid is DNA. In the case of
DNA, a polynucleotide comprising a nucleic acid which
encodes a polypeptide normally may include a promoter
and/or other transcription or translation control
elements operably associated with one or more coding
regions. An operable association is when a coding
region for a gene product, e.g., a polypeptide, is
associated with one or more regulatory sequences in
such a way as to place expression of the gene product
under the influence or control of the regulatory
sequence(s). Two DNA fragments (such as a polypeptide
coding region and a promoter associated therewith) are
"operably associated" if induction of promoter
function results in the transcription of mRNA encoding
the desired gene product and if the nature of the
linkage between the two DNA fragments does not
interfere with the ability of the expression
regulatory sequences to direct the expression of the
gene product or interfere with the ability of the DNA
template to be transcribed. Thus, a promoter region
would be operably associated with a nucleic acid
encoding a polypeptide if the promoter was capable of
effecting transcription of that nucleic acid. The
promoter may be a cell-specific promoter that directs
substantial transcription of the DNA only in
predetermined cells. Other transcription control
elements, besides a promoter, for example enhancers,
operators, repressors, and transcription termination
signals, can be operably associated with the
polynucleotide to direct cell-specific transcription.
Suitable promoters and other transcription control
regions are disclosed herein. [0045] A variety of
transcription control regions are known to those
skilled in the art. These include, without limitation,
transcription control regions which function in
vertebrate cells, such as, but not limited to,
promoter and enhancer segments from cytomegaloviruses
(the immediate earlypromoter, in conjunction with
intron-A), simian virus 40 (the early promoter), and
retroviruses (such as Rous sarcoma virus). Other
transcription control regions include those derived
from vertebrate genes such as actin, heat shock
protein, bovine growth hormone and rabbit b-globin, as
well as other sequences capable of controlling gene
expression in eukaryotic cells. Additional suitable
transcription control regions include tissue-specific
promoters and enhancers as well as
lymphokine-inducible promoters (e.g., promoters
inducible by interferons or interleukins). [0046]
Similarly, a variety of translation control elements
are known to those of ordinary skill in the art. These
include, but are not limited to ribosome binding
sites, translation initiation and termination codons,
and elements derived from picornaviruses (particularly
an internal ribosome entry site, or IRES, also
referred to as a CITE sequence). [0047] In other
embodiments, a polynucleotide of the present invention
is RNA, for example, in the form of messenger RNA
(mRNA). [0048] Polynucleotide and nucleic acid coding
regions of the present invention may be associated
with additional coding regions which encode secretory
or signal peptides, which direct the secretion of a
polypeptide encoded by a polynucleotide of the present
invention. According to the signal hypothesis,
proteins secreted by mammalian cells have a signal
peptide or secretory leader sequence which is cleaved
from the mature protein once export of the growing
protein chain across the rough endoplasmic reticulum
has been initiated. Those of ordinary skill in the art
are aware that polypeptides secreted by vertebrate
cells generally have a signal peptide fused to the
N-terminus of the polypeptide, which is cleaved from
the complete or "full length" polypeptide to produce a
secreted or "mature" form of the polypeptide. In
certain embodiments, the native signal peptide, e.g.,
an immunoglobulin heavy chain or light chain signal
peptide is used, or a functional derivative of that
sequence that retains the ability to direct the
secretion of the polypeptide that is operably
associated with it. Alternatively, a heterologous
mammalian signal peptide, or a functional derivative
thereof, may be used. For example, the wild-type
leader sequence may be substituted with the leader
sequence of human tissue plasminogen activator (TPA)
or mouse b-glucuronidase. [0049] The present invention
is directed to certain Sp35 antibodies, or
antigen-binding fragments, variants, or derivatives
thereof. Unless specifically referring to full-sized
antibodies such as naturallyoccurring antibodies, the
term "Sp35 antibodies" encompasses full-sized
antibodies as well as antigenbinding fragments,
variants, analogs, or derivatives of such antibodies,
e.g., naturally occurring antibody or immunoglobulin
molecules or engineered antibody molecules or
fragments that bind antigen in a manner similar to
antibody molecules. [0050] The terms "antibody" and
"immunoglobulin" are used interchangeably herein. An
antibody or immunoglobulin comprises at least the
variable domain of a heavy chain, and normally
comprises at least the variable domains of a heavy
chain and a light chain. Basic immunoglobulin
structures invertebrate systems are relatively well
understood. See, e.g., Harlow et al, Antibodies: A
Laboratory Manual, (Cold Spring Harbor Laboratory
Press, 2nd ed. 1988). [0051] As will be discussed in
more detail below, the term "immunoglobulin" comprises
various broad classes of polypeptides that can be
distinguished biochemically. Those skilled in the art
will 



appreciate that heavy chains are classified as gamma,
mu, alpha, delta, or epsilon, (g, m, a, d, e) with
some subclasses among them {e.g., g l -g4). It is the
nature of this chain that determines the "class" of
the antibody as IgG, IgM, IgA IgG, or IgE,
respectively. The immunoglobulin subclasses (isotypes)
e.g., IgGi, IgQ IgG3, IgG4, IgA1, etc. are well
characterized and are known to confer functional
specialization. Modified versions of each of these
classes and isotypes are readily discernable to the
skilled artisan in view of the instant disclosure and,
accordingly, are within the scope of the instant
invention. All immunoglobulin classes are clearly
within the scope of the present invention, the
following discussion will generally be directed to the
IgG class of immunoglobulin molecules. With regard to
IgG, a standard immunoglobulin molecule comprises two
identical light chain polypeptides of molecular weight
approximately 23,000 Daltons, and two identical heavy
chain polypeptides of molecular weight 53,000-70,000.
The four chains are typically joined by disulfide
bonds in a "Y" configuration wherein the light chains
bracket the heavy chains starting at the mouth of the
"Y" and continuing through the variable region. [0052]
Light chains are classified as either kappa or lambda
(K, l) . Each heavy chain class may be bound with
either a kappa or lambda light chain. In general, the
light and heavy chains are covalently bonded to each
other, and the "tail" portions of the two heavy chains
are bonded to each other by covalent disulfide
linkages or non-covalent linkages when the
immunoglobulins are generated either by hybridomas, B
cells or genetically engineered host cells. In the
heavy chain, the amino acid sequences run from an
N-terminus at the forked ends of the Y configuration
to the C-terminus at the bottom of each chain. [0053]
Both the light and heavy chains are divided into
regions of structural and functional homology. The
terms "constant" and "variable" are used functionally.
In this regard, it will be appreciated that the
variable domains of both the light (VL) and heavy (VH)
chain portions determine antigen recognition and
specificity. Conversely, the constant domains of the
light chain (CL) and the heavy chain (CH1, CH2 or CH3)
confer important biological properties such as
secretion, transplacental mobility, Fc receptor
binding, complement binding, and the like. By
convention the numbering of the constant region
domains increases as they become more distal from the
antigen binding site or aminoterminus of the antibody.
The N-terminal portion is a variable region and at the
C-terminal portion is a constant region; the CH3 and
CL domains actually comprise the carboxy-terminus of
the heavy and light chain, respectively. [0054] As
indicated above, the variable region allows the
antibody to selectively recognize and specifically
bind epitopes on antigens. That is, the VL domain and
VH domain, or subset of thecomplementarity determining
regions (CDRs), of an antibody combine to form the
variable region that defines a three dimensional
antigen binding site. This quaternary antibody
structure forms the antigen binding site present at
the end of each arm of the Y. More specifically, the
antigen binding site is defined by three CDRs on each
of the VH and VL chains. In some instances, e.g.,
certain immunoglobulin molecules derived from camelid
species or engineered based on camelid
immunoglobulins, a complete immunoglobulin molecule
may consist of heavy chains only, with no light
chains. See, e.g., Hamers-Casterman et al, Nature
363:446-448 (1993). [0055] In naturally occurring
antibodies, the six "complementarity determining
regions" or "CDRs" present in each antigen binding
domain are short, non-contiguous sequences of amino
acids that are specifically positioned to form the
antigen binding domain as the antibody assumes its
three dimensional configuration in an aqueous
environment. The remainder of the amino acids in the
antigen binding domains, referred to as "framework"
regions, show less inter-molecular variability. The
framework regions largely adopt a b-sheet conformation
and the CDRs form loops which connect, and in some
cases form part of, the b-sheet structure. Thus,
framework regions act to form a scaffold that provides
for positioning the CDRs in correct orientation by
inter-chain, non-covalent interactions. The antigen
binding domain formed by the positioned CDRs defines a
surface complementary to the epitope on the
immunoreactive antigen. This complementary surface
promotes the non-covalent binding of the antibody to
its cognate epitope. The amino acids comprising the
CDRs and the framework regions, respectively, can be
readily identified for any given heavy or light chain
variable region by one of ordinary skill in the art,
since they have been precisely defined (see,
"Sequences of Proteins of Immunological Interest,"
Kabat, E., et al, U.S. Department of Health and Human
Services, (1983); and Chothia and Lesk, J. MoI. Biol.,
196:901-917 (1987), which are incorporated herein by
reference in their entireties). [0056] In the case
where there are two or more definitions of a term
which is used and/or accepted within the art, the
definition of the term as used herein is intended to
include all such meanings unless explicitly stated to
the contrary. A specific example is the use of the
term "complementarity determining region" ("CDR") to
describe the non-contiguous antigen combining sites
found within the variable region of both heavy and
light chain polypeptides. This particular region has
been described by Kabat et al, U.S. Dept. of Health
and Human Services, "Sequences of Proteins of
Immunological Interest" (1983) and by Chothia et al,
J. MoI. Biol. 196:901-917 (1987), which are
incorporated herein by reference, where the
definitions include overlapping or subsets of amino
acid residues when compared against each other.
Nevertheless, application of either definition to
refer to a CDR of an antibody or variants thereof is
intended to be within the scope of the term as defined
and used herein. The appropriate amino acid residues
which encompass the CDRs as defined by each of the
above cited references are set forth below in Table I
as a comparison. The exact residue numbers which
encompass a particular CDR will vary depending on the
sequence and size of the CDR. Those skilled in the art
canroutinely determine which residues comprise a
particular CDR given the variable region amino acid
sequence of the antibody. TABLE l . CDR Definitions 1
'Numbering of all CDR definitions in Table 1 is
according to the numbering conventions set forth by
Kabat et al. (see below). [0057] Kabat et al. also
defined a numbering system for variable domain
sequences that is applicable to any antibody. One of
ordinary skill in the art can unambigously assign this
system of "Kabat numbering" to any variable domain
sequence, without reliance on any experimental data
beyond the sequence itself. As used herein, "Kabat
numbering" refers to the numbering system set forth by
Kabat et ah, U.S. Dept. of Health and Human Services,
"Sequence of Proteins of Immunological Interest"
(1983). Unless otherwise specified, references to the
numbering of specific amino acid residue positions in
an Sp35 antibody or antigen-binding fragment, variant,
or derivative thereof of the present invention are
according to the Kabat numbering system. [0058] In
camelid species, the heavy chain variable region,
referred to as VHH, forms the entire antigen-binding
domain. The main differences between camelid VHH
variable regions and those derived from conventional
antibodies (VH) include (a) more hydrophobic amino
acids in the light chain contact surface of VH as
compared to the corresponding region in VHH, (b) a
longer CDR3 in VHH, and (c) the frequent occurrence of
a disulfide bond between CDRl and CDR3 in VHH . [0059]
Antibodies or antigen-binding fragments, variants, or
derivatives thereof of the invention include, but are
not limited to, polyclonal, monoclonal, multispecific,
human, humanized, primatized, or chimeric antibodies,
single chain antibodies, epitope-binding fragments,
e.g., Fab, Fab' and F(ab')2, Fd, Fvs, single-chain Fvs
(scFv), single-chain antibodies, disulfide-linked Fvs
(sdFv), fragments comprising either a VL or VH domain,
fragments produced by a Fab expression library, and
antiidiotypic (anti-Id) antibodies (including, e.g.,
anti-Id antibodies to Sp35 antibodies disclosed
herein). ScFv molecules are known in the art and are
described, e.g., in US patent 5,892,019.
Immunoglobulin or antibody molecules of the invention
can be of any type (e.g., IgG, IgE, IgM, IgD, IgA, and
IgY), class (e.g., IgGl, IgG2, IgG3, IgG4, IgAl and
IgA2) or subclass of immunoglobulin molecule. [0060]
Antibody fragments, including single-chain antibodies,
may comprise the variable region(s) alone or in
combination with the entirety or a portion of the
following: hinge region, CH1, CH2, and CH3 domains.
Also included in the invention are antigen-binding
fragments also comprising anycombination of variable
region(s) with a hinge region, CH1, CH2, and CH3
domains. Antibodies or immunospecif c fragments
thereof for use in the diagnostic and therapeutic
methods disclosed herein may be from any animal origin
including birds and mammals. Preferably, the
antibodies are human, murine, donkey, rabbit, goat,
guinea pig, camel, llama, horse, or chicken
antibodies. In another embodiment, the variable region
may be condricthoid in origin (e.g., from sharks). As
used herein, "human" antibodies include antibodies
having the amino acid sequence of a human
immunoglobulin and include antibodies isolated from
human immunoglobulin libraries or from animals
transgenic for 



one or more human immunoglobulins and that do not
express endogenous immunoglobulins, as described infra
and, for example in, U.S. Pat. No. 5,939,598 by
Kucherlapati et al. [0061] As used herein, the term
"heavy chain portion" includes amino acid sequences
derived from an immunoglobulin heavy chain. A
polypeptide comprising a heavy chain portion comprises
at least one of: a CHI domain, a hinge {e.g., upper,
middle, and/or lower hinge region) domain, a CH2
domain, a CH3 domain, or a variant or fragment
thereof. For example, a binding polypeptide for use in
the invention may comprise a polypeptide chain
comprising a CH1 domain; a polypeptide chain
comprising a CH1 domain, at least a portion of a hinge
domain, and a CH2 domain; a polypeptide chain
comprising a CHI domain and a CH3 domain; a
polypeptide chain comprising a CH1 domain, at least a
portion of a hinge domain, and a CH3 domain, or a
polypeptide chain comprising a CH1 domain, at least a
portion of a hinge domain, a CH2 domain, and a CH3
domain. In another embodiment, a polypeptide of the
invention comprises a polypeptide chain comprising a
CH3 domain. Further, a binding polypeptide for use in
the invention may lack at least a portion of a CH2
domain (e.g., all or part of a CH2 domain). As set
forth above, it will be understood by one of ordinary
skill in the art that these domains (e.g., the heavy
chain portions) may be modified such that they vary in
amino acid sequence from the naturally occurring
immunoglobulin molecule. [0062] In certain Sp35
antibodies, or antigen-binding fragments, variants, or
derivatives thereof disclosed herein, the heavy chain
portions of one polypeptide chain of a multimer are
identical to those on a second polypeptide chain of
the multimer. Alternatively, heavy chain
portion-containing monomers of the invention are not
identical. For example, each monomer may comprise a
different target binding site, forming, for example,
abispecific antibody. [0063] The heavy chain portions
of a binding polypeptide for use in the diagnostic and
treatment methods disclosed herein may be derived from
different immunoglobulin molecules. For example, a
heavy chain portion of a polypeptide may comprise a
CHI domain derived from an IgGl molecule and a hinge
region derived from an IgG3 molecule. In another
example, a heavy chain portion can comprise a hinge
region derived, in part, from an IgGl molecule and, in
part, from an IgG3 molecule. In another example, a
heavy chain portion can comprise a chimeric hinge
derived, in part, from an IgGl molecule and, in part,
from an IgG4 molecule.[0064] As used herein, the term
"light chain portion" includes amino acid sequences
derived from an immunoglobulin light chain.
Preferably, the light chain portion comprises at least
one of a VL or CL domain. [0065] Sp35 antibodies, or
antigen-binding fragments, variants, or derivatives
thereof disclosed herein may be described or specified
in terms of the epitope(s) 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 interacts with
the antigen binding domain of an antibody is an
"epitope," or an "antigenic determinant." A target
polypeptide may comprise a single epitope, but
typically comprises at least two epitopes, and can
include any number of epitopes, depending on the size,
conformation, and type of antigen. Furthermore, it
should be noted that an "epitope" on a target
polypeptide may be or include non-polypeptide
elements, e.g., an "epitope may include a carbohydrate
side chain. [0066] The minimum size of a peptide or
polypeptide epitope for an antibody is thought to be
about four to five amino acids. Peptide or polypeptide
epitopes preferably contain at least seven, more
preferably at least nine and most preferably between
at least about 15 to about 30 amino acids. Since a CDR
can recognize an antigenic peptide or polypeptide in
its tertiary form, the amino acids comprising an
epitope need not be contiguous, and in some cases, may
not even be on the same peptide chain. In the present
invention, peptide or polypeptide epitope recognized
by Sp35 antibodies of the present invention contains a
sequence of at least 4, at least 5, at least 6, at
least 7, more preferably at least 8, at least 9, at
least 10, at least 15, at least 20, at least 25, or
between about 15 to about 30 contiguous or
non-contiguous amino acids of Sp35. [0067] By
"specifically binds," it is generally meant that an
antibody binds to an epitope via its antigen binding
domain, and that the binding entails some
complementarity between the antigen binding domain and
the epitope. According to this definition, an antibody
is said to "specifically bind" to an epitope when it
binds to that epitope, via its antigen binding domain
more readily than it would bind to a random, unrelated
epitope. The term "specificity" is used herein to
qualify the relative affinity by which a certain
antibody binds to a certain epitope. For example,
antibody "A" may be deemed to have a higher
specificity for a given epitope than antibody "B," or
antibody "A" may be said to bind to epitope "C" with a
higher specificity than it has for related epitope
"D." [0068] By "preferentially binds," it is meant
that the antibody specifically binds to an epitope
more readily than it would bind to a related, similar,
homologous, or analogous epitope. Thus, an antibody
which "preferentially binds" to a given epitope would
more likely bind to that epitope than to a related
epitope, even though such an antibody may cross-react
with the related epitope. [0069] By way of
non-limiting example, an antibody may be considered to
bind a first epitope preferentially if it binds said
first epitope with a dissociation constant (KD) that
is less than the antibody's KD for the second epitope.
In another non-limiting example, an antibody may be
considered to bind a first antigen preferentially if
it binds the first epitope with an affinity that is at
least one orderof magnitude less than the antibody's
KD for the second epitope. In another non-limiting
example, an antibody may be considered to bind a first
epitope preferentially if it binds the first epitope
with an affinity that is at least two orders of
magnitude less than the antibody's KD for the second
epitope. [0070] In another non-limiting example, an
antibody may be considered to bind a first epitope
preferentially if it binds the first epitope with an
off rate (k(off)) that is less than the antibody's
k(off) for the second epitope. Ih another non-limiting
example, an antibody may be considered to bind a first
epitope preferentially if it binds the first epitope
with an affinity that is at least one order of
magnitude less than the antibody's k(off) for the
second epitope. In another non-limiting example, an
antibody may be considered to bind a first epitope
preferentially if it binds the first epitope with an
affinity that is at least two orders of magnitude less
than the antibody's k(off) for the second epitope.
[0071] An antibody or or antigen-binding fragment,
variant, or derivative disclosed herein may be said to
bind a target polypeptide disclosed herein or a
fragment or variant thereof with an off rate (k(off))
of less than or equal to 5 X 10 2 sec 1, 10 2 sec 1, 5
X 10 3 sec' 1 or 10 3 sec"1. More preferably, an
antibody of the invention may be said to bind a target
polypeptide disclosed herein or a fragment or variant
thereof with an off rate (k(off)) less than or equal
to 5 X 10"4 sec 1, 10 4 sec"1, 5 X 10 5 sec 1, or 10 5
sec 1 5 X 10 6 sec"1, 10 6 sec 1, 5 X 10 7 sec 1 or 10
7 sec 1 . [0072] An antibody or or antigen-binding
fragment, variant, or derivative disclosed herein may
be said to bind a target polypeptide disclosed herein
or a fragment or variant thereof with an on rate
(k(on)) of greater than or equal to 103 M 1 sec 1, 5 X
103M 1 sec 1, 104 M 1 sec 1 or 5 X 104 M 1 sec 1 .
More preferably, an antibody of the invention may be
said to bind a target polypeptide disclosed herein or
a fragment or variant thereof with an on rate (k(on))
greater than or equal to 105M 1 sec 1, 5 X 105M 1 sec
1, 106M 1 sec 1, or 5 X 106M 1 sec 1 or 107M 1 sec 1.
[0073] An antibody is said to competitively inhibit
binding of a reference antibody to a given epitope if
it preferentially binds to that epitope to the extent
that it blocks, to some degree, binding of the
reference antibody to the epitope. Competitive
inhibition may be determined by any method known in
the art, for example, competition ELISA assays. An
antibody may be said to competitively inhibit binding
of the reference antibody to a given epitope by at
least 90%, at least 80%, at least 70%, at least 60%,
or at least 50%. [0074] As used herein, the term
"affinity" refers to a measure of the strength of the
binding of an individual epitope with the CDR of an
immunoglobulin molecule. See, e.g., Harlow et al.,
Antibodies: A Laboratory Manual, (Cold Spring Harbor
Laboratory Press, 2nd ed. 1988) at pages 27-28. As
used herein, the term "avidity" refers to the overall
stability of the complex between a population of
immunoglobulins and an antigen, that is, the
functional combining strength of an immunoglobulin
mixture with the antigen. See, e.g. , Harlow at pages
29-34. Avidity is related to both the affinity of
individual immunoglobulin molecules in the population
with specific epitopes, and also the valencies of the
immunoglobulins and the antigen. For example, the
interaction between a bivalent monoclonalantibody and
an antigen with a highly repeating epitope structure,
such as a polymer, would be one of high avidity.
[0075] Sp35 antibodies or antigen-binding fragments,
variants or derivatives thereof of the invention may
also be described or specified in terms of their
cross-reactivity. As used herein, the term
"cross-reactivity" refers to the ability of an
antibody, specific for one antigen, to react with a
second 



antigen; a measure of relatedness between two
different antigenic substances. Thus, an antibody is
cross reactive if it binds to an epitope other than
the one that induced its formation. The cross reactive
epitope generally contains many of the same
complementary structural features as the inducing
epitope, and in some cases, may actually fit better
than the original. [0076] For example, certain
antibodies have some degree of cross-reactivity, in
that they bind related, but non-identical epitopes,
e.g., epitopes with at least 95%, at least 90%, at
least 85%, at least 80%, at least 75%, at least 70%,
at least 65%, at least 60%, at least 55%, and at least
50% identity (as calculated using methods known in the
art and described herein) to a reference epitope. An
antibody may be said to have little or no
cross-reactivity if it does not bind epitopes with
less than 95%, less than 90%, less than 85%, less than
80%, less than 75%, less than 70%, less than 65%, less
than 60%, less than 55%, and less than 50% identity
(as calculated using methods known in the art and
described herein) to a reference epitope. An antibody
may be deemed "highly specific" for a certain epitope,
if it does not bind any other analog, ortholog, or
homolog of that epitope. [0077] Sp35 antibodies or
antigen-binding fragments, variants or derivatives
thereof of the invention may also be described or
specified in terms of their binding affinity to a
polypeptide of the invention. Preferred binding
affinities include those with a dissociation constant
or Kd less than 5 x 10 2 M, 10 2M, 5 x 10 3M, 10 3M, 5
x 10 4M, 10 4M, 5 x 10 5M, 10 5M, 5 x 10 6M, 10 6M, 5
x 10 7M, 10 7 M, 5 x 10 8M, 10 8M, 5 x 10'9M, 10 9M, 5
x 10 10M, 10 10M, 5 x 10 11M, 10 11M, 5 x 10 12M,
10"12M, 5 x 10 13M, 10 13M, 5 x 10 14M, 10 14M, 5 x 10
15M, or 10"15M. [0078] Sp35 antibodies or
antigen-binding fragments, variants or derivatives
thereof of the invention may be "multispecific," e.g.,
bispecific, trispecific or of greater
multispecificity, meaning that it recognizes and binds
to two or more different epitopes present on one or
more different antigens (e.g., proteins) at the same
time. Thus, whether an Sp35 antibody is "monospecfic"
or "multispecific," e.g., "bispecific," refers to the
number of different epitopes with which a binding
polypeptide reacts. Multispecific antibodies may be
specific for different epitopes of a target
polypeptide described herein or may be specific for a
target polypeptide as well as for a heterologous
epitope, such as a heterologous polypeptide or solid
support material. [0079] As used herein the term
"valency" refers to the number of potential binding
domains, e.g., antigen binding domains, present in an
Sp35 antibody, binding polypeptide or antibody. Each
binding domain specifically binds one epitope. When an
Sp35 antibody, binding polypeptide or antibody
comprises more than one binding domain, each binding
domain may specifically bind the same epitope,for an
antibody with two binding domains, termed "bivalent
monospecific," or to different epitopes, for an
antibody with two binding domains, termed "bivalent
bispecific." An antibody may also be bispecifc and
bivalent for each specificity (termed "bispecific
tetravalent antibodies"). In another embodiment,
tetravalent minibodies or domain deleted antibodies
can be made. [0080] Bispecific bivalent antibodies,
and methods of making them, are described, for
instance in U.S. Patent Nos. 5,731,168; 5,807,706;
5,821,333; and U.S. Appl. Publ. Nos. 2003/020734 and
2002/0155537, the disclosures of all of which are
incoporated by reference herein. Bispecific
tetravalent antibodies, and methods of making them are
described, for instance, in WO 02/096948 and WO
00/44788, the disclosures of both of which are
incorporated by reference herein. See generally, PCT
publications WO 93/17715; WO 92/08802; WO 91/00360; WO
92/05793; Tutt et al, J. Immunol. 147:60-69 (1991);
U.S. Pat. Nos. 4,474,893; 4,714,681; 4,925,648;
5,573,920; 5,601,819; Kostelny et al, J. Immunol.
74S:1547-1553 (1992). [0081] As previously indicated,
the subunit structures and three dimensional
configuration of the constant regions of the various
immunoglobulin classes are well known. As used herein,
the term "VH domain" includes the amino terminal
variable domain of an immunoglobulin heavy chain and
the term "CHI domain" includes the first (most amino
terminal) constant region domain of an immunoglobulin
heavy chain. The CH1 domain is adjacent to the VH
domain and is amino terminal to the hinge region of an
immunoglobulin heavy chain molecule. [0082] As used
herein the term "CH2 domain" includes the portion of a
heavy chain molecule that extends, e.g., from about
residue 244 to residue 360 of an antibody using
conventional numbering schemes (residues 244 to 360,
Kabat numbering system; and residues 231-340, EU
numbering system; see Kabat EA et al. op. cit. The CH2
domain is unique in that it is not closely paired with
another domain. Rather, two N-linked branched
carbohydrate chains are interposed between the two CH2
domains of an intact native IgG molecule. It is also
well documented that the CH3 domain extends from the C
2 domain to the C-terminal of the IgG molecule and
comprises approximately 108 residues. [0083] As used
herein, the term "hinge region" includes the portion
of a heavy chain molecule that joins the CH1 domain to
the CH2 domain. This hinge region comprises
approximately 25 residues and is flexible, thus
allowing the two N-terminal antigen binding regions to
move independently. Hinge regions can be subdivided
into three distinct domains: upper, middle, and lower
hinge domains (Roux et al, J. Immunol 161:4083
(1998)). [0084] As used herein the term "disulfide
bond" includes the covalent bond formed between two
sulfur atoms. The amino acid cysteine comprises a
thiol group that can form a disulfide bond or bridge
with a second thiol group. In most naturally occurring
IgG molecules, the CHI and CL regions are linked by a
disulfide bond and the two heavy chains are linked by
two disulfide bonds at positions corresponding to 239
and 242 using the Kabat numbering system (position 226
or 229, EU numbering system).[0085] As used herein,
the term "chimeric antibody" will be held to mean any
antibody wherein the immunoreactive region or site is
obtained or derived from a first species and the
constant region (which may be intact, partial or
modified in accordance with the instant invention) is
obtained from a second species. In preferred
embodiments the target binding region or site will be
from a non-human source (e.g. mouse or primate) and
the constant region is human. [0086] As used herein,
the term "engineered antibody" refers to an antibody
in which the variable domain in either the heavy and
light chain or both is altered by at least partial
replacement of one or more CDRs from an antibody of
known specificity and, if necessary, by partial
framework region replacement and sequence changing.
Although the CDRs may be derived from an antibody of
the same class or even subclass as the antibody from
which the framework regions are 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 from a
non-human antibody of known specificity is grafted
into a human heavy or light chain framework region is
referred to herein as a "humanized antibody." It may
not be necessary to replace all of the CDRs with the
complete CDRs from the donor variable region to
transfer the antigen binding capacity of one variable
domain to another. Rather, it may only be necessary to
transfer those residues that are necessary to maintain
the activity of the target binding site. Given the
explanations set forth in, e.g., U. S. Pat. Nos.
5,585,089, 5,693,761, 5,693,762, and 6,180,370, it
will be well within the competence of those skilled in
the art, either by carrying out routine
experimentation or by trial and error testing to
obtain a functional engineered or humanized antibody.
[0087] As used herein the term "properly folded
polypeptide" includes polypeptides (e.g., Sp35
antibodies) in which all of the functional domains
comprising the polypeptide are distinctly active. As
used herein, the term "improperly folded polypeptide"
includes polypeptides in which at least one of the
functional domains of the polypeptide is not active.
In one embodiment, a properly folded polypeptide
comprises polypeptide chains linked by at least one
disulfide bond and, conversely, an improperly folded
polypeptide comprises polypeptide chains not linked by
at least one disulfide bond. [0088] As used herein the
term "engineered" includes manipulation of nucleic
acid or polypeptide molecules by synthetic means (e.g.
by recombinant techniques, in vitro peptide synthesis,
by enzymatic or chemical coupling of peptides or some
combination of these techniques). [0089] As used
herein, the terms "linked," "fused" or "fusion" are
used interchangeably. These terms refer to the joining
together of two more elements or components, by
whatever means including chemical conjugation or
recombinant means. An "in-frame fusion" refers to the
joining of two or more polynucleotide open reading
frames (ORFs) to form a continuous longer ORF, in a
manner that maintains the correct translational
reading frame of the original ORFs. Thus, a
recombinant fusion protein is a single protein
containing two ore more segments that correspond to
polypeptides encoded by the original ORFs (which
segments are not normally so joined in nature.)
Although the readingfirame is thus made continuous
throughout the fused segments, the segments may be
physically or spatially separated by, for example,
in-frame linker sequence. For example, polynucleotides
encoding 



the CDRs of an immunoglobulin variable region may be
fused, in-frame, but be separated by a polynucleotide
encoding at least one immunoglobulin framework region
or additional CDR regions, as long as the "fused" CDRs
are co-translated as part of a continuous polypeptide.
[0090] In the context of polypeptides, a "linear
sequence" or a "sequence" is an order of amino acids
in a polypeptide in an amino to carboxyl terminal
direction in which residues that neighbor each other
in the sequence are contiguous in the primary
structure of the polypeptide. [0091] The term
"expression" as used herein refers to a process by
which a gene produces a biochemical, for example, an
RNA or polypeptide. The process includes any
manifestation of the functional presence of the gene
within the cell including, without limitation, gene
knockdown as well as both transient expression and
stable expression. It includes without limitation
transcription of the gene into messenger RNA (mRNA),
transfer RNA (tRNA), small hairpin RNA (shRNA), small
interfering RNA (siRNA) or any other RNA product, and
the translation of such mRNA into polypeptide(s). If
the final desired product is a biochemical, expression
includes the creation of that biochemical and any
precursors. Expression of a gene produces a "gene
product." As used herein, a gene product can be either
a nucleic acid, e.g., a messenger RNA produced by
transcription of a gene, or a polypeptide which is
translated from a transcript. Gene products described
herein further include nucleic acids with post
transcriptional modifications, e.g., polyadenylation,
or polypeptides with post translational modifications,
e.g., methylation, glycosylation, the addition of
lipids, association with other protein subunits,
proteolytic cleavage, and the like. [0092] As used
herein, the terms "treat" or "treatment" refer to both
therapeutic treatment and prophylactic or preventative
measures, wherein the object is to prevent or slow
down (lessen) an undesired physiological change or
disorder, such as the progression of multiple
sclerosis. Beneficial or desired clinical results
include, but are not limited to, alleviation of
symptoms, diminishment of extent of disease,
stabilized {i.e., not worsening) state of disease,
delay or slowing of disease progression, amelioration
or palliation of the disease state, and remission
(whether partial or total), whether detectable or
undetectable. "Treatment" can also mean prolonging
survival as compared to expected survival if not
receiving treatment. Those in need of treatment
include those already with the condition or disorder
as well as those prone to have the condition or
disorder or those in which the condition or disorder
is to be prevented. [0093] By "subject" or
"individual" or "animal" or "patient" or "mammal," is
meant any subject, particularly a mammalian subject,
for whom diagnosis, prognosis, or therapy is desired.
Mammalian subjects include humans, domestic animals,
farm animals, and zoo, sports, or pet animals such as
dogs, cats, guinea pigs, rabbits, rats, mice, horses,
cattle, cows, and so on.[0094] As used herein, phrases
such as "a subject that would benefit from
administration of an Sp35 antibody" and "an animal in
need of treatment" includes subjects, such as
mammalian subjects, that would benefit from
administration of an Sp35 antibody used, e.g., for
detection of an Sp35 polypeptide (e.g., for a
diagnostic procedure) and/or from treatment, i.e.,
palliation or prevention of a disease such as MS, with
an Sp35 antibody. As described in more detail herein,
the Sp35 antibody can be used in unconjugated form or
can be conjugated, e.g., to a drug, prodrug, or an
isotope. II. Sp35 [0095] Naturally occurring human
Sp35 (Sp35) is a glycosylated central nervous
system-specific protein which is predicted to have 614
amino acids (SEQ ID NO: 2), including a 33 amino acid
signal sequence. Sp 35 is also known in the art by the
names LINGO-I, LRRN6, LRRN6A, FLJ14594, LERNl,
MGC17422 and UNQ201. The human, full-length wild-type
Sp35 polypeptide contains an LRR domain consisting of
14 leucine-rich repeats (including N- and C-terminal
caps), an Ig domain, a transmembrane region, and a
cytoplasmic domain. The cytoplasmic domain contains a
canonical tyrosine phosphorylation site. In addition,
the naturally occurring Sp35 protein contains a signal
sequence, a short basic region between the LRRCT and
Ig domain, and a transmembrane region between the Ig
domain and the cytoplasmic domain. The human Sp35 gene
(SEQ ID NO:1) contains alternative translation start
codons, so that six additional amino acids, i.e.,
MQVSKR (SEQ ID NO: 3) may or may not be present at the
N-terminus of the Sp35 signal sequence. Table 2 lists
the Sp35 domains and other regions, according to amino
acid residue number, based on the Sp35 amino acid
sequence presented herein as SEQ ID NO: 2. The Sp35
polypeptide is characterized in more detail in PCT
Publication No. WO 2004/085648, which is incorporated
herein by reference in its entirety. TABLE 2-Sp35
Domains[0096] Tissue distribution and developmental
expression of Sp35 has been studied in humans and
rats. Sp35 biology has been studied in an experimental
animal (rat) model. Expression of rat Sp35 is
localized to neurons and oligodendrocytes, as
determined by northern blot and immuno-histochemical
staining. Rat Sp35 mRNA expression level is regulated
developmentally, peaking shortly after birth, i.e.,
ca. postnatal day one. In a rat spinal cord
transection injury model, Sp35 is up-regulated at the
injury site, as determined by RT-PCR. See Mi et al.
Nature Neurosci. 7:221-228 (2004). [0097] In the
context of the amino acids comprising the various
structural and functional domains of an Sp35
polypeptide, the term "about" includes the
particularly recited value and values larger or
smaller by several {e.g., 10, 9, 8, 7, 6, 5, 4, 3, 2,
or 1) amino acids. Since the location of these domains
as listed in Table 1 have been predicted by computer
graphics, one of ordinary skill would appreciate that
the amino acid residues constituting the domains may
vary slightly (e.g., by about 1 to 15 residues)
depending on the criteria used to define the domain.
[0098] The inventors have discovered that full-length,
wild-type Sp35 binds to NgRl. See PCT Publication No.
WO 2004/085648. The inventors have also discovered
that Sp35 is expressed in oligodendrocytes and that
the Sp35 protein is involved in the regulation of
oligodendrocyte-mediated myelination of axons. See U.S
Patent Publication No. 2006/0009388 Al, which is
incorporated herein by reference in its entirety.
[0099] The nucleotide sequence for the full-length
Sp35 molecule is as follows:
ATGCTGGCGGGGGGCGTGAGGAGCATGCCCAGCCCCCTCCTGGCCTGCTGGCAG
CCCATCCTCCTGCTGG
TGCTGGGCTCAGTGCTGTCAGGCTCGGCCACGGGCTGCCCGCCCCGCTGCGAGT
GCTCCGCCCAGGACCG
CGCTGTGCTGTGCCACCGCAAGCGCTTTGTGGCAGTCCCCGAGGGCATCCCCAC
CGAGACGCGCCTGCTG
GACCTAGGCAAGAACCGCATCAAAACGCTCAACCAGGACGAGTTCGCCAGCTTC
CCGCACCTGGAGGAGC
TGGAGCTCAACGAGAACATCGTGAGCGCCGTGGAGCCCGGCGCCTTCAACAACC
TCTTCAACCTCCGGAC
GCTGGGTCTCCGCAGCAACCGCCTGAAGCTCATCCCGCTAGGCGTCTTCACTGG
CCTCAGCAACCTGACC
AGTCACTGGAGGTTGGCGACAATGACCTCGTCTACATCTCTCACCGCGCCTTCA
GCGGCCTCAACAGCCT
GGAGCAGCTGACGCTGGAGAAATGCAACCTGACCTCCATCCCCACCGAGGCGCT
GTCCCACCTGCACGGC
CTCATCGTCCTGAGGCTCCGGCACCTCAACATCAATGCCATCCGGGACTACTCC
TTCAAGAGGCTCTACC
GACTCAAGGTCTTGGAGATCTCCCACTGGCCCTACTTGGACACCATGACACCCA
ACTGCCTCTACGGCCT
CAACCTGACGTCCCTGTCCATCACACACTGCAATCTGACCGCTGTGCCCTACCT
GGCCGTCCGCCACCTAGTCTATCTCCGCTTCCTGA CCTCTCCTACA
CCCCATCAGCACC TTGAGGGCTCCATGTTGCATGAGC
TGCTCCGGCTGCAGGAGATCCAGCTGGTGGGCGGGCAGCTGGCCGTGGTGGAGC
CCTATGCCTTCCGCGG
CCTCAACTACCTGCGCGTGCTCAATGTCTCTGGCAACCAGCTGACCACACTGGA
GGAATCAGTCTTCCAC
TCGGTGGGCAACCTGGAGACACTCATCCTGGACTCCAACCCGCTGGCCTGCGAC
TGTCGGCTCCTGTGGG
TGTTCCGGCGCCGCTGGCGGCTCAACTTCAACCGGCAGCAGCCCACGTGCGCCA
CGCCCGAGTTTGTCCA
GGGCAAGGAGTTCAAGGACTTCCCTGATGTGCTACTGCCCAACTACTTCACCTG
CCGCCGCGCCCGCATC
CGGGACCGCAAGGCCCAGCAGGTGTTTGTGGACGAGGGCCACACGGTGCAGTTT
GTGTGCCGGGCCGATG
GCGACCCGCCGCCCGCCATCCTCTGGCTCTCACCCCGAAAGCACCTGGTCTCAG
CCAAGAGCAATGGGCG
GCTCACAGTCTTCCCTGATGGCACGCTGGAGGTGCGCTACGCCCAGGTACAGGA
CAACGGCACGTACCTG
TGCATCGCGGCCAACGCGGGCGGCAACGACTCCATGCCCGCCCACCTGCATGTG
CGCAGCTACTCGCCCG
ACTGGCCCCATCAGCCCAACAAGACCTTCGCTTTCATCTCCAACCAGCCGGGCG
GGGAGAGGCCAACAG
CACCCGCGCCACTGTGCCTTTCCCCTTCGACATCAAGACCCTCATCATCGCCAC
CACCATGGGCTTCATC
TCTTTCCTGGGCGTCGTCCTCTTCTGCCTGGTGCTGCTGTTTCTCTGGAGCCGG
GGCAAGGGCAACACAA
AGCACAACATCGAGATCGAGTATGTGCCCCGAAAGTCGGACGCAGGCATCAGCT
CCGCCGACGCGCCCCG CAAGTTCAACATGAAGATGATATGA (SEQ ID NO:
1). [0100] The polypeptide sequence for the
full-length Sp35 polypeptide is as follows:
MLAGGVRSMPSPLLACWQPILLLVLGSVLSGSATGCPPRCECSAQDRAVLCHRK
RFVAVPEGIPTETRL
LDLGKNRIKTLNQDEFASFPHLEELELNENIVSAVEPGAFNNLFNLRTLGLRSN
RLKLIPLGVFTGLSN
LTKLDISENKIVILLDYMFQDLYNLKSLEVGDNDLVYISHRAFSGLNSLEQLTL
EKCNLTSIPTEALSH
LHGLIVLRLRHLNINAIRDYSFKRLYRLKVLEISHWPYLDTMTPNCLYGLNLTS
LSITHCNLTAVPYLA
VRHLVYLRFLNLSYNPISTIEGSMLHELLRLQEIQLVGGQLAWEPYAFRGLNYL
RVLNVSGNQLTTLE 



ESVFHSVGNLETLILDSNPLACDCRLLWVFRRRWRLNFNRQQPTCATPEFVQGK
EFKDFPDVLLPNYFT
CRRARIRDRKAQQVFVDEGHTVQFVCRADGDPPPAILWLSPRKHLVSAKSNGRL
TVFPDGTLEVRYAQV
QDNGTYLCIAANAGGNDSMPAHLHVRSYSPDWPHQPNKTFAFISNQPGEGEANS
TRATVPFPFDIKTLI
IATTMGFISFLGWLFCLVLLFLWSRGKGNTKHNIEIEYVPRKSDAGISSADAPR
KFNMKMI (SEQBD NO:2). HI. Sp35 ANTIBODIES [0101] In
one embodiment, the present invention is directed to
Sp35 antibodies, or antigen-binding fragments,,
variants, or derivatives thereof. For example, the
present invention includes at least the
antigen-binding domains of certain monoclonal
antibodies, and fragments, variants, and derivatives
thereof shown in Tables 3A and 3B. [0102] Table 3A
describes the regions of the Sp35 polypeptide that are
bound by certain full-length phage library derived
antibodies. These antibodies have the same variable
regions as the Fab fragments derived from Phage
Display Library-1, as indicated in Table 3B (e.g. D05
in Table 3A has the same variable region as L105 in
Table 3B, D06 in Table 3A has the same variable region
as LiO6 in Table 3B, etc.). The antibodies were tested
for binding Sp35 fragments as defined in Table 3A,
using methods well known in the art. [0103] Table 3B
describes the ability of the named monoclonal
antibodies or Fab fragments to detect Sp35 in various
assays such as: Fluorescent Activated Cell Sorting
(FACS), Immunoprecipitation (IP), Western blot
analysis, Immunohistochemistry (IHC) and Enzyme Linked
Immunosorbent Assay (ELISA). Detailed protocols for
performing these assays are described herein or are
well known andunderstood by those of ordinary skill in
the art. Hybridoma-derived monoclonal antibodies
listed in Table 3B were produced by injection of
soluble Sp35 into mice and then isolated using
hybridoma technology which is well known in the art
and described herein. Monoclonal antibodies and
antibody Fab fragments listed in Table 3B were
isolated from two different phage display libraries
using techniques known in the art. TABLE 3ATABLE 3B -
SP35 MONOCLONAL ANTIBODIES HYBRIDOMA-DERIVED
MONOCLONAL ANTIBODIES IHC on FACs Immunoprecipitation
Western Transfected Cells IHC on Tissues ELISA mouse/
34- 417- 419- 1- 3 huSp35 mSp35 sp35Fc huSr35 mSp35
huSp35 rat sp35 huSp35 mSp35 WT arafin) KO (parafin)
417 493 495 532 532 No (mouse 201 1 yes yes and rat)
N/A N/A yes yes No (mouse 3A3 + - - no and rat) no no
yes yes No (mouse yes w 3A6 +/- -H- -/+ no and rat)
background no No (mouse yes w 1A7 4+ -/+ no and rat)
background no +/- yes yes No (mouse yes w 1G7 +/- + no
and rat) background no No (mouse yes w 2B10 +/- -/+ no
and rat) background no yes yes No (mouse 2Cl 1 no and
rat) no no yes with over-expressed 2F3 +/- +/- yes
mSp35 yes yes yes yes yes yes 3P1B1.1F9 3P1D10.2C3 +/-
yes yes 3P1E1 1.3B7 +/- yes yes 3P2C6. 3G10.2H7 +/-
yes yes 3P2C9.2G4 +/- yes yes 3P4A6.1D9 +/- yes yes
3P4A1 .2B9 3P4C2.2D2 yes yes 3P4C5.1D8 +/- yes yes Yes
3P4C8.2G9 yes (mouse) yes yes No 7P1D5.1G9 + no
(mouse)IHC on FACs Immunoprecipitation Western
Transfected Cells IHC on Tissues ELISA mouse/ 34- 417-
419- 1- huSp35 mSp35 sp35Fc huSp35 mSp35 huSp35 rat
sp35 huSp35 mSp35 WT (parafin) KO (parafin) 417 493
495 532 (upper No 1B6.4 band) (lower band) no (mouse)
(upper (lower No 2C7.2 band) band) no (mouse) ++
(binds to (binds to No 2D6.1 293 cells) 293 cells) no
(mouse) (lower (lower Yes 2F7.3 band) band) yes
(mouse) (lower (lower Yes 2H3.2 band) band) yes
(mouse) +++ +++ (lower (lower Yes 3C1 1.1 band) band)
yes (mouse) (upper (lower No 3E3.1 band) band) no
(mouse) (lower (lower Yes 3H1 1.2 band) band) yes
(mouse) (upper No 3G8.1 band) no (mouse) +++ + (upper
(lower No 2B8.1 band) band) no (mouse) (upper No 3B5.2
band) no (mouse)PHAGE DISPLAY LffiRARY-1 DERIVED
MONOCLONAL Fab FRAGMENTS IHC on FACs
Immimoprecipitation Western Transfected Cells IHC on
Tissues ELISA WT KO 34- 417- 419- 1- huSp35 mSp35
sp35Fc huSp35 mSp35 huSp35 Mouse/rat sp35 huSp35 mSp35
(parafin) (parafin) 417 493 495 532 30-C12 (LiOl) -H-
38-DO1 (LiO2) -/+ -/+ 35-E04 (LiO3) -H- 36-C09 (Li04)
-/+ -/+ 30-Al 1 (LiO5) 34-F02 (LiO6) 29-E07 (LiO7)
34-G04 (LiOS) +/- -H- 36-A12 (Li09) 



28-D02 (LiIO) -/+ +/- 30-B01 (LiI 1) 34-B03 (Li 12)
PHAGE DISPLAY LD8RARY-2DERIVED MONOCLONAL Fab
FRAGMENTS IHC on FACs Immunoprecipitation Western
Transfected Cells IHC on Tissues ELISA WT KO 34- 417-
419- 1- 3 huSp35 mSp35 sp35Fc huSp35 mSp35 huSp35
Mouse/rat sp35 huSp35 mSp35 (parafin) (parafin) 417
493 495 532 5 3383 (1) + N/A N/A yes yes yes yes
3495(2) + yes no faint N/A yes yes +/- yes y 3563 (3)
+ no no yes yes 3564 (4) + no no yes yes 3565 (5) + no
no yes yes 3566 (6) + yes very faint yes yes +/- yes
3567 (7) + yes no yes yes +/- yes y y 3568 (8) + no no
yes yes 3569 (9) + no no yes yes 3570 (10) + no no yes
yes 3571(11) + no noIHC on FACs Immunoprecipitation
Western Transfected Cells IHC on Tissues ELISA WT KO
34- 417- 419- 1- huSp35 mSp35 sp35Fc huSr35 mSp35
huSp35 Mouse/rat sp35 huSp35 mSp35 (parafin) (parafin)
417 493 495 53 3582 (12) + no no yes yei 1968 (13) +/-
weak no very faint yes wbg yes yes +1- ye; 301 1 - +/-
only stain very few cells faint 3012 - no no 3013
sticky- yes w high bg yes 3418 sticky yes w high bg
yes 3422 - very faint yes w high bg 3562 sticky no no
PHAGE DISPLAY LIBRARY-I DERIVED COMPLETE MONOCLONAL
ANTIBODIES D05 -HD07 +++ D08 -HDlO +++ 4 DI l +++ Key:
huSp35 = human Sp35 protein mSp35 = mouse Sp35 protein
WT = wild-type KO = knock-out IHC =
immunohistochemistry FACS = Fluorescent Activated Cell
Sorting[0104] As used herein, the term "antigen
binding domain" includes a site that specifically
binds an epitope on an antigen (e.g., an epitope of
Sp35). The antigen binding domain of an antibody
typically includes at least a portion of an
immunoglobulin 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 specificity of the
antibody. [0105] The present invention is more
specifically directed to an Sp35 antibody, or
antigen-binding fragment, variant or derivatives
thereof, where the Sp35 antibody binds to the same
epitope as a monoclonal antibody selected from the
group consisting of 201', 3A3, 3A6, 1A7, 1G7, 2B10,
2Cl 1, 2F3, 3P1D10.2C3, 3P1E11.3B7, 3P2C6.3G10.2H7,
3P2C9.2G4, 3P4A6.1D9, 3P4A1.2B9, 3P4C2.2D2, 3P4C5.1D8,
3P4C8.2G9, 30-C12 (LiOl), 38-D01 (LiO2), 35-E04
(Li03), 36-C09 (Li04), 30-Al 1 (LiO5), 34-F02 (LiO6),
29-E07 (LiO7), 34-G04 (Li08), 36-A12 (LiO9), 28-D02
(LiIO), 30-B01 (LiIl), 34-B03 (Lil2), Lil3, Li32,
Li33, Li34, 3383 (Lla.l), 3495(Lla.2), 3563 (Lla.3),
3564 (Lla.4), 3565 (Lla.5), 3566 (Lla.6), 3567
(Lla.7), 3568 (Lla.8), 3569 (Lla.9), 3570 (Lla.lO),
3571 (Lla.l 1), 3582 (Lla.12), and 1968 (Lla.13).
[0106] The invention is further drawn to an Sp35
antibody, or antigen-binding fragment, variant or
derivatives thereof, where the Sp35 antibody
competitively inhibits a monoclonal antibody selected
from the group consisting of 201', 3A3, 3A6, 1A7, 1G7,
2B10, 2C11, 2F3, 3P1D10.2C3, 3P1E11.3B7,
3P2C6.3G10.2H7, 3P2C9.2G4, 3P4A6.1D9, 3P4A1.2B9,
3P4C2.2D2, 3P4C5.1D8, 3P4C8.2G9, 30- C12 (LiOl),
38-D01 (LiO2), 35-E04 (Li03), 36-C09 (LiO4), 30-Al 1
(Li05), 34-F02 (LiO6), 29-E07 (LiO7), 34-G04 (LiO8),
36-A12 (LiO9), 28-D02 (LiIO), 30-B01 (LiIl), 34-B03
(Lil2), Lil3, Li32, Li33, Li34, 3383 (Lla.l),
3495(Lla.2), 3563 (Lla.3), 3564 (Lla.4), 3565 (Lla.5),
3566 (Lla.6), 3567 (Lla.7), 3568 (Lla.8), 3569
(Lla.9), 3570 (Lla.lO), 3571 (Lla.ll), 3582 (Lla.12),
and 1968 (Lla.13) from binding to Sp35. [0107] The
invention is also drawn to an Sp35 antibody, or
antigen-binding fragment, variant or derivatives
thereof, where the Sp35 antibody comprises at least
the antigen binding region of a monoclonal antibody
selected from the group consisting of 201', 3A3, 3A6,
1A7, 1G7, 2B10, 2Cl 1, 2F3, 3P1D10.2C3, 3P1E11.3B7,
3P2C6.3G10.2H7, 3P2C9.2G4, 3P4A6.1D9, 3P4A1.2B9,
3P4C2.2D2, 3P4C5.1D8, 3P4C8.2G9, 30-C12 (LiOl), 38-D01
(LiO2), 35-E04 (LiO3), 36-C09 (LiO4), 30-Al 1 (LiO5),
34-F02 (LiO6), 29-E07 (LiO7), 34-G04 (LiO8), 36-A12
(LiO9), 28-D02 (LiIO), 30-B01 (LiIl), 34-B03 (Lil2),
Lil3, Li32, Li33, Li34, 3383 (Lla.l), 3495(Lla.2),
3563 (Lla.3), 3564 (Lla.4), 3565 (Lla.5), 3566
(Lla.6), 3567 (Lla.7), 3568 (Lla.8), 3569 (Lla.9),
3570 (Lla.lO), 3571 (Lla.ll), 3582 (Lla.12), and 1968
(Lla.13).[0108] In certain embodiments, the present
invention is directed to an antibody, or
antigen-binding fragment, variant, or derivative
thereof which specifically or preferentially binds to
a particular Sp35 polypeptide fragment or domain. Such
Sp35 polypeptide fragments include, but are not
limited to, an Sp35 polypeptide comprising, consisting
essentially of, or consisting of amino acids 34 to
532; 34 to 417; 34 to 425; 34 to 493; 66 to 532; 66 to
417; 66 to 426; 66 to 493;66 to 532;417 to 532; 417 to
425 (the Sp35 basic region) ; 417 to 493; 417 to 532;,
419 to 493 (the Sp35 Ig region) ;, or 425 to 532 of
SEQ ID NO:2; or an Sp35 variant polypeptide at least
70%, 75%, 80%, 85%, 90%, or 95% identical to amino
acids 34 to 532; 34 to 417; 34 to 425; 34 to 493; 66
to 532; 66 to 417; 66 to 426; 66 to 493; 66 to 532;
417 to 532; 417 to 425 (the Sp35 basic region) ; 417
to 493; 417 to 532; 419 to 493 (the Sp35 Ig region);
or 425 to 532 of SEQ E) NO:2. [0109] Additional Sp35
peptide fragments to which certain antibodies, or
antigen-binding fragments, variants, or derivatives
thereof of the present invention bind include, but are
not limited to those fragments comprising, consisting
essentially of, or consisting of one or more
leucine-rich-repeats (LRR) of Sp35. Such fragments,
include, for example, fragments comprising, consisting
essentially of, or consisting of amino acids 66 to 89;
66 to 113; 66 to 137; 90 to 113; 114 to 137; 138 to
161; 162 to 185; 186 to 209; 210 to 233;, 234 to 257;
258 to 281; 282 to 305; 306 to 329; or 330 to 353 of
SEQ ID NO:2. Corresponding fragments of a variant Sp35
polypeptide at least 70%, 75%, 80%, 85%, 90%, or 95%
identical to amino acids 66 to 89; 66 to 113; 90 to
113; 114 to 137; 138 to 161; 162 to 185; 186 to 209;
210 to 233; 234 to 257; 258 to 281; 282 to 305; 306 to
329; or 330 to 353 of SEQ ID NO:2 are also
contemplated. [0110] Additional Sp35 peptide fragments
to which certain antibodies, or antigen-binding
fragments, variants, or derivatives thereof of the
present invention bind include, but are not limited to
those fragments comprising, consisting essentially of,
or consisting of one or more cysteine rich regions
flanking the LRR of Sp35. Such fragments, include, for
example, a fragment comprising, consisting essentially
of, or consisting of amino acids 34 to 64 of SEQ ID
NO:2 (the N-terminal LRR flanking region (LRRNT)), or
a fragment comprising, consisting essentially of, or
consisting of amino acids 363 to 416 of SEQ ID NO:2
(the C-terminal LRR flanking region (LRRCT)), amino
acids Corresponding fragments of a variant Sp35
polypeptide at least 70%, 75%, 80%, 85%, 90%, or 95%
identical to amino 



acids 34 to 64 and 363 to 416 of SEQ ID NO:2 are also
contemplated. [0111] As known in the art, "sequence
identity" between two polypeptides is determined by
comparing the amino acid sequence of one polypeptide
to the sequence of a second polypeptide. When
discussed herein, whether any particular polypeptide
is at least about 70%, 75%, 80%, 85%, 90% or 95%
identical to another polypeptide can be determined
using methods and computer programs/software known in
the art such as, but not limited to, the BESTFIT
program (Wisconsin Sequence Analysis Package, Version
8 for Unix, Genetics Computer Group, University
Research Park,575 Science Drive, Madison, WI 53711).
BESTFIT uses the local homology algorithm of Smith and
Waterman, Advances in Applied Mathematics 2:482-489
(1981), to find the best segment of homology between
two sequences. When using BESTFIT or any other
sequence alignment program to determine whether a
particular sequence is, for example, 95% identical to
a reference sequence according to the present
invention, the parameters are set, of course, such
that the percentage of identity is calculated over the
full length of the reference polypeptide sequence and
that gaps in homology of up to 5% of the total number
of amino acids in the reference sequence are allowed.
[0112] Additional Sp35 peptide fragments to which
certain antibodies, or antigen-binding fragments,
variants, or derivatives thereof of the present
invention bind include, but are not limited to those
fragments comprising, consisting essentially of, or
consisting of amino acids 4 1 to 525 of SEQ ID NO:2;
40 to 526 of SEQ ID NO:2; 39 to 527 of SEQ ID NO:2; 38
to 528 of SEQ ID NO:2; 37 to 529 of SEQ ID NO:2; 36 to
530 of SEQ ID NO:2; 35 to 53 1 of SEQ ID NO:2; 34 to
531 of SEQ ID NO:2; 46 to 520 of SEQ ID NO:2; 45 to
521 of SEQ ID NO:2; 44 to 522 of SEQ ID NO:2; 43 to
523 of SEQ ID NO:2; and 42 to 524 of SEQ ID NO:2.
[0113] Still additional Sp35 peptide fragments to
which certain antibodies, or antigen-binding
fragments, variants, or derivatives thereof of the
present invention bind include, but are not limited to
those fragments comprising, consisting essentially of,
or consisting of amino acids 1 to 33 of SEQ ID NO:2; 1
to 35 of SEQ ID NO:2; 34 to 64 of SEQ ID NO:2; 36 to
64 of SEQ ID NO:2; 66 to 89 of SEQ ID NO:2; 90 to 113
of SEQ ID NO:2; 114 to 137 of SEQ ID NO:2; 138 to 161
of SEQ ID NO:2; 162 to 185 of SEQ ID NO:2; 186 to 209
of SEQ ID NO:2; 210 to 233 of SEQ ID NO:2; 234 to 257
of SEQ ID NO:2; 258 to 281 of SEQ ID NO:2; 282 to 305
of SEQ ID NO:2; 306 to 329 of SEQ ID NO:2; 330 to 353
of SEQ ID NO:2; 363 to 416 of SEQ ID NO:2; 417 to 424
of SEQ ID NO:2; 419 to 493 of SEQ ID NO:2; and 494 to
551 of SEQ ID NO:2. [0114] Further still, Sp35 peptide
fragments to which certain antibodies, or
antigen-binding fragments, variants, or derivatives
thereof of the present invention bind include, but are
not limited to those fragments comprising, consisting
essentially of, or consisting of amino acids 1 to 33
of SEQ ID NO:2; 1 to 35 of SEQ ID NO:2; 1 to 64 of SEQ
ID NO:2; 1 to 89 of SEQ ID NO:2; 1 to 113 of SEQ ID
NO:2; 1 to 137 of SEQ ID NO:2; 1 to 161 of SEQ ID
NO:2; 1 to 185 of SEQ ID NO:2; 1to 209 of SEQ ID NO:2;
1 to 233 of SEQ ID NO:2; 1 to 257 of SEQ ID NO:2; 1 to
281 of SEQ ID NO:2; 1 to 305 of SEQ ID NO:2; 1 to 329
of SEQ ID NO:2; 1 to 353 of SEQ ID NO:2; 1 to 416 of
SEQ ID NO:2; 1 to 424 of SEQ ID NO:2; 1 to 493 of SEQ
D NO:2; 1 to 551 of SEQ ID NO:2; 1 to 531 of SEQ ID
NO:2 and 1 to 532 of SEQ ID NO:2. [0115] Additional
Sp35 peptide fragments to which certain antibodies, or
antigen-binding fragments, variants, or derivatives
thereof of the present invention bind include, but are
not limited to those fragments comprising, consisting
essentially of, or consisting of amino acids 34 to 64
of SEQ IDNO:2; 34 to 89 of SEQ ID NO:2; 34 to 113 of
SEQ ID NO:2; 34 to 137 of SEQ ID NO:2; 34 to 161 of
SEQ ID NO:2; 34 to 185 of SEQ ID NO:2; 34 to 209 of
SEQ ID NO:2; 34 to 233 of SEQ ID NO:2; 34 to 257 of
SEQ ID NO:2; 34 to 281 of SEQ ID NO:2; 34 to 305 of
SEQ ID NO:2; 34 to 329 of SEQ ID NO:2; 34 to 353 of
SEQ ID NO:2; 34 to 416 of SEQ ID NO:2; 34 to 424 of
SEQ ID NO:2; 34 to 493 of SEQ ID NO:2; and 34 to 551
of SEQ ID NO:2. [0116] More additional Sp35 peptide
fragments to which certain antibodies, or
antigen-binding fragments, variants, or derivatives
thereof of the present invention bind include, but are
not limited to those fragments comprising, consisting
essentially of, or consisting of amino acids 34 to 530
of SEQ ID NO:2; 34 to 531 of SEQ ID NO:2; 34 to 532 of
SEQ ID NO:2; 34 to 533 of SEQ ID NO:2; 34 to 534 of
SEQ ID NO:2; 34 to 535 of SEQ ID NO:2; 34 to 536 of
SEQ IDNO:2; 34 to 537 of SEQ ID NO:2; 34 to 538 of SEQ
ID NO:2; 34 to 539 of SEQ ID NO:2; 30 to 532 of SEQ ID
NO:2; 3 1 to 532 of SEQ ID NO:2; 32 to 532 of SEQ ID
NO:2; 33 to 532 of SEQ ID NO:2; 34 to 532 of SEQ ID
NO:2; 35 to 532 of SEQ ID NO:2; 36 to 532 of SEQ ID
NO:2; 30 to 531 of SEQ ID NO:2; 31 to 531 of SEQ ID
NO:2; 32 to 531 of SEQ ID NO:2; 33 to 531 of SEQ DD
NO:2; 34 to 531 of SEQ ID NO:2; 35 to 531 of SEQ DD
NO:2; and 36 to 531 of SEQ ID NO:2. [0117] Further
still, Sp35 peptide fragments to which certain
antibodies, or antigen-binding fragments, variants, or
derivatives thereof of the present invention bind
include, but are not limited to those fragments
comprising, consisting essentially of, or consisting
of amino acids 36 to 64 of SEQ DD NO:2; 36 to 89 of
SEQ DD NO:2; 36 to 113 of SEQ DD NO:2; 36 to 137 of
SEQ DD NO:2; 36 to 161 of SEQ DD NO:2; 36 to 185 of
SEQ DD NO:2; 36 to 209 of SEQ DD NO:2; 36 to 233 of
SEQ DD NO:2; 36 to 257 of SEQ DD NO:2; 36 to 281 of
SEQ DD NO:2; 36 to 305 of SEQ DD NO:2; 36 to 329 of
SEQ DD NO:2; 36 to 353 of SEQ DD NO:2; 36 to 416 of
SEQ DD NO:2; 36 to 424 of SEQ DD NO:2; 36 to 493 of
SEQ DD NO:2; and 36 to 551 of SEQ DD NO:2. [0118]
Additional Sp35 peptide fragments to which certain
antibodies, or antigen-binding fragments, variants, or
derivatives thereof of the present invention bind
include, but are not limited to those fragments
comprising, consisting essentially of, or consisting
of amino acids 36 to 530 of SEQ DD NO:2; 36 to 531 of
SEQ DD NO:2; 36 to 532 of SEQ DD NO:2; 36 to 533 of
SEQ DD NO:2; 36 to 534 of SEQ DD NO:2; 36 to 535 of
SEQ DD NO:2; 36 to 536 of SEQ DD NO:2; 36 to 537 of
SEQ DD NO:2; 36 to 538 of SEQ DD NO:2; and 36 to 539
of SEQ DD NO:2. [0119] More Sp35 peptide fragments to
which certain antibodies, or antigen-binding
fragments, variants, or derivatives thereof of the
present invention bind include, but are not limited to
those fragments comprising, consisting essentially of,
or consisting of amino acids 417 to 493 of SEQ DD
NO:2; 417 to 494 of SEQ DD NO:2; 417 to 495 of SEQ DD
NO:2; 417 to 496 of SEQ ID NO:2; 417 to 497 of SEQ
DDNO:2; 417 to 498 of SEQ DD NO:2; 417 to 499 of SEQ
DD NO:2; 417 to 500 of SEQ DD NO:2; 417 to 492 of SEQ
ID NO:2; 417 to 491 of SEQ DD NO:2; 412 to 493 of SEQ
DD NO:2; 413 to493 of SEQ ID NO:2; 414 to 493 of SEQ
ID NO:2; 415 to 493 of SEQ TD NO:2; 416 to 493 of SEQ
ID NO:2; 411 to 493 of SEQ ID NO:2; 410 to 493 of SEQ
ID NO:2; 410 to 494 of SEQ E) NO:2; 411 to 494 of SEQ
ID NO:2; 412 to 494 of SEQ ID NO:2; 413 to 494 of SEQ
ID NO:2; 414 to 494 of SEQ ID NO:2; 415 to 494 of SEQ
ID NO:2; 416 to 494 of SEQ TD NO:2; 417 to 494 of SEQ
E) NO:2; and 418 to 494 of SEQ E) NO:2. [0120] In an
additional embodiment Sp35 peptide fragments to which
certain antibodies, or antigen-binding fragments,
variants, or derivatives thereof of the present
invention bind include, an Sp35 polypeptide
comprising, consisting essentially of, or consisting
of peptides of the Ig domain of Sp35 or fragments,
variants, or derivatives of such polypeptides.
Specifically, polypeptides comprising, consisting
essentially of, or consisting of the following
polypeptide sequences: ITX1X2X3 (SEQ E) NO:287),
ACXiX2X3 (SEQ E) NO:288), VCX1X2X3(SEQ E) NO:289) and
SPX1X2X3(SEQ E) NO:290) where Xi is lysine, arginine,
histidine, glutamine, or asparagine, X2 is lysine,
arginine, histidine, glutamine, or asparagine and X3
is lysine, arginine, histidine, glutamine, or
asparagine. For example, Sp35 peptide fragments to
which certain antibodies, or antigen-binding
fragments, variants, or derivatives thereof of the
present invention bind include, those fragments
comprising, consisting essentially of, or consisting
of the following polypeptide sequences: SPRKH (SEQ E)
NO:291), SPRKK (SEQ E) NO:292), SPRKR (SEQ E) NO:293),
SPKKH (SEQ E) NO:294), SPHKH (SEQ E) NO:295), SPRRH
(SEQ E) NO:296), SPRHH (SEQ E) NO:297), SPRRR (SEQ E)
NO:298), SPHHH (SEQ E) NO:299) SPKKK (SEQ E) NO:300),
LSPRKH (SEQ E) NO:301), LSPRKK (SEQ E) NO:302), LSPRKR
(SEQ E) NO:303), LSPKKH (SEQ E) NO:304), LSPHKH (SEQ
E) NO:305), LSPRRH (SEQ E) NO:306), LSPRHH (SEQ E)
NO:307), LSPRRR (SEQ E) NO:308), LSPHHH (SEQ E)
NO:309) LSPKKK (SEQ E) NO:310), WLSPRKH (SEQ TD
NO:311), WLSPRKK (SEQ TD NO:312), WLSPRKR (SEQ TD
NO:313), WLSPKKH (SEQ TD NO:314), WLSPHKH (SEQ TD
NO:315), WLSPRRH (SEQ TD NO:316), WLSPRHH (SEQ TD
NO:317), WLSPRRR (SEQ TD NO:318), WLSPHHH (SEQ E)
NO:319) WLSPKKK (SEQ E) NO:320),. These Sp35
polypeptides include the basic "RKH loop"
(Arginine-Lysine-Histidine amino acids 456-458) in the
Ig domain of Sp35. Additional Sp35 peptides which
include a basic tripeptide are ITPKRR (SEQ TD NO:321),
ACHHK (SEQ TD NO:322) and VCHHK (SEQ TD NO:323). 



[0121] Additional Sp35 peptide fragments to which
certain antibodies, or antigen-binding fragments,
variants, or derivatives thereof of the present
invention bind include, an Sp35 polypeptide
comprising, consisting essentially of, or consisting
of peptides of the Ig domain of Sp35 or fragments,
variants, or derivatives of such polypeptides.
Specifically, peptides comprising, consisting
essentially of, or consisting of the following
polypeptide sequences: X4X5RKH (SEQ TD NO:324),
X4X5RRR (SEQ TD NO:325), X4X5KKK (SEQ TD NO:326),
X4X5HHH (SEQ TD NO:327), X4X5RKK (SEQ TD NO:328),
X4X5RKR (SEQ TD NO:329), X4X5KKH (SEQ TD NO:330),
X4X5HKH (SEQ TD NO:331),X4X5RRH (SEQ ID NO:332) and
X4X5RHH (SEQ ID NO:333) where X4 is any amino acid and
X5 is any amino acid. [0122] In other embodiments Sp35
peptide fragments to which certain antibodies, or
antigenbinding fragments, variants, or derivatives
thereof of the present invention bind include, an Sp35
polypeptide comprising, consisting essentially of, or
consisting of peptides of the Ig domain of Sp35 or
fragments, variants, or derivatives of such
polypeptides. Specifically, polypeptides comprising,
consisting essentially of, or consisting of the
following polypeptide sequences: ITX6X7X8 (SEQ ID
NO:334), ACX6X7X8 (SEQ ID NO:335), VCX6X7X8 (SEQ ID
NO:336) and SPX6X7X8 (SEQ ID NO:337) where X6 is
lysine, arginine, histidine, glutamine, or asparagine,
X7 is any amino acid and X8 is lysine, arginine,
histidine, glutamine, or asparagine. For example, a
polypeptide comprising, consisting essentially of, or
consisting of the following polypeptide sequence:
SPRLH (SEQ ID NO:338). [0123] Sp35 peptide fragments
to which certain antibodies, or antigen-binding
fragments, variants, or derivatives thereof of the
present invention bind include, an Sp35 polypeptide
comprising, consisting essentially of, or consisting
of peptides which contain amino acids 452-458 in the
Ig domain of Sp35,or derivatives thereof, wherein
amino acid 452 is a tryptophan or phenylalanine
residue. [0124] Additional Sp35 peptide fragments to
which certain antibodies, or antigen-binding
fragments, variants, or derivatives thereof of the
present invention bind include, an Sp35 polypeptide
comprising, consisting essentially of, or consisting
of peptides of the basic domain of Sp35. Specifically,
peptides comprising, consisting essentially of, or
consisting of the following polypeptide sequences:
RRARIRDRK (SEQ ID NO:339), KKVKVKEKR (SEQ ID NO:340),
RRLRLRDRK (SEQ ID NO:341), RRGRGRDRK (SEQ ID NO:342)
and RRIRARDRK (SEQ ID NO:343). [0125] Additional
exemplary soluble Sp35 polypeptides and methods and
materials for obtaining these molecules for producing
antibodies or antibody fragments of the present
invention may be found, e.g., in International Patent
Application No. PCT/US2004/008323, incorporated herein
by reference in its entirety. [0126] Methods of making
antibodies are well known in the art and described
herein. Once antibodies to various fragments of, or to
the full-length Sp35 without the signal sequence, have
been produced, determining which amino acids, or
epitope, of Sp35 to which the antibody or antigen
binding fragment binds can be determined by eptiope
mapping protocols as described herein as well as
methods known in the art {e.g. double
antibody-sandwich ELISA as described in "Chapter 11 -
Immunology," Current Protocols in Molecular Biology,
Ed. Ausubel et al., v.2, John Wiley & Sons, Inc.
(1996)). Additional eiptope mapping protocols may be
found in Morris, G. Epitope Mapping Protocols, New
Jersey: Humana Press (1996), which are both
incorporated herein by reference in their
entireties.Epitope mapping can also be performed by
commercially available means (i.e. ProtoPROBE, Inc.
(Milwaukee, Wisconsin)). [0127] Additionally,
antibodies produced which bind to any portion of Sp35
can then be screened for their ability to act as an
antagonist of Sp35 and thus promote neurite outgrowth,
neuronal and oligodendrocyte survival, proliferation
and differentiation as well as promote myelination.
Antibodies can be screened for
oligodendrocyte/neuronal survival by using the method
as described in Examples 10 and 11. Additionally,
antibodies can be screened for their ability to
promote myelination by using the method of Example 9.
Finally, antibodies can be screened for their ability
to promote oligodendrocyte proliferation and
differentiation, as well as neurite outgrowth by using
the method as described in Example 7. Other antagonist
functions of antibodies of the present invention can
be tested using other assays as described in the
Examples herein. [0128] In other embodiments, the
present invention includes an antibody, or
antigen-binding fragment, variant, or derivative
thereof which specifically or preferentially binds to
at least one epitope of Sp35, where the epitope
comprises, consists essentially of, or consists of at
least about four to five amino acids of SEQ ID NO:2,
at least seven, at least nine, or between at least
about 15 to about 30 amino acids of SEQ ID NO:2. The
amino acids of a given epitope of SEQ ID NO:2 as
described may be, but need not be contiguous or
linear. In certain embodiments, the at least one
epitope of Sp35 comprises, consists essentially of, or
consists of a non-linear epitope formed by the
extracellular domain of Sp35 as expressed on the
surface of a cell or as a soluble fragment, e.g.,
fused to an IgG Fc region. Thus, in certain
embodiments the at least one epitope of Sp35
comprises, consists essentially of, or consists of at
least 4, at least 5, at least 6, at least 7, at least
8, at least 9, at least 10, at least 15, at least 20,
at least 25, between about 15 to about 30, or at least
10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70,
75, 80, 85, 90, 95, or 100 contiguous or
non-contiguous amino acids of SEQ ID NO:2, where the
non-contiguous amino acids form an epitope through
protein folding. [0129] In other embodiments, the
present invention includes an antibody, or
antigen-binding fragment, variant, or derivative
thereof which specifically or preferentially binds to
at least one epitope of Sp35, where the epitope
comprises, consists essentially of, or consists of, in
addition to one, two, three, four, five, six or more
contiguous or non-contiguous amino acids of SEQ ID
NO:2 as described above, and an additional moiety
which modifies the protein, e.g., a carbohydrate
moiety may be included such that the Sp35 antibody
binds with higher affinity to modified target protein
than it does to an unmodified version of the protein.
Alternatively, the Sp35 antibody does not bind the
unmodified version of the target protein at all.
[0130] In certain aspects, the present invention is
directed to an antibody, or antigen-binding fragment,
variant, or derivative thereof which specifically
binds to a Sp35 polypeptide or fragmentthereof, or an
Sp35 variant polypeptide, with an affinity
characterized by a dissociation constant (KD) which is
less than the KD for said reference monoclonal
antibody. [0131] In certain embodiments, an antibody,
or antigen-binding fragment, variant, or derivative
thereof of the invention binds specifically to at
least one epitope of Sp35 or fragment or variant
described above, i.e., binds to such an epitope more
readily than it would bind to an unrelated, or random
epitope; binds preferentially to at least one epitope
of Sp35 or fragment or variant described above, i.e.,
binds to such an epitope more readily than it would
bind to a related, similar, homologous, or analogous
epitope; competitively inhibits binding of a reference
antibody which itself binds specifically or
preferentially to a certain epitope of Sp35 or
fragment or variant described above; or binds to at
least one epitope of Sp35 or fragment or variant
described above with an affinity characterized by a
dissociation constant KD of less than about 5 x 10 2
M, about 10 2M, about 5 x 10'3 M, about 10 3M, about 5
x 10 4M, about 10 4M, about 5 x 10 5M, about 10 5M,
about 5 x 10 6M, about 10 6M, about 5 x 10 7M, about
10 7M, about 5 x 10 8M, about 10 8M, about 5 x 10 9 M,
about 10"9M, about 5 x 10 10 M, about 10 10 M, about 5
x 10 11M, about 10 11 M, about 5 x 10 12 M, about 10
12 M, about 5 x 10 13 M, about 10 13 M, about 5 x 10
14M, about 10 14 M, about 5 x 10 15M, or about 10 15M.
In a particular aspect, the antibody or fragment
thereof preferentially binds to a human Sp35
polypeptide or fragment thereof, relative to a murine
Sp35 polypeptide or fragment thereof. [0132] As used
in the context of antibody binding dissociation
constants, the term "about" allows for the degree of
variation inherent in the methods utilized for
measuring antibody affinity. For example, depending on
the level of precision of the instrumentation used,
standard error based on the number of samples
measured, and rounding error, the term "about 10 2M"
might include, for example, from 0.05 M to 0.005 M.
[0133] Ih specific embodiments, an antibody, or
antigen-binding fragment, variant, or derivative
thereof of the invention binds Sp35 polypeptides or
fragments or variants thereof with an off rate
(k(off)) of less than or equal to 5 X 10 2 sec"1, 10 2
sec 1, 5 X 10 3 sec 1 or 10 3 sec 1 . Alternatively,
an antibody, or antigen-binding fragment, variant, or
derivative thereof of the invention binds binds Sp35
polypeptides or fragments or variants thereof with an
off rate (k(off)) of less than or equal to 5 X 10 4
sec 1, 10 4 sec 1, 5 X 10 5 sec 1, or 10 5 sec 1 5 X
10 6 sec 1, 10 6 sec 1, 5 X 10 7 sec 1 or 10 7 sec 1 .
[0134] In other embodiments, an antibody, or
antigen-binding fragment, variant, or derivative
thereof of the invention binds Sp35 polypeptides or
fragments or variants thereof with an on rate 



(k(on)) of greater than or equal to 103 M 1 sec 1, 5 X
103M 1 sec" 1, 104 M 1 sec 1 or 5 X 104 M 1 sec 1.
Alternatively, an antibody, or antigen-binding
fragment, variant, or derivative thereof of the
invention binds Sp35 polypeptides or fragments or
variants thereof with an on rate (k(on)) greater than
or equal to 105M 1 sec 1, 5 X 105M 1 sec 1, 106M 1 sec
1, or 5 X 106 M 1 sec 1 or 107M 1 sec 1.[0135] i
various embodiments, an Sp35 antibody, or
antigen-binding fragment, variant, or derivative
thereof as described herein is an antagonist of Sp35
activity. In certain embodiments, for example, binding
of an antagonist Sp35 antibody to Sp35, as expressed
on neurons, blocks myelinassociated neurite outgrowth
inhibition or neuronal cell death. In other
embodiments, binding of the Sp35 antibody to Sp35, as
expressed on oligodendrocytes, blocks inhibition of
oligodendrocyte growth or differentiation, or blocks
demyelination or dysmyelination of CNS neurons. [0136]
Unless it is specifically noted, as used herein a
"fragment thereof in reference to an antibody refers
to an antigen-binding fragment, i.e., a portion of the
antibody which specifically binds to the antigen. Ia
one embodiment, an Sp35 antibody, e.g., an antibody of
the invention is a bispecific Sp35 antibody, binding
polypeptide, or antibody, e.g., a bispecific antibody,
minibody, domain deleted antibody, or fusion protein
having binding specificity for more than one epitope,
e.g., more than one antigen or more than one epitope
on the same antigen. In one embodiment, a bispecific
Sp35 antibody, binding polypeptide, or antibody has at
least one binding domain specific for at least one
epitope on a target polypeptide disclosed herein,
e.g., Sp35. In another embodiment, a bispecific Sp35
antibody, binding polypeptide, or antibody has at
least one binding domain specific for an epitope on a
target polypeptide and at least one target binding
domain specific for a drug or toxin. In yet another
embodiment, a bispecific Sp35 antibody, binding
polypeptide, or antibody has at least one binding
domain specific for an epitope on a target polypeptide
disclosed herein, and at least one binding domain
specific for a prodrug. A bispecific Sp35 antibody,
binding polypeptide, or antibody may be a tetravalent
antibody that has two target binding domains specific
for an epitope of a target polypeptide disclosed
herein and two target binding domains specific for a
second target. Thus, a tetravalent bispecific Sp35
antibody, binding polypeptide, or antibody may be
bivalent for each specificity. [0137] Sp35 antibodies,
or antigen-binding fragments, variants, or derivatives
thereof of the invention, as known by those of
ordinary skill in the art, can comprise a constant
region which mediates one or more effector functions.
For example, binding of the Cl component of complement
to an antibody constant region may activate the
complement system. Activation of complement is
important in the opsonisation and lysis of cell
pathogens. The activation of complement also
stimulates the inflammatory response and may also be
involved in autoimmune hypersensitivity. Further,
antibodies bind to receptors on various cells via the
Fc region, with a Fc receptor binding site on the
antibody Fc region binding to a Fc receptor (FcR) on a
cell. There are a number of Fc receptors which are
specific for different classes of antibody, including
IgG (gamma receptors), IgE (epsilon receptors), IgA
(alpha receptors) and IgM (mu receptors). Binding of
antibody to Fc receptors on cell surfaces triggers a
number of important and diverse biological responses
including engulfment and destruction of
antibody-coated particles, clearance of immune
complexes, lysis of antibody-coated target cells
bykiller cells (called antibody-dependent
cell-mediated cytotoxicity, or ADCC), release of
inflammatory mediators, placental transfer and control
of immunoglobulin production. [0138] Accordingly,
certain embodiments of the invention include an Sp35
antibody, or antigenbinding fragment, variant, or
derivative thereof, in which at least a fraction of
one or more of the constant region domains has been
deleted or otherwise altered so as to provide desired
biochemical characteristics such as reduced effector
functions, the ability to non-covalently dimerize,
increased ability to localize at the site of a tumor,
reduced serum half-life, or increased serum half-life
when compared with a whole, unaltered antibody of
approximately the same immunogenicity. For example,
certain antibodies for use in the diagnostic and
treatment methods described herein are domain deleted
antibodies which comprise a polypeptide chain similar
to an immunoglobulin heavy chain, but which lack at
least a portion of one or more heavy chain domains.
For instance, in certain antibodies, one entire domain
of the constant region of the modified antibody will
be deleted, for example, all or part of the CH2 domain
will be deleted. [0139] In certain Sp35 antibodies, or
antigen-binding fragments, variants, or derivatives
thereof described herein, the Fc portion may be
mutated to decrease effector function using techniques
known in the art. For example, the deletion or
inactivation (through point mutations or other means)
of a constant region domain may reduce Fc receptor
binding of the circulating modified antibody thereby
increasing tumor localization. Ih other cases it may
be that constant region modifications consistent with
the instant invention moderate complement binding and
thus reduce the serum half life and nonspecific
association of a conjugated cytotoxin. Yet other
modifications of the constant region may be used to
modify disulfide linkages or oligosaccharide moieties
that allow for enhanced localization due to increased
antigen specificity or antibody flexibility. The
resulting physiological profile, bioavailability and
other biochemical effects of the modifications, such
as tumor localization, biodistribution and serum
half-life, may easily be measured and quantified using
well know immunological techniques without undue
experimentation. [0140] Modified forms of Sp35
antibodies, or antigen-binding fragments, variants, or
derivatives thereof of the invention can be made from
whole precursor or parent antibodies using techniques
known in the art. Exemplary techniques are discussed
in more detail herein. [0141] In certain embodiments
both the variable and constant regions of Sp35
antibodies, or antigen-binding fragments, variants, or
derivatives thereof are fully human. Fully human
antibodies can be made using techniques that are known
in the art and as described herein. For example, fully
human antibodies against a specific antigen can be
prepared by administering the antigen to a transgenic
animal which has been modified to produce such
antibodies in response to antigenic challenge, but
whose endogenous loci have been disabled. Exemplary
techniques that can be used to make such antibodies
are described in US patents: 6,150,584; 6,458,592;
6,420,140 which areincorporated by reference in their
entireties. Other techniques are known in the art.
Fully human antibodies can likewise be produced by
various display technologies, e.g., phage display or
other viral display systems, as described in more
detail elsewhere herein. [0142] Sp35 antibodies, or
antigen-binding fragments, variants, or derivatives
thereof of the invention can be made or manufactured
using techniques that are known in the art. In certain
embodiments, antibody molecules or fragments thereof
are "recombinantly produced," i.e., are produced using
recombinant DNA technology. Exemplary techniques for
making antibody molecules or fragments thereof are
discussed in more detail elsewhere herein. [0143] Sr35
antibodies, or antigen-binding fragments, variants, or
derivatives thereof of the invention also include
derivatives that are modified, e.g., by the covalent
attachment of any type of molecule to the antibody
such that covalent attachment does not prevent the
antibody from specifically binding to its cognate
epitope. For example, but not by way of limitation,
the antibody derivatives include antibodies that have
been modified, e.g., by glycosylation, acetylation,
pegylation, phosphorylation, amidation, derivatization
by known protecting/blocking groups, proteolytic
cleavage, linkage to a cellular ligand or other
protein, etc. Any of numerous chemical modifications
may be carried out by known techniques, including, but
not limited to specific chemical cleavage,
acetylation, formylation, metabolic synthesis of
tunicamycin, etc. Additionally, the derivative may
contain one or more non-classical amino acids. [0144]
In certain embodiments, Sp35 antibodies, or
antigen-binding fragments, variants, or derivatives
thereof of the invention will not elicit a deleterious
immune response in the animal to be treated, e.g., in
a human. In one embodiment,. Sp35 antibodies, or
antigen-binding fragments, variants, or derivatives
thereof of the invention are modified to reduce their
immunogenicity using artrecognized techniques. For
example, antibodies can be humanized, primatized,
deimmunized, or chimeric antibodies can be made. These
types of antibodies are derived from a non-human
antibody, typically a murine or primate antibody, that
retains or substantially retains the antigen-binding
properties of the parent antibody, but which is less
immunogenic in humans. This may be achieved by various
methods, including (a) grafting the entire non-human
variable domains onto human constant regions to
generate chimeric antibodies; (b) grafting at least a
part of one or more of the non-human complementarity
determining regions (CDRs) into a human framework and
constant regions with or without retention of critical
framework residues; or (c) transplanting the entire
non-human variable domains, but "cloaking" them with a
human-like section by replacement of surface residues.
Such methods are disclosed in Morrison etal., Proc.
Natl. Acad. ScL 57:6851-6855 (1984); Morrison et at, 



Adv. Immunol. 44:65-92 (1988); Verhoeyen etal, Science
239:1534-1536 (1988); Padlan, Molec. Immun. 25:489-498
(1991); Padlan, Molec. Immun. 31:169-217 (1994), and
U.S. Pat. Nos. 5,585,089, 5,693,761, 5,693,762, and
6,190,370, all of which are hereby incorporated by
reference in their entirety.[0145] De-immunization can
also be used to decrease the immunogenicity of an
antibody. As used herein, the term "de-immunization"
includes alteration of an antibody to modify T cell
epitopes (see, e.g., WO9852976A1, WO0034317A2). For
example, VH and VL sequences from the starting
antibody are analyzed and a human T cell epitope "map"
from each V region showing the location of epitopes in
relation to complementarity-determining regions (CDRs)
and other key residues within the sequence. Individual
T cell epitopes from the T cell epitope map are
analyzed in order to identify alternative amino acid
substitutions with a low risk of altering activity of
the final antibody. A range of alternative VH and VL
sequences are designed comprising combinations of
amino acid substitutions and these sequences are
subsequently incorporated into a range of binding
polypeptides, e.g., Sp35-specific antibodies or
immunospecifc fragments thereof for use in the
diagnostic and treatment methods disclosed herein,
which are then tested for function. Typically, between
12 and 24 variant antibodies are generated and tested.
Complete heavy and light chain genes comprising
modified V and human C regions are then cloned into
expression vectors and the subsequent plasmids
introduced into cell lines for the production of whole
antibody. The antibodies are then compared in
appropriate biochemical and biological assays, and the
optimal variant is identified. [0146] Sp35 antibodies,
or antigen-binding fragments, variants, or derivatives
thereof of the invention may be generated by any
suitable method known in the art. Polyclonal
antibodies to an antigen of interest can be produced
by various procedures well known in the art. For
example, an Sp35 antibody, e.g., a binding
polypeptide, e.g., an Sp35-specific antibody or
immunospecif c fragment thereof can be administered to
various host animals including, but not limited to,
rabbits, mice, rats, chickens, hamsters, goats,
donkeys, etc., to induce the production of sera
containing polyclonal antibodies specific for the
antigen. Various adjuvants may be used to increase the
immunological response, depending on the host species,
and include but are not limited to, Freund's (complete
and incomplete), mineral gels such as aluminum
hydroxide, surface active substances such as
lysolecithin, pluronic polyols, polyanions, peptides,
oil emulsions, keyhole limpet hemocyanins,
dinitrophenol, and potentially useful human adjuvants
such as BCG (bacille Calmette-Guerin) and
Corynebacterium parvum. Such adjuvants are also well
known in the art. [0147] Monoclonal antibodies can be
prepared using a wide variety of techniques known in
the art including the use of hybridoma, recombinant,
and phage display technologies, or a combination
thereof. For example, monoclonal antibodies can be
produced using hybridoma techniques including those
known in the art and taught, for example, in Harlow et
ah, Antibodies: A Laboratory Manual, Cold Spring
Harbor Laboratory Press, 2nd ed. (1988); Hammerling et
al, in: Monoclonal Antibodies and TCeIl Hybridomas
Elsevier, N.Y., 563-681 (1981) (said references
incorporated by reference in their entireties). The
term "monoclonal antibody" as used herein is not
limited to antibodies produced through hybridoma
technology. The term "monoclonal antibody" refers to
an antibody that is derivedfrom a single clone,
including any eukaryotic, prokaryotic, or phage clone,
and not the method by which it is produced. Thus, the
term "monoclonal antibody" is not limited to
antibodies produced through hybridoma technology.
Monoclonal antibodies can be prepared using Sp35
knockout mice to increase the regions of epitope
recognition. Monoclonal antibodies can be prepared
using a wide variety of techniques known in the art
including the use of hybridoma and recombinant and
phage display technology as described elsewhere
herein. [0148] Using art recognized protocols, in one
example, antibodies are raised in mammals by multiple
subcutaneous or intraperitoneal injections of the
relevant antigen (e.g., purified tumor associated
antigens such as Sp35 or cells or cellular extracts
comprising such antigens) and an adjuvant. This
immunization typically elicits an immune response that
comprises production of antigen-reactive antibodies
from activated splenocytes or lymphocytes. While the
resulting antibodies may be harvested from the serum
of the animal to provide polyclonal preparations, it
is often desirable to isolate individual lymphocytes
from the spleen, lymph nodes or peripheral blood to
provide homogenous preparations of monoclonal
antibodies (MAbs). Preferably, the lymphocytes are
obtained from the spleen. [0149] In this well known
process (Kohler et al, Nature 256:495 (1975)) the
relatively short-lived, or mortal, lymphocytes from a
mammal which has been injected with antigen are fused
with an immortal tumor cell line (e.g. a myeloma cell
line), thus, producing hybrid cells or "hybridomas"
which are both immortal and capable of producing the
genetically coded antibody of the B cell. The
resulting hybrids are segregated into single genetic
strains by selection, dilution, and regrowth with each
individual strain comprising specific genes for the
formation of a single antibody. They produce
antibodies which are homogeneous against a desired
antigen and, in reference to their pure genetic
parentage, are termed "monoclonal." [0150] Hybridoma
cells thus prepared are seeded and grown in a suitable
culture medium that preferably contains one or more
substances that inhibit the growth or survival of the
unfused, parental myeloma cells. Those skilled in the
art will appreciate that reagents, cell lines and
media for the formation, selection and growth of
hybridomas are commercially available from a number of
sources and standardized protocols are well
established. Generally, culture medium in which the
hybridoma cells are growing is assayed for production
of monoclonal antibodies against the desired antigen.
Preferably, the binding specificity of the monoclonal
antibodies produced by hybridoma cells is determined
by in vitro assays such as immunoprecipitation,
radioimmunoassay (RIA) or enzyme-linked
immunoabsorbent assay (ELISA). After hybridoma cells
are identified that produce antibodies of the desired
specificity, affinity and/or activity, the clones may
be subcloned by limiting dilution procedures and grown
by standard methods (Goding, Monoclonal Antibodies:
Principles and Practice, Academic Press, pp 59-103
(1986)). It will further be appreciated that the
monoclonal antibodies secreted by thesubclones may be
separated from culture medium, ascites fluid or serum
by conventional purification procedures such as, for
example, protein-A, hydroxylapatite chromatography,
gel electrophoresis, dialysis or affinity
chromatography. [0151] Antibody fragments that
recognize specific epitopes may be generated by known
techniques. For example, Fab and F(ab')2 fragments may
be produced by proteolytic cleavage of immunoglobulin
molecules, using enzymes such as papain (to produce
Fab fragments) or pepsin (to produce F(ab')2
fragments). F(ab')2 fragments contain the variable
region, the light chain constant region and the CHI
domain of the heavy chain. [0152] Those skilled in the
art will also appreciate that DNA encoding antibodies
or antibody fragments (e.g., antigen binding sites)
may also be derived from antibody libraries, such as
phage display libraries. In a particular, such phage
can be utilized to display antigen-binding domains
expressed from a repertoire or combinatorial antibody
library (e.g., human or murine). Phage expressing an
antigen binding domain that binds the antigen of
interest can be selected or identified with antigen,
e.g., using labeled antigen or antigen bound or
captured to a solid surface or bead. Phage used in
these methods are typically filamentous phage
including fd and Ml 3 binding domains expressed from
phage with Fab, Fv OE DAB (individiual Fv region from
light or heavy chains)or disulfide stabilized Fv
antibody domains recombinantly fused to either the
phage gene III or gene VIII protein. Exemplary methods
are set forth, for example, in EP 368 684 Bl; U.S.
patent. 5,969,108, Hoogenboom, H.R. and Chames,
Immunol Today 21:311 (2000); Nagy et al Nat. Med.
5:801 (2002); Huie et al, Proc. Natl Acad. Set USA
98:2682 (2001); Lui et al, J . MoI Biol. 3/5:1063
(2002), each of which is incorporated herein by
reference. Several publications (e.g., Marks et al,
Bio/Technology 10:119-l%?> (1992)) have described the
production of high affinity human antibodies by chain
shuffling, as well as combinatorial infection and in
vivo recombination as a strategy for constructing
large phage libraries. In another embodiment,
Ribosomal display can be used to replace bacteriophage
as the display platform (see, e.g., Hanes et al, Nat.
Biotechnol 75:1287 (2000); Wilson et al, Proc. Natl.
Acad. Sd. USA 98:3150 (2001); or Irving et al, J .
Immunol Methods 248:31 (2001)). In yet another
embodiment, cell surface libraries can be screened for
antibodies (Boder et al, Proc. Natl Acad. ScL USA
97:10701 (2000); Daugherty et al, J . Immunol. Methods
243:211 (2000)). Such procedures provide alternatives
to traditional hybridoma techniques for the isolation
and subsequent cloning of monoclonal antibodies.
[0153] In phage display methods, functional antibody
domains are displayed on the surface of phage
particles which carry the polynucleotide sequences
encoding them. For example, DNA 



sequences encoding VH and VL regions are amplified
from animal cDNA libraries (e.g., human or murine cDNA
libraries of lymphoid tissues) or synthetic cDNA
libraries. In certain embodiments, the DNA encoding
the VH and VL regions are joined together by an scFv
linker by PCR and cloned into aphagemid vector (e.g.,
p CANTAB 6 or pComb 3 HSS). The vector is
electroporated in E. coli and the E. coli is infected
with helper phage. Phage used in these methods are
typically filamentous phage including fd and M13 and
the VH or VL regions are usually recombinantly fused
to either the phage gene IH or gene VTIL Phage
expressing an antigen binding domain that binds to an
antigen of interest (i.e., an Sp35 polypeptide or a
fragment thereof) can be selected or identified with
antigen, e.g., using labeled antigen or antigen bound
or captured to a solid surface or bead. [0154]
Additional examples of phage display methods that can
be used to make the antibodies include those disclosed
in Brinkman et al, J. Immunol. Methods 182:41-50
(1995); Ames et al, J. Immunol. Methods 754:177-186
(1995); Kettleborough et al, Eur. J. Immunol.
24:952-958 (1994); Persic et al, Gene 757:9-18 (1997);
Burton et al, Advances in Immunology 57:191-280
(1994); PCT Application No. PCT/GB91/01134; PCT
publications WO 90/02809; WO 91/10737; WO 92/01047; WO
92/18619; WO 93/11236; WO 95/15982; WO 95/20401; and
U.S. Pat. Nos. 5,698,426; 5,223,409; 5,403,484;
5,580,717; 5,427,908; 5,750,753; 5,821,047; 5,571,698;
5,427,908; 5,516,637; 5,780,225; 5,658,727; 5,733,743
and 5,969,108; each of which is incorporated herein by
reference in its entirety. [0155] As described in the
above references, after phage selection, the antibody
coding regions from the phage can be isolated and used
to generate whole antibodies, including human
antibodies, or any other desired antigen binding
fragment, and expressed in any desired host, including
mammalian cells, insect cells, plant cells, yeast, and
bacteria. For example, techniques to recombinantly
produce Fab, Fab' and F(ab') 2 fragments can also be
employed using methods known in the art such as those
disclosed in PCT publication WO 92/22324; Mullinax et
al, BioTechniques 12(6):864-869 (1992); and Sawai et
al, AJRI 34:26-34 (1995); and Better et al, Science
240:1041-1043 (1988) (said references incorporated by
reference in their entireties). [0156] Examples of
techniques which can be used to produce single-chain
Fvs and antibodies include those described in U.S.
Pat. Nos. 4,946,778 and 5,258,498; Huston et al,
Methods in Enzymology 203:46-88 (1991); Shu et al,
PNAS 90:1995-1999 (1993); and Skerra et al, Science
240:1038-1040 (1988). For some uses, including in vivo
use of antibodies in humans and in vitro detection
assays, it may be preferable to use chimeric,
humanized, or human antibodies. A chimeric antibody is
a molecule in which different portions of the antibody
are derived from different animal species, such as
antibodies having a variable region derived from a
murine monoclonal antibody and a human immunoglobulin
constant region. Methods for producing chimeric
antibodies are known in the art. See, e.g., Morrison,
Science 229:1202 (1985); Oi et al, BioTechniques 4:214
(1986); Gillies et al, J. Immunol. Methods 125:191-202
(1989); U.S. Pat. Nos. 5,807,715; 4,816,567; and
4,816397, which are incorporated herein by reference
in their entireties. Humanized antibodies are antibody
molecules derived from a non-human species antibody
that bind the desired antigen having one or more
complementarity determining regions (CDRs) from the
non-human species and framework regionsfrom a human
immunoglobulin molecule. Often, framework residues in
the human framework regions will be substituted with
the corresponding residue from the CDR donor antibody
to alter, preferably improve, antigen binding. These
framework substitutions are identified by methods well
known in the art, e.g., by modeling of the
interactions of the CDR and framework residues to
identify framework residues important for antigen
binding and sequence comparison to identify unusual
framework residues at particular positions. (See,
e.g., Queen et al., U.S. Pat. No. 5,585,089; Riechmann
et ah, Nature 332:323 (1988), which are incorporated
herein by reference in their entireties.) Antibodies
can be humanized using a variety of techniques known
in the art including, for example, CDR-grafting (EP
239,400; PCT publication WO 91/09967; U.S. Pat. Nos.
5,225,539; 5,530,101; and 5,585,089), veneering or
resurfacing (EP 592,106; EP 519,596; Padlan, Molecular
Immunology 28(4/5):4&9-498 (1991); Studnicka et al.,
Protein Engineering 7(^:805-814 (1994); Roguska. et
al, PNAS 91:969-973 (1994)), and chain shuffling (U.S.
Pat. No. 5,565,332, which is incorporated by reference
in its entirety). [0157] Completely human antibodies
are particularly desirable for therapeutic treatment
of human patients. Human antibodies can be made by a
variety of methods known in the art including phage
display methods described above using antibody
libraries derived from human immunoglobulin sequences.
See also, U.S. Pat. Nos. 4,444,887 and 4,716,1 11; and
PCT publications WO 98/46645, WO 98/50433, WO
98/24893, WO 98/16654, WO 96/34096, WO 96/33735, and
WO 91/10741; each of which is incorporated herein by
reference in its entirety. [0158] Human antibodies can
also be produced using transgenic mice which are
incapable of expressing functional endogenous
immunoglobulins, but which can express human
immunoglobulin genes. For example, the human heavy and
light chain immunoglobulin gene complexes may be
introduced randomly or by homologous recombination
into mouse embryonic stem cells. Alternatively, the
human variable region, constant region, and diversity
region may be introduced into mouse embryonic stem
cells in addition to the human heavy and light chain
genes. The mouse heavy and light chain immunoglobulin
genes may be rendered non-functional separately or
simultaneously with the introduction of human
immunoglobulin loci by homologous recombination. In
particular, homozygous deletion of the JH region
prevents endogenous antibody production. The modified
embryonic stem cells are expanded and microinjected
into blastocysts to produce chimeric mice. The
chimeric mice are then bred to produce homozygous
offspring that express human antibodies. The
transgenic mice are immunized in the normal fashion
with a selected antigen, e.g., all or a portion of a
desired target polypeptide. Monoclonal antibodies
directed against the antigen can be obtained from the
immunized, transgenic mice using conventional
hybridoma technology. The human immunoglobulin
transgenes harbored by the transgenic mice rearrange
during B-cell differentiation, and subsequently
undergo class switching and somatic mutation. Thus,
using such a technique, it is possible to produce
therapeuticallyuseful IgG, IgA, IgM and IgE
antibodies. For an overview of this technology for
producing human antibodies, see Lonberg and Huszar
Int. Rev. Immunol. 73:65-93 (1995). For a detailed
discussion of this technology for producing human
antibodies and human monoclonal antibodies and
protocols for producing such antibodies, see, e.g.,
PCT publications WO 98/24893; WO 96/34096; WO
96/33735; U.S. Pat. Nos. 5,413,923; 5,625,126;
5,633,425; 5,569,825; 5,661,016; 5,545,806; 5,814,318;
and 5,939,598, which are incorporated by reference
herein in their entirety. In addition, companies such
as Abgenix, Inc. (Freemont, Calif.) and GenPharm (San
Jose, Calif.) can be engaged to provide human
antibodies directed against a selected antigen using
technology similar to that described above. [0159]
Completely human antibodies which recognize a selected
epitope can be generated using a technique referred to
as "guided selection." In this approach a selected
non-human monoclonal antibody, e.g., a mouse antibody,
is used to guide the selection of a completely human
antibody recognizing the same epitope. (Jespers et ah,
Bio/Technology 72:899-903 (1988). See also, U.S.
Patent No. 5,565,332, which is incorporated by
reference in its entirety.) [0160] Further, antibodies
to target polypeptides of the invention can, in turn,
be utilized to generate anti-idiotype antibodies that
"mimic" target polypeptides using techniques well
known to those skilled in the art. (See, e.g.,
Greenspan & Bona, FASEB J. 7(5):4 l-444 (1989) and
Nissinoff, J. Immunol. 147(8):2429-243S (1991)). For
example, antibodies which bind to and competitively
inhibit polypeptide multimerization and/or binding of
a polypeptide of the invention to a ligand can be used
to generate anti-idiotypes that "mimic" the
polypeptide multimerization and/or binding domain and,
as a consequence, bind to and neutralize polypeptide
and/or its ligand. Such neutralizing anti-idiotypes or
Fab fragments of such anti-idiotypes can be used in
therapeutic regimens to neutralize polypeptide ligand.
For example, such anti-idiotypic antibodies can be
used to bind a desired target polypeptide and/or to
bind its ligands/receptors, and thereby block its
biological activity. [0161] In another embodiment, DNA
encoding desired monoclonal antibodies may be readily
isolated and sequenced using conventional procedures
(e.g., by using oligonucleotide probes that are
capable of binding specifically to genes encoding the
heavy and light chains of murine antibodies). The
isolated and subcloned hybridoma cells serve as a
preferred source of such DNA. Once isolated, the DNA
may be placed into expression vectors, which are then
transfected into prokaryotic or eukaryotic host cells
such as E. coli cells, simian COS cells, Chinese
Hamster Ovary (CHO) cells or myeloma cells that do not
otherwise produce immunoglobulins. More particularly,
the isolated DNA (which may be synthetic as described
herein) may be used to clone constant and variable
region sequences for the manufacture antibodies as
described in Newman et al, U.S. Pat. No. 5,658,570,
filed January 25, 1995, 



which is incorporated by reference herein.
Essentially, this entails extraction of RNA from the
selected cells, conversion to cDNA, and amplification
by PCR using Ig specific primers. Suitable primers for
this purpose are also described in U.S. Pat. No.
5,658,570. As will be discussed in more detail
below,transformed cells expressing the desired
antibody may be grown up in relatively large
quantities to provide clinical and commercial supplies
of the immunoglobulin. [0162] In one embodiment, an
Sp35 antibody of the invention comprises at least one
heavy or light chain CDR of an antibody molecule. In
another embodiment, an Sp35 antibody of the invention
comprises at least two CDRs from one or more antibody
molecules. In another embodiment, an Sr35 antibody of
the invention comprises at least three CDRs from one
or more antibody molecules. In another embodiment, an
Sp35 antibody of the invention comprises at least four
CDRs from one or more antibody molecules. In another
embodiment, an Sp35 antibody of the invention
comprises at least five CDRs from one or more antibody
molecules. In another embodiment, an Sp35 antibody of
the invention comprises at least six CDRs from one or
more antibody molecules. Exemplary antibody molecules
comprising at least one CDR that can be included in
the subject Sp35 antibodies are described herein.
[0163] In a specific embodiment, the amino acid
sequence of the heavy and/or light chain variable
domains may be inspected to identify the sequences of
the complementarity determining regions (CDRs) by
methods that are well know in the art, e.g., by
comparison to known amino acid sequences of other
heavy and light chain variable regions to determine
the regions of sequence hypervariability. Using
routine recombinant DNA techniques, one or more of the
CDRs may be inserted within framework regions, e.g.,
into human framework regions to humanize a non-human
antibody. The framework regions may be naturally
occurring or consensus framework regions, and
preferably human framework regions {see, e.g., Chothia
et al., J. MoI. Biol. 278:457-479 (1998) for a listing
of human framework regions). Preferably, the
polynucleotide generated by the combination of the
framework regions and CDRs encodes an antibody that
specifically binds to at least one epitope of a
desired polypeptide, e.g., Sp35. Preferably, one or
more amino acid substitutions may be made within the
framework regions, and, preferably, the amino acid
substitutions improve binding of the antibody to its
antigen. Additionally, such methods may be used to
make amino acid substitutions or deletions of one or
more variable region cysteine residues participating
in an intrachain disulfide bond to generate antibody
molecules lacking one or more intrachain disulfide
bonds. Other alterations to the polynucleotide are
encompassed by the present invention and within the
skill of the art. [0164] In addition, techniques
developed for the production of "chimeric antibodies"
(Morrison et al, Proc. Natl. Acad. ScL &/:851-855
(1984); Neuberger et ah, Nature 372:604-608 (1984);
Takeda et al, Nature 314:452-454 (1985)) by splicing
genes from a mouse antibody molecule of appropriate
antigen specificity together with genes from a human
antibody molecule of appropriate biological activity
can be used. As used herein, a chimeric antibody is a
molecule in which different portions are derived from
different animal species, such as those having a
variable region derived from a murine monoclonal
antibody and a human immunoglobulin constant region,
e.g., humanized antibodies.[0165] Alternatively,
techniques described for the production of single
chain antibodies (U.S. Pat. No. 4,694,778; Bird,
Science 242:423-442 (1988); Huston et al, Proc. Natl.
Acad. ScL USA 55:5879- 5883 (1988); and Ward et al,
Nature 334:544-554 (1989)) can be adapted to produce
single chain antibodies. Single chain antibodies are
formed by linking the heavy and light chain fragments
of the Fv region via an amino acid bridge, resulting
in a single chain antibody. Techniques for the
assembly of functional Fv fragments in E. coli may
also be used (Skerra et al, Science 242: 1038-1041
(1988)). [0166] Yet other embodiments of the present
invention comprise the generation of human or
substantially human antibodies in transgenic animals
{e.g., mice) that are incapable of endogenous
immunoglobulin production (see e.g., U.S. Pat. Nos.
6,075,181, 5,939,598, 5,591,669 and 5,589,369 each of
which is incorporated herein by reference). For
example, it has been described that the homozygous
deletion of the antibody heavy-chain joining region in
chimeric and germ-line mutant mice results in complete
inhibition of endogenous antibody production. Transfer
of a human immunoglobulin gene array to such germ line
mutant mice will result in the production of human
antibodies upon antigen challenge. Another preferred
means of generating human antibodies using SCID mice
is disclosed in U.S. Pat. No. 5,81 1,524 which is
incorporated herein by reference. It will be
appreciated that the genetic material associated with
these human antibodies may also be isolated and
manipulated as described herein. [0167] Yet another
highly efficient means for generating recombinant
antibodies is disclosed by Newman, Biotechnology 10:
1455-1460 (1992). Specifically, this technique results
in the generation of primatized antibodies that
contain monkey variable domains and human constant
sequences. This reference is incorporated by reference
in its entirety herein. Moreover, this technique is
also described in commonly assigned U.S. Pat. Nos.
5,658,570, 5,693,780 and 5,756,096 each of which is
incorporated herein by reference. [0168] In another
embodiment, lymphocytes can be selected by
micromanipulation and the variable genes isolated. For
example, peripheral blood mononuclear cells can be
isolated from an immunized mammal and cultured for
about 7 days in vitro. The cultures can be screened
for specific IgGs that meet the screening criteria.
Cells from positive wells can be isolated. Individual
Igproducing B cells can be isolated by FACS or by
identifying them in a complement-mediated hemolytic
plaque assay. Ig-producing B cells can be
micromanipulated into a tube and the VH and VL genes
can be amplified using, e.g., RT-PCR. The VH and VL
genes can be cloned into an antibody expression vector
and transfected into cells (e.g., eukaryotic or
prokaryotic cells) for expression. [0169]
Alternatively, antibody-producing cell lines may be
selected and cultured using techniques well known to
the skilled artisan. Such techniques are described in
a variety of laboratory manuals and primary
publications. In this respect, techniques suitable for
use in the invention as described below are described
in Current Protocols in Immunology, Coligan et al.,
Eds., Green Publishing Associates
andWiley-Interscience, John Wiley and Sons, New York
(1991) which is herein incorporated by reference in
its entirety, including supplements. [0170] 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 synthesis or preferably, by
recombinant expression techniques as described herein.
[0171] In one embodiment, an Sp35 antibody, or
antigen-binding fragment, variant, or derivative
thereof of the invention comprises a synthetic
constant region wherein one or more domains are
partially or entirely deleted ("domain-deleted
antibodies"). In certain embodiments compatible
modified antibodies will comprise domain deleted
constructs or variants wherein the entire CH2 domain
has been removed (DCH2 constructs). For other
embodiments a short connecting peptide may be
substituted for the deleted domain to provide
flexibility and freedom of movement for the variable
region. Those skilled in the art will appreciate that
such constructs are particularly preferred due to the
regulatory properties of the CH2 domain on the
catabolic rate of the antibody. Domain deleted
constructs can be derived using a vector (e.g., from
Biogen IDEC Incorporated) encoding an IgG1 human
constant domain (see, e.g., WO 02/060955A2 and
WO02/096948A2, which are incorporated by reference in
their entireties). This exemplary vector was
engineered to delete the CH2 domain and provide a
synthetic vector expressing a domain deleted IgG
constant region. [0172] In certain embodiments, Sp35
antibodies, or antigen-binding fragments, variants, or
derivatives thereof of the invention are minibodies.
Minibodies can be made using methods described in the
art (see, e.g., see e.g., US patent 5,837,821 or WO
94/09817A1, which are incorporated by reference in
their entireties). [0173] In one embodiment, an Sp35
antibody, or antigen-binding fragment, variant, or
derivative thereof of the invention comprises an
immunoglobulin heavy chain having deletion or
substitution of a few or even a single amino acid as
long as it permits association between the monomelic
subunits. For example, the mutation of a single amino
acid in selected areas of the CH2 domain may be enough
to substantially reduce Fc binding and thereby
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 (e.g. complement binding) to be modulated.
Such partial deletions of the constant regions may
improve selected characteristics of the antibody
(serum half-life) while leaving other desirable
functions associated with the subject constant region
domain intact. Moreover, as alluded to above, the
constant regions of the disclosed antibodies may be
synthetic through the mutation or substitution of one
or more amino acids that enhances the profile of the
resulting construct. In this respect it may be
possible to 



disrupt the activity provided by a conserved binding
site (e.g. Fc binding) while substantially maintaining
the configuration and immunogenic profile of the
modified antibody. Yet other embodiments comprise the
addition of one or more amino acids to the constant
region to enhancedesirable characteristics such as
effector function or provide for more cytotoxin or
carbohydrate attachment. In such embodiments it may be
desirable to insert or replicate specific sequences
derived from selected constant region domains. [0174]
The present invention also provides antibodies that
comprise, consist essentially of, or consist of,
variants (including derivatives) of antibody molecules
(e.g., the VH regions and/or VL regions) described
herein, which antibodies or fragments thereof
immunospecif cally bind to an Sp35 polypeptide or
fragment or variant thereof. Standard techniques known
to those of skill in the art can be used to introduce
mutations in the nucleotide sequence encoding an Sp35
antibody, including, but not limited to, site-directed
mutagenesis and PCR-mediated mutagenesis which result
in amino acid substitutions. Preferably, the variants
(including derivatives) encode less than 50 amino acid
substitutions, less than 40 amino acid subsitutions,
less than 30 amino acid substitutions, less than 25
amino acid substitutions, less than 20 amino acid
substitutions, less than 15 amino acid substitutions,
less than 10 amino acid substitutions, less than 5
amino acid substitutions, less than 4 amino acid
substitutions, less than 3 amino acid substitutions,
or less than 2 amino acid substitutions relative to
the reference VH region, VHCDR1, VHCDR2, VHCDR3, VL
region, VLCDR1, VLCDR2, or VLCDR3. A "conservative
amino acid substitution" is one in which the amino
acid residue is replaced with an amino acid residue
having a side chain with a similar charge. Families of
amino acid residues having side chains with similar
charges have been defined in the art. These families
include amino acids with basic side chains (e.g.,
lysine, arginine, histidine), acidic side chains
(e.g., aspartic acid, glutamic acid), uncharged polar
side chains (e.g., glycine, asparagine, glutamine,
serine, threonine, tyrosine, cysteine), nonpolar side
chains (e.g., alanine, valine, leucine, isoleucine,
proline, phenylalanine, methionine, tryptophan),
beta-branched side chains ( e.g., threonine, valine,
isoleucine) and aromatic side chains (e.g., tyrosine,
phenylalanine, tryptophan, histidine). Alternatively,
mutations can be introduced randomly along all or part
of the coding sequence, such as by saturation
mutagenesis, and the resultant mutants can be screened
for biological activity to identify mutants that
retain activity (e.g., the ability to bind an Sp35
polypeptide). [0175] For example, it is possible to
introduce mutations only in framework regions or only
in CDR regions of an antibody molecule. Introduced
mutations may be silent or neutral missense mutations,
i.e., have no, or little, effect on an antibody's
ability to bind antigen. These types of mutations may
be useful to optimize codon usage, or improve a
hybridoma's antibody production. Alternatively,
non-neutral missense mutations may alter an antibody's
ability to bind antigen. The location of most silent
and neutral missense mutations is likely to be in the
framework regions, while the location of most
non-neutral missense mutations is likely to be in CDR,
though this is not an absolute requirement. One of
skill in the art would be able to design and test
mutant molecules with desired properties such as no
alteration in antigen binding activity or alteration
in binding activity (e.g.,improvements in antigen
binding activity or change in antibody specificity).
Following mutagenesis, the encoded protein may
routinely be expressed and the functional and/or
biological activity of the encoded protein, (e.g.,
ability to immunospecifically bind at least one
epitope of an Sp35 polypeptide) can be determined
using techniques described herein or by routinely
modifying techniques known in the art. IV.
POLYNUCLEOTIDES ENCODING Sp35 ANTIBODIES [0176] The
present invention also provides for nucleic acid
molecules encoding Sp35 antibodies, or antigen-binding
fragments, variants, or derivatives thereof of the
invention. [0177] In one embodiment, the present
invention provides an isolated polynucleotide
comprising, consisting essentially of, or consisting
of a nucleic acid encoding an immunoglobulin heavy
chain variable region (VH), where at least one of the
CDRs of the heavy chain variable region or at least
two of the CDRs of the heavy chain variable region are
at least 80%, 85%, 90% or 95% identical to reference
heavy chain CDRl, CDR2, or CDR3 amino acid sequences
from monoclonal Sp35 antibodies disclosed herein.
Alternatively, the CDRl, CDR2, and CDR3 regions of the
VH are at least 80%, 85%, 90% or 95% identical to
reference heavy chain CDRl, CDR2, and CDR3 amino acid
sequences from monoclonal Sp35 antibodies disclosed
herein. Thus, according to this embodiment a heavy
chain variable region of the invention has CDRl, CDR2,
or CDR3 polypeptide sequences related to the
polypeptide sequences shown in Table 4: TABLE 4 :
Reference VH CDRl, CDR2, and CDR3 amino acid
sequences*METHODS OF TREATING EPILEPTOGENES1S
BACKGROUND OF THE INVENTION FIELD OF THE INVENTION
This invention relates generally to the fields of
pharmacology, neurology and psychiatry. In particular,
the present invention provides methods for treating,
preventing, reversing, arresting or inhibiting the
development and maturation of seizures or
seizure-related disorders. More specifically, this
invention provides methods for the use of certain
carbamate compounds to therapeutically or
prophylactically treat, prevent, reverse, arrest or
inhibit epileptogenesis. DESCRIPTION OF THE RELATED
ART Injuries or trauma of various kinds to the central
nervous system (CNS) or the peripheral nervous system
(PNS) can produce profound and long-lasting
neurological and psychiatric symptoms and disorders.
One common mechanism for the production of these
effects is the induction of seizure activity or
seizure-like phenomena in the CNS or in the nerves and
ganglia of the PNS. Symptomatic of paroxysmal
disturbances in CNS or PNS electrical activity,
seizures or seizure-like neurological mechanisms are
believed to underlie many of the pathological
phenomena in a wide variety of neurological and
psychiatric disorders. One serious neurological
condition characterized by seizures is epilepsy.
Epilepsy is a common but devastating disorder
affecting more than two and a half million people in
the United States alone. The term epilepsy refers to a
disorder of brain function characterized by the
periodic and unpredictable occurrence of seizures
(See, The Treatment of Epilepsy, Principles & Practice
, Third Edition, Elaine WyIMe, M.D. Editor, Lippincott
Williams & Wilkins, 2001 ; Goodman & Gilman's The
Pharmacological Basis of Therapeutics , 9th edition,
1996). Seizures that occur without evidentprovocation
are classified as epileptic. A subject is typically
considered to suffer from epilepsy upon experiencing
two or more seizures that occur more than 24 hours
apart. Clinically, an epileptic seizure results from a
sudden and abnormal electrical discharge originating
from a collection of interconnected neurons in the
brain or elsewhere in the nervous system. Depending on
the type of epilepsy involved, the resulting nerve
cell activity may be manifested by a wide variety of
clinical symptoms such as uncontrollable motor
movements, changes in the patient's level of
consciousness and the like. On the basis of clinical
and encephalographic phenomenon, four subdivisions of
epilepsy are recognized: grand mal epilepsy (with
subgroups: generalized, focal, jacksonian), petit mal
epilepsy, psychomotor or temporal lobe epilepsy (with
subgroups: psychomotor proper or tonic with adversive
or torsion movements or masticatory phenomenon,
automatic with amnesia, or sensory with hallucinations
or dream states) and autonomic or diencephalic
epilepsy (with flushing, pallor, tachycardia,
hypertension, perspiration or other visceral
symptoms). While epilepsy is one of the foremost
examples of a seizure-related disorder, a wide variety
of neurological and psychiatric symptoms and disorders
may have, as their etiology, seizures or related
seizure-like neurological phenomenon. In simple terms,
a seizure or a related seizure-like 



neurological phenomenon is a single discrete clinical
event caused by an excessive electrical discharge from
a collection of neurons or a seizure susceptible group
of neurons through a process termed "ictogenesis." As
such, ictogenic seizures may be merely the symptom of
a disease. However, epilepsy and other analogous
seizure-related disorders are dynamic and often
progressive diseases, with a maturation process
characterized by a complex and poorly understood
sequence of pathological transformations.The
development and maturation of such changes is the
process of "epileptogenesis," whereby the larger
collection of neurons that is the normal brain is
altered and subsequently becomes susceptible to
abnormal, spontaneous, sudden, recurrent, excessive
electrical discharges, i.e., seizures. The maturation
of the epileptogenic process results in the
development of an "epileptogenic focus," whereby the
collections of abnormally discharging neurons or
neurons susceptible to seizures form localized groups
or "epileptogenic zones" interspersed throughout the
cortical tissue. The epileptogenic zones are
biochemically inter-connected such that an abnormal
ictogenic discharge is able to cascade from zone to
zone. As epileptogenesis progresses, the involved
areas of the nervous system become more susceptible to
a seizure and it becomes easier for a seizure to be
triggered, resulting in progressively debilitating
symptoms of the seizure or seizurerelated disorder.
While ictogenesis and epileptogenesis may have a
common origin in certain biochemical phenomenon and
common neuronal pathways in various diseases, the two
processes are not identical. Ictogenesis is the
initiation and propagation of a seizure in a discrete
time and space, a rapid and definitive
electrical/chemical event that occurs over a period of
time ranging from seconds to minutes. Comparatively,
epileptogenesis is a gradual biochemical or neuronal
restructuring process whereby the normal brain is
transformed by ictogenic events into an
epileptogenically focused brain, having neuronal
circuitry that becomes sensitized and responsive to
ictogenic events, making an individual increasingly
susceptible to the recurrence of spontaneous,
episodic, timelimited seizures, resulting in
progressively debilitating symptoms of the seizure or
seizure-related disorder and progressive
non-responsiveness to treatment. The maturation of an
"epileptogenic focus" is a slow biochemical and/or
structural process that generally occur over months to
years.Epileptogenesis: A Two Phase Process: "Phase 1
epileptogenesis" is the initiation of the
epileptogenic process prior to the first epileptic
seizure or seizure of an analogous seizure-related
disorder, and is often the result of some kind of
injury or trauma to the brain, i.e., stroke, disease
(e.g., infection such as meningitis), or trauma, such
as an accidental blow to the head or a surgical
procedure performed on the brain. "Phase 2
epileptogenesis" refers to the process during which
brain tissue that is already susceptible to epileptic
seizures or seizures of an analogous seizure-related
disorder, becomes still more susceptible to seizures
of increasing frequency and/or severity and/or becomes
less responsive to treatment. While the processes
involved in epileptogenesis have not been definitively
identified, some researchers believe that the up
regulation of excitatory coupling between neurons,
mediated by N-methyl-D-aspartate (NMDA) receptors, is
involved. Other researchers implicate down regulation
of inhibitory coupling between neurons, mediated by
gamma-amino-butyric acid (GABA) receptors. Many other
factors may be involved in this process relating to
the presence, concentration or activity of NO (nitric
oxide) or iron, calcium or zinc ions. Although
epileptic seizures are rarely fatal, large numbers of
patients require medication to avoid the disruptive,
and potentially dangerous consequences of seizures. In
many cases, medication used to manage the epileptic
seizures or seizures of an analogous seizure-related
disorder is required for extended periods of time, and
in some cases, a patient must continue to take such
prescription drugs for life. Furthermore, such drugs
can only be used for the management of symptoms and
have side effects associated with chronic, prolonged
usage. A wide variety of drugs available for the
management of epileptic seizures include older agents
such as phenytoin, valproate and carbamazepine(ion
channel blockers), as well as newer agents such as
felbamate, gabapentin, topiramate and tiagabine. In
addition, b-alanine has been reported to have
anti-seizure activity, NMDA inhibitory activity and
GABAergic stimulatory activity, but has not been
employed clinically to treat epilepsy. Accepted drugs
for the treatment of epilepsy are anticonvulsant
agents or, more properly termed, anti-epileptic drugs
(AEDs), wherein the term "antiepileptic" is synonymous
with "anti-seizure" or "anti-ictogenic". These drugs
therapeutically suppress seizures by blocking the
initiation of a single ictogenic event. But it is
believed that they are not prophylactically or
therapeutically effective in influencing
epileptogenesis. In treating seizures for analogous
seizure-related disorders, that is for diseases and
disorders with seizure-like neurological phenomenon
that may apparently be related to seizures disorders,
such as mood cycling in Bipolar Disorder, impulsive
behavior in patients with Impulse Control Disorders or
for seizures resulting from brain injury, some AEDs
may also be therapeutically useful. However, they are
likewise unable to prophylactically or therapeutically
prevent the initial development or progressive
maturation of epileptogenesis to an epileptogenic
focus that also characterizes analogous
seizure-related disorders. The poorly understood
pathological mechanisms that underlie epileptogenesis
certainly play a role in the development of epilepsy
and analogous seizure-related disorders under a
variety of clinical circumstances including
spontaneous development or as a result of injury or
trauma of many kinds to the central or peripheral
nervous system. Current epilepsy treatment is focused
on suppressing seizure activity by administering AEDs
after overt clinical epilepsy has developed. Although
AEDs have positive effects in suppressing seizures,
they have been universally unsuccessful in preventing
epileptogenesis, i.e., the development or progression
of epilepsy and other related seizure-like diseases.
Even pretreatment with AEDs does not prevent the
development of epilepsy afterinjury or trauma to the
nervous system. Moreover, if therapy with AEDs is
discontinued, the seizures typically recur and, in
unfortunate instances, worsen with time. Currently,
there is no known effective method for treating,
preventing, reversing, arresting or inhibiting the
onset and/or progression of epilepsy. In addition, it
is also believed that similar neurological mechanisms
corresponding to epileptogenesis may be involved in
the evolution and development of many seizure-related
disorders clinically analogous to epilepsy that do not
appear to be overtly "epileptic," such as the initial
development and progressive worsening observed in the
mature disease state in Bipolar Disorder, Impulse
Control Disorders, Obsessive-Compulsive disorders, 



Schizoaffective disorders and other psychiatric
disorders. Thus, despite the numerous drugs available
for the treatment of epilepsy (i.e., through
suppression of ictus epilepticus, i.e., the
convulsions associated with epileptic seizures) and
other analogous seizure-related disorders, there are
no generally accepted drugs for treating, preventing,
reversing, arresting or inhibiting the underlying
process of epileptogenesis that may be etiologic in
many devastating neurological and psychiatric
disorders such as epilepsy and analogous
seizure-related disorders. Currently, there are no
known methods of inhibiting the epileptogenic process
to prevent the development of epilepsy or other
analogous seizurerelated disorders in patients who
have not yet clinically shown symptoms thereof, but
who unknowingly have the disease or are at risk of
developing the disease. In addition, there are no
known methods to prevent the development of or reverse
the process of epileptogenesis, thus converting the
collections of neurons in an epileptogenic zone which
have been the source of or are susceptible or are
capable of participating in seizure activity into
nerve tissue that does not exhibit abnormal,
spontaneous, sudden, recurrent or excessive electrical
discharges or is not susceptible to or capable of such
seizure activity. Furthermore, there are no approved
or unapproved medications recognized ashaving such
anti-epileptogenic properties, i.e., truly
anti-epileptogenic drugs (AEGDs) (See, Schmidt, D. and
Rogawski, M. A., Epilepsy Research, 2002, 50; 71-78).
Thus, there is a great need to develop safe and
effective drugs and methods of treatment that
effectively treat, prevent, arrest, inhibit and
reverse epileptogenesis in seizure-related
neurological and/or psychiatric disorders. SUMMARY OF
THE INVENTION This invention relates, in part, to
methods and compounds useful for the treatment and/or
prevention, arrest, inhibition and reversal of
epileptogenesis in a patient who may but does not need
to have the symptoms of epilepsy and/or an analogous
seizure-related disorder. . This invention is based,
in part, on the unexpected discovery that certain
carbamate compounds, which are effective AEDs and can
suppress epileptic seizures are, in addition,
powerfully anti-epileptogenic and can prevent the
occurrence of the development and maturation of the
pathological changes in the nervous system that allow
seizures and related phenomena to develop and/or
spread and can reverse those changes. Thus, the
carbamate compounds of the present invention, as used
in the methods of this invention, are true AEGDs and
have properties not possessed by any presently
available medication or AED. Therefore, in one aspect,
the invention provides a method for treating and
preventing seizures and seizure-related disorders in a
subject in need thereof. In another aspect, the
invention provides a method for arresting, inhibiting
and reversing epileptogenesis in the subject. The
method includes the step of prophylactically or
therapeutically administering to the subject in need
thereof an effective amount of a carbamate compound
that treats, prevents, arrests, inhibits and reverses
epileptogenesis in the subject.In various embodiments,
the invention provides methods of treating,
preventing, reversing, arresting or inhibiting
epileptogenesis. In certain embodiments, these methods
comprise administering a prophylactically or
therapeutically effective amount of a carbamate
compound to the subject. Accordingly, the present
invention provides methods for treating, preventing,
arresting, inhibiting and reversing epileptogenesis in
a subject in need thereof comprising administering to
the subject a prophylactically or therapeutically
effective amount of a composition that comprises at
least one compound of Formula 1 or Formula 2: Formula
1 Formula 2 or a pharmaceutically acceptable salt or
ester form thereof, wherein R1, R2, R3 and R4 are
independently hydrogen or C1-C4 alkyl, wherein
C1-C-4alkyl is substituted or unsubstituted with
phenyl, and wherein phenyl is substituted or
unsubstituted with up to five substituents
independently selected from halogen, C1-C4 alkyl,
C1-C4 alkoxy, amino (wherein amino is optionally mono
or disubstituted with C1-C4 alkyl), nitro or cyano;
and X1, X2, X3, X4 and X5 are independently hydrogen,
fluorine, chlorine, bromine or iodine. Embodiments of
the present invention include a compound of Formula 1
or Formula 2 wherein X1, X2, X3, X4 and X5 are
independently selected from hydrogen, fluorine,
chlorine, bromine or iodine. In certain embodiments,
X1, X2, X3, X4 and X5 are independently selected from
hydrogen or chlorine. In other embodiments, Xi is
selected from fluorine, chlorine, bromine or iodine.
In another embodiment, Xi is chlorine,and X2, X3, X4
and X5 are hydrogen. In another embodiment, R1, R2, R3
and R4 are hydrogen. The present invention provides
enantiomers of Formula 1 or Formula 2 for treating
epileptogenesis in a subject in need thereof. In
certain embodiments, a compound of Formula 1 or
Formula 2 will be in the form of a single enantiomer
thereof. In other embodiments, a compound of Formula 1
or Formula 2 will be in the form of an enantiomeric
mixture in which one enantiomer predominates with
respect to another enantiomer. In another aspect, one
enantiomer predominates in a range of from about 90%
or greater. In a further aspect, one enantiomer
predominates in a range of from about 98% or greater.
The present invention also provides methods comprising
administering to the subject a prophylactically or
therapeutically effective amount of a composition that
comprises at least one compound of Formula 1 or
Formula 2 wherein Ri, R2, R3 and R4 are independently
selected from hydrogen or Ci-C alkyl; and X1, X2, X3,
X4 and X5 are independently selected from hydrogen,
fluorine, chlorine, bromine or iodine. In embodiments
of the present invention, before prophylactic or
therapeutic administration of the composition to the
subject, a determination will be made as to whether or
not the subject suffers from epilepsy or an analogous
seizure-related disorder or is considered to be at a
high risk for the development of such seizures or
seizure-related disorders. The present invention also
provides methods for identifying a subject in need of
prophylactic or therapeutic administration of an
anti-epileptogenic composition, wherein the subject
suffers from epilepsy or an analogous seizure-related
disorder or is considered to be at a high risk of
developing epilepsy or wherein the subject is in need
of treatment with an AEGD. The present invention
provides methods comprising prophylactically
ortherapeutically administering to the subject a
composition that comprises at least one compound
having Formula 1 or Formula 2. In certain embodiments
of the present invention, a prophylactically or
therapeutically effective amount of a compound of
Formula 1 or Formula 2 for the treatment of
epileptogenesis is in a range of from about 0.01
mg/Kg/dose to about 150 mg/Kg/dose. In certain
embodiments, a prophylactically or therapeutically
effective amount of a pharmaceutical composition for
preventing, treating, reversing, arresting or
inhibiting epileptogenesis comprising one or more of
the 



enantiomers of a compound of Formula 1 or Formula 2
includes a pharmaceutically acceptable salt or ester
thereof in admixture with a pharmaceutically
acceptable carrier or excipient, whereby such a
composition is administered to the subject in need of
treatment with an AEGD. Pharmaceutical compositions
comprising at least one compound having Formula 1 or
Formula 2 and one or more pharmaceutically acceptably
excipients are administered to a subject in need
thereof. In certain embodiments, a subject or patient
in need of treatment with an AEGD may be one who has
not yet shown the symptoms of epilepsy or an analogous
seizure-related disorder prior to the time of
administration. In another aspect, the subject or
patient will be determined to be at risk for
developing epilepsy or an analogous seizure-related
disorder at the time of administration and will
thereby be a subject, i.e., a patient in need of
treatment with an AEGD. In other embodiments, the
subject in need thereof is an individual who has shown
the symptoms of epilepsy (e.g. overt seizures) or an
analogous seizure-related disorder (e.g. mood cycling,
impulsive behavior and the like) before or at the time
of administration.BRIEF DESCRIPTION OF THE FIGURES
Figure 1 : is a graph that shows the effects of
increasing doses of TC on the number of neurons in
different areas of the hippocampus counted at 14 days
after li-pilo SE. Values are expressed as the number
of neuronal cell bodies in each area of interest
S.E.M. Figure 2 : is a graph that shows the effects of
increasing doses of TC on the number of neurons in
different nuclei of the amygdala counted at 14 days
after li-pilo SE. Values are expressed as the number
of neuronal cell bodies in each area of interest
S.E.M. Figure 3: is a graph that shows the effects of
increasing doses of TC on the number of neurons in
different nuclei of the thalamus counted at 14 days
after li-pilo SE. Values are expressed as the number
of neuronal cell bodies in each area of interest
S.E.M. Figure 4: is a graph that shows the effects of
increasing doses of TC on the number of neurons in
different areas of the cortex counted at 14 days after
lipilo SE. Values are expressed as the number of
neuronal cell bodies in each area of interest  S.E.M.
Figure 5: is a graph that shows the effects of
increasing doses of TC on the latency to the first
spontaneous seizure. Values are expressed as the mean
latency in days for each group  S.E.M. Figure 6: is a
graph that shows the effects of increasing doses of TC
on the frequency of spontaneous seizures
video-recorded over a 4 weeks period. Values are
expressed as the mean number of seizures  S.E.M. The
total represents the total number of seizures observed
during the 4 weeks of videorecording and the mean
represents the mean number of seizures per week. The
Anova test demonstrated an effect of the treatment on
the total number of seizures (p=0.045) and the mean
number of seizures per week (p=0.045)Figure 7: shows
the total number of seizures video-recorded over four
weeks plotted according to the latency to the first
spontaneous seizure (SL = short latency, LL = long
latency). Values are expressed as the mean number of
seizures for each subgroup  S.E.M. The ANOVA test did
not show any significant effect of the treatment.
Figure 8: shows the correlation between the latency to
the first spontaneous seizure and the total number of
seizures observed during the four following weeks.
DETAILED DESCRIPTION OF THE INVENTION The Carbamate
Compounds of the Invention The present invention
provides methods of using 2-phenyl-1 ,2- ethanediol
monocarbomates and dicarbamates in the
treatment/prevention of epileptogenesis.
Representative carbamate compounds according to the
present invention include those having Formula 1 or
Formula 2: Formula 1Formula 2 wherein: R-i, R2, R3,
and R4 are, independently, hydrogen or C1-C4 alkyl and
Xi, X2, X3, X , and X5 are, independently, hydrogen,
fluorine, chlorine, bromine or iodine. "C1-C4 alkyl"
as used herein refers to substituted or unsubstituted
aliphatic hydrocarbons having from 1 to 4 carbon
atoms. Specifically included within the definition of
"alkyl" are those aliphatic hydrocarbons that are
optionally substituted. In a preferred embodiment of
the present invention, the CrC 4 alkyl is either
unsubstituted or substituted with phenyl. The term
"phenyl", as used herein, whether used alone or as
part of another group, is defined as a substituted or
unsubstituted aromatic hydrocarbon ring group having 6
carbon atoms. Specifically included within the
definition of "phenyl" are those phenyl groups that
are optionally substituted. For example, in a
preferred embodiment of the present invention, the,
"phenyl" group is either unsubstituted or substituted
with halogen, Ci-C 4 alkyl, CrC 4 alkoxy, amino,
nitro, or cyano. In a preferred embodiment of the
present invention, X1 is fluorine, chlorine, bromine
or iodine and X2, X3, X4, and X5 are hydrogen.In
another preferred embodiment of trie present
invention, X1, X2, X3, X4, and X5 are, independently,
chlorine or hydrogen. In another preferred embodiment
of the present invention, R , R2, R3, and R4 are all
hydrogen. It is understood that substituents and
substitution patterns on the compounds of the present
invention can be selected by one of ordinary skill in
the art to provide compounds that are chemically
stable and that can be readily synthesized by
techniques known in the art as well as the methods
provided herein. Representative 2-phenyl-1 ,
2-ethanediol monocarbomates and dicarbamates include,
for example, the following compounds: X4 Formula
3PIXEL WITH TRANSFER GATE WITH NO ISOLATION EDGE
BACKGROUND Field of the Invention [0001] The invention
relates to imager technology. In particular, the
invention relates to imager devices having a pixel
with a transfer transistor gate configured to mitigate
dark current generation. Description of the Related
Art [0002] Exemplary CMOS imaging circuits, processing
steps thereof, and detailed descriptions of the
functions of various CMOS elements of an imaging
circuit are described, for example, in U.S. Patent No.
6,140,630, U.S. Patent No. 6,376,868, U.S. Patent No.
6,310,366, U.S. Patent No. 6,326,652, U.S. Patent No.
6,204,524, and U.S. Patent No. 6,333,205, each
assigned to Micron Technology, Inc. The disclosures of
the forgoing patents are hereby incorporated by
reference in their entirety. [0003] FIG. 1 illustrates
a top-down view of a conventional CMOS pixel 10 



having a photodiode 14 in a substrate 12 as a
photoconversion device. The_pjxel 10 includes a
transfer transistor gate 16, which, with the
photodiode 14 and a floating diffusion region 24,
forms a transfer transistor. Also included is a
resettransistor gate 18, which gates a reset voltage
(Vaa) applied to an active area 26 to floating
diffusion region 24 so that the floating diffusion
region 24 resets. The photodiode 14 may also be reset
when both the reset transistor gate 18 and transfer
transistor gate 16 are turned on. Also included is a
source follower transistor gate 20, which is
electrically coupled 25 to the floating diffusion
region 24 and which is part of a source follower
transistor formed by active area 26, which is
connected to voltage source (Vaa), and an active area
28 associated with a row select transistor gate 22.
The row select transistor gate 22 is operated as part
of a row select transistor, which connects active area
28 and active area 30, which is connected to the pixel
output for reading the pixel. [0004] As is shown in
FIG. 1, in the conventional pixel 10, the transfer
transistor gate 16 spans the photodiode 14. The
pixel's 10 active regions, which include the
photodiode 14, the floating diffusion region 24, and
active areas 26, 28, and 30, are surrounded by a
shallow trench isolation (STI) region 40. Where the
transfer transistor gate 16 extends beyond the
photodiode 14, it overlaps the edges of the STI region
40. This overlap can result in the production of dark
current, which is undesirable in imager devices.
SUMMARY [0005] The invention relates to an imager
(image sensor) pixel having a photoconversion device
and transistor structures, wherein a transfer
transistorgate of the pixel is configured so as not to
overlap the edge of proximate shallow trench isolation
(STI) regions or other isolation features (e.g.,
LOCOS). An optional p-type implant in the substrate
along the border region between the transfer
transistor gate and the STI region can be used to
limit charge transfer to underneath (as opposed to
along the sides of) the transfer transistor gate.
[0006] These and other features of the invention will
be better understood from the following detailed
description, which is provided in connection with the
accompanying drawings. BRIEF DESCRIPTION OF THE
DRAWINGS [0007] FIG. 1 is a top-down view of a
conventional CMOS pixel cell. [0008] FIG. 2 shows a
CMOS pixel cell in accordance with an embodiment of
the invention. [0009] FIGs. 3 - 9 show stages of
fabrication of an example of a CMOS pixel cell an
accordance with the invention, as shown by FIG. I 1
through lines a-a', b-b', c-c', and d-d' of FIG. 2.
[0010] FIG. 10 shows an exemplary imager lay-out
utilizing pixels in accordance with the invention.
[0011] FIG. 11 shows a CMOS pixel cell in accordance
with an embodiment of the invennon.[0012] FIG. 12
shows a processor system incorporating at least one
imager constructed in accordance with an embodiment of
the invention. DETAILED DESCRIPTION [0013] Although
this invention will be described in terms of certain
exemplary embodiments, other embodiments will be
apparent to those of ordinary skill in the art and are
within the scope of this invention. Accordingly, the
scope of the invention is defined only by reference to
the appended claims. [0014] The term "substrate" or
"wafer/' used interchangeably in the following
description, may include any supporting structure
including, but not limited, to a semiconductor
substrate. A semiconductor substrate should be
understood to include silicon-on-insulator (SOI),
silicon-on-sapphire (SOS), doped and undoped
semiconductors, epitaxial layers of silicon supported
by a base semiconductor foundation, and other
semiconductor structures; however, materials other
than semiconductors can be used as well so long as
they are suitable to support an integrated circuit.
When reference is made to a substrate or wafer in the
following description, previous process steps may have
been utilized to form regions or junctions in or over
a base semiconductor or foundation. [0015] The term
"pixel" refers to a photo-element unit cell containing
a photoconversion device and associated transistors
for converting electromagneticradiation to an
electrical signal. The pixels discussed herein are
illustrated and described as 4T (4 transistors) pixel
circuits for the sake of example only. It should be
understood that the invention is not limited to a four
transistor (4T) pixel, but may be used with other
pixel arrangements having fewer (e.g., 3T) or more
(e.g., 5T) than four transistors. Although the
invention is described herein with reference to the
architecture and fabrication of one or a limited
number of pixels, it should be understood that this is
representative of a plurality of pixels as typically
would be arranged in an imager array having pixels
arranged, for example, in rows and columns. In
addition, although the invention is described below
with reference to a pixel for a CMOS imager, the
invention has applicability to other solid state
imaging devices having pixels (e.g., a CCD or other
solid state imager). The following detailed
description is, therefore, not to be taken in a
limiting sense, and the scope of the present invention
is defined only by the appended claims. [0016] The
invention will now be explained with reference to the
accompanying figures wherein like reference numbers
are used consistently for like features throughout the
drawings. FIG. 2 shows an exemplary CMOS pixel 100 in
accordance with an embodiment of the invention. The
pixel 100 is fabricated in and over a semiconductor
substrate 102. The pixel 100 can be isolated from
other like pixels of an array by shallow trench
isolation region(s)(STI) 136 (or another similar
isolation technique, such as LOCOS), which surrounds
the active area of the pixel 100 as shown. The pixel
100 of this embodiment is a 4T pixel, meaning that the
pixel's circuitry includes four transistors for
operation; however, as indicated above, the invention
is not limited to 4T pixels. [0017] Still referring to
FIG. I 1 the pixel 100 has a photodiode 104 as a
photoconversion device. The photodiode 104 is formed
in the substrate 102 by forming layered doped regions
of varying depths, as will be discussed below in
further detail with reference to FIGs. 3 - 9. Other
types of photoconversion devices may be used as well,
e.g., a photogate. A transfer transistor is associated
with the photodiode 104. The transfer transistor
includes a transfer gate 106 configured to gate charge
across a channel region between the photodiode 104 and
a floating diffusion region 114. The transfer gate 106
is configured so that it does not overlap the edge(s)
of the STI regions(s) 136 (or other isolation
feature). This configuration mitigates dark current in
the pixel 100. An n-type (minus) implant in the
substrate (e.g., implant 138, FIG. 4) directs charge
generated at the photodiode 104 to the transfer gate
106. If desired, an optional p-type implant 139 can be
provided along the border region between the STI 136
edge and the transfer gate 106 to further limit charge
transfer to the channel region 115 (FIG. 7) underneath
the gate 106.[0018] The floating diffusion region 114
is electrically connected (connection 131) to a gate
110 of a source follower transistor. The source
follower transistor is electrically connected to a row
select gate 112, configured to output a read signal
from the pixel 100 at conductor 134. A reset
transistor having a reset gate 108 electrically
connected with a voltage source (e.g., Va ) is
provided for resetting the floating diffusion region
114 after readout. 



[0019] Contacts 122, 124, 126, 128, 130, 132 and 134
to upper layer metallization layers are provided for
these active regions, i.e., source/drain regions 116,
118, 120, floating diffusion region 114, and gate
structures 106, 108, 110, 112, typically as conductive
plugs, which may be tungsten, titanium, or other
conductive materials. Contact 130 connects with source
follower gate 110 though electrical connection 131.
Contact 132 connects a voltage source (Vaa) to
source/drain region 116. Contact 134 connects read
circuitry with the output source/drain region 120 of
the row select transistor. [0020] The pixel 100
operates as a standard CMOS imager pixel. The
photodiode 104 generates charge at a p-n junction
(FIG. 8) when struck by light. The charge generated
and accumulated at the photodiode 104 is gated to the
floating diffusion region 114 by turning on the
transfer gate 106. The charge at the floating
diffusion region 114 is converted to a pixel output
voltage signal by the source follower transistor,
including gate 110 (connected to floating
diffusionregion 114 at contact 130), through
source/drain region 118 and this output signal is
gated by row select gate 112 to source/drain region
120 and is output at contact 134 to read circuitry
(not shown). After the signal is read out of the pixel
100, the reset gate 108 and transfer gate 106 can be
activated to connect a voltage source at contact 132
to the floating diffusion region 114 and photodiode
104 to reset the pixel 100. [0021] FIGs. 3 - 9 show
cross sections of a pixel 100 as shown in FIG. 2 at
various stages of fabrication. The figures generally
show sequential steps, which may be utilized to form a
pixel 100; however, other or additional processing
steps may be used also. Now referring to FIG. 3, a
substrate region 102 is provided. The substrate 102
region is typically silicon, though other
semiconductor substrates can be used. Preferably,
substrate 102 is formed over another substrate region
101, which can have a different dopant concentration
from the overlying region 102. In such an embodiment,
substrate region 102 can be grown as an epi-layer over
a supporting silicon substrate region 101. [0022]
Shallow trench isolation (STI) is performed to form
STI regions 136, which are typically an oxide and
serve to electrically isolate individual pixels,
including pixel 100, from one other. STI processing is
well known in the art and standard processing
techniques may be used. A region 137 of the substrate
102 under the STI trench may be doped to improve
electrical isolation.[0023] Over the substrate, the
transfer gate 106, reset gate 108, source follower
gate 110, and row select gate 112 are formed. These
gates may be fabricated byforming a gate oxide 107
over the substrate 102, a conductive layer 109 over
the gate oxide 107, and an insulating layer 111 over
the conductive layer 109. The gate oxide 107 is
typically silicon dioxide, but may be other materials
as well. The conductive layer 109 is typically doped
polysilicon, but may be other conductive materials as
well. The insulating layer 111 is typically a nitride
or TEOS (tetraethyl orthosilicate oxide), but may be
other insulating materials as well. These layers 107,
109, and 111, are patterned with a photoresist mask
and etched to leave gate stacks as shown in FIG. 3. As
discussed above, the transfer transistor gate 106 is
formed so as not to overlap the STI region 136. [0024]
Now referring to FIG. 4, this figure shows the wafer
cross-section shown in FIG. 3 at a subsequent stage of
fabrication. A photoresist mask 142 is formed over the
substrate 102 to protect the region that will become
the photodiode 104 while exposing the substrate 102
surfaces proximate the transistor gates 106, 108, 110,
and 112. A p-type dopant 138, e.g., boron, is
implanted into the substrate 102 to form a p-well 140
therein. [0025] Now referring to FIG. 5, which shows a
subsequent stage of processing with the water shown
through cross-sections c-c' and d-d' of FIG. 2. After
forming the p-well 140 (FIG. 4), the photoresist mask
142 is removed andphotoresist mask 143 is applied,
which exposes the substrate at least at the border
region between the STI region 136 and the transfer
transistor gate 106. P-type ions 141, e.g., boron, are
implanted to form implant regions i39. This implant is
optional, but can serve to further limit charge
transfer to underneath (as opposed to along the sides
of) the transfer transistor gate 106 in the completed
device. [0026] Now referring to FIG. 6, which again
shows the wafer through crosssections a-a' and b-b',
at a subsequent stage of fabrication. After forming
the pwell 140, or after forming implant regions 139 if
desired, photoresist mask 140 (FIG. 4) or 143 (FIG. 5)
is removed and another photoresist mask 144 is formed
over the p-well 140 region of the substrate 102 to
expose the surface of the substrate 102 where the
photodiode 104 will be formed (FIG. 2). An n-type
dopant 146, e.g., phosphorus, is implanted into the
substrate 102 (directly there-into and at an angle
thereto as shown) to form an n-type doped region 148.
This n-type region 148 will form a charge accumulation
portion of the photodiode 102 (FIG. 2). [0027] Now
referring to FIG. 7, this figure shows the wafer
cross-section shown in FIG. 6 at a subsequent stage of
fabrication. After removing photoresist 144 (FIG. 6),
another photoresist mask 150 is formed to protect the
photodiode 104 region of the substrate 102 and expose
the p-well region 140. An n-type dopant 152, e.g.,
phosphorus or arsenic, is implanted into the substrate
102 toform active areas proximate the gates 106, 108,
110, and 112, including the floating diffusion region
114 and source/drain regions 116, 118, and 120. The
dopant implant 152 may also be angled with respect to
the substrate 102 so the doped regions extend under
the gates. Under the gates (106, 108, 110, and 112)
and between the source/drain regions (116, 118, and
120) and photodiode (104) are the channel regions 115.
[0028] Now referring to FIG. 8, this figure shows the
wafer cross-section shown in FIG. 7 at a subsequent
stage of fabrication. The photoresist 150 (FIG. 7) is
removed and an insulating spacer layer 154 is formed
over the substrate 102 and gates 106, 108, 110, and
112. The insulating spacer layer 154 can be formed of
TEOS or other similar dielectric materials. Over the
insulating spacer layer 152 and the p-well 140 another
photoresist mask 156 is formed; the photodiode 104
(FIG.2) region of the substrate 102 is exposed. A
p-type dopant 158, e.g., boron, is implanted into the
substrate 102 to form a p-type region 160 at the
substrate 102 surface above the n-type region 148 of
the photodiode 104. This creates a p-n junction for
photo-charge generation. [0029] FIG. 9 shows the wafer
cross-sections shown in FIG. 8 at a subsequent stage
of fabrication. After completing the photodiode 104,
the photoresist 156 (FIG. 8) is removed. A thick
insulating layer 162 is formed over the substrate 102,
including the photodiode 104 and gates 106, 108, 110,
and 112. This layer 162should be transparent to light
since it will cover the photodiode 104; it can be BPSG
(boro-phospho-silicate glass) or another suitable
material. The insulating layer 162 is planarized,
preferably by CMP (chemical mechanical polishing) and
patterned for etching, e.g., with photoresist (not
shown). [0030] Still referring to FIG. 9, vias 164 are
formed through the insulating layer 162 and other
intervening layers (e.g., spacer layer 154, insulating
layer 111, etc.) by controlled etching (preferably by
RIE dry etching as is known in the art) to expose the
conductive layer 109 of the gates 106, 108, 110, and
112 and to expose the substrate 102 surface at the
floating diffusion region 114 and source/drain regions
116, 118, and 120. The vias 164 are filled with a
conductive material to form contacts 122, 124, 126,
128, 130, 132, and 134 (not all contacts shown in FIG.
2 are necessarily in the cross-sections shown in FIG.
9), preferably by a sputtering or chemical vapor
deposition (CVD) technique, although other 



techniques can be used. The conductive material is
preferably tungsten or titanium, which can be annealed
to form a suicide. The conductive material is next
planarized by CMP, using the insulating layer 162 as a
stop to leave a wafer cross-section as shown in FIG.
9. This may be followed by standard metallization
layer and interconnect line formation (not shown).
[0031] An alternative embodiment of the invention is
shown in FIG. 10. While the same basic fabrication
steps and techniques discussed above in relation
toFIGs. 2 - 9 can be used to form the pixel 200
(defined by dotted-line) shown in FIG. 10, the
features and elements of the pixel 200 are configured
differently with respect to each other when compared
to the layout of the pixel 100 of FIG. 2. FIG. 10
shows the pixel 200 configuration in an array of like
pixels. [0032] In FIG. 10, pixel 200 shares part of
its circuitry components, i.e., gates 208, 210, 212,
with other adjacent pixels, e.g., 300, 400, and 500,
which are part of an array of similarly arranged
pixels. Each pixel 200, 300, and 400 has an individual
photodiode; e.g., photodiode 204 of pixel 200. The
sharing of circuitry makes for a much more dense
imager array. In this embodiment, the transfer gate
206 is again configured so as not to overlap STI
regions 236. As shown in FIG. 10, optionally, implant
regions 239 of p-type ions can be provided between the
STI regions 236 and the transfer gate 206. [0033]
Preferably, the transfer gate 206 is angled with
respect to the photodiode 204, as shown in FIG. 10.
Here, the term "angled" means that a portion of the
transfer gate 206 is positioned across a corner of the
photodiode 204 as opposed to across its length or
width, as discussed above in relation to the
embodiment shown in FIG. 2. This preferred angled
geometry of the transfer gate 206 allows for an
efficient layout of the transfer gate 206. In
addition, this angled layout is also beneficial in
maximizing the fill factor of the pixel 200 by
maximizing the area of the photodiode 204.[0034] The
remaining pixel components are shared by the adjacent
pixels 200 and 400. These components include the
floating diffusion region 214, which serves as a
common storage node for the pixels 200 and 400. A
reset gate 208 is located proximate the floating
diffusion region 214. A source/drain region 216 is
located on a second side of the reset gate 208
opposite the floating diffusion region 214 and is
capable of receiving a supply voltage (Vaa). The
floating diffusion region 214 is also electrically
connected to the source follower gate 210 (connection
not shown), which has a source/drain 218. The source
follower transistor having gate 210 outputs a voltage
output signal from the floating diffusion region 214
to the row select transistor having gate 212. The row
select transistor gate 212 has a source/drain 220
adjacent thereto for selectively reading out the pixel
signal to a column line (not shown). In addition, a
capacitor 238 is electrically connected (not shown) to
the floating diffusion region 214. The capacitor 238
can increase the charge storage capacity of the
floating diffusion region 214. The transistor gates
206, 208, 210, and 212, floating diffusion region 214,
and source/drain regions 216, 218, and 220, have
contacts 222, 224, 226, 228, 230, 232, and 234,
respectively thereto. [0035] FIG. 11 illustrates an
exemplary imager 700 that may utilize any embodiment
of the invention. The imager 700 has a pixel array 705
comprising pixels constructed as described above with
respect to, e.g., FIGs. 2 and 10, orusing other pixel
architectures within the scope of the invention. Row
lines are selectively activated by a row driver 710 in
response to row address decoder 720. A column driver
760 and column address decoder 770 are also included
in the imager 700. The imager 700 is operated by the
timing and control circuit 750, which controls the
address decoders 720, 770. The control circuit 750
also controls the row and column driver circuitry 710,
760 in accordance with an embodiment of the invention.
[0036] A sample and hold circuit 761 associated with
the column driver 760 reads a pixel reset signal Vrst
and a pixel image signal Vsig for selected pixels. A
differential signal (Vrst-Vsig) is amplified by
differential amplifier 762 for each pixel and is
digitized by analog-to-digital converter 775 (ADC).
The analog-to-digital converter 775 supplies the
digitized pixel signals to an image processor 780
which forms a digital image. The image processor 780
may also determine the gain setting of the imager 700,
which can be used to set the level of the voltage
applied to the pixels transfer gates. [0037] FIG. 12
shows a system 1000, a typical processor system
modified to include an imaging device 1008 (such as an
imager 700 as shown in FIG. 11 with pixels 100 or 200
as illustrated in FIGs. 2 and 10) of the invention.
The processor system 1000 is exemplary of a system
having digital circuits that could include image
sensor devices. Without being limiting, such a system
could include acomputer system, camera system,
scanner, machine vision, vehicle navigation, video
phone, surveillance system, auto focus system, star
tracker system, motion detection system, image
stabilization system, and data compression system, and
other systems employing an imager. [0038] System 1000,
for example a camera system, generally comprises a
central processing unit (CPU) 1002, such as a
microprocessor, that communicates with an input/output
(I/O) device 1006 over a bus 1020. Imaging device 1008
also communicates with the CPU 1002 over the bus 1020.
The processor-based system 1000 also includes random
access memory (RAM)1004, and can include removable
memory 1014, such as flash memory, which also
communicate with the CPU 1002 over the bus 1020. The
imaging device 1008 may be combined with a processor,
such as a CPU, digital signal processor, or
microprocessor, with or without memory storage on a
single integrated circuit or on a different chip than
the processor. [0039] Various embodiments of the
invention have been described above. Although this
invention has been described with reference to these
specific embodiments, the descriptions are intended to
be illustrative of the invention and are not intended
to be limiting. Various modifications and applications
may occur to those skilled in the art without
departing from the spirit and scope of the invention
as defined in the appended claims.[0040] What is
claimed as new and sought to be protected by letters
patent is as follows:CLAIMS 1. An imager pixel,
comprising: a substrate; a photoconversion device; a
circuit configured to receive charge from said
photoconversion device and output a voltage
representative of the charge, said circuit comprising
a transfer transistor gate; and an isolation region in
said substrate surrounding said photoconversion device
and said circuit, said transfer transistor gate being
configured so as not to overlap any part of said
isolation region. 2. The imager pixel of claim 1,
further comprising implant regions in said substrate
between said transfer transistor gate and said
isolation region. 3. The imager pixel of claim 1,
wherein said isolation region is a shallow trench
isolation region. 4. The imager pixel of claim 1,
wherein said circuit further comprises a reset
transistor, a source follower transistor, and a row
select transistor. 5. The imager pixel of claim 1,
wherein at least a part of said circuit is shared with
an adjacent pixel. 6. The imager pixel of claim 1,
wherein said photoconversion device is a 



photodiode.7. The imager pixel of claim 1, wherein
said pixel is a CMOS pixel. 8. A CMOS imager device,
comprising: a photodiode in a substrate; a charge
storage region in said substrate; a transfer gate
configured to gate charge between said photodiode and
said charge storage region; a reset gate configured to
reset said charge storage region; a source follower
gate configured to receive charge from said charge
storage region; a row select gate configured to couple
said source follower gate to an output line; and a
shallow trench isolation region surrounding said
photodiode, said transfer gate, said reset gate, said
source follower gate, and said row select gate,
wherein said transfer gate is further configured so as
not to overlap any part of said shallow trench
isolation region. 9. The CMOS imager device of claim
8, further comprising implant regions in said
substrate between said transfer transistor gate and
said isolation region. 10. The CMOS imager device of
claim 9, wherein said implant regions comprise a
p-type dopant.11. The CMOS imager device of claim 8,
wherein at least one of said reset gate, source
follower gate, row select gate, and charge storage
region is shared with an adjacent pixel. 12. The CMOS
imager device of claim 8, wherein said transfer gate
is angled with respect to said photodiode. 13. A
processor system, comprising: a processor and an
imager coupled to said processor, said imager
comprising an array of pixels, each pixel comprising:
a substrate; a photoconversion device; a circuit
configured to receive charge from said photoconversion
device and output a voltage representative of the
charge, said circuit comprising a transfer transistor
gate; and an isolation region in said substrate
surrounding said photoconversion device and said
circuit, said transfer transistor gate being
configured so as not to overlap any part of said
isolation region. 14. The processor system of claim
13, further comprising implant regions in said
substrate between said transfer transistor gate and
said isolation region.15. The processor system of
claim 13, wherein said isolation region is a shallow
trench isolation region. 16. The processor system of
claim 13, wherein said circuit further comprises a
reset transistor, a source follower transistor, and a
row select transistor. 17. The processor system of
claim 13, wherein at least a part of said circuit is
shared with an adjacent pixel. 18. The processor
system of claim 13, wherein said photoconversion
device is a photodiode. 19. The processor system of
claim 13, wherein said pixel is a CMOS pixel. 20. A
method of forming an imager pixel, comprising:
providing a substrate; forming an isolation region in
said substrate; forming a photoconversion device in
said substrate and being bordered by said isolation
region; and forming a transfer transistor gate
proximate said photoconversion device, said transfer
transistor gate being configured so as to not overlap
said isolation region. 21. The method of claim 20,
wherein the act of forming an isolation region
comprises forming a shallow trench isolation
region.22. The method of claim 20 further comprising
the step of forming implant regions in said substrate
and between said transfer transistor gate and said
isolation region. 23. The method of claim 20, further
comprising the step of forming a reset transistor, a
source follower transistor, and a row select
transistor proximate said photoconversion device. 24.
The method of claim 23, further comprising the step of
forming a second photoconversion device that shares at
least one of said reset transistor, source follower
transistor, and row select transistor. 25. The method
of claim 20, wherein said photoconversion device is a
photodiode. 26. The method of claim 20, wherein said
pixel is a CMOS pixel. 27. A method of mitigating dark
current in a CMOS imager pixel, comprising: providing
a photodiode in a substrate; forming a shallow trench
isolation region to electrically isolate said CMOS
imager pixel from other pixels; providing a transfer
transistor gate over said substrate, said transfer
transistor gate being configured to gate charge from
said photodiode to an output circuit, and being formed
such that it does not overlap any part of said shallow
trench isolation region; andforming a doped region in
said substrate between said transfer transistor gate
and said shallow trench isolation region, said doped
region being configured to limit charge transfer from
said photodiode to under said transfer transistor
gate. 28. The method of claim 27, further comprising
forming a reset transistor, a source follower
transistor, and a row select transistor proximate said
photodiode and transfer transistor gate. 29. The
method of claim 28, further comprising forming a
second photodiode that shares at least one of said
reset transistor, source follower transistor, and row
select transistor. 30. The method of claim 28, wherein
said pixel is a CMOS pixel. 


