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Antibodies to Human Alpha-Synuclein

FIELD

[001] This disclosure concerns monoclona l antibodies, such as single-domain monoclona l

antibodies, specific for a-syn uclein . This disclosure f urther concerns the use of such antibodies,

such as for the detection and treatment of Pa rki nson's Disease.

BACKG ROU ND

[002] Alpha-syn uclein is a protein that is abundant in the huma n brain. Sma ller amounts are

found in the hea rt, muscles, and other tissues. In the brain, alpha-synuclein is found main ly at

the tips of nerve cel ls (neurons) in specia lized structures ca lled presyna ptic termina ls. Within

these structures, alpha-synuclei n interacts with phospholi pids and proteins. Presyna ptic

termi na ls release chemica l messengers, ca lled neurotra nsmitters, from com partments known

as syna ptic vesicles. The release of neurotra nsmitters relays signa ls between neurons and is

critica l for norma l brain function .

[003] Although the function of alpha-synuclein is not well understood, studies suggest that it

plays a role in maintaini ng a supply of syna ptic vesicles in presyna ptic termina ls by clustering

syna ptic vesicles. It may also help regu late the release of dopa mine, a type of neurotra nsmitter

that is critica l for control ling the sta rt and stop of vol unta ry and invol unta ry movements.

[004] The human alpha-syn uclei n protei n is made of 140 amino acids and is encoded by the

SNCA gene. An alpha-synuclein fragment, known as the non-Abeta component (NAC) of

Alzheimer's disease amyloid, origina lly found in an amyloid-enriched fraction, was shown t o be

a fragment of its precu rsor protein, NACP. It was later determined that NACP was the huma n

homologue of Torpedo synuclei n. Therefore, NACP is now referred t o as huma n alpha-

synuclei n.

Tissue expression

[005] Alpha-syn uclein makes up as much as 1% of al l proteins in the cytosol of brai n cells l is

predomi nantly expressed in the neocortex, hippoca mpus, substa ntia nigra, tha la mus, and

cerebellu m. It is predomina ntly a neu rona l protein, but can also be found in the neuroglia l cel ls.

In melanocytic cells, SNCA protein expression may be regu lated by M ITF.



[006] It has been established that alpha-synuclein is extensively localized in the nucleus of

mammalian brain neurons, suggesting a role of alpha-synuclein in the nucleus. Synuclein is

however found predominantly in the presynaptic termini, in both free or membrane-bound

forms, with roughly 15% of synuclein being membrane-bound in any moment in neurons.

[007] Recently, it has been shown that alpha-synuclein is localized in neuronal mitochondria.

Alpha-synuclein is highly expressed in the mitochondria in olfactory bulb, hippocampus,

striatum and thalamus, where the cytosolic alpha-synuclein is also rich. However, the cerebral

cortex and cerebellum are two exceptions, which contain rich cytosolic alpha-synuclein but very

low levels of mitochondrial alpha-synuclein. It has been shown that alpha-synuclein is localized

in the inner membrane of mitochondria, and that the inhibitory effect of alpha-synuclein on

complex I activity of mitochondrial respiratory chain is dose-dependent. Thus, it is suggested

that alpha-synuclein in mitochondria is differentially expressed in different brain regions and

the background levels of mitochondrial alpha-synuclein may be a potential factor affecting

mitochondrial function and predisposing some neurons to degeneration.

[008] At least three isoforms of synuclein are produced through alternative splicing. The

majority form of the protein, and the one most investigated, is the full-length protein of 140

amino acids. Other isoforms are alpha-synuclein-126, which lacks residues 41-54 due to loss of

exon 3; and alpha-synuclein-112, which lacks residue 103-130 due to loss of exon 5 .

Clinical significance

[009] Alpha-synuclein aggregates to form insoluble fibrils in pathological conditions

characterized by Lewy bodies, such as Parkinson's disease, dementia with Lewy bodies and

multiple system atrophy. These disorders are known as synucleinopathies. Alpha-synuclein is

the primary structural component of Lewy body fibrils. Occasionally, Lewy bodies contain tau

protein; however, alpha-synuclein and tau constitute two distinctive subsets of filaments in the

same inclusion bodies. Alpha-synuclein pathology is also found in both sporadic and familial

cases with Alzheimer's disease.

[010] The aggregation mechanism of alpha-synuclein is uncertain. There is evidence of a

structured intermediate rich in beta structure that can be the precursor of aggregation and,



ultimately, Lewy bodies. A single molecule study in 2008 suggests alpha-synuclein exists as a

mix of unstructured, alpha-helix, and beta-sheet-rich conformers in equilibrium. Mutations or

buffer conditions known to improve aggregation strongly increase the population of the beta

conformer, thus suggesting this could be a conformation related to pathogenic aggregation.

Among the strategies for treating synucleinopathies are compounds that inhibit aggregation of

alpha-synuclein. It has been shown that the small molecule cuminaldehyde inhibits fibrillation

of alpha-synuclein. The Epstein-Barr virus has been implicated in these disorders.

[Oil] In rare cases of familial forms of Parkinson's disease, there is a mutation in the gene

coding for alpha-synuclein. Five point mutations have been identified thus far: A53T, A30P,

E46K, H50Q, and G51D. Genomic duplication and triplication of the gene appear t o be a rare

cause of Parkinson's disease in other lineages, although more common than point mutations.

Hence certain mutations of alpha-synuclein may cause it t o form amyloid-like fibrils that

contribute to Parkinson's disease.

[012] Certain sections of the alpha-synuclein protein may play a role in the tauopathies.

SUMMARY

[013] Disclosed herein are a-synuclein-specific antibodies. The antibodies bind specifically to

human a-synuclein. The antibodies provided herein include immunoglobulin molecules, such as

IgG antibodies, as well as antibody fragments and single-domain (VH) antibodies. Further

provided are compositions including the antibodies that bind, for example specifically bind, t o

a-synuclein, nucleic acid molecules encoding these antibodies, expression vectors comprising

the nucleic acid molecules, and isolated host cells that express the nucleic acid molecules. Also

provided are immunoconjugates comprising the antibodies disclosed herein and an effector

molecule. Fusion proteins comprising the antibodies are also provided, such as fusion proteins

comprising human Fc.

[014] The antibodies and compositions provided herein can be used for a variety of purposes,

such as for confirming the diagnosis of a pathological condition characterized by Lewy bodies,

termed a synucleinopathy. Common synucleinopathies include Parkinson's disease, dementia

with Lewy bodies, and multiple system atrophy. Thus, provided herein is a method of



confirming the diagnosis of a synucleinopathy in a subject by contacting a sample from the

subject diagnosed with Parkinson's disease with a monoclonal antibody that binds a-synuclein,

and detecting binding of the antibody to the sample. An increase in binding of the antibody to

the sample relative to binding of the antibody to a control sample confirms the diagnosis. In

some embodiments, the method further includes contacting a second antibody that specifically

recognizes the a-synuclein-specific antibody with the sample, and detecting binding of the

second antibody.

[015] Similarly, provided herein is a method of detecting a disorder characterized by

aggregation of α-synuclein in a subject. The method includes contacting a sample from the

subject with a monoclonal antibody described herein, and detecting binding of the antibody to

the sample. An increase in binding of the antibody to the sample relative to a control sample

detects the aggregation of α-synuclein in the subject. In some embodiments, the methods

further comprise contacting a second antibody that specifically recognizes the α-synuclein -

specific antibody with the sample, and detecting binding of the second antibody.

[016] Further provided is a method of treating a subject having a pathological condition

characterized by Lewy bodies, termed a synucleinopathy. The method includes selecting a

subject having a synucleinopathy, and administering to the subject a therapeutically effective

amount of a monoclonal antibody specific for α-synuclein, or an immunoconjugate, fusion

protein or composition comprising the antibody.

[017] The foregoing and other objects, features, and advantages of the invention will become

more apparent from the following detailed description, which proceeds with reference to the

accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[018] Figure 1 shows the α-synuclein amino acid sequence (human and mouse), and shows

the hexapeptide YQDYEP corresponding to amino acid positions 133-138 in the C-terminal.

DETAILED DESCRIPTION

/ . Abbreviations



[019] CAR: chimeric antigen receptor

CDC: com plement-dependent cytotoxicity

cDNA: complementa ry DNA

CDR: com plementa rity determining region

CTL: cytotoxic T lym phocyte

ELISA: enzyme-lin ked immunosorbent assay

EM : effector molecule

FACS: fluorescence activated cel l sorting

GPI : glycosylphosphatidylinositol

hFc: human Fc

HRP: horseradish peroxidase

Ig: immunoglobulin

i.v. : intravenous

K D dissociation consta nt

LDH : lactate dehydrogenase

mAb: monoclona l antibody

MAC: mem brane attack com plex

NHS: norma l human serum

PBMC: periphera l blood mononuclea r cells

PCR: polymerase chain reaction

PE: Pseudomonas exotoxi n

PE: phycoeryth rin

Pfu : plaque forming units

RIPA: radioim munoprecipitation assay

VH: varia ble heavy

VL: variable light

//. Terms and Methods



[020] Unless otherwise explained, all technical and scientific terms used herein have the same

meaning as commonly understood by one of ordinary skill in the art t o which this disclosure

belongs. The singular terms "a," "an," and "the" include plural referents unless context clearly

indicates otherwise. "Comprising A or B" means including A, or B, or A and B. It is further t o be

understood that all base sizes or amino acid sizes, and all molecular weight or molecular mass

values, given for nucleic acids or polypeptides are approximate, and are provided for

description. Although methods and materials similar or equivalent t o those described herein

can be used in the practice or testing of the present disclosure, suitable methods and materials

are described below. All publications, patent applications, patents, and other references

mentioned herein are incorporated by reference in their entirety. In case of conflict, the

present specification, including explanations of terms, will control. In addition, the materials,

methods, and examples are illustrative only and not intended to be limiting.

[021] Definitions of common terms in molecular biology may be found in Benjamin Lewin,

Genes V, published by Oxford University Press, 1994 (ISBN 0-19-854287-9); Kendrew et al.

(eds.), The Encyclopedia of Molecular Biology, published by Blackwell Science Ltd., 1994 (ISBN

0-632-02182-9); and Robert A. Meyers (ed.), Molecular Biology and Biotechnology: a

Comprehensive Desk Reference, published by VCH Publishers, Inc., 1995 (ISBN 1-56081-569-8).

[022] In order t o facilitate review of the various embodiments of the disclosure, the following

explanations of specific terms are provided:

[023] Antibody: A polypeptide ligand comprising at least a light chain or heavy chain

immunoglobulin variable region which recognizes and binds (such as specifically recognizes and

specifically binds) an epitope of an antigen, such as a-synuclein, or a fragment thereof.

Immunoglobulin molecules are composed of a heavy and a light chain, each of which has a

variable region, termed the variable heavy (VH) region and the variable light (VL) region.

Together, the V H region and the V L region are responsible for binding the antigen recognized by

the antibody.

[024] Antibodies include intact immunoglobulins and the variants and portions of antibodies

well known in the art, such as single-domain antibodies (e.g. V H domain antibodies), Fab

fragments, Fab' fragments, F(ab)'2 fragments, single chain Fv proteins ("scFv"), and disulfide



sta bilized Fv proteins ("dsFv"). A scFv protein is a fusion protein in which a light chain varia ble

region of an immunoglobulin and a heavy chain varia ble region of an immunoglobu lin are

bound by a lin ker, while in dsFvs, the chains have been mutated t o introduce a disu lfide bond

t o sta bi lize the association of the chai ns. The term "antibody" also incl udes genetica lly

engineered forms such as chimeric antibodies (for example, huma nized murine antibodies) and

heteroconjugate antibodies (such as bispecific anti bodies). See also, Pierce Cata log and

Hand book, 1994-1995 (Pierce Chemica l Co., Rockford, II I .); Kuby, J., Immunology, 3.sup. rd Ed .,

W . H. Freema n & Co., New York, 1997.

[025] Typica lly, a natu ra lly occu rring immunoglobu lin has heavy (H) chains and light (L) chains

interconnected by disu lfide bonds. There are two types of light chai n, la mbda (λ ) and kappa (κ) .

There are five mai n heavy chai n classes (or isotypes) which determine the functional activity of

an antibody molecule: IgM, IgD, IgG, IgA and IgE.

[026] Each heavy and light chain contai ns a consta nt region and a varia ble region, (the regions

are also known as "domai ns"). In com bination, the heavy and the light chain variable regions

specifica lly bind the antigen. Light and heavy chain variable regions contain a "fra mework"

region interrupted by t hree hyperva ria ble regions, also ca lled "com plementa rity-determining

regions" or "CDRs." The extent of the framework region and CDRs has been defined according

t o Kabat et a l . (see, Ka bat et al., Sequences of Proteins of Immunologica l Interest, U.S.

Depa rtment of Hea lth and Huma n Services, 1991) and the ImM unoGeneTics database ( IMGT)

(see, Lefra nc, Nucleic Acids Res 29:207-9, 2001). The IMGT and Ka bat data bases are availa ble

on line. The sequences of the fra mework regions of different light o r heavy chai ns are relatively

conserved within a species, such as humans. The fra mework region of an antibody, that is the

com bined fra mework regions of the constituent light and heavy chains, serves t o position and

align the CDRs in t hree-di mensiona l space.

[027] The CDRs are prima rily responsible for binding t o an epitope of an antigen. The CDRs of

each chain are typica lly referred t o as CDR1, CDR2, and CDR3, num bered seq uentia lly sta rting

from the N-termi nus, and are often identified by the chain in which the particu la r CDR is

located. Thus, a V H CDR3 (or H-CDR3) is located in the varia ble domain of the heavy chain of the

antibody in which it is found, whereas a V LCDR1 (or L-CDR1) is the CDR1 from the varia ble



domain of the light chain of the antibody in which it is found. An antibody that binds -

synuclein, for example, will have a specific V H region and the V L region sequence, and thus

specific CDR sequences. Antibodies with different specificities (i.e. different combining sites for

different antigens) have different CDRs. Although it is the CDRs that vary from antibody t o

antibody, only a limited number of amino acid positions within the CDRs are directly involved in

antigen binding. These positions within the CDRs are called specificity determining residues

(SDRs).

[028] References t o "VH" or "VH" refer t o the variable region of an immunoglobulin heavy

chain, including that of an Fv, scFv, dsFv or Fab. References t o "VL" or "VL" refer t o the variable

region of an immunoglobulin light chain, including that of an Fv, scFv, dsFv or Fab.

[029] A "monoclonal antibody" is an antibody produced by a single clone of B-lymphocytes or

by a cell into which the light and/or heavy chain genes of a single antibody have been

transfected. Monoclonal antibodies are produced by methods known t o those of skill in the art,

for instance by making hybrid antibody-forming cells from a fusion of myeloma cells with

immune spleen cells. Monoclonal antibodies include humanized monoclonal antibodies.

[030] A "chimeric antibody" contains structural elements from two or more different antibody

molecules, often from different animal species. For example, a chimeric antibody can have

framework residues from one species, such as human, and CDRs (which generally confer

antigen binding) from another species, such as a murine antibody that specifically binds -

synuclein.

[031] A "human" antibody (also called a "fully human" antibody) is an antibody that includes

human framework regions and all of the CDRs from a human immunoglobulin. In one example,

the framework and the CDRs are from the same originating human heavy and/or light chain

amino acid sequence. However, frameworks from one human antibody can be engineered to

include CDRs from a different human antibody. A "humanized" immunoglobulin is an

immunoglobulin including a human framework region and one or more CDRs from a non-

human (for example a mouse, rabbit, rat, or synthetic) immunoglobulin. The non-human

immunoglobulin providing the CDRs is termed a "donor," and the human immunoglobulin

providing the framework is termed an "acceptor." In one embodiment, all the CDRs are from



the donor immunoglobu lin in a huma nized immunoglobulin . Consta nt regions need not be

present, but if they are, they must be substa ntia lly identica l t o huma n immunoglobuli n

consta nt regions, i.e., at least about 85-90%, such as about 95% or more identica l . Hence, all

pa rts of a huma nized immunoglobu lin, except possibly the CD s, are substa ntia lly identica l to

corresponding pa rts of natura l human immunoglobu lin seq uences. A "huma nized antibody" is

an antibody comprisi ng a humanized light chain and a huma nized heavy chai n immunoglobu lin .

A huma nized antibody binds t o the sa me antigen as the donor antibody that provides the CDRs.

The acceptor fra mework of a humanized immunoglobulin or antibody may have a limited

number of substitutions by amino acids t aken from the donor fra mework. Humanized or other

monoclona l antibodies can have additiona l conservative amino acid substitutions which have

substantia lly no effect on antigen binding or other immunoglobulin functions. Huma nized

immunoglobulins can be constructed by mea ns of genetic engineering (see, e.g., U.S. Pat. No.

5,585,089).

[032] A "single-domain antibody" (sdAb) or "na nobody" is an anti body fragment consisting of

a single monomeric variable antibody domai n. Li ke a whole antibody, it can bind selectively t o a

specific antigen . With a molecula r weight of only 12-15 kDa, nanobodies are much sma ller tha n

com mon antibodies (150-160 kDa) which are com posed of two heavy protein chains and two

light chai ns, and even sma ller tha n Fa b fragments (~50 kDa, one light chain and ha lf a heavy

chai n) and single-chai n varia ble fragments (~25 kDa, two varia ble domai ns, one from a light and

one from a heavy chain). The sma ller size and single domai n make nanobodies easier t o

tra nsform into bacteria l cells for bu lk prod uction, making them idea l for resea rch purposes. A

nanobody can be obtai ned by immunization of dromeda ries, camels, lla mas, alpacas or sharks

with the desired antigen and subsequent isolation of the mRNA coding for heavy-chain

antibodies. By reverse tra nscription and polymerase chain reaction, a gene library of

nanobodies containi ng severa l million clones is prod uced. Screening techniq ues like phage

display and ribosome display help t o identify the clones binding the antigen .

[033] A different method uses gene libra ries from anima ls that have not been immunized

beforehand. Such na ive libra ries usua lly contain only antibodies with low affi nity t o the desi red



antigen, making it necessary t o apply affinity maturation by random mutagenesis as an

additional step.

[034] When the most potent clones have been identified, their DNA sequence is optimized,

for example t o improve their stability towards enzymes. Another goal is humanization to

prevent immunological reactions of the human organism against the antibody. Humanization is

unproblematic because of the homology between camelid VHH and human VH fragments. The

final step is the translation of the optimized nanobody in E. coli, S. cerevisiae or other suitable

organisms.

[035] Alternatively, nanobodies can be made from common murine or human IgG with four

chains. The process is similar, comprising gene libraries from immunized or naive donors and

display techniques for identification of the most specific antigens. Monomerization is usually

accomplished by replacing lipophilic by hydrophilic amino acids. The nanobodies can likewise

be produced in E. coli, S. cerevisiae or other organisms.

[036] An "intrabody" is an antibody that works within the cell t o bind t o an intracellular

protein. Due t o the lack of a reliable mechanism for bringing antibodies into a living cell from

the extracellular environment, this typically requires the expression of the antibody within the

target cell, which can be accomplished by gene therapy. As a result, intrabodies are defined as

antibodies that have been modified for intracellular localization. For example, the antibody

may remain in the cytoplasm, or it may have a nuclear localization signal, or it may undergo

cotranslational translocation across the membrane into the lumen of the endoplasmic

reticulum, provided that it is retained in that compartment through a KDEL sequence.

[037] Because antibodies ordinarily are designed t o be secreted from the cell, intrabodies

often require special alterations, including the use of single-chain antibodies (scFvs),

modification of immunoglobulin VL domains for hyperstability, selection of antibodies resistant

t o the more reducing intracellular environment, or expression as a fusion protein with maltose

binding protein or other stable intracellular proteins. Such optimizations may improve the

stability and structure of intrabodies.

[038] Binding affinity: Affinity of an antibody for an antigen. In one embodiment, affinity is

calculated by a modification of the Scatchard method described by Frankel et al. (Mol.



Immunol., 16:101-106, 1979). In another embodiment, binding affinity is measured by an

antigen/antibody dissociation rate. In another embodiment, a high binding affinity is measured

by a competition radioimmunoassay. In another embodiment, binding affinity is measured by

ELISA. An antibody that "specifically binds" an antigen (such as a-synuclein) is an antibody that

binds the antigen with high affinity and does not significantly bind other unrelated antigens.

[039] Conservative variant: "Conservative" amino acid substitutions are those substitutions

that do not substantially affect or decrease the affinity of a protein, such as an antibody t o a-

synuclein. For example, a monoclonal antibody that specifically binds α-synuclein can include at

most about 1, at most about 2, at most about 5, at most about 10, or at most about 15

conservative substitutions and specifically bind a α-synuclein polypeptide. The term

"conservative variant" also includes the use of a substituted amino acid in place of an

unsubstituted parent amino acid, provided that antibody specifically binds α-synuclein. Non-

conservative substitutions are those that reduce an activity or binding to a-synuclein.

[040] Conservative amino acid substitution tables providing functionally similar amino acids

are well known t o one of ordinary skill in the art. The following six groups are examples of

amino acids that are considered to be conservative substitutions for one another:

1) Alanine (A), Serine (S), Threonine (T);

2) Aspartic acid (D), Glutamic acid (E);

3) Asparagine (N), Glutamine (Q);

4) Arginine ( ), Lysine (K);

5) Isoleucine (I), Leucine (L), Methionine (M), Valine (V); and

6) Phenylalanine (F), Tyrosine (Y), Tryptophan (W).

[041] Complementarity determining region (CDR): Amino acid sequences which together

define the binding affinity and specificity of the natural Fv region of a native Ig binding site. The

light and heavy chains of an Ig each have three CDRs, designated L-CDR1, L-CDR2, L-CDR3 and

H-CDR1, H-CDR2, H-CDR3, respectively.

[042] Degenerate variant: In the context of the present disclosure, a "degenerate variant"

refers t o a polynucleotide encoding a α-synuclein polypeptide or an antibody that binds a-

synuclein that includes a sequence that is degenerate as a result of the genetic code. There are



20 natural amino acids, most of which are specified by more than one codon. Therefore, all

degenerate nucleotide sequences are included as long as the amino acid sequence of the -

synuclein polypeptide or antibody that binds a-synuclein encoded by the nucleotide sequence

is unchanged.

[043] Dementia with Lewy Bodies: also known as Lewy body dementia (LBD), diffuse Lewy

body disease, cortical Lewy body disease, and senile dementia of Lewy type. A type of

progressive neurodegenerative dementia closely associated with Parkinson's disease primarily

affecting older adults. Its primary feature is a more rapid cognitive decline than with

Parkinson's, which may lead t o hallucinations, as well as varied attention and alertness when

compared to a person's baseline function.

[044] People with LBD display an inability to plan or a loss of analytical or abstract thinking

and show markedly fluctuating cognition. Wakefulness varies from day to day, and alertness

and short-term memory rise and fall. Persistent or recurring visual hallucinations with vivid and

detailed imagery often are an early diagnostic symptom. The disorder is characterized

anatomically by the presence of Lewy bodies, clumps of alpha-synuclein and ubiquitin protein

in neurons, detectable in post mortem brain histology.

[045] Diagnostic: Identifying the presence or nature of a pathologic condition, such as, but not

limited to, Parkinson's disease. Diagnostic methods differ in their sensitivity and specificity. The

"sensitivity" of a diagnostic assay is the percentage of diseased individuals who test positive

(percent of true positives). The "specificity" of a diagnostic assay is one minus the false positive

rate, where the false positive rate is defined as the proportion of those without the disease

who test positive. While a particular diagnostic method may not provide a definitive diagnosis

of a condition, it suffices if the method provides a positive indication that aids in diagnosis.

"Prognostic" is the probability of development (e.g., severity) of a pathologic condition, such as

cancer or metastasis.

[046] Effector molecule: The portion of a chimeric molecule that is intended to have a desired

effect on a cell t o which the chimeric molecule is targeted. Effector molecule is also known as

an effector moiety (EM), therapeutic agent, or diagnostic agent, or similar terms.



[047] Therapeutic agents include such compounds as nucleic acids, proteins, peptides, amino

acids or derivatives, glycoproteins, radioisotopes, lipids, carbohydrates, or recombinant viruses.

Nucleic acid therapeutic and diagnostic moieties include antisense nucleic acids, derivatized

oligonucleotides for covalent cross-linking with single or duplex DNA, and triplex forming

oligonucleotides. Alternatively, the molecule linked to a targeting moiety, such as an anti- -

synuclein antibody, may be an encapsulation system, such as a liposome or micelle that

contains a therapeutic composition such as a drug, a nucleic acid (such as an antisense nucleic

acid), or another therapeutic moiety that can be shielded from direct exposure t o the

circulatory system. Means of preparing liposomes attached t o antibodies are well known t o

those of skill in the art [see, e.g., U.S. Pat. No. 4,957,735; and Connor et al., Pharm Ther 28:341-

365, 1985). Diagnostic agents or moieties include radioisotopes and other detectable labels.

Detectable labels useful for such purposes are also well known in the art, and include

radioactive isotopes such as S, C, 1 N, 1 0 , 1 F, 19 F, "mTc, 1 1 l, H, 14C, 1 N, 90Y, "Tc, ln and

1 l, fluorophores, chemiluminescent agents, and enzymes.

[048] Epitope: An antigenic determinant. These are particular chemical groups or peptide

sequences on a molecule that are antigenic, i.e. that elicit a specific immune response. An

antibody specifically binds a particular antigenic epitope on a polypeptide, such as a-synuclein.

[049] Framework region: Amino acid sequences interposed between CD s. Framework

regions include variable light and variable heavy framework regions. The framework regions

serve t o hold the CDRs in an appropriate orientation for antigen binding.

[050] Host cells: Cells in which a vector can be propagated and its DNA expressed. The cell

may be prokaryotic o r eukaryotic. The term also includes any progeny of the subject host cell. It

is understood that all progeny may not be identical t o the parental cell since there may be

mutations that occur during replication. However, such progeny are included when the term

"host cell" is used.

[051] Hybridoma: A hybrid cell for the production of monoclonal antibodies. A hybridoma is

produced by fusion of an antibody-producing cell (such as a B cell obtained from an immunized

animal, for example a mouse, rat o r rabbit) and a myeloma cell.



[052] Immune response: A response of a cell of the immune system, such as a B cell, T cell, or

monocyte, t o a stimulus. In one embodiment, the response is specific for a particular antigen

(an "antigen-specific response"). In one embodiment, an immune response is a T cell response,

such as a CD4+ response or a CD8+ response. In another embodiment, the response is a B cell

response, and results in the production of specific antibodies.

[053] Immunoconjugate: A covalent linkage of an effector molecule to an antibody or

functional fragment thereof. The effector molecule can be, e.g., a detectable label. A "chimeric

molecule" is a targeting moiety, such as a ligand or an antibody, conjugated (coupled) t o an

effector molecule. The term "conjugated" or "linked" refers to making two polypeptides into

one contiguous polypeptide molecule. In one embodiment, an antibody is joined to an effector

molecule. In another embodiment, an antibody joined to an effector molecule is further joined

to a lipid or other molecule to a protein or peptide to increase its half-life in the body. The

linkage can be either by chemical or recombinant means. In one embodiment, the linkage is

chemical, wherein a reaction between the antibody moiety and the effector molecule has

produced a covalent bond formed between the two molecules to form one molecule. A peptide

linker (short peptide sequence) can optionally be included between the antibody and the

effector molecule. Because immunoconjugates were originally prepared from two molecules

with separate functionalities, such as an antibody and an effector molecule, they are also

sometimes referred to as "chimeric molecules." The term "chimeric molecule," as used herein,

therefore refers to a targeting moiety, such as a ligand or an antibody, conjugated (coupled) t o

an effector molecule.

[054] Isolated: An "isolated" biological component, such as a nucleic acid, protein (including

antibodies) or organelle, has been substantially separated or purified away from other

biological components in the environment (such as a cell) in which the component naturally

occurs, i.e., other chromosomal and extra-chromosomal DNA and NA, proteins and organelles.

Nucleic acids and proteins that have been "isolated" include nucleic acids and proteins purified

by standard purification methods. The term also embraces nucleic acids and proteins prepared

by recombinant expression in a host cell as well as chemically synthesized nucleic acids.



[055] Label: A detectable compound or com position that is conjugated directly or indi rectly t o

another molecu le, such as an antibody or a protei n, t o facilitate detection of that molecule.

Specific, non-li miting examples of la bels incl ude fluorescent tags, enzymatic lin kages, and

radioactive isotopes. In one example, a " labeled antibody" refers t o incorporation of another

molecule in the antibody. For example, the label is a detecta ble marker, such as the

incorporation of a radiola beled amino acid or attachment to a polypeptide of biotinyl moieties

that can be detected by marked avidin (for example, streptavidin containing a f luorescent

marker or enzymatic activity that can be detected by optica l or colorimetric methods). Various

methods of la beling polypeptides and glycoproteins are known in the art and may be used .

Exa mples of la bels for polypeptides incl ude, but are not limited to, the fol lowing: radioisotopes

or radionucleotides (as S, C, N, 0 , F, 9 F, "mTc, l, H, 4C, N, 90Y, "Tc, ln and 2 l),

f luorescent la bels (such as f luorescei n isothiocya nate (FITC), rhoda mine, la ntha nide phosphors),

enzymatic labels (such as horseradish peroxidase, beta-ga lactosidase, luciferase, alka line

phosphatase), chemilu minescent markers, biotinyl grou ps, predetermined polypeptide

epitopes recognized by a seconda ry reporter (such as a leucine zipper pai r sequences, bindi ng

sites for seconda ry antibodies, meta l binding domai ns, epitope tags), or magnetic agents, such

as gadolini um chelates. In some embodi ments, la bels are attached by spacer arms of various

lengths t o reduce potentia l steric hindrance.

[056] Linker: In some cases, a linker is a peptide within an anti body binding fragment (such as

an Fv fragment) which serves t o indirectly bond the varia ble heavy chai n t o the varia ble light

chai n. " Li nker" can also refer t o a peptide serving t o link a t argeting moiety, such as an

antibody, t o an effector molecule, such as a cytotoxi n or a detecta ble la bel.

[057] The terms "conjugating," "joining," "bonding" or "lin king" refer t o making two

polypeptides into one contiguous polypeptide molecu le, or t o cova lently attaching a

radionuclide or other molecu le t o a polypeptide, such as an scFv. In the specific context, the

terms include reference t o joi ning a ligand, such as an antibody moiety, t o an effector molecu le.

The linkage can be either by chemica l or recom bina nt means. "Chemica l mea ns" refers t o a

reaction between the antibody moiety and the effector molecu le such that there is a cova lent

bond formed between the two molecules t o form one molecule.



[058] Mammal: This term includes both human and non-human mammals. Similarly, the term

"subject" includes both human and veterinary subjects.

[059] Multiple system atrophy (MSA): a degenerative neurological disorder that depicts a

group of disorders characterized by the neuronal degeneration mainly in the substantia nigra,

striatum, autonomic nervous system and cerebellum. Many patients have symptoms and signs

of cerebellar ataxia and parkinsonian manifestations. More than half of the patients with

striatonigral degeneration have orthostatic hypotension, which proves at autopsy to be

associated with loss of intermediolateral horn cells (origin of the presynaptic cholinergic

sympathetic neurons) and of pigmented nuclei of the brainstem.

[060] This combined parkinsonian and autonomic disorder is referred t o as the Shy-Drager

syndrome. In addition to orthostatic hypotension, other features of autonomic failure include

impotence, loss of sweating, dry mouth and urinary retention and incontinence. Vocal cord

palsy is an important and sometimes initial clinical manifestation of the disorder.

[061] Both M I and CT scanning frequently show atrophy of the cerebellum and pons in those

with cerebellar features. The putamen is hypodense on T2-weighted MRI and may show an

increased deposition of iron in Parkinsonian form. In cerebellar form, a "hot cross" sign has

been emphasized; it reflects atrophy of the pontocereballar fibers that manifest in T2 signal

intensity in atrophic pons.

[062] MSA often presents with some of the same symptoms as Parkinson's disease. However,

those with MSA generally show minimal if any response t o the dopamine medications used for

Parkinson's disease.

[063] Multiple system atrophy can be explained as cell loss and gliosis or a proliferation of

astrocytes in damaged areas of the central nervous system. This damage forms a scar which is

then termed a glial scar. The presence of these inclusions (also known as Papp-Lantos bodies) in

the movement, balance, and autonomic-control centers of the brain are the defining

histopathologic hallmark of MSA. Recent studies have shown that the major filamentous

component of glial and neuronal cytoplasmic inclusions is a-synuclein. Mutations in this

substance may play a role in the disease. Tau proteins have been found in some GCIs.



[064] Operably linked: A f irst nucleic acid seq uence is opera bly lin ked with a second nucleic

acid sequence when the first nucleic acid sequence is placed in a functional relationship with

the second nucleic acid seq uence. For insta nce, a promoter, such as the CMV promoter, is

opera bly linked t o a coding sequence if the promoter affects the tra nscription or expression of

the coding sequence. Genera lly, opera bly lin ked DNA sequences are contiguous and, where

necessa ry to join two protein-coding regions, in the sa me reading fra me.

[065] Parkinson's disease: is a long term disorder of the centra l nervous system that main ly

affects the motor system . The sym ptoms genera lly come on slowly over time. Ea rly in the

disease, the most obvious are sha king, rigidity, slowness of movement, and difficu lty with

walki ng. Thin king and behaviora l problems may also occu r. Dementia becomes com mon in the

adva nced stages of the disease. Depression and anxiety are also com mon occurri ng in more

tha n a third of people with PD. Other sym ptoms include sensory, sleep, and emotiona l

problems. The main motor sym ptoms are collectively ca lled " pa rki nsonism", or a " pa rki nsonian

synd rome."

[066] The cause of Pa rkinson's disease is believed t o involve both genetic and environ menta l

factors. Those with a family mem ber affected are more likely to get the disease themselves.

There is also an increased risk in people exposed t o certai n pesticides and among those who

have had prior head injuries. The motor sym ptoms of the disease resu lt from the death of cel ls

in the substa ntia nigra, a region of the midbrai n. This resu lts in not enough dopa mine in these

areas. The reason for this cell death is involves the bui ld-up of protei ns into Lewy bodies in the

neu rons. Diagnosis of typica l cases is main ly based on sym ptoms, with tests such as

neu roi magi ng being used to ru le out other diseases.

[067] There is no cure for Pa rkinson's disease. Initia l treatments is typica lly with the

antipa rkinson medication levodopa, with dopa mine agonists being used once levodopa

becomes less effective. As the disease progresses and neu rons conti nue t o be lost, these

medications become less effective whi le at the sa me t ime they prod uce a com plication marked

by involu nta ry writhing movements.] Surgery t o place the microelectrodes for deep brain

sti mulation has been used to red uce motor sym ptoms in severe cases where d rugs are

ineffective.



[068] Pharmaceutical agent: A chemical compound or composition capable of inducing a

desired therapeutic or prophylactic effect when properly administered to a subject or a cell.

[069] Pharmaceutically acceptable carriers: The pharmaceutically acceptable carriers of use

are conventional. Remington's Pharmaceutical Sciences, by E. W. Martin, Mack Publishing Co.,

Easton, Pa., 15th Edition, 1975, describes compositions and formulations suitable for

pharmaceutical delivery of the antibodies disclosed herein.

[070] In general, the nature of the carrier will depend on the particular mode of

administration being employed. For instance, parenteral formulations usually comprise

injectable fluids that include pharmaceutically and physiologically acceptable fluids such as

water, physiological saline, balanced salt solutions, aqueous dextrose, glycerol or the like as a

vehicle. For solid compositions (such as powder, pill, tablet, or capsule forms), conventional

non-toxic solid carriers can include, for example, pharmaceutical grades of mannitol, lactose,

starch, or magnesium stearate. In addition to biologically neutral carriers, pharmaceutical

compositions to be administered can contain minor amounts of non-toxic auxiliary substances,

such as wetting or emulsifying agents, preservatives, and pH buffering agents and the like, for

example sodium acetate or sorbitan monolaurate.

[071] Preventing, treating or ameliorating a disease: "Preventing" a disease refers to inhibiting

the full development of a disease. "Treating" refers to a therapeutic intervention that

ameliorates a sign or symptom of a disease or pathological condition after it has begun t o

develop. "Ameliorating" refers to the reduction in the number or severity of signs or symptoms

of a disease.

[072] Purified: The term purified does not require absolute purity; rather, it is intended as a

relative term. Thus, for example, a purified peptide preparation is one in which the peptide or

protein is more enriched than the peptide or protein is in its natural environment within a cell.

In one embodiment, a preparation is purified such that the protein or peptide represents at

least 50% of the total peptide or protein content of the preparation. Substantial purification

denotes purification from other proteins or cellular components. A substantially purified

protein is at least 60%, 70%, 80%, 90%, 95% or 98% pure. Thus, in one specific, non-limiting

example, a substantially purified protein is 90% free of other proteins or cellular components.



[073] Recombinant: A recombinant nucleic acid is one that has a sequence that is not naturally

occurring or has a sequence that is made by an artificial combination of two otherwise

separated segments of sequence. This artificial combination is often accomplished by chemical

synthesis o r by the artificial manipulation of isolated segments of nucleic acids, for example, by

genetic engineering techniques.

[074] Sample (or biological sample): A biological specimen containing genomic DNA, RNA

(including mRNA), protein, o r combinations thereof, obtained from a subject. Examples include,

but are not limited to, peripheral blood, tissue, cells, urine, saliva, tissue biopsy, fine needle

aspirate, surgical specimen, and autopsy material.

[075] Sequence identity: The similarity between amino acid or nucleic acid sequences is

expressed in terms of the similarity between the sequences, otherwise referred t o as sequence

identity. Sequence identity is frequently measured in terms of percentage identity (or similarity

or homology); the higher the percentage, the more similar the two sequences are. Homologs or

variants of a polypeptide or nucleic acid molecule will possess a relatively high degree of

sequence identity when aligned using standard methods.

[076] Methods of alignment of sequences for comparison are well known in the art. Various

programs and alignment algorithms are described in: Smith and Waterman (1981) Adv. Appl.

Math. 2:482; Needleman and Wunsch (1970) . Mol. Biol. 48:443; Pearson and Lipman (1988)

Proc. Natl. Acad. Sci. U.S.A. 85:2444; Higgins and Sharp (1988) Gene 73:237; Higgins and Sharp

(1989) CABIOS 5:151; Corpet et al. (1988) Nucleic Acids Research 16:10881; and Pearson and

Lipman (1988) Proc. Natl. Acad. Sci. U.S.A. 85:2444. Altschul et al. (1994) Nature Genet. 6:119,

presents a detailed consideration of sequence alignment methods and homology calculations.

[077] The NCBI Basic Local Alignment Search Tool (BLAST) (Altschul et al. (1990) J. Mol. Biol.

215:403) is available from several sources, including the National Center for Biotechnology

Information (NCBI, Bethesda, Md.) and on the internet, for use in connection with the sequence

analysis programs blastp, blastn, blastx, tblastn and tblastx. A description of how t o determine

sequence identity using this program is available on the NCBI website on the internet.

[078] Homologs and variants of a V L or a V H of an antibody that specifically binds a-synuclein

or a fragment thereof are typically characterized by possession of at least about 75%, for



example at least about 80%, 90%, 95%, 96%, 97%, 98% or 99% sequence identity counted over

the full length alignment with the amino acid sequence of the antibody using the NCBI Blast 2.0,

gapped blastp set to default parameters. For comparisons of amino acid sequences of greater

than about 30 amino acids, the Blast 2 sequences function is employed using the default

BLOSUM62 matrix set t o default parameters, (gap existence cost of 11, and a per residue gap

cost of 1). When aligning short peptides (fewer than around 30 amino acids), the alignment

should be performed using the Blast 2 sequences function, employing the PAM30 matrix set to

default parameters (open gap 9, extension gap 1 penalties). Proteins with even greater

similarity t o the reference sequences will show increasing percentage identities when assessed

by this method, such as at least 80%, at least 85%, at least 90%, at least 95%, at least 98%, or at

least 99% sequence identity. When less than the entire sequence is being compared for

sequence identity, homologs and variants will typically possess at least 80% sequence identity

over short windows of 10-20 amino acids, and may possess sequence identities of at least 85%

or at least 90% or 95% depending on their similarity t o the reference sequence. Methods for

determining sequence identity over such short windows are available at the NCBI website on

the internet. One of skill in the art will appreciate that these sequence identity ranges are

provided for guidance only; it is entirely possible that strongly significant homologs could be

obtained that fall outside of the ranges provided.

[079] Subject: Living multi-cellular vertebrate organisms, a category that includes both human

and veterinary subjects, including human and non-human mammals.

[080] Synthetic: Produced by artificial means in a laboratory, for example a monoclonal

antibody produced by hybridoma technology or expressed from a cDNA construct.

[081] Synucleinopathy: A neurodegenerative disease characterized by the abnormal

accumulation of aggregates of a-synuclein proteins in neurons, nerve fibers, o r glial cells. There

are three main types of synucleinopathy: Parkinson's disease, dementia with Lewy bodies, and

multiple system atrophy. Other rare disorders, such as various neuroaxonal dystrophies, also

have α-synuclein pathologies.

[082] Therapeutically effective amount: A quantity of a specific substance sufficient t o achieve

a desired effect in a subject being treated. For instance, this can be the amount necessary t o



inhibit o r suppress growth of a tumor. In one embodiment, a therapeutically effective amount

is the amount necessary t o eliminate, reduce the size, or prevent metastasis of a tumor. When

administered t o a subject, a dosage will generally be used that will achieve target tissue

concentrations (for example, in tumors) that has been shown t o achieve a desired in vitro

effect.

[083] Vector. A nucleic acid molecule as introduced into a host cell, thereby producing a

transformed host cell. A vector may include nucleic acid sequences that permit it t o replicate in

a host cell, such as an origin of replication. A vector may also include one or more selectable

marker genes and other genetic elements known in the art.

III. a-Synuclein-Specific Monoclonal Antibodies

[084] Disclosed herein is the MJFR-14-6-4-2 antibody, a rabbit anti-a-synuclein filment

antibody. This antibody is specific t o a six amino acid C-terminal consensus motif on the -

synuclein amino acid sequence.

[085] Complementary determining region (CDR) sequencing for the antibody identifies the

specific amino acid residues of the antibody within the variable domain that directly/physically

interact with the antigen. An antibody variable region has a heavy and light chain (designated

V(H)/V(L)) containing CDRs and interface framework (FRM) amino acid residues which confer

the strength and antigen binding affinity. An IgG serotype antibody has 2 variable regions, each

with 3 potential CDRs for a potential total of 6 CDRs that collectively confer the specificity of

the antibody's recognition of its antigen. Out of this, the following nomenclature is defined:

[086] CDR1, CDR2, CDR3 = complementarity determining region 1, 2, 3 etc. These are not

necessarily sequentially designated in a linear sequence representation of the antibody protein

(more on this below)

[087]

[088] FRM1, 2, 3, = framework 1, 2, 3 regions (FRM1 associates with CDR1, FRM2 with CDR2,

etc).

[089]



[090] As antibodies mature t o iteratively recognize their antigens with increasing affinity,

CDRs are highly variable and their changes are what increase the specific, physical interaction

with the antigen (the typified lock and key mechanism). FRMs are also located in the variable

region but they are less malleable compared t o CDRs. The FRMs don't change iteratively per se,

but they impact the antibody:antigen interface by hinging/structurally shifting (determined by

individual amino acid biochemical characteristics) when they encounter antigen t o allow CDRs

t o maximally come into spatial proximity and thus physical contact with specific targets on the

antigen.

[091]

[092] Importantly, the CDR/FRM "pair" may not be proximal in linear amino acid sequence (so

they don't align in the linear sequence data), but they are spatially proximal when the antibody

protein is folded into its tertiary structure. This also why a given CDR/FRM pair don't necessarily

"match" in terms of number of amino acid residues either. CDRs can vary from each other in

their number of amino acids, as can FRMs, and the number of residues in a CDR/FRM pair often

don't have the same number of amino acid residues.

[093]

[094] ANTIBODY SEQUENCES

[095] Amino acid sequence of heavy chain (SEQ ID NO:l)

METGLRWLLLVAVLKGVQCQEQLVESGGDLVKPGASLTLTCTASGFSFSSNYWMCWFRQAPGKG

PEWIACIYAGNSGSTYYATWAKGRFTISKTSSTTVTLQMTSLTAADTATYFCWRRGAYGYYGDL

NLWGPGTLVTVSS

[096] DNA sequence encoding heavy chain (SEQ ID NO:2)

ATGGAGACTGGGCTGCGCTGGCTTCTCCTGGTCGCTGTGCTCAAAGGTGTCCAGTGTCAGGAGC

AGCTGGTGGAGTCCGGGGGAGACCTGGTCAAGCCTGGGGCGTCCCTGACACTCACCTGCACAGC

CTCTGGATTCTCCTTCAGTAGCAACTACTGGATGTGCTGGTTCCGCCAGGCTCCAGGGAAGGGG

CCGGAGTGGATCGCATGCATTTATGCTGGTAATAGTGGTAGCACTTACTACGCGACCTGGGCGA

AAGGCCGATTCACCATCTCCAAAACCTCGTCGACCACGGTGACTCTGCAAATGACCAGTCTGAC

AGCCGCGGACACGGCCACCTATTTCTGTTGGAGAAGGGGTGCTTATGGATATTATGGTGATCTT

AATTTGTGGGGCCCAGGCACCCTGGTCACCGTCTCCTCAGGGCAACCTAAGGCTCCATCAGTCT

TCCCACTGGCCCCCTGCTGCGGGGACACACCCAGCTCCACGGTGACCCTGGGCTGCCTGGTCAA



AGGGTACCTCCCGGAGCCAGTGACCGTGACCTGGAACTCGGGCACCCTCACCAATGGGGTACGC

ACCTTCCCGTCCGTCCGGCAGTCCTCAGGCCTCTACTCGCTGAGCAGCGTGGTGAGCGTGACCT

CAAGCAGCCAGCCCGTCACCTGCAACGTGGCCCACCCAGCCACCAACACCAAAGTGGACAAGAC

CGTTGCGCCCTCGACATGCAGCAAGCCCACGTGCCCACCCCCTGAACTCCTGGGGGGACCGTCT

GTCTTCATCTTCCCCCCAAAACCCAAGGACACCCTCATGATCTCACGCACCCCCGAGGTCACAT

GCGTGGTGGTGGACGTGAGCCAGGATGACCCCGAGGTGCAGTTCACATGGTACATAAACAACGA

GCAGNTGCGCACCGCCCGGGCCGCCGCTACGGGNGCAGCAGTTCAACAGCACGATCCGCGNNNG

NCAGCNCCCTCCCCATCGCGCACNGNACTGGCTGAGGGCAAGNAGTTCAAGTGCAAAGTCCANA

NNAGGCACTCCCGGCCCCATCNANAAANNNTCTNCAAANNNNANGGNNANNCCNNNNCNNNNCT

ANNNNGNNNTCCGGNNGNNCNNANNNNCANGNNGNNANCNNNNNNCNNNNNNATNANGNNNNNN

NNCNNNNAANNNNNNNNNGNNNNNNN

[097] Amino acid sequence of heavy chain F M 1 (SEQ ID NO:3):

QEQLVESGGDLVKPGASLTLTCTASGFSFS

[098] Amino acid sequence of heavy chain CDR1 (SEQ ID NO:4):

SNYWMC

[099] Amino acid sequence of heavy chain FRM2 (SEQ ID NO:5):

WFRQAPGKGPEWIA

[100] Amino acid sequence of heavy chain CDR2 (SEQ ID NO:6):

CIYAGNSGSTYYATWAKG

[101] Amino acid sequence of heavy chain FRM3 (SEQ ID NO:7):

RFTISKTSSTTVTLQMTSLTAADTATYFCWR

[102] Amino acid sequence of heavy chain CDR3 (SEQ ID NO:8):

RGAYGYYGDLNL

[103] Amino acid sequence of heavy chain FRM4 (SEQ ID NO:9)

WGPGTLVTVSS

[104] Amino acid sequence of light chain (SEQ ID NO:10):

MDTRAPTQLLGLLLLWLPGATFAQVLTQTASSVSAAVGGTVTISCQSSQSVYKNNYLAWYQQKP

GQPPNLLIYDASTLASGVSSRFRGSGSGTQFTLTISGVQCDDAATYYCQGGFPCRTADCNVFGG

GTEWVK

[105] DNA sequence encoding light chain (SEQ ID NO: 11)



ATGGACACGAGGGCCCCCACTCAGCTGCTGGGGCTCCTGCTGCTCTGGCTCCCAGGTGCCACAT

TTGCCCAAGTGCTGACCCAGACTGCATCGTCCGTGTCTGCAGCTGTGGGAGGCACAGTCACCAT

CAGTTGCCAGTCCAGTCAGAGTGTT ATAAGAACAACTACTTAGCCTGGTATCAGCAGAAACCA

GGGCAGCCTCCCAACCTCCTGATCTATGATGCATCCACTCTGGCATCTGGGGTCTCATCGCGGT

TCAGAGGCAGTGGATCTGGGACACAGTTCACTCTCACCATCAGCGGCGTGCAGTGTGACGATGC

TGCCACTTACTACTGTCAAGGCGGATTTCCT TGTCGTACTGCTGATTGTAATGTTTTCGGCGGA

GGGACCGAGGTGGTGGTCAAAGGTGATCCAGTTGCACCTACTGTCCTCATCT TCCCACCAGCTG

CTGATCAGGTGGCAACTGGAACAGTCACCATCGTGTGTGTGGCGAATAAATACTTTCCCGATGT

CACCGTCACCTGGGAGGTGGATGGCACCACCCAAACAACTGGCATCGAGAACAGTAAAACACCG

CAGAATTCTGCAGATTGTACCTACAACCTCAGCAGCACTCTGACACTGACCAGCACACAGTACA

ACAGCCACAAAGAGTACACCTGCAAGGTGACCCAGGGCACGACCTCAGTCGTCCAGAGCTTCAA

TAGGGGTGACTGTTAGAGCGAGAGCGGCCGCTCGAGGCCGGCAAGGCCGGATCCCCCGACCTCG

ACCTCTGGCTAATAAAGGAAATTTATTTTCATTGCAATAGTGTGTTGGAATTTTTTGTGTCTCT

CACTCGGAANGGACATATGGGANGGCAAATCATTTGGTCGAGATCCCTCGGANATCTCTAGCTA

GAGGATCGATCCCCGCCCCGGANGAACTAANNNTGACTACGACATCTCTGCCCCTNCNTCNCGG

GGCANNGCATGTAATCCCT

[106] Amino acid sequence of light chai n F M 1 (SEQ ID NO: 12)

AQVLTQTAS SVSAAVGGTVT I S C

[107] Amino acid sequence of light chai n CDR1 (SEQ ID NO:13) :

QS S QSVYKNNYLA

[108] Amino acid sequence of light chai n FRM2 (SEQ ID NO: 14) :

WYQQKPGQPPNLL I Y

[109] Amino acid sequence of light chai n CDR2 (SEQ ID NO:15) :

DAS TLAS

[110] Amino acid sequence of light chai n FRM3 (SEQ ID NO: 16) :

GVS SRFRGS GS GTQFTLT I S GVQCDDAATYYC

[111] Amino acid sequence of light chai n CDR3 (SEQ ID NO:17) :

QGGFPCRTADCNV

[112] Amino acid sequence of light chai n FRM4 (SEQ ID NO: 18) :

FGGGTEWVK



[113] In some embodiments, the monoclonal antibody that binds, such as specifically binds, a-

synuclein is a single domain antibody.

[114] In some embodiments, the monoclonal antibody that binds, such as specifically binds, a-

synuclein is a Fab fragment, a Fab' fragment, a F(ab)'2 fragment, a single chain variable

fragment (scFv), or a disulfide stabilized variable fragment (dsFv). In other embodiments, the

antibody is an immunoglobulin molecule. In particular examples, the antibody is an IgG.

[115] In some embodiments, the monoclonal antibody is chimeric or synthetic.

[116] In some embodiments, the disclosed antibodies bind a-synuclein (soluble or cell-surface

a-synuclein) with a dissociation constant (Kd) in the high pm (~50-100) t o low nm range. In one

embodiment, the monoclonal antibodies bind α-synuclein with a binding affinity of about 30

pM.

[117] The monoclonal antibodies disclosed herein can be labeled, such as with a fluorescent,

enzymatic, or radioactive label.

[118] Also provided are fusion proteins comprising an antibody disclosed herein and a

heterologous protein. In some examples, the heterologous protein is an Fc protein. In one non-

limiting example, the Fc protein is a human Fc protein, such as human IgGvl Fc.

[119] Further provided herein are compositions comprising a therapeutically effective amount

of a disclosed antibody, immunoconjugate or fusion protein and a pharmaceutically acceptable

carrier.

[120] Also provided herein are isolated nucleic acid molecules encoding the disclosed

monoclonal antibodies, immunoconjugates and fusion proteins. In some examples, the isolated

nucleic acid molecule is operably linked t o a promoter.

[121] Also provided are expression vectors comprising the isolated nucleic acid molecules

disclosed herein. Isolated host cells comprising the nucleic acid molecules or vectors are also

provided herein.

V. Antibodies and Antibody Fragments

[122] The monoclonal antibodies disclosed herein can be of any isotype. The monoclonal

antibody can be, for example, an IgM or an IgG antibody, such as IgGi or an lgG 2. The class of an



antibody that specifically binds a-synuclein can be switched with another (for example, IgG can

be switched to IgM), according to well-known procedures. Class switching can also be used t o

convert one IgG subclass t o another, such as from IgGi t o lgG 2.

[123] Antibody fragments are also encompassed by the present disclosure, such as single-

domain antibodies (e.g., VH domain antibodies), Fab, F(ab')2, and Fv. These antibody fragments

retain the ability to selectively bind with the antigen. These fragments include:

(1) Fab, the fragment which contains a monovalent antigen-binding fragment of an antibody

molecule, can be produced by digestion of whole antibody with the enzyme papain to yield an

intact light chain and a portion of one heavy chain;

(2) Fab', the fragment of an antibody molecule can be obtained by treating whole antibody with

pepsin, followed by reduction, t o yield an intact light chain and a portion of the heavy chain;

two Fab' fragments are obtained per antibody molecule;

(3) (Fab')2, the fragment of the antibody that can be obtained by treating whole antibody with

the enzyme pepsin without subsequent reduction; F(ab')2 is a dimer of two Fab' fragments held

together by two disulfide bonds;

(4) Fv, a genetically engineered fragment containing the variable region of the light chain and

the variable region of the heavy chain expressed as two chains;

(5) Single chain antibody (such as scFv), a genetically engineered molecule containing the

variable region of the light chain, the variable region of the heavy chain, linked by a suitable

polypeptide linker as a genetically fused single chain molecule;

(6) A dimer of a single chain antibody (scFV2), defined as a dimer of a scFV (also known as a

"miniantibody"); and

(7) VH single-domain antibody, an antibody fragment consisting of a heavy chain variable

domain.

Methods of making these fragments are known in the art (see for example, Harlow and Lane,

Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory, New York, 1988).



[124] In some cases, anti body fragments can be prepa red by proteolytic hyd rolysis of the

antibody or by expression in a host cell (such as E. coli) of DNA encoding the fragment. Antibody

fragments can be obtained by pepsin or papai n digestion of whole anti bodies by conventional

methods. For example, anti body fragments can be prod uced by enzymatic cleavage of

antibodies with pepsi n to provide a 5S fragment denoted F(a b')2. This fragment can be further

cleaved using a thiol reducing agent, and optiona lly a blocki ng group for the su lfhydryl grou ps

resulting from cleavage of disu lfide lin kages, t o prod uce 3.5S Fa b' monova lent fragments.

Alternatively, an enzymatic cleavage usi ng pepsin produces two monova lent Fa b' fragments

and an Fc fragment directly (see U.S. Pat. No. 4,036,945 and U.S. Pat. No. 4,33 1,647).

[125] Other methods of cleaving antibodies, such as sepa ration of heavy chai ns t o form

monova lent light-heavy chain fragments, further cleavage of fragments, or other enzymatic,

chemica l, or genetic techniq ues may also be used, so long as the fragments bind to the antigen

that is recognized by the intact antibody.

[126] One of skil l w i l l realize that conservative varia nts of the antibodies can be produced .

Such conservative varia nts employed in antibody fragments, such as dsFv fragments or in scFv

fragments, w i l l retain critica l amino acid residues necessa ry for correct folding and stabilizing

between the V H and the V L regions, and wi l l retain the cha rge cha racteristics of the resid ues in

order t o preserve the low pi and low toxicity of the molecules Ami no acid substitutions (such as

at most one, at most two, at most t hree, at most four, or at most five amino acid substitutions)

can be made in the V H and/or the V L regions to increase yield . Conservative amino acid

substitution tables providing functiona lly simi la r amino acids are well known to one of ordi na ry

skil l in the art. The followi ng six groups are examples of amino acids that are considered to be

conservative substitutions for one another: 1) Ala nine (A), Serine (S), Threonine (T); 2) Aspa rtic

acid (D), Gluta mic acid (E); 3) Aspa ragine (N), Gluta mine (Q); 4) Argi nine ( ), Lysine (K); 5)

Isoleuci ne ( I), Leuci ne (L), Methioni ne (M), Valine (V); and 6) Phenyla la nine (F), Tyrosine (Y),

Tryptophan (W).

VI. Immunoconjugates and Fusion Proteins

[127] The disclosed monoclona l antibodies specific for a-synuclein can be conjugated to a

therapeutic agent or effector molecu le Immunoconjugates incl ude, but are not limited to,



molecules in which there is a covalent linkage of a therapeutic agent to an antibody. A

therapeutic agent is an agent with a particular biological activity directed against a particular

target molecule or a cell bearing a target molecule. One of skill in the art will appreciate that

therapeutic agents can include various drugs, encapsulating agents (such as liposomes) which

themselves contain pharmacological compositions, radioactive agents such as 1 l, P, 14C, H

and Sand other labels, target moieties and ligands. The choice of a particular therapeutic

agent depends on the particular target molecule or cell, and the desired biological effect.

[128] With the therapeutic agents and antibodies described herein, one of skill can readily

construct a variety of clones containing functionally equivalent nucleic acids, such as nucleic

acids which differ in sequence but which encode the same effector moiety or antibody

sequence. Thus, the present disclosure provides nucleic acids encoding antibodies and

conjugates and fusion proteins thereof.

[129] Effector molecules can be linked to an antibody of interest using any number of means

known to those of skill in the art. Both covalent and noncovalent attachment means may be

used. The procedure for attaching an effector molecule to an antibody varies according to the

chemical structure of the effector. Polypeptides typically contain a variety of functional groups;

such as carboxylic acid (-COOH), free amine (-NH2) or sulfhydryl (-SH) groups, which are

available for reaction with a suitable functional group on an antibody to result in the binding of

the effector molecule. Alternatively, the antibody is derivatized to expose or attach additional

reactive functional groups. The derivatization may involve attachment of any of a number of

known linker molecules. The linker can be any molecule used t o join the antibody to the

effector molecule. The linker is capable of forming covalent bonds to both the antibody and to

the effector molecule. Suitable linkers are well known to those of skill in the art and include,

but are not limited to, straight or branched-chain carbon linkers, heterocyclic carbon linkers, or

peptide linkers. Where the antibody and the effector molecule are polypeptides, the linkers

may be joined to the constituent amino acids through their side groups (such as through a

disulfide linkage to cysteine) or to the alpha carbon amino and carboxyl groups of the terminal

amino acids.



[130] In some circumstances, it is desirable to free the effector molecule from the antibody

when the immunoconjugate has reached its target site. Therefore, in these circumstances,

immunoconjugates will comprise linkages that are cleavable in the vicinity of the target site.

Cleavage of the linker to release the effector molecule from the antibody may be prompted by

enzymatic activity or conditions to which the immunoconjugate is subjected either inside the

target cell or in the vicinity of the target site.

[131] In view of the large number of methods that have been reported for attaching a variety

of radiodiagnostic compounds, radiotherapeutic compounds, label (such as enzymes or

fluorescent molecules) drugs, toxins, and other agents t o antibodies one skilled in the art will

be able t o determine a suitable method for attaching a given agent to an antibody or other

polypeptide.

[132] The antibodies or antibody fragments disclosed herein can be derivatized or linked to

another molecule (such as another peptide or protein). In some cases, the antibody or antibody

fragment (such as a VH domain) is fused to a heterologous protein, for example an Fc protein.

[133] In general, the antibodies or portion thereof is derivatized such that the binding to the

target antigen is not affected adversely by the derivatization or labeling. For example, the

antibody can be functionally linked (by chemical coupling, genetic fusion, noncovalent

association or otherwise) to one or more other molecular entities, such as another antibody

(for example, a bispecific antibody or a diabody), a detection agent, a pharmaceutical agent,

and/or a protein or peptide that can mediate association of the antibody or antibody portion

with another molecule (such as a streptavidin core region or a polyhistidine tag).

[134] One type of derivatized antibody is produced by cross-linking two or more antibodies (of

the same type or of different types, such as t o create bispecific antibodies). Suitable

crosslinkers include those that are heterobifunctional, having two distinctly reactive groups

separated by an appropriate spacer (such as m-maleimidobenzoyl-N-hydroxysuccinimide ester)

or homobifunctional (such as disuccinimidyl suberate). Such linkers are commercially available.

[135] An antibody that binds (for example specifically binds) a-synuclein or a fragment thereof

can be labeled with a detectable moiety. Useful detection agents include fluorescent

compounds, including fluorescein, fluorescein isothiocyanate, rhodamine, 5-dimethylamine-l-



napthalenesulfonyl chloride, phycoerythrin, lanthanide phosphors and the like. Bioluminescent

markers are also of use, such as luciferase, Green fluorescent protein (GFP), Yellow fluorescent

protein (YFP). An antibody can also be labeled with enzymes that are useful for detection, such

as horseradish peroxidase, β-galactosidase, luciferase, alkaline phosphatase, glucose oxidase

and the like. When an antibody is labeled with a detectable enzyme, it can be detected by

adding additional reagents that the enzyme uses to produce a reaction product that can be

discerned. For example, when the agent horseradish peroxidase is present the addition of

hydrogen peroxide and diaminobenzidine leads t o a colored reaction product, which is visually

detectable. An antibody may also be labeled with biotin, and detected through indirect

measurement of avidin or streptavidin binding. It should be noted that the avidin itself can be

labeled with an enzyme or a fluorescent label.

[136] An antibody may be labeled with a magnetic agent, such as gadolinium. Antibodies can

also be labeled with lanthanides (such as europium and dysprosium), and manganese.

Paramagnetic particles such as superparamagnetic iron oxide are also of use as labels. An

antibody may also be labeled with a predetermined polypeptide epitopes recognized by a

secondary reporter (such as leucine zipper pair sequences, binding sites for secondary

antibodies, metal binding domains, epitope tags). In some embodiments, labels are attached by

spacer arms of various lengths t o reduce potential steric hindrance.

[137] An antibody can also be labeled with a radiolabeled amino acid. The radiolabel may be

used for both diagnostic and therapeutic purposes. For instance, the radiolabel may be used t o

detect a-synuclein by x-ray, emission spectra, o r other diagnostic techniques. Examples of

labels for polypeptides include, but are not limited to, the following radioisotopes or

radionucleotides: H, 14C, 1 N, S, 90Y, "Tc, ln, 12 l, 131 l .

[138] An antibody can also be derivatized with a chemical group such as polyethylene glycol

(PEG), a methyl or ethyl group, or a carbohydrate group. These groups may be useful t o

improve the biological characteristics of the antibody, such as t o increase serum half-life or t o

increase tissue binding.

[139] The antibodies described herein can also be used t o target any number of different

diagnostic or therapeutic compounds t o cells expressing a-synuclein on their surface. Thus, an



antibody of the present disclosure can be attached directly o r via a linker t o a drug that is t o be

delivered directly t o cells expressing cell-surface a-synuclein. This can be done for therapeutic,

diagnostic o r research purposes. Therapeutic agents include such compounds as nucleic acids,

proteins, peptides, amino acids or derivatives, glycoproteins, radioisotopes, lipids,

carbohydrates, or recombinant viruses. Nucleic acid therapeutic and diagnostic moieties

include antisense nucleic acids, derivatized oligonucleotides for covalent cross-linking with

single or duplex DNA, and triplex forming oligonucleotides.

[140] Alternatively, the molecule linked t o an anti- a-synuclein antibody can be an

encapsulation system, such as a liposome or micelle that contains a therapeutic composition

such as a drug, a nucleic acid (for example, an antisense nucleic acid), or another therapeutic

moiety that is preferably shielded from direct exposure t o the circulatory system. Means of

preparing liposomes attached t o antibodies are well known t o those of skill in the art (see, for

example, U.S. Pat. No. 4,957,735; Connor et al., Pharm. Ther. 28:341-365, 1985).

[141] Antibodies described herein can also be covalently or non-covalently linked to a

detectable label. Detectable labels suitable for such use include any composition detectable by

spectroscopic, photochemical, biochemical, immunochemical, electrical, optical o r chemical

means. Useful labels include magnetic beads, fluorescent dyes (for example, fluorescein

isothiocyanate, Texas red, rhodamine, green fluorescent protein, and the like), radiolabels (for

example, H, 1 l, S, 14C, or P), enzymes (such as horseradish peroxidase, alkaline

phosphatase and others commonly used in an ELISA), and colorimetric labels such as colloidal

gold or colored glass or plastic (such as polystyrene, polypropylene, latex, and the like) beads.

[142] Means of detecting such labels are well known to those of skill in the art. Thus, for

example, radiolabels may be detected using photographic film or scintillation counters,

fluorescent markers may be detected using a photodetector t o detect emitted illumination.

Enzymatic labels are typically detected by providing the enzyme with a substrate and detecting

the reaction product produced by the action of the enzyme on the substrate, and colorimetric

labels are detected by simply visualizing the colored label.

VII. Compositions and Methods of Use



[143] Compositions are provided that include one or more of the disclosed antibodies that

bind (for example specifically bind) a-synuclein in a carrier. Compositions comprising fusion

proteins, immunoconjugates or immunotoxins are also provided. The compositions can be

prepared in unit dosage forms for administration to a subject. The amount and timing of

administration are at the discretion of the treating clinician to achieve the desired outcome.

The antibody can be formulated for systemic or local (such as intracerebral) administration. In

one example, the antibody is formulated for parenteral administration, such as intravenous

administration.

[144] The compositions for administration can include a solution of the antibody dissolved in a

pharmaceutically acceptable carrier, such as an aqueous carrier. A variety of aqueous carriers

can be used, for example, buffered saline and the like. These solutions are sterile and generally

free of undesirable matter. These compositions may be sterilized by conventional, well known

sterilization techniques. The compositions may contain pharmaceutically acceptable auxiliary

substances as required to approximate physiological conditions such as pH adjusting and

buffering agents, toxicity adjusting agents and the like, for example, sodium acetate, sodium

chloride, potassium chloride, calcium chloride, sodium lactate and the like. The concentration

of antibody in these formulations can vary widely, and will be selected primarily based on fluid

volumes, viscosities, body weight and the like in accordance with the particular mode of

administration selected and the subject's needs.

[145] A typical pharmaceutical composition for intravenous administration includes about 0.1

t o 10 mg of antibody per subject per day. Dosages from 0.1 up t o about 100 mg per subject per

day may be used, particularly if the agent is administered to a secluded site and not into the

circulatory or lymph system, such as into a body cavity or into a lumen of an organ. Actual

methods for preparing administrable compositions will be known or apparent to those skilled in

the art and are described in more detail in such publications as Remington's Pharmaceutical

Science, 19th ed., Mack Publishing Company, Easton, Pa. (1995).

[146] Antibodies may be provided in lyophilized form and rehydrated with sterile water

before administration, although they are also provided in sterile solutions of known

concentration. The antibody solution is then added to an infusion bag containing 0.9% sodium



chloride, USP, and in some cases administered at a dosage of from 0.5 to 15 mg/kg of body

weight. Considerable experience is available in the art in the administration of antibody drugs,

which have been marketed in the U.S. since the approval of RITUXAN ® in 1997. Antibodies can

be administered by slow infusion, rather than in an intravenous push or bolus. In one example,

a higher loading dose is administered, with subsequent, maintenance doses being administered

at a lower level. For example, an initial loading dose of 4 mg/kg may be infused over a period of

some 90 minutes, followed by weekly maintenance doses for 4-8 weeks of 2 mg/kg infused

over a 30-minute period if the previous dose was well tolerated.

[147] Controlled release parenteral formulations can be made as implants, oily injections, or

as particulate systems. For a broad overview of protein delivery systems see, Banga, A. J.,

Therapeutic Peptides and Proteins: Formulation, Processing, and Delivery Systems, Technomic

Publishing Company, Inc., Lancaster, Pa., (1995). Particulate systems include microspheres,

microparticles, microcapsules, nanocapsules, nanospheres, and nanoparticles. Microcapsules

contain the therapeutic protein, such as a cytotoxin or a drug, as a central core. In microspheres

the therapeutic is dispersed throughout the particle. Particles, microspheres, and microcapsules

smaller than about 1 µιη are generally referred t o as nanoparticles, nanospheres, and

nanocapsules, respectively. Capillaries have a diameter of approximately 5 µιη so that only

nanoparticles are administered intravenously. Microparticles are typically around 100 µιη in

diameter and are administered subcutaneously or intramuscularly. See, for example, Kreuter, J.,

Colloidal Drug Delivery Systems, J. Kreuter, ed., Marcel Dekker, Inc., New York, N.Y., pp. 219-

342 (1994); and Tice & Tabibi, Treatise on Controlled Drug Delivery, A. Kydonieus, ed., Marcel

Dekker, Inc. New York, N.Y., pp. 315-339, (1992).

[148] Polymers can be used for ion-controlled release of the antibody compositions disclosed

herein. Various degradable and nondegradable polymeric matrices for use in controlled drug

delivery are known in the art (Langer, Accounts Chem. Res. 26:537-542, 1993). For example, the

block copolymer, polaxamer 407, exists as a viscous yet mobile liquid at low temperatures but

forms a semisolid gel at body temperature. It has been shown t o be an effective vehicle for

formulation and sustained delivery of recombinant interleukin-2 and urease (Johnston et al.,

Pharm. Res. 9:425-434, 1992; and Pec et al., J. Parent. Sci. Tech. 44(2):58-65, 1990).



Alternatively, hydroxyapatite has been used as a microcarrier for controlled release of proteins

(Ijntema et al., Int. J. Pharm. 112:215-224, 1994). In yet another aspect, liposomes are used for

controlled release as well as drug targeting of the lipid-capsulated drug (Betageri et al.,

Liposome Drug Delivery Systems, Technomic Publishing Co., Inc., Lancaster, Pa. (1993)).

Numerous additional systems for controlled delivery of therapeutic proteins are known (see

U.S. Pat. No. 5,055,303; U.S. Pat. No. 5,188,837; U.S. Pat. No. 4,235,871; U.S. Pat. No.

4,501,728; U.S. Pat. No. 4,837,028; U.S. Pat. No. 4,957,735; U.S. Pat. No. 5,019,369; U.S. Pat.

No. 5,055,303; U.S. Pat. No. 5,514,670; U.S. Pat. No. 5,413,797; U.S. Pat. No. 5,268,164; U.S.

Pat. No. 5,004,697; U.S. Pat. No. 4,902,505; U.S. Pat. No. 5,506,206; U.S. Pat. No. 5,271,961;

U.S. Pat. No. 5,254,342 and U.S. Pat. No. 5,534,496).

A. Therapeutic Methods

[149] The antibodies, compositions, fusion proteins and immunoconjugates disclosed herein

can be administered to slow or inhibit the growth of Lewy bodies or inhibit the aggregation of

a-synuclein. In these applications, a therapeutically effective amount of an antibody is

administered to a subject in an amount sufficient to inhibit aggregation of a-synuclein or

growth of Lewy bodies. Suitable subjects may include those diagnosed with a synucleinopathy

such as Parkinson's disease, dementia with Lewy bodies, or multiple system atrophy.

[150] In one non-limiting embodiment, provided herein is a method of treating a subject with

a synucleinopathy by selecting a subject having a synucleinopathy and administering to the

subject a therapeutically effective amount of an antibody, composition, fusion protein or

immunoconjugate disclosed herein.

[151] Also provided herein is a method of inhibiting the aggregation of α-synuclein by

selecting a subject having a synucleinopathy and administering to the subject a therapeutically

effective amount of an antibody, composition, fusion protein or immunoconjugate disclosed

herein.

[152] A therapeutically effective amount of a a-synuclein-specific antibody, fusion protein,

composition or immunoconjugate will depend upon the severity of the disease and the general

state of the patient's health. A therapeutically effective amount of the antibody is that which



provides either subjective relief of a symptom(s) or an objectively identifiable improvement as

noted by the clinician or other qualified observer.

B. Methods for Diagnosis and Detection

[153] Methods are provided herein for detecting expression of a-synuclein in vitro or in vivo.

In some cases, α-synuclein expression is detected in a biological sample. The sample can be any

sample, including, but not limited to, tissue from biopsies, autopsies and pathology specimens.

Biological samples also include sections of tissues, for example, frozen sections taken for

histological purposes. Biological samples further include body fluids, such as blood, serum,

plasma, sputum, spinal fluid or urine. A biological sample is typically obtained from a mammal,

such as a human or non-human primate.

[154] In one embodiment, provided is a method of determining if a subject has a

synucleinopathy by contacting a sample from the subject with a monoclonal antibody disclosed

herein; and detecting binding of the antibody to the sample. An increase in binding of the

antibody to the sample as compared to binding of the antibody to a control sample identifies

the subject as having cancer.

[155] In another embodiment, provided is a method of confirming a diagnosis of a

synucleinopathy in a subject by contacting a sample from a subject diagnosed with a

synucleinopathy with a monoclonal antibody disclosed herein; and detecting binding of the

antibody to the sample. An increase in binding of the antibody to the sample as compared to

binding of the antibody to a control sample confirms the diagnosis of a synucleinopathy in the

subject.

[156] In some examples of the disclosed methods, the monoclonal antibody is directly labeled.

In some examples, the methods further include contacting a second antibody that specifically

binds the monoclonal antibody with the sample; and detecting the binding of the second

antibody. An increase in binding of the second antibody to the sample as compared to binding

of the second antibody to a control sample detects cancer in the subject or confirms the

diagnosis of a synucleinopathy in the subject.

[157] In some cases, the synucleinopathy is Parkinson's disease, dementia with Lewy bodies,

multiple system atrophy, or any other type of synucleinopathy that expresses a-synuclein.



[158] In some examples, the control sample is a sample from a subject without a

synucleinopathy. In particular examples, the sample is a blood or tissue sample.

[159] In some cases, the antibody that binds (for example specifically binds) a-synuclein is

directly labeled with a detectable label. In another embodiment, the antibody that binds (for

example, specifically binds) α-synuclein (the first antibody) is unlabeled and a second antibody

or other molecule that can bind the antibody that specifically binds α-synuclein is labeled. As is

well known to one of skill in the art, a second antibody is chosen that is able to specifically bind

the specific species and class of the first antibody. For example, if the first antibody is a human

IgG, then the secondary antibody may be an anti-human-lgG. Other molecules that can bind to

antibodies include, without limitation, Protein A and Protein G, both of which are available

commercially.

[160] Suitable labels for the antibody or secondary antibody are described above, and include

various enzymes, prosthetic groups, fluorescent materials, luminescent materials, magnetic

agents and radioactive materials. Non-limiting examples of suitable enzymes include

horseradish peroxidase, alkaline phosphatase, beta-galactosidase, or acetylcholinesterase. Non-

limiting examples of suitable prosthetic group complexes include streptavidin/biotin and

avidin/biotin. Non-limiting examples of suitable fluorescent materials include umbelliferone,

fluorescein, fluorescein isothiocyanate, rhodamine, dichlorotriazinylamine fluorescein, dansyl

chloride or phycoerythrin. A non-limiting exemplary luminescent material is luminol; a non-

limiting exemplary a magnetic agent is gadolinium, and non-limiting exemplary radioactive

labels include 125 l, 1 1 l, 35Sor 3H.

[161] In an alternative embodiment, α-synuclein can be assayed in a biological sample by a

competition immunoassay utilizing α-synuclein standards labeled with a detectable substance

and an unlabeled antibody that specifically binds α-synuclein. In this assay, the biological

sample, the labeled α-synuclein standards and the antibody that specifically bind a-synuclein

are combined and the amount of labeled α-synuclein standard bound to the unlabeled antibody

is determined. The amount of α-synuclein in the biological sample is inversely proportional to

the amount of labeled α-synuclein standard bound to the antibody that specifically binds a-

synuclein.



[162] The immunoassays and method disclosed herein can be used for a number of purposes.

In one embodiment, the antibody that specifically binds a-synuclein may be used t o detect the

production of α-synuclein in cells in cell culture. In another embodiment, the antibody can be

used t o detect the amount of α-synuclein in a biological sample, such as a tissue sample, or a

blood or serum sample. In some examples, the α-synuclein is soluble a-synuclein (e.g. a-

synuclein in a cell culture supernatant or soluble α-synuclein in a body fluid sample, such as a

blood or serum sample).

[163] In one embodiment, a kit is provided for detecting α-synuclein in a biological sample,

such as a blood sample or tissue sample. For example, t o confirm a diagnosis in a subject, a

biopsy can be performed to obtain a tissue sample for histological examination. Alternatively, a

blood sample can be obtained to detect the presence of soluble α-synuclein protein or

fragment. Kits for detecting a polypeptide will typically comprise a monoclonal antibody that

specifically binds α-synuclein, such as any of the antibodies disclosed herein. In some

embodiments, an antibody fragment, such as an scFv fragment, a VH domain, or a Fab is

included in the kit. In a further embodiment, the antibody is labeled (for example, with a

fluorescent, radioactive, or an enzymatic label).

[164] In one embodiment, a kit includes instructional materials disclosing means of use of an

antibody that binds α-synuclein. The instructional materials may be written, in an electronic

form (such as a computer diskette or compact disk) or may be visual (such as video files). The

kits may also include additional components to facilitate the particular application for which the

kit is designed. Thus, for example, the kit may additionally contain means of detecting a label

(such as enzyme substrates for enzymatic labels, filter sets t o detect fluorescent labels,

appropriate secondary labels such as a secondary antibody, or the like). The kits may

additionally include buffers and other reagents routinely used for the practice of a particular

method. Such kits and appropriate contents are well known to those of skill in the art.

[165] In one embodiment, the diagnostic kit comprises an immunoassay. Although the details

of the immunoassays may vary with the particular format employed, the method of detecting

α-synuclein in a biological sample generally includes the steps of contacting the biological

sample with an antibody which specifically reacts, under immunologically reactive conditions,



t o a a-synuclein polypeptide. The antibody is allowed t o specifically bind under immunologically

reactive conditions t o form an immune complex, and the presence of the immune complex

(bound antibody) is detected directly o r indirectly.

[166] Methods of determining the presence or absence of an antigen are well known in the

art. For example, the antibodies can be conjugated to other compounds including, but not

limited to, enzymes, magnetic beads, colloidal magnetic beads, haptens, fluorochromes, metal

compounds, radioactive compounds or drugs. The antibodies can also be utilized in

immunoassays such as but not limited t o radioimmunoassays (RIAs), ELISA, or

immunohistochemical assays. The antibodies can also be used for fluorescence activated cell

sorting (FACS). FACS employs a plurality of color channels, low angle and obtuse light-scattering

detection channels, and impedance channels, among other more sophisticated levels of

detection, to separate o r sort cells (see U.S. Pat. No. 5,061,620). Any of the monoclonal

antibodies that bind a-synuclein, as disclosed herein, can be used in these assays. Thus, the

antibodies can be used in a conventional immunoassay, including, without limitation, an ELISA,

an RIA, FACS, tissue immunohistochemistry, Western blot or immunoprecipitation.

[167] The following examples are provided t o illustrate certain particular features and/or

embodiments. These examples should not be construed t o limit the disclosure t o the particular

features o r embodiments described.

EXAMPLES

Example 1: PEPperMAP Linear and Conformational Epitope Mappings of Rabbit Monoclonal

Antibody MJFR 14-6-4-2 against alpha-Synuclein

[168] Microarray Content: The protein sequence of α-synuclein was elongated by neutral

GSGSGSG linkers at the C- and N-terminus t o avoid truncated peptides. The elongated sequence

was translated into 15 amino acid linear peptides with a peptide-peptide overlap of 14 amino

acids. The resulting linear peptide microarrays contained 140 different peptides printed in

duplicate (280 peptides spots) and were framed by additional HA (YPYDVPDYAG)control

peptides (74 spots).



[169] For the conformational epitope mappings, the elongated sequence was translated into

7, 10, and 13 amino acid peptides with peptide-peptide overlaps of 6, 9 and 12 amino acids.

After peptide synthesis, all peptides were cyclized via a thioether linkage between a C-terminal

cysteine side chain thiol group and an appropriately modified N-terminus. The resulting

conformational peptide microarrays contained 435 different peptides printed in duplicate (870

peptides spots) and were framed by additional HA (YPYDVPDYAG)control peptides (86 spots).

[170] Samples: Rabbit anti-a-synuclein filament antibody MJFR-14-6-4-2.

Washing Buffer: PBS, pH 7.4 with 0.05% Tween 20 (3 x 1 min after each assay) for the linear

epitope mapping, PBS, pH 7.4 with 0.005% Tween 20 (2 x 10 sec after each assay) for the

conformational epitope mapping.

Blocking Buffer: Rockland blocking buffer MB-070 in washing buffer (30 min before the first

assay).

Incubation Buffer: Washing buffer with 10% blocking buffer.

Assay Conditions: Antibody concentrations of 1 µg/ml, 10 µg/ml and 100 µg/ml (MJF-R13 (8-8))

or dilutions of 1:1000 and 1:100 (MJFR-14-6-4-2) in incubation buffer; incubation for 16 h at 4°C

and shaking at 140 rpm.

Secondary Antibody: Sheep anti-rabbit IgG (H+L) DyLight680 (1:5000); 45 min staining in

incubation buffer at RT

Control Antibody: Mouse monoclonal anti-HA (12CA5) DyLight800 (1:2000); 45 min staining in

incubation buffer at RT.

Scanner: LI-COR Odyssey Imaging System; scanning offset 0.65 mm, resolution 21 µιη , scanning

intensities of 7/7 (red = 700 nm/green = 800 nm).

Results:

[171] Incubation with rabbit monoclonal antibody MJFR-14-6-4-2 at dilutions of 1:1000 and

1:100 was followed by staining with secondary and control antibodies and read out at scanning

intensities of 7/7 (red/green). We observed a clear monoclonal response of rabbit monoclonal

antibody MJFR-14-6-4-2 with the linear a-synuclein peptides with the C-terminal consensus

motif YQDYEP with high signal-to-noise ratios.



[172] The epitope of the MJF-R14 aSyn filament conformation-specific antibody mapped t o a

hexapeptide - YQDYEP - corresponding t o amino acid positions 133-138 in the C-terminal (Fig.

2, 3).

[173] We observed a clear monoclonal response of rabbit monoclonal antibody MJFR-14-6-4-2

with the cyclic constrained a-synuclein peptides with the C-terminal consensus motif DYEP,

YQDYEP and EEGYQDYEP (Fig. 4) with high signal-to-noise ratios; the signal against peptide

MPVDPDNEAYE also exhibited a heterogeneous spot morphology and was based on a

microarray artifact

Discussion and Conclusion

[174] The PEPperMAP® Linear Epitope Mappings of rabbit anti-a-synuclein filament antibody

MJFR-14-6-4-2 were performed with 15 aa peptides of α-synuclein with a peptide-peptide

overlap of 14 aa; the corresponding PEPperMAP® Conformational Epitope Mappings were

performed with 7, 10 and 13 amino acid cyclic constrained α-synuclein peptides with peptide-

peptide overlaps of 6, 9 and 12 amino acids. The α-synuclein peptide microarray variants were

incubated with the antibody samples at dilutions of 1:1000 and 1:100 (MJFR-14-6-4-2) in

incubation buffer followed by staining with the secondary sheep anti-rabbit IgG (H+L)

DyLight680 antibody and read-out with a LI-COR Odyssey Imaging System. Quantification of

spot intensities and peptide annotation were done with PepSlide® Analyzer.

[175] Pre-staining of both α-synuclein peptide microarray variants with secondary and control

antibodies did not reveal any background interaction of the antigen-derived peptides that could

interfere with the main assays. In contrast incubation with the antibody samples resulted in the

following observations:

[176] Rabbit monoclonal antibody MJFR-14-6-4-2 showed clear and strong monoclonal

response against peptides with the C-terminal consensus motif YQDYEP with both the linear

and the cyclic constrained α-synuclein; a clear conformational contribution was not observed;

however, a strong decrease of spot intensities from linear peptide AYEMPSEEGYQDYEP t o

YEMPSEEGYQDYEPE may hint at an induced conformation by the C-terminal proline that was



significantly disturbed by a shift of the proline t o the N-terminus of the peptide, and hence

possibly explain the observed dot blot activity.

Example 2: a-Synuclein -Specific Monoclonal Antibodies for Detecting synucleinopathy in a

Subject or Confirming the Diagnosis of Synucleinopathy in a Subject

[177] This example describes the use of a-synuclein -specific monoclonal antibodies, such as

the monoclonal antibodies disclosed herein for the detection of a synucleinopathy in a subject.

This example further describes the use of these antibodies t o confirm the diagnosis of a

synucleinopathy in a subject.

[178] A blood sample is obtained from the patient diagnosed with, or suspected of having a

synucleinopathy (such as Parkinson's disease, dementia with Lewy bodies, o r multiple system

atrophy). A blood sample taken from a patient that does not have a synucleinopathy can be

used as a control. An ELISA is performed to detect the presence of soluble a-synuclein in the

blood sample. Proteins present in the blood samples (the patient sample and control sample)

are immobilized on a solid support, such as a 96-well plate, according t o methods well known in

the art (see, for example, Robinson et al., Lancet 362:1612-1616, 2003). Following

immobilization, a-synuclein-specific monoclonal antibody directly labeled with a fluorescent

marker is applied t o the protein-immobilized plate. The plate is washed in an appropriate

buffer, such as PBS, t o remove any unbound antibody and t o minimize non-specific binding of

antibody. Fluorescence can be detected using a fluorometric plate reader according t o standard

methods. An increase in fluorescence intensity of the patient sample, relative t o the control

sample, indicates the anti- α-synuclein antibody specifically bound proteins from the blood

sample, thus detecting the presence of α-synuclein protein in the sample. Detection of a-

synuclein protein in the patient sample indicates the patient has a synucleinopathy, or confirms

diagnosis of a synucleinopathy in the subject.

[179] In view of the many possible embodiments t o which the principles of the disclosed

invention may be applied, it should be recognized that the illustrated embodiments are only

preferred examples of the invention and should not be taken as limiting the scope of the



invention. Rather, the scope of the invention is defined by the following claims. We therefore

claim as our invention all that comes within the scope and spirit of these claims.



Claims

What is claimed is:

1. An isolated rabbit monoclonal antibody that specifically binds the C-terminal consensus motif

YQDYEP of human a-synuclein

2 . The antibody of claim 1, wherein the amino acid sequence of the antibody is at least 90% or

at least 95% identical t o SEQ ID NO: 1 or SEQ ID NO: 10.

3 . The antibody of claim 1, wherein the amino acid sequence of the antibody comprises SEQ ID

NO: 2 or SEQ ID NO: 10.

4 . The antibody of claim 1, wherein the antibody is chimeric or synthetic.

5 . The antibody of claim 1, wherein the antibody is a nanobody.

6 . The antibody of claim 1, wherein the antibody is labeled.

7 . The antibody of claim 6, wherein the label is a fluorescent, enzymatic, or radioactive label.

8 . An isolated immunoconjugate comprising antibody of claim 1 and an effector molecule.

9 . A fusion protein comprising the antibody of claim 1 and a heterologous protein.

10. The fusion protein of claim 9, wherein the heterologous protein is a human Fc protein.

11. A composition comprising an antibody of claim 1 and a carrier therefor.

12. A method comprising administering to a subject an antibody according to claim 1.

13. A method of detecting α-synuclein in a biological sample, comprising: contacting the sample

with the antibody of claim 1; and detecting binding of the antibody to the sample, wherein a

change in binding of the antibody to the sample as compared to binding of the antibody to a

control sample detects α-synuclein in the biological sample.

14. An isolated nucleic acid molecule encoding the antibody of claim 1.



15. The isolated nucleic acid molecule of claim 13, wherein the nucleotide sequence encoding

the antibody comprises SEQ ID NO: 1 or SEQ ID NO: 14.

16. The isolated nucleic acid molecule of claim 14, operably linked t o a promoter.

17. An expression vector comprising the isolated nucleic acid molecule of claim 15.

18. An isolated host cell transformed with the expression vector of claim 16.

19. The fusion protein of claim 8, wherein the human Fc protein comprises human IgGv Fc.

20. A chimeric antigen receptor (CAR) comprising the antibody of claim 1.

21. A bispecific antibody comprising the antibody of claim 1.

22. An isolated immunoconjugate comprising the antibody of claim 1 and a therapeutic agent.

23. The isolated immunoconjugate of claim 21, wherein the therapeutic agent comprises a

drug.
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