
SMALL MOLECULE INHIBITORS OF ANTI-APOPTOTIC BCL-2 FAMILY MEMBERS AND THE
USES THEREOF BACKGROUND OF THE INVENTION Field of the Invention [0001] This
invention is in the field of medicinal chemistry. In particular, the
invention relates to small molecules which function as inhibitors of
antiapoptotic Bcl-2 family member proteins (e.g., Bcl-2 and Bcl-xL). The
invention also relates to the use of these compounds for inducing apoptotic
cell death and sensitizing cells to the induction of apoptotic cell death.
Related Art [0002] The aggressive cancer cell phenotype is the result of a
variety of genetic and epigenetic alterations leading to deregulation of
intracellular signaling pathways (Ponder, Nature 411:336 (2001)). The
commonality for all cancer cells, however, is their failure to execute an
apoptotic program, and lack of appropriate apoptosis due to defects in the
normal apoptosis machinery is a hallmark of cancer (Lowe et al.,
Carcinogenesis 21:485 (2000)). Most of the current cancer therapies,
including chemotherapeutic agents, radiation, and immunotherapy, work by
indirectly inducing apoptosis in cancer cells. The inability of cancer
cells to execute an apoptotic program due to defects in the normal
apoptotic machinery is thus often associated with an increase in resistance
to chemotherapy, radiation, or immunotherapy-induced apoptosis. Primary or
acquired resistance of human cancer of different origins to current
treatment protocols due to apoptosis defects is a major problem in current
cancer therapy (Lowe et al, Carcinogenesis 21:485 (2000); Nicholson, Nature
07:810 (2000)). Accordingly, current and future efforts towards designing
and developing new molecular target-specific anticancer therapies to
improve survival and quality of life of cancer patients must include
strategies thatspecifically target cancer cell resistance to apoptosis. In
this regard, targeting crucial negative regulators that play a central role
in directly inhibiting apoptosis in cancer cells represents a highly
promising therapeutic strategy for new anticancer drug design. [0003] Two
classes of central negative regulators of apoptosis have been identified.
The first class of negative regulators of apoptosis is the inhibitor of
apoptosis proteins (IAPs) (Deveraux et al, Genes Dev. 13:239 (1999);
Salvesen et al, Nat. Rev. MoI. Cell. Biol 3:401 (2002)). IAP proteins
potently suppress apoptosis induced by a large variety of apoptotic
stimuli, including chemotherapeutic agents, radiation, and immunotherapy in
cancer cells. [0004] The second class of central negative regulators is the
Bcl-2 family of proteins, as exemplified by two potent anti-apoptotic
molecules, Bcl-2 and Bcl-xL proteins (Adams et al, Science 281:1322 (1998);
Reed, Adv. Pharmacol 41:501 (1997); Reed et al, J. Cell. Biochem. 60:23
(1996)). The Bcl-2 family of proteins now includes both anti-apoptotic
molecules such as Bcl-2 and Bcl-xL and pro-apoptotic molecules such as Bax,
Bak, Bid, and Bad. Therapeutic strategies for targeting the anti-apoptotic
Bcl-2 family members, such as Bcl-2 and Bcl-xL, in cancer to restore cancer
cell sensitivity and overcome resistance of cancer cells to apoptosis have
been extensively reviewed (Adams et al, Science 281:1322 (1998); Reed, Adv.
Pharmacol. 41:501 (1997); Reed et al, J. Cell. Biochem. 60:23 (1996)).
Currently, Bcl-2 



antisense therapy is in several Phase III clinical trials for the treatment
of solid and non-solid tumors. Several laboratories are interested in
designing small molecule inhibitors of Bcl-2 and Bcl-xL. SUMMARY OF THE
INVENTION [0005] It is generally accepted that the inability of cancer
cells or their supporting cells to undergo apoptosis in response to genetic
lesions or exposure to inducers of apoptosis (such as anticancer agents and
radiation) is a major factor in the onset and progression of cancer. The
induction ofapoptosis in cancer cells or their supporting cells (e.g.,
neovascular cells in the tumor vasculature) is thought to be a universal
mechanism of action for virtually all of the effective cancer therapeutic
drugs or radiation therapies on the market or in practice today. One reason
for the inability of a cell to undergo apoptosis is increased expression
and accumulation of IAPs. [0006] The present invention contemplates that
exposure of animals suffering from cancer to therapeutically effective
amounts of dmg(s) (e.g., small molecules) that inhibit the function(s) of
anti-apoptotic Bcl-2 family members will kill cancer cells or supporting
cells outright (those cells whose continued survival is dependent on the
overactivity of anti-apoptotic Bcl-2 family members) and/or render such
cells as a population more susceptible to the cell death-inducing activity
of cancer therapeutic drags or radiation therapies. The present invention
contemplates that inhibitors of anti-apoptotic Bcl-2 family members satisfy
an unmet need for the treatment of multiple cancer types, either when
administered as monotherapy to induce apoptosis in cancer cells dependent
on anti-apoptotic Bcl-2 family member function, or when administered in a
temporal relationship with other cell death-inducing cancer therapeutic
drags or radiation therapies so as to render a greater proportion of the
cancer cells or supportive cells susceptible to executing the apoptosis
program compared to the corresponding proportion of cells in an animal
treated only with the cancer therapeutic drag or radiation therapy alone.
[0007] In certain embodiments of the invention, combination treatment of
animals with a therapeutically effective amount of a compound of the
present invention and a course of an anticancer agent or radiation produces
a greater tumor response and clinical benefit in such animals compared to
those treated with the compound or anticancer drugs/radiation alone. Put
another way, because the compounds lower the apoptotic threshold of all
cells that express anti-apoptotic Bcl-2 family members, the proportion of
cells that successfully execute the apoptosis program in response to the
apoptosis inducing activity of anticancer drags/radiation is increased.
Alternatively, the compounds of the present invention can be used to allow
administration of a lower, and thereforeless toxic and more tolerable, dose
of an anticancer agent and/or radiation to produce the same tumor
response/clinical benefit as the conventional dose of the anticancer
agent/radiation alone. Since the doses for all approved anticancer drugs
and radiation treatments are known, the present invention contemplates the
various combinations of them with the present compounds. Also, since the
compounds of the present invention may act at least in part by inhibiting
anti-apoptotic Bcl-2 family members, the exposure of cancer cells and
supporting cells to therapeutically effective amounts of the compounds
should be temporally linked to coincide with the attempts of cells to
execute the apoptosis program in response to the anticancer agent or
radiation therapy. 



Thus, in some embodiments, administering the compositions of the present
invention in connection with certain temporal relationships, provides
especially efficacious therapeutic practices. The present invention relates
to compounds that are useful for inhibiting the activity of anti-apoptotic
Bcl-2 family members and increasing the sensitivity of cells to inducers of
apoptosis. In one particular embodiment, the compounds have formula I : Y '
E ;' Q j or a pharmaceutically acceptable salt or prodrug thereof, wherein:
E is phenyl or a heteroaromatic group; X, Y, and Z are independently H, OH,
carboxylic acid, amide, sulfonic acid, sulfonamide, sulfinic acid,
sulfanamide, aldehyde, phosphoric acid, phosphonamide, alkyl, alkoxy, or
aryl, or one of X and Y or Y and Z form a heterocyclic ring, and at least
one of X, Y, and Z is OH, carboxylic acid,amide, sulfonic acid,
sulfonamide, sulfinic acid, sulfanamide, aldehyde, phosphoric acid, or
phosphonamide; U and W are independently CO, SO, SO2, (CH2)n, S, NH, NHCO,
P, PO, or PO2; n is Oor 1; Q is H, alkyl, alkenyl, alkynyl, or halogen; or
Q forms a ring with U and/or W; Ri and R2 are independently hydrogen,
alkyl, alkenyl, alkynyl, cycloalkyl, aryl, heteroaryl, partially saturated
heterocycle, heterocycle; NR3R4, OR3, SR3, or CR3R4R5, anyone of which may
be optionally substituted; and R3-R5 are independently alkyl, alkenyl,
alkynyl, cycloalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, heterocycle
or form a ring, anyone of which may be optionally substituted. [0009] In
one embodiment, at least one of X, Y, and Z is OH. [0010] The invention
relates to compounds represented by Formula I, which are inhibitors of
anti-apoptotic Bcl-2 family members. The invention relates to the use if
the compounds of the invention to induce apoptosis in cells. The invention
also relates to the use of the compounds of the invention for sensitizing
cells to inducers of apoptosis. The compounds are useful for the treatment,
amelioration, or prevention of disorders responsive to induction of
apoptotic cell death, e.g., disorders characterized by dysregulation of
apoptosis, including hyperproliferative diseases such as cancer. In certain
embodiments, the compounds can be used to treat, ameliorate, or prevent
cancer that is characterized by resistance to cancer therapies (e.g., those
which are chemoresistant, radiation resistant, hormone resistant, and the
like). In other embodiments, the compounds can be used to treat
hyperproliferative diseases characterized by overexpression of
anti-apoptotic Bcl-2 family members. [0011] The present invention provides
pharmaceutical compositions comprising a compound of Formula I in a
therapeutically effective amount to induce apoptosis in cells or to
sensitize cells to inducers of apoptosis.[0012] The invention further
provides kits comprising a compound of Formula I and instructions for
administering th e compound to an animal. The kits may 



optionally contain other therapeutic agents, e.g., anticancer agents,
apoptosis modulating agents. [0013] The invention also provides methods of
making compounds of Formula I. BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES
[0014] Figure 1 shows the binding of TW-37 to Bcl-2 by NMR analysis. [0015]
Figure 2 shows the inhibition of cell growth in cancer cells in response to
TW-37. [0016] Figure 3 shows the inhibition of cell growth in cancer cells
in response to several compounds. [0017] Figure 4 shows the induction of
apoptosis in PC-3 cells in response to TW-37. [0018] Figure 5 shows the
activation of caspase-3 in PC-3 and PrEC cells in response to TW-37. [0019]
Figure 6 shows the enhancement of cisplatin cytotoxicity by TW-37 in
MDA-231 cells. [0020] Figure 7 shows the inhibition of tumor growth in mice
in response to TW-37. [0021] Figure 8 shows the effect of TW-37, TAXOTERE,
and cisplatin on body weight in mice. [0022] Figure 9 shows the inhibition
of tumor growth in mice in response to TW-37 and TAXOTERE alone and in
combination. [0023] Figure 10 shows the effect of TW-37 and TAXOTERE alone
and in combination on body weight in mice.DETAILED DESCRIPTION OF THE
INVENTION [0024] The present invention relates to compounds represented by
Formula I, which function as inhibitors of anti-apoptotic Bcl-2 family
members. By inhibiting anti-apoptotic Bcl-2 family members, these compounds
sensitize cells to inducers of apoptosis and, in some instances, themselves
induce apoptosis. Therefore, the invention relates to methods of
sensitizing cells to inducers of apoptosis and to methods of inducing
apoptosis in cells, comprising contacting the cells with a compound of
Formula I alone or in combination with an inducer of apoptosis. The
invention further relates to methods of treating, ameliorating, or
preventing disorders in an animal that are responsive to induction of
apoptosis comprising administering to the animal a compound of Formula I
and an inducer of apoptosis. Such disorders include those characterized by
a dysregulation of apoptosis and those characterized by overexpression of
anti-apoptotic Bcl-2 family members. [0025] The term "anti-apoptotic Bcl-2
family members," as used herein, refers to any known member of the Bcl-2
family of proteins which has anti-apoptotic activity, including, but not
limited to, Bcl-2, Bcl-xL, McI-I, Al/BFL-1, BOODIVA, Bcl-w, Bcl-6, Bcl-8
and Bcl-y. [0026] The term "overexpression of anti-apoptotic Bcl-2 family
members," as used herein, refers to an elevated level (e.g., aberrant
level) of mRNAs encoding for an anti-apoptotic Bcl-2 family member
protein(s), and/or to elevated levels of anti-apoptotic Bcl-2 family member
protein(s) in cells as compared to similar corresponding non-pathological
cells expressing basal levels of mRNAs encoding anti-apoptotic Bcl-2 family
member proteins or 



having basal levels of anti-apoptotic Bcl-2 family member proteins. Methods
for detecting the levels of mRNAs encoding anti-apoptotic Bcl-2 family
member proteins or levels of anti-apoptotic Bcl-2 family member proteins in
a cell include, but are not limited to, Western blotting using
anti-apoptotic Bcl-2 family member protein antibodies, immunohistochemical
methods, and methods of nucleic acid amplification or direct RNA detection.
As importantas the absolute level of anti-apoptotic Bcl-2 family member
proteins in cells is to determining that they overexpress anti-apoptotic
Bcl-2 family member proteins, so also is the relative level of
anti-apoptotic Bcl-2 family member proteins to other pro-apoptotic
signaling molecules (e.g. , pro-apoptotic Bcl-2 family proteins) within
such cells. When the balance of these two are such that, were it not for
the levels of the anti-apoptotic Bcl-2 family member proteins, the
pro-apoptotic signaling molecules would be sufficient to cause the cells to
execute the apoptosis program and die, said cells would be dependent on the
anti-apoptotic Bcl-2 family member proteins for their survival. In such
cells, exposure to an inhibiting effective amount of an antiapoptotic Bcl-2
family member protein inhibitor will be sufficient to cause the cells to
execute the apoptosis program and die. Thus, the term "overexpression of an
anti-apoptotic Bcl-2 family member protein" also refers to cells that, due
to the relative levels of pro-apoptotic signals and antiapoptotic signals,
undergo apoptosis in response to inhibiting effective amounts of compounds
that inhibit the function of anti-apoptotic Bcl-2 family member proteins.
[0027] The terms "anticancer agent" and "anticancer drug," as used herein,
refer to any therapeutic agents (e.g., chemotherapeutic compounds and/or
molecular therapeutic compounds), radiation therapies, or surgical
interventions, used in the treatment of hyperproliferative diseases such as
cancer (e.g., in mammals). [0028] The term "prodrug," as used herein,
refers to a pharmacologically inactive derivative of a parent "drug"
molecule that requires biotransformation (e.g., either spontaneous or
enzymatic) within the target physiological system to release, or to convert
(e.g., enzymatically, mechanically, electromagnetically) the prodrug into
the active drug. Prodrugs are designed to overcome problems associated with
stability, toxicity, lack of specificity, or limited bioavailability.
Exemplary prodrugs comprise an active drug molecule itself and a chemical
masking group (e.g., a group that reversibly suppresses the activity of the
drug). Some preferred prodrugs are variations or derivativesof compounds
that have groups cleavable under metabolic conditions. Exemplary prodrugs
become pharmaceutically active in vivo or in vitro when they undergo
solvolysis under physiological conditions or undergo enzymatic degradation
or other biochemical transformation (e.g., phosphorylation, hydrogenation,
dehydrogenation, glycosylation). Prodrugs often offer advantages of
solubility, tissue compatibility, or delayed release in the mammalian
organism. (See e.g., Bundgard, Design of Prodrugs, pp. 7-9, 21- 24,
Elsevier, Amsterdam (1985); and Silverman, The Organic Chemistry of Drug
Design and Drug Action, _pp. 352-401, Academic Press, San Diego, CA
(1992)). Common prodrugs include acid derivatives -such as esters prepared
by reaction of parent acids with a suitable alcohol (e.g., a lower
alkanol), amides prepared by reaction of the parent acid compound with an
amine, or 



basic groups reacted to form an acylated base derivative (e.g., a lower
alkylamide). [0029] The term "pharmaceutically acceptable salt," as used
herein, refers to any salt (e.g., obtained by reaction with an acid or a
base) of a compound of the present invention that is physiologically
tolerated in the target animal (e.g., a mammal). Salts of the compounds of
the present invention may be derived from inorganic or organic acids and
bases. Examples of acids include, but are not limited to, hydrochloric,
hydrobromic, sulfuric, nitric, perchloric, fumaric, maleic, phosphoric,
glycolic, lactic, salicylic, succinic, toluene-p-sulfonic, tartaric,
acetic, citric, methanesulfonic, ethanesulfonic, formic, benzoic, malonic,
sulfonic, naphthalene-2-sulfonic, benzenesulfonic acid, and the like. Other
acids, such as oxalic, while not in themselves pharmaceutically acceptable,
may be employed in the preparation of salts useful as intermediates in
obtaining the compounds of the invention and their pharmaceutically
acceptable acid addition salts. [0030] Examples of bases include, but are
not limited to, alkali metal (e.g., sodium) hydroxides, alkaline earth
metal (e.g., magnesium) hydroxides, ammonia, and compounds of formula NW +,
wherein W is C alkyl, and the like.[0031] Examples of salts include, but
are not limited to: acetate, adipate, alginate, aspartate, benzoate,
benzenesulfonate, bisulfate, butyrate, citrate, camphorate,
camphorsulfonate, cyclopentanepropionate, digluconate, dodecylsulfate,
ethanesulfonate, fumarate, flucoheptanoate, glycerophosphate, hemisulfate,
heptanoate, hexanoate, chloride, bromide, iodide, 2-hydroxyethanesulfonate,
lactate, maleate, methanesulfonate, 2-naphthalenesulfonate, nicotinate,
oxalate, palmoate, pectinate, persulfate, phenylpropionate, picrate,
pivalate, propionate, succinate, tartrate, thiocyanate, tosylate,
undecanoate, and the like. Other examples of salts include anions of the
compounds of the present invention compounded with a suitable cation such
as Na+, NH +, and NW + (wherein W is a Ci-4 alkyl group), and the like. For
therapeutic use, salts of the compounds of the present invention are
contemplated as being pharmaceutically acceptable. However, salts of acids
and bases that are non-pharmaceutically acceptable may also find use, for
example, in the preparation or purification of a pharmaceutically
acceptable compound. [0032] The term "therapeutically effective amount," as
used herein, refers to that amount of the therapeutic agent sufficient to
result in amelioration of one or more symptoms of a disorder, or prevent
advancement of a disorder, or cause regression of the disorder. For
example, with respect to the treatment of cancer, a therapeutically
effective amount preferably refers to the amount of a therapeutic agent
that decreases the rate of tumor growth, decreases tumor mass, decreases
the number of metastases, increases time to tumor progression, or increases
survival time by at least 5%, preferably at least 10%, at least 15%, at
least 20%, at least 25%, at least 30%, at least 35%, at least 40%, at least
45%, at least 50%, at least 55%, at least 60%, at least 65%, at least 70%,
at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, or at
least 100%. [0033] The terms "sensitize" and "sensitizing," as used herein,
refer to 



making, through the administration of a first agent (e.g., a compound of
Formula I), an animal or a cell within an animal more susceptible, or
moreresponsive, to the biological effects (e.g., promotion or retardation
of an aspect of cellular function including, but not limited to, cell
growth, proliferation, invasion, angiogenesis, or apoptosis) of a second
agent. The sensitizing effect of a first agent on a target cell can be
measured as the difference in the intended biological effect (e.g.,
promotion or retardation of an aspect of cellular function including, but
not limited to, cell growth, proliferation, invasion, angiogenesis, or
apoptosis) observed upon the administration of a second agent with and
without administration of the first agent. The response of the sensitized
cell can be increased by at least 10%, at least 20%, at least 30%, at least
40%, at least 50%, at least 60%, at least 70%, at least 80%, at least 90%,
at least 100%, at least 150%, at least 200%, at least 350%, at least 300%,
at least 350%, at least 400%, at least 450%, or at least 500% over the
response in the absence of the first agent. [0034] The term "dysregulation
of apoptosis," as used herein, refers to any aberration in the ability of
(e.g., predisposition) a cell to undergo cell death via apoptosis.
Dysregulation of apoptosis is associated with or induced by a variety of
conditions, including for example, autoimmune disorders (e.g., systemic
lupus erythematosus, rheumatoid arthritis, graft-versus-host disease,
myasthenia gravis, or Sjogren's syndrome), chronic inflammatory conditions
(e.g., psoriasis, asthma or Crohn's disease), hyperproliferative disorders
(e.g., tumors, B cell lymphomas, or T cell lymphomas), viral infections
(e.g., herpes, papilloma, or HIV), and other conditions such as
osteoarthritis and atherosclerosis. It should be noted that when the
dysregulation is induced by or associated with a viral infection, the viral
infection may or may not be detectable at the time dysregulation occurs or
is observed. That is, viralinduced dysregulation can occur even after the
disappearance of symptoms of viral infection. [0035] The term
"hyperproliferative disease," as used herein, refers to any condition in
which a localized population of proliferating cells in an animal is not
governed by the usual limitations of normal growth. Examples of
hyperproliferative disorders include tumors, neoplasms, lymphomas and
thelike. A neoplasm is said to be benign if it does not undergo invasion or
metastasis and malignant if it does either of these. A "metastatic" cell
means that the cell can invade and destroy neighboring body structures.
Hyperplasia is a form of cell proliferation involving an increase in cell
number in a tissue or organ without significant alteration in structure or
function. Metaplasia is a form of controlled cell growth in which one type
of fully differentiated cell substitutes for another type of differentiated
cell. [0036] The pathological growth of activated lymphoid cells often
results in an autoimmune disorder or a chronic inflammatory condition. As
used herein, the term "autoimmune disorder" refers to any condition in
which an organism produces antibodies or immune cells which recognize the
organism's own molecules, cells or tissues. Non-limiting examples of
autoimmune disorders include autoimmune hemolytic anemia, autoimmune
hepatitis, Berger's disease or IgA nephropathy, celiac sprue, chronic
fatigue syndrome, Crohn's disease, dermatomyositis, fibromyalgia, graft
versus host disease, Grave's disease, Hashimoto's thyroiditis, idiopathic
thrombocytopenia purpura, lichen 



planus, multiple sclerosis, myasthenia gravis, psoriasis, rheumatic fever,
rheumatic arthritis, scleroderma, Sjogren's syndrome, systemic lupus
erythematosus, type 1 diabetes, ulcerative colitis, vitiligo, and the like.
[0037] The term "neoplastic disease," as used herein, refers to any
abnormal growth of cells being either benign (non-cancerous) or malignant
(cancerous). [0038] The term "anti-neoplastic agent," as used herein,
refers to any compound that retards the proliferation, growth, or spread of
a targeted (e.g., malignant) neoplasm. [0039] The terms "prevent,"
"preventing," and "prevention," as used herein, refer to a decrease in the
occurrence of pathological cells (e.g., hyperproliferative or neoplastic
cells) in an animal. The prevention may be complete, e.g., the total
absence of pathological cells in a subject. The prevention may also be
partial, such that the occurrence of pathological cells in a subject is
less than that which would have occurred without the present
invention.[0040] The term "apoptosis modulating agents," as used herein,
refers to agents which are involved in modulating (e.g., inhibiting,
decreasing, increasing, promoting) apoptosis. Examples of apoptosis
modulating agents include proteins which comprise a death domain such as,
but not limited to, Fas/CD95, TRAMP, TNF RI, DRl, DR2, DR3, DR4, DR5, DR6,
FADD, and RIP. Other examples of apoptotic modulating agents include, but
are not limited to, TNFo!, Fas ligand, antibodies to Fas/CD95 and other TNF
family receptors, TRAIL, antibodies to TRAILRl or TRAILR2, Bcl-2, r53, BAX,
BAD, Akt, CAD, PB kinase, PPl, and caspase proteins. Modulating agents
broadly include agonists and antagonists of TNF family receptors and TNF
family ligands. Apoptosis modulating agents may be soluble or membrane
bound (e.g. ligand or receptor). Preferred apoptosis modulating agents are
inducers of apoptosis, such as TNF or a TNF-related ligand, particularly a
TRAMP ligand, a Fas/CD95 ligand, a TNFR-I ligand, or TRAIL [0041] The
inhibitors of anti-apoptotic Bcl-2 family members of the present invention
are compounds having the general Formula I : or a pharmaceutically
acceptable salt or prodrug thereof, wherein: E is phenyl or a
heteroaromatic group; X, Y, and Z are independently H, OH, carboxylic acid,
amide, sulfonic acid, sulfonamide, sulfuric acid, sulfinamide, aldehyde,
phosphoric acid, phosphonamide, alkyl, alkoxy, or aryl, or one of X and Y
or Y and Z form a heterocyclic ring, and at least one of X, Y, and Z is OH,
carboxylic acid,amide, sulfonic acid, sulfonamide, sulfinic acid,
sulfinamide, aldehyde, phosphoric acid, or phosphonamide; U and W are
independently CO, SO, SO2, (CH2)n, S, NH, NHCO, P, PO, or PO2; n is Oor 1;
Q is H, alkyl, alkenyl, alkynyl, or halogen; or Q forms a ring with U
and/or'W; Ri and R2 are independently hydrogen, alkyl, alkenyl, alkynyl,
cycloalkyl, aryl, heteroaryl, partially saturated heterocycle, heterocycle;
NR3R4, OR3, SR3, or CR3R4R5, anyone of which may be optionally substituted;
and R3-R5 are independently alkyl, alkenyl, alkynyl, cycloalkyl, aryl,
aralkyl, heteroaryl, heteroaralkyl, heterocycle or form a ring, anyone of
which may be 



optionally substituted. [0042] In one embodiment, at least one of X, Y, and
Z is OH. [0043] Useful alkyl groups include straight-chained or branched
CMS alkyl groups, especially methyl, ethyl, propyl, isopropyl, t-butyl,
sec-butyl, 3-pentyl, adamantyl, norbornyl, and 3-hexyl groups. [0044]
Useful alkenyl groups include straight-chained or branched C2-i8 alkyl
groups, especially ethenyl, propenyl, isopropenyl, butenyl, isobutenyl, and
hexenyl. [0045] Useful alkynyl groups are C2_i 8 alkynyl groups, especially
ethynyl, propynyl, butynyl, and 2-butynyl groups [0046] Useful cycloalkyl
groups are C3.8 cycloalkyl. Typical cycloalkyl groups include cyclopropyl,
cyclobufyl, cyclopentyl, cyclohexyl and cycloheptyl. [0047] Useful aryl
groups include C6.14 aryl, especially phenyl, naphthyl, phenanthrenyl,
anthracenyl, indenyl, azulenyl, biphenyl, biphenylenyl, and fluorenyl
groups. [0048] Useful heteroaryl groups include thienyl, benzo[b]thienyl,
naphtho[2,3-b]thienyl, thianthrenyl, furyl, pyranyl, isobenzofuranyl,
chromenyl, xanthenyl, phenoxanthenyl, 2H-pyrrolyl, pyrrolyl,
imidazolyl,pyrazolyl, pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl,
indolizinyl, isoindolyl, 3H-indolyl, indolyl, indazolyl, purinyl,
4H-quinolizinyl, isoquinolyl, quinolyl, phthalzinyl, naphthyridinyl,
quinozalinyl, cinnolinyl, pteridinyl, carbazolyl, b- carbolinyl,
phenanthridinyl, acridinyl, perimidinyl, phenanthrolinyl, phenazinyl,
isothiazolyl, phenothiazinyl, isoxazolyl, flirazanyl, phenoxazinyl,
1,4-dihydroquinoxaline-2,3-dione, 7-aminoisocoumarin, pyrido[l ,2-
a]pyrimidin-4-one, l,2-benzoisoxazol-3-yl, benzimidazolyl, 2-oxindolyl, and
2-oxobenzimidazolyl. Where the heteroaryl group contains a nitrogen atom in
a ring, such nitrogen atom may be in the form of an N-oxide, e.g., a
pyridyl Noxide, pyrazinyl N-oxide, pyrimidinyl N-oxide, and the like.
Optional substituents include one or more alkyl; halo; haloalkyl;
cycloalkyl; aryl optionally substituted with one or more lower alkyl, lower
alkoxy, methylenedioxy, halo, haloalkyl, aminosulfonyl, aryl, or heteroaryl
groups; aryloxy optionally substituted with one or more lower alkyl, lower
alkoxy, methylenedioxy, halo, haloalkyl, aminosulfonyl, aryl, or heteroaryl
groups; aralkyl; heteroaryl optionally substituted with one or more lower
alkyl, lower alkoxy, methylenedioxy, halo, haloalkyl, aminosulfonyl, aryl,
or heteroaryl groups; heteroaryloxy optionally substituted with one or more
lower alkyl, lower alkoxy, methylenedioxy, halo, haloalkyl, aminosulfonyl,
aryl, or heteroaryl groups; alkoxy; alkylthio; arylthio; amido; amino;
aminosulfonyl; sulfonamide; arylsulfonyl optionally substituted with one or
more lower alkyl, lower alkoxy, methylenedioxy, halo, haloalkyl,
aminosulfonyl, aryl, or heteroaryl groups; acyloxy; arylacyloxy optionally
substituted with one or more lower alkyl, lower alkoxy, methylenedioxy,
halo, haloalkyl, aminosulfonyl, aryl, or heteroaryl groups;
diphenylphosphinyloxy optionally substituted with one or more lower alkyl,
lower alkoxy, methylenedioxy, halo, haloalkyl, aminosulfonyl, aryl, or
heteroaryl groups; heterocyclo optionally substituted with one or more
lower alkyl, lower alkoxy, methylenedioxy, halo, haloalkyl, aminosulfonyl,
aryl, heteroaryl, amino acid 



substituted sulfonyl, or amino acid derivative substituted sulfonyl groups
and lower alkyl and aralkyl esters thereof; heterocycloalkoxy
optionallysubstituted with one or more lower alkyl, lower alkoxy,
methylenedioxy, halo, haloalkyl, aminosulfonyl, aryl, or heteroaryl groups;
partially unsaturated heterocycloalkyl optionally substituted with one or
more lower alkyl, lower alkoxy, methylenedioxy, halo, haloalkyl,
aminosulfonyl, aryl, or heteroaryl groups; or partially unsaturated
heterocycloalkyloxy optionally substituted with one or more lower alkyl,
lower alkoxy, methylenedioxy, halo, haloalkyl, aminosulfonyl, aryl, or
heteroaryl groups. [0050] Useful amino acid residues include those derived
from D and L alanine, valine, leucine, isoleucine, proline, phenylalanine,
tryptophan, methionine, glycine, serine, threonine, cysteine, tyrosine,
asparagine, glutamine, aspartic acid, glutamic acid, lysine, arginine, and
histidine. Amino acid derivatives include the amide derivatives. [0051]
Useful saturated or partially saturated carbocyclic groups are cycloalkyl
groups as defined above, as well as cycloalkenyl groups, such as
cyclopentenyl, cycloheptenyl and cyclooctenyl. [0052] Useful halo or
halogen groups include fluorine, chlorine, bromine and iodine. [0053]
Useful alkylaryl and alkylheteroaryl groups include any of the
abovementioned Ci-18 alkyl groups substituted by any of the above-mentioned
C - aryl groups or heteroaryl groups. Useful values include benzyl,
phenethyl and naphthylmethyl. [0054] Useful haloalkyl groups include Cuio
alkyl groups substituted by one or more fluorine, chlorine, bromine or
iodine atoms, e.g., fluoromethyl, difluoromethyl, trifluoromethyl,
pentafluoroethyl, 1,1-difluoroethyl, chloromethyl, chlorofiuoromethyl and
trichloromethyl groups. [0055] Useful alkoxy groups include oxygen
substituted by one of the C O alkyl groups mentioned above. [0056] Useful
alkylthio groups include sulfur substituted by one of the C O alkyl groups
mentioned above. Also included are the sulfoxides and sulfones of such
alkylthio groups.[0057] Useful amido groups include carbonylamido (i.e.,
carbonyl bonded to an amino group) as well as any optionally substituted
Q.6 acyl (alkanoyl) attached to an amino nitrogen, e.g., acetamido,
haloacetamido such as trifluoroacetamido, propionamido, butanoylamido,
pentanoylamido, hexanoylamido as well as aryl-substituted C2-6 substituted
acyl groups. [0058] Useful acyloxy groups are any C1 acyl (alkanoyl)
attached to an oxy (-O~) group, e.g., formyloxy, acetoxy, propionoyloxy,
butanoyloxy, pentanoyloxy, hexanoyloxy and the like. [0059] Useful
arylacyloxy groups include any of the aryl groups mentioned above
substituted on any of the acyloxy groups mentioned above, e.g., 2,6-
dichlorobenzoyloxy, 2,6-difluorobenzoyloxy and 2,6-di-(trifluoromethyl)-
benzoyloxy groups. [0060] Useful amino groups include -NH2, -NHRn, and
-NRnRn, wherein Rn and R12 are alkyl, aminoalkyl, optionally substituted
aryl, optionally substituted arylalkyl, or cycloalkyl groups as defined
above or where Rn and R12 form a C5-C heterocyclic ring such as
piperidinyl, pyrrolidinyl, pyrazinyl, or morpholino optionally substituted
by a heteroaryl or an acyl group on the 



nitrogen. [0061] Useful saturated or partially saturated heterocyclic
groups include tetrahydrofuranyl, pyranyl, piperidinyl, piperizinyl,
pyrrolidinyl, imidazolidinyl, imidazolinyl, indolinyl, isoindolinyl,
quinuclidinyl, mof holinyl, isochromanyl, chromanyl, pyrazolidinyl,
pyrazolinyl, tetronoyl, tetramoyl, or tetrahydroisoquinolinyl groups.
[0062] Certain of the compounds of the present invention may exist as
stereoisomers including optical isomers. The invention includes all
stereoisomers and both the racemic mixtures of such stereoisomers as well
as the individual enantiomers that may be separated according to methods
that are well known to those of skill in the art. [0063] In one embodiment,
the compounds of the present invention have the have formula II, wherein
the variables are as defined above and at least one of X, Y, and Z is
OH.[0064] Another embodiment of the invention is compounds having formula
III, wherein the variables are as defined above and at least one of X, Y,
and Z is OH. [0065] In one embodiment, the compounds of the present
invention are of formula IV, wherein the variables are as defined above and
at least one of X, Y, and Z is OH. I VIn one embodiment, the compounds of
the present invention are of formula V, wherein the variables are as
defined above and at least one of X, Y, and Z is OH. The compounds and
processes of the present invention will be better understood in connection
with the following synthetic schemes which illustrate the methods by which
the compounds of the invention may be prepared. Starting materials can be
obtained from commercial sources or prepared by well-established literature
methods known to those of ordinary skill in the art. It will be readily
apparent to one of ordinary skill in the art that the compounds defined
above can be synthesized by substitution of the appropriate reagents and
agents in the syntheses shown below.Scheme 1 reagents and conditions: a)
Lithium, Grignard, Zinc reagents, etc; b) Et3SiH, TFA; c) ButLi then DMF;
d) Lithium, Grignard, Zinc reagents, etc; e) Et3SiH, TFA; f) BBr3, then
MeOH. Multi-substituted phenol analogues may be synthesized as shown in
Scheme 1. Disubstituted pyrogallol analogues are prepared from commercially
available 2,3,4-trimethoxybenzaldehyde. The addition reaction between
aldehyde and nucleophilic Grignard, lithium, or zinc reagents gives a
secondary alcohol with quantitative yield. The hydroxyl group is then
removed by triethylsilane in trifluoroacetic acid solvent. Following a
two-step protocol, an aldehyde is made regioselectively by the
ortho-inducing effect of methoxyl group. The second alkyl, aryl, or
heteroaryl group is introduced by repeating the same procedure. The final
products are obtained by boron tribromide (BBr3) demethylation, which is
quenched by methanol. Based on the protective groups used in the
intermediates, either hydrogenation or acidic hydrolysis is effective for
the removal of benzyl or methoxylmethyl groups.Scheme 2 reagents and
conditions: a) Lithium, Grignard, Zinc reagents, etc; b) Et3SiH, TFA; c)
ButLi then DMF; d) Lithium, Grignard, Zinc reagents, etc; e) Dess- 



Martin Periodinane, DCM; f) BBr3, then MeOH. The synthesis of mono-ketone
substituted phenols, shown in Scheme 2, is largely the same as that of
Scheme 1. However, the secondary alcohol can be oxidized to ketone by
Dess-Martin periodinane, a mild oxidant proved much more effective than
PCC, activated Mnq 4 for this class of compounds. The same protective group
removal strategy is used to get the final acylated phenol analogues.Scheme
3 reagents and conditions: a) 1. Br2, AcOH; 2. TsOH, ethylene glycol; b)
ButLi then DMF; c) 1. Lithium, Grignard, Zinc reagents, etc; 2 . TsOH,
acetone; d) Lithium, Grignard, Zinc reagents, etc; e) Dess-Martin
Periodinane, DCM; f) BBr3, then MeOH. The diacyl substituted phenols are
prepared from simple aldehydes as shown in Scheme 3. First,
methoxybenzaldehyde is brominated regioselectively by bromine in acetic
acid. After converting the active aldehyde group to 1,3-dioxolane, the
second aldehyde group is introduced by bromine-metal exchange reaction. The
first alkyl or aryl groups are incorporated into the molecule by addition
reaction with one of the aldehyde groups protected. By using
p-toluenesulfonic acid as a catalyst, the aldehyde protective group is
removed in acetone very quickly (longer reaction time will lead to the
decomposition of the secondary alcohol). The two alcohol groups are
oxidized to diketone with moderate yield. By using BBr3 or HBr/HOAc, the
protective groups are removed to give clean final products.Scheme 4
reagents and conditions: a) chlorosulfonic acid; b) NHR1R2, NEt3; c)
NHR3R4, EDCI, HOBt, NEt3; d) BBr3, then MeOH. [0070] The synthesis of
amiiiosulfonyl phenols is based on simple amide coupling reactions as shown
in Scheme 4. Using commercially available methoxybenzoic acid, the sulfonyl
chloride is made with excellent regioselectivity, thanks to the positioning
effects from the methoxyl and carboxylic groups. The sulfonamide is made by
stirring of the sulfonyl chloride with amine under basic conditions. By
performing the classic EDCI/HOBt coupling reaction, the amide is obtained.
Different amines are used in both amide bond formation reactions to achieve
molecular diversity. The final phenols are obtained by using either BBr3 or
hydrogenation based on the properties of protective groups. [0071]
Additional compounds of the present invention can be synthesized using the
following schemes. The compounds can be synthesized from acyl chlorides and
aniline. Schemes V, VI, and VII provide different methodologies for the
synthesis of various of acyl chlorides.Scheme 5 Ar : Aryl R1 ; alkyl
reagents and conditions: a . n-buLi/-78C/THF then substituted
benzenealdehyde; b. H2/Pd-C/EtOAc; c. Br2/-60oC/CHCl 3; d. n-buLi/- 78C/THF
then CO2; e. SOC12/DMF (cat)/benzene/70C [0072] Scheme 5 presents a method
to synthesis acyl chlorides with one or more than one carbon linker in
5-position. Aromatic bromide can be transformed to aromatic lithium with
butyl lithium at low temperature (-780C). The lithium reagent is reacted
with commercially available substituted 



benzene aldehyde to obtain compound 2 in high yield. Removal of the
hydroxyl group in 2 in a H2 atmosphere and in presence of a Pd-C catalyst
yields 3, which is brominated with Br2 to afford 4. This reaction is
regioselective. Using butyl lithium again to exchange bromine in 4
generates another lithium reagent, which is treated with dry ice to afford
acids 5. Compound 5 is easily transformed to acyl chlorides 6 with SOCl2 in
benzene using DMF as the catalyst.Scheme 6 R1: Alky, aryl, R: methoxyl, H,
n = 0, 1, 2, 3, reagents and conditions: a. n-buLi/-78C/THF then
substituted benzenealdehyde; b . H2/Pd-C/EtOAc; c. Br2/-6OC/CHC13; d.
n-buLi/- 78C/THF then CO2; e . SOC12/DMF (cat)/benzene/70C In Scheme 6 the
synthesis is the same as in Scheme 5 but the starting material is
triphenylphosphate, which is reacted with substituted benzenealdehyde via
Wittig reaction to afford 8. The double bond is reduced to generate
3.Scheme 7 reagents and conditions: a . H2CO3/CH3I/DMF; b. Br2/CH2Cl2/rt;
c. Pd(PPh 3)4 (10 mol %)/Na2CO3/DEG-H2q /aroniic boronic acid/100C; d.
MeOH/KOH/H2O/80C; e. SOC12/DMF (cat)/benzene/70C Scheme 7 discloses a
method for the synthesis of acyl chlorides without carbon linker in
5-position. Compounds 12 may be afforded in two steps from commercially
available compound 9 in high yield. Any compound 10 having a methyl group
removed by the bromide to produce compound 11 may be transformed to
compound 12 with methylation. The Suzuki coupling reaction may be used to
generate 13. Compounds 13 may be hydrolyzed in a MeOH/KOH system, and then
acylated with SOCl2 to afford acyl chloride in high yield.Scheme 8 R1, R2,
R3, R4 : Aryl, Alkyl, A: Heterocycle, Aryl, X: heterarom, sulfone, acyl,
reagents and conditions: a. diisopropylethylamine (1.2. eq)/ CH2Cl2; b.
BBr2/CH2Cl2/0oC [0075] In Scheme 8, condensation of acyl chlorides 6 with
anilines 20 under standard conditions followed by removal of the protective
methyl groups directly with BBr3 affords the final target molecules 25.
[0076] An important aspect of the present invention is that compounds of
Formula I induce apoptosis and also potentiate the induction of apoptosis
in response to apoptosis induction signals. Therefore, it is contemplated
that these compounds sensitize cells to inducers of apoptosis, including
cells that are resistant to such inducers. ' The anti-apoptotic Bcl-2
family member inhibitors of the present invention can be used to induce
apoptosis in any disorder that can be treated, ameliorated, or prevented by
the induction of apoptosis. Thus, the present invention provides
compositions and methods for targeting animals characterized as
overexpressing an anti-apoptotic Bcl-2 family member protein. In some of
the embodiments, the cells (e.g., cancer cells) show elevated expression
levels of anti-apoptotic Bcl-2 family member 



proteins as compared to non-pathological samples (e.g., non-cancerous
cells). In other embodiments, the cells operationally manifest elevated
expressionlevels of anti-apoptotic Bcl-2 family member proteins by virtue
of executing the apoptosis program and dying in response to an inhibiting
effective amount of a compound of Formula I, said response occurring, at
least in part, due to the dependence in such cells on anti-apoptotic Bcl-2
family member protein function for their survival. [0077] In another
embodiment, the invention pertains to modulating an apoptosis associated
state which is associated with one or more apoptosis modulating agents.
Examples of apoptosis modulating agents include, but are not limited to,
Fas/CD95, TRAMP, TNF RI, DRl, DR2, DR3, DR4, DR5, DR6, FADD, RIP, TNFa, Fas
ligand, TRAIL, antibodies to TRAILRl or TRAILR2, Bcl-2, p53, BAX, BAD, Akt,
CAD, PB kinase, PPl, and caspase proteins. Other agents involved in the
initiation, decision and degradation phase of apoptosis are also included.
Examples of apoptosis modulating agents include agents, the activity,
presence, or change in concentration of which, can modulate apoptosis in a
subject. Preferred apoptosis modulating agents are inducers of apoptosis,
such as TNF or a TNF-related ligand, particularly a TRAMP ligand, a
Fas/CD95 ligand, a TNFR-I ligand, or TRAIL. [0078] In some embodiments, the
compositions and methods of the present invention are used to treat
diseased cells, tissues, organs, or pathological conditions and/or disease
states in an animal (e.g., a mammalian subject including, but not limited
to, humans and veterinary animals). In this regard, various diseases and
pathologies are amenable to treatment or prophylaxis using the present
methods and compositions. A non-limiting exemplary list of these diseases
and conditions includes, but is not limited to, breast cancer, prostate
cancer, lymphoma, skin cancer, pancreatic cancer, colon cancer, . melanoma,
malignant melanoma, ovarian cancer, brain cancer, primary brain carcinoma,
head-neck cancer, glioma, glioblastoma, liver cancer, bladder cancer,
non-small cell lung cancer, head or neck carcinoma, breast carcinoma,
ovarian carcinoma, lung carcinoma, small-cell lung carcinoma, Wilms' tumor,
cervical carcinoma, testicular carcinoma, bladder carcinoma,
pancreaticcarcinoma, stomach carcinoma, colon carcinoma, prostatic
carcinoma, genitourinary carcinoma, thyroid carcinoma, esophageal
carcinoma, myeloma, multiple myeloma, adrenal carcinoma, renal cell
carcinoma, endometrial carcinoma, adrenal cortex carcinoma, malignant
pancreatic insulinoma, malignant carcinoid carcinoma, choriocarcinoma,
mycosis fungoides, malignant hypercalcemia, cervical hyperplasia, leukemia,
acute lymphocytic leukemia, chronic lymphocytic leukemia, acute myelogenous
leukemia, chronic myelogenous leukemia, chronic granulocytic leukemia,
acute granulocytic leukemia, hairy cell leukemia, neuroblastoma,
rhabdomyosarcoma, Kaposi's sarcoma, polycythemia vera, essential
thrombocytosis, Hodgkin's disease, non-Hodgkin's lymphoma, soft-tissue
sarcoma, osteogenic sarcoma, primary macroglobulinemia, and retinoblastoma,
and the like, T and B cell mediated autoimmune diseases; inflammatory
diseases; infections; hyperproliferative diseases; AIDS; degenerative
conditions, vascular diseases, and the like. In some embodiments, the
cancer cells being treated are metastatic. In other 



embodiments, the cancer cells being treated are resistant to anticancer
agents. [0079] In some embodiments, infections suitable for treatment with
the compositions and methods of the present invention include, but are not
limited to, infections caused by viruses, bacteria, fungi, mycoplasma,
prions, and the like. [0080] Some embodiments of the present invention
provide methods for administering an effective amount of a compound of
Formula I and at least one additional therapeutic agent (including, but not
limited to, chemofherapeutic antineoplastics, apoptosis modulating agents,
antimicrobials, antivirals, antifungals, and anti-inflammatory agents)
and/or therapeutic technique (e.g., surgical intervention, and/or
radiotherapies). [0081] A number of suitable anticancer agents are
contemplated for use in the methods of the present invention. Indeed, the
present invention contemplates, but is not limited to, administration of
numerous anticancer agents such as: agents that induce apoptosis;
polynucleotides (e.g., anti-sense, ribozymes,siRNA); polypeptides (e.g.,
enzymes and antibodies); biological mimetics (e.g., gossypol or BH3
mimetics); agents that bind (e.g., oligomerize or complex) with a Bcl-2
family protein such as Bax; alkaloids; alkylating agents; antitumor
antibiotics; antimetabolites; hormones; platinum compounds; monoclonal or
polyclonal antibodies (e.g., antibodies conjugated with anticancer drugs,
toxins, defensins), toxins; radionuclides; biological response modifiers
(e.g., interferons (e.g., IFN- ) and interleukins (e.g., IL- 2)); adoptive
immunotherapy agents; hematopoietic growth factors; agents that induce
tumor cell differentiation (e.g., all-trans-retinoic acid); gene therapy
reagents (e.g., antisense therapy reagents and nucleotides); tumor
vaccines; angiogenesis inhibitors; proteosome inhibitors: NF-KB modulators;
anti-CDK compounds; HDAC inhibitors; and the like. Numerous other examples
of chemotherapeutic compounds and anticancer therapies suitable for co
administration with the disclosed compounds are known to those skilled in
the art. [0082] In preferred embodiments, anticancer agents comprise agents
that induce or stimulate apoptosis. Agents that induce apoptosis include,
but are not limited to, radiation (e.g., X-rays, gamma rays, UV); tumor
necrosis factor (TNF)-related factors (e.g., TNF family receptor proteins,
TNF family ligands, TRAIL, antibodies to TRAILRl or TRAILR2); kinase
inhibitors (e.g., epidermal growth factor receptor (EGFR) kinase inhibitor,
vascular growth factor receptor (VGFR) kinase inhibitor, fibroblast growth
factor receptor (FGFR) kinase inhibitor, platelet-derived growth factor
receptor (PDGFR) kinase inhibitor, and Bcr-Abl kinase inhibitors (such as
GLEEVEC)); antisense molecules; antibodies (e.g., HERCEPTIN, RITUXAN,
ZEVALIN, and AVASTIN); anti-estrogens (e.g., raloxifene and tamoxifen);
antiandrogens (e.g., flutamide, bicalutamide, finasteride,
aminoglutethamide, ketoconazole, and corticosteroids); cyclooxygenase 2
(COX-2) inhibitors (e.g., celecoxib, meloxicam, NS-398, and non-steroidal
anti-inflammatory drugs (NSAIDs)); anti-inflammatory drugs (e.g.,
butazolidin, DECADRON, DELTASONE, dexamethasone, dexamethasone intensol,
DEXONE,HEXADROL, hydroxychloroquine, METICORTEN, ORADEXON, ORASONE,
oxyphenbutazone, PEDIAPRED, phenylbutazone, PLAQUENIL, prednisolone,
prednisone, PRELONE5 and TANDEARIL); and cancer 



chemotherapeutic drugs (e.g., irinotecan (CAMPTOSAR), CPT-Il, fludarabine
(FLUDARA), dacarbazine (DTIC), dexamethasone, mitoxantrone, MYLOTARG,
VP-16, cisplatin, carboplatin, oxaliplatin, 5-FU, doxorubicin, gemcitabine,
bortezomib, gefitinib, bevacizumab, TAXOTERE or TAXOL); cellular signaling
molecules; ceramides and cytokines; staurosporine, and the like. [0083] In
still other embodiments, the compositions and methods of the present
invention provide a compound of Formula I and at least one
antihyperproliferative or antineoplastic agent selected from alkylating
agents, antimetabolites, and natural products (e.g., herbs and other plant
and/or animal derived compounds). [0084] Alkylating agents suitable for use
in the present compositions and methods include, but are not limited to: 1)
nitrogen mustards (e.g., mechlorethamine, cyclophosphamide, ifosfamide,
melphalan (L-sarcolysin); and chlorambucil); 2) ethylenimines and
methylmelamines (e.g., hexamethylmelarnine and thiotepa); 3) alkyl
sulfonates (e.g., busulfan); 4) nitrosoureas (e.g., carmustine (BCNU);
lomustine (CCNU); semustine (methyl-CCNU); and streptozocin
(streptozotocin)); and 5) triazenes (e.g, dacarbazine (DTIC;
dimethyltriazenoimid-azolecarboxamide). [0085] In some embodiments,
antimetabolites suitable for use in the present compositions and methods
include, but are not limited to: 1) folic acid analogs (e.g., methotrexate
(amethopterin)); 2) pyrimidine analogs (e.g., fluorouracil (5-fiuorouracil;
5-FU), floxuridine (fluorode-oxyuridine; FudR), and cytarabine (cytosine
arabinoside)); and 3) purine analogs (e.g., mercaptopurine
(6-niercaptopurine; 6-MP), thioguanine (6-thioguanine; TG), and pentostatin
(2 '-deoxycoformycin)) . [0086] In still further embodiments,
chemotherapeutic agents suitable for use in the compositions and methods of
the present invention include, but are notlimited to: 1) vinca alkaloids
(e.g., vinblastine (VLB), vincristine); 2) epipodophyllotoxins (e.g.,
etoposide and teniposide); 3) antibiotics (e.g., dactinomycin (actinomycin
D), daunorubicin (daunomycin; rubidomycin), doxorabicin, bleomycin,
plicamycin (mithramycin), and mitomycin (mitomycin C)); 4) enzymes (e.g.,
L-asparaginase); 5) biological response modifiers (e.g., interferon-alfa);
6) platinum coordinating complexes (e.g., cisplatin (cis-DDP) and
carboplatin); 7) anthracenediones (e.g., mitoxantrone); 8) substituted
ureas (e.g., hydroxyurea); 9) methylhydrazine derivatives (e.g.,
procarbazine (N-methylhydrazine; MIH)); 10) adrenocortical suppressants
(e.g., mitotane (o,p'-DDD) and aminoglutethimide); 11)
adrenocorticosteroids (e.g., prednisone); 12) progestins (e.g.,
hydroxyprogesterone caproate, medroxyprogesterone acetate, and megestrol
acetate); 13) estrogens (e.g., diethylstilbestrol and ethinyl estradiol);
14) antiestrogens (e.g., tamoxifen); 15) androgens (e.g., testosterone
propionate and fluoxymesterone); 16) antiandrogens (e.g., fiutamide): and
17) gonadotropin-releasing hormone analogs (e.g., leuprolide). [0087] Any
oncolytic agent that is routinely used in a cancer therapy context finds
use in the compositions and methods of the present invention. For example,
the U.S. Food and Drug Administration maintains a formulary of oncolytic
agents approved for use in the United States. International 



counterpart agencies to the U.S.F.D.A. maintain similar formularies. Table
1 provides a list of exemplary antineoplastic agents approved for use in
the U.S. Those skilled in the art will appreciate that the "product labels"
required on all U.S. approved chemotherapeutics describe approved
indications, dosing information, toxicity data, and the like, for the
exemplary agents. Table 1NEUBLASTIN VARIANTS Cross Reference To Related
Applications This application claims priority from provisional application
number 60/602,825, filed August 19, 2004 and provisional application number
60/694,067, filed June 24, 2005. The entire content of each of these prior
applications is incorporated herein by reference in its entirety. Technical
Field The invention relates to protein chemistry, molecular biology, and
neurobiology. Background Neublastin, also known as Artemin and Enovin, is a
24-kDa homodimeric secreted protein that promotes the survival of neurons
of the peripheral and central nervous system such as dopaminergic neurons
(Baudet et al., 2000, Development, 127:4335; Rosenblad et al., 2000, MoI.
Cell Neurosci., 15(2):199; GenBank AF120274). The gene encoding neublastin
has been cloned and sequenced (Roseblad et al., 2000, MoI. Cell Neurosci.,
15(2):199; Baloh et al, Neuron, 21:1291). Neublastin is a member of the
glial cell line-derived neurotrophic factor (GDNF) ligand family. At the
cellular level, GDNF members activate the receptor tyrosine kinase, RET.
RET associates with a co-receptor, GDNF family receptor alpha (GFRalpha), a
glycosylphosphatidyl inositol (GPI) linked membrane protein that provides
ligand specificity for RET. Four GFRalphas are known (GFRalpha 1-4).
Neublastin binds to GFRalpha3 together with RET forming a ternary signaling
complex (Baudet et al. 2000, Development, 127:4335; Baloh et al., 1998,
Neuron, 21: 1291), which is localized predominantly on nociceptive sensory
neurons (Orozco et al., 2001, Eur. J. Neurosci., 13(1 1):2177). These
neurons detect pain and injury. Thus, neublastin has clinical application
in the general treatment of neuropathy and more specifically in the
treatment of neuropathic pain.Neublastin and the other GDNF family members
are members of the transforming growth factor beta (TGF beta) superfamily
and thus, are characterized by the presence of seven conserved cysteine
residues with similar spacing which form the structure of a cysteine knot
(Saarma, 1999, Microsc. Res. Tech., 45:292). Each monomer contains two
disulfide bonds that form a closed loop structure encircling the third
disulfide to form a tight knot structure. The seventh cysteine contained
within each monomer forms an intermolecular disulfide bond, covalently
linking the monomers to form the final dimer product (Rattenholl et al
2000, J. MoI. Biol, 305:523). TGF beta family members are synthesized as
pre pro proteins that eventually are secreted as a mature homodimer after
cleavage of the signal peptide and pro-domain {see e.g. Rattenholl, et al.,
2000, J. MoI. Biol, 305:523; Fairlie et al., 2001, J. Biol. Chem., 276(20):
169 11). Both the signal peptide and pro-domain mediate proper secretion
for TGF beta family members (Rattenholl et al., 2000, J. MoI Biol, 305:523;
Rattenholl et al., 2001, Eur. J. Biochem., 268:3296). Summary The invention
is based, at least in part, on the discovery that Neublastin binds to
heparin sulfate and that particular amino acid residues in the Neublastin
polypeptide 



contribute to this binding event. Substitution of selected amino acid
residues was found to decrease heparin binding by variant Neublastin
polypeptides and increase bioactivity and bioavailability of the variants.
In one aspect, the invention features a polypeptide containing an amino
acid sequence that is at least 80% identical to amino acids 15-113 of SEQ
ID NO:1, wherein the amino acid sequence contains at least one amino acid
substitution, relative to SEQ ID NO: 1, selected from the group consisting
of: (i) an amino acid other than arginine at the position corresponding to
position 48 of SEQ ID NO: 1 (e.g., the arginine is substituted with a
non-conservative amino acid residue such as glutamic acid); (ii) an amino
acid other than arginine at the position corresponding to position 49 of
SEQ ID NO:1 (e.g., the arginine is substituted with a non-conservative
amino acid residue such as glutamic acid); and (iii) an amino acid other
than arginine at the position corresponding to position 51 of SEQ ID NO:1
(e.g., the arginine is substituted with a non-conservative amino
acidresidue such as glutamic acid). The polypeptide, when dimerized, binds
to a complex containing GFRalpha3 and RET. In some embodiments, the amino
acid sequence contains amino acids other than arginine at the positions
corresponding to position 48 and position 49 of SEQ ID NO: 1. For example,
the arginine residue at position 48 and the arginine reside at position 49
of SEQ ID NO.l can be substituted with non-conservative amino acid residues
(e.g., glutamic acid). In some embodiments, the amino acid sequence is at
least 90%, at least 95%, or at least 98% identical to amino acids 15-1 13
of SEQ ID NO:1. Also disclosed is a polypeptide containing amino acids
15-113 of SEQ ID NO:2, amino acids 15-113 of SEQ ID NO:3, amino acids
15-113 of SEQ ID NO:4, amino acids 15-113 of SEQ ID NO:5, amino acids
15-113 of SEQ ID NO:8, or amino acids 15-113 of SEQ ID NO.9. In some
embodiments, the polypeptide contains amino acids 10-1 13 of SEQ ID NO:2,
amino acids 10-113 of SEQ ID NO:3, amino acids 10-1 13 of SEQ ID NO:4,
amino acids 10-113 of SEQ ID NO:5, amino acids 10-1 13 of SEQ ID NO:8, or
amino acids 10-113 of SEQ ID NO:9. In some embodiments, the polypeptide
contains the amino acid sequence of SEQ ID NO:2, the amino acid sequence of
SEQ ID NO:3, the amino acid sequence of SEQ ID NO:4, the amino acid
sequence of SEQ ID NO:5, the amino acid sequence of SEQ ID NO:8, or the
amino acid sequence of SEQ ID NO:9. Also disclosed is a polypeptide
containing an amino acid sequence at least 80% identical to amino acids
15-113 of SEQ ID NO:1, wherein the amino acid sequence comprises at least
one amino acid substitution, relative to SEQ ID NO:1, selected from the
group consisting of: (i) an amino acid other than serine at the position
corresponding to position 20 of SEQ ID NO: 1 (e.g., the serine is
substituted with a non-conservative amino acid residue); (ii) an amino acid
other than glutamine at the position corresponding to position 2 1 of SEQ
ID NO:1 (e.g., the glutamine is substituted with a non-conservative amino
acid residue); (iii) an amino acid other than histidine at the position
corresponding to position 32 of SEQ ID NO: 1 (e.g., the histidine is
substituted with a non-conservative amino acid residue); (iv) an amino acid
other than arginine at the position corresponding to position 33 of SEQ ID
NO: 1 (e.g., the arginine is substituted with a non-conservative amino acid
residue); (v) an amino acid other than arginine at the position
correspondingto position 39 of SEQ ID NO:1 (e.g., the arginine is
substituted with a non-conservative amino acid residue); (vi) an amino acid
other than serine at the position corresponding to position 46 of SEQ ID
NO:1 (e.g., the serine is substituted with a non-conservative amino acid
residue); (vii) an amino acid other than arginine at the position
corresponding to position 68 of SEQ ID NO: 1 (e.g., the arginine is
substituted with a non-conservative 



amino acid residue); (viii) an amino acid other than glycine at the
position corresponding to position 72 of SEQ ID NO:1 (e.g., the glycine is
substituted with a non-conservative amino acid residue); (ix) an amino acid
other than serine at the position corresponding to position 73 of SEQ ID
NO: 1 (e.g., the serine is substituted with a non-conservative amino acid
residue); and (x) an amino acid other than valine at the position
corresponding to position 94 of SEQ ID NO:1 (e.g., the valine is
substituted with a non-conservative amino acid residue). The polypeptide,
when dimerized, binds to a complex containing GFRalpha3 and RET. In some
embodiments, the amino acid sequence is at least 90%, at least 95%, or at
least 98% identical to amino acids 15-113 of SEQ ID NO:1. Also disclosed is
a polypeptide containing an amino acid sequence at least 80% identical to
SEQ ID NO:1, wherein the amino acid sequence comprises at least one amino
acid substitution, relative to SEQ ID NO:1, selected from the group
consisting of: (i) an amino acid other than arginine at the position
corresponding to position 7 of SEQ ID NO:1 (e.g., the arginine is
substituted with a non-conservative amino acid residue such as glutamic
acid); (ii) an amino acid other than arginine at the position corresponding
to position 9 of SEQ ID NO: 1 (e.g., the arginine is substituted with a
non-conservative amino acid residue such as glutamic acid); and (iii) an
amino acid other than arginine at the position corresponding to position 14
of SEQ ID NO: 1 (e.g., the arginine is substituted with a non-conservative
amino acid residue such as glutamic acid). The polypeptide, when dimerized,
binds to a complex containing GFRalpha3 and RET. In some embodiments, the
amino acid sequence is at least 90%, at least 95%, or at least 98%
identical to SEQ ID NO: 1. The invention also features conjugates
containing a polypeptide described herein conjugated to a non-naturally
occurring polymer. An exemplary polymer is a watersoluble synthetic polymer
such as a polyalkylene glycol (e.g., polyethylene glycol).The invention
also features a fusion protein containing a polypeptide described herein
and a heterologous amino acid sequence. The invention also features a dimer
containing two of the polypeptides, conjugates, or fusion proteins
described herein. The invention also features a pharmaceutical composition
containing a polypeptide, dimer, conjugate, or fusion protein described
herein and a pharmaceutically acceptable carrier or excipient. Also
disclosed is a nucleic acid containing a sequence that encodes a
polypeptide described herein, an expression vector containing the nucleic
acid, and a cell containing the expression vector. Also disclosed is a
method of making a polypeptide, the method including the following steps:
(i) providing a cell containing an expression vector containing a nucleic
acid encoding a polypeptide described herein, and (ii) culturing the cell
under conditions that permit expression of the nucleic acid. The invention
also features a method of treating or preventing a nervous system disorder
in a mammal by administering to the mammal a therapeutically effective
amount of a polypeptide, dimer, conjugate, fusion protein, or
pharmaceutical composition described herein. The invention also features a
method of treating neuropathic pain in a mammal by administering to the
mammal a therapeutically effective amount of a polypeptide, dimer,
conjugate, fusion protein, or pharmaceutical composition described herein.
The invention also features a method of activating the RET receptor in a
mammal by administering to the mammal an effective amount of a polypeptide,
dimer, conjugate, fusion 



protein, or pharmaceutical composition described herein. An advantage of
selected variant Neublastin polypeptides described herein is that they have
decreased heparin binding ability as compared to wild type Neublastin.
Decreased heparin binding results in a decreased clearance of the variant
polypeptide in vivo. A variant Neublastin polypeptide having substitutions
at amino acid positions 48 and 49 was unexpectedly found to have greatly
deceased heparin binding ability and greatly increased potency and
bioavailabilty as compared to single amino acid mutantsand/or wild type
Neublastin. For example, the double mutant was found to exhibit an
approximately 185-fold increase in serum exposure as compared to wild type
Neublastin. In addition, this double mutant was found to exhibit an over
five fold increase in expression in vitro as compared to wild type
Neublastin, thereby facilitating large scale production of the protein. The
advantages and unexpected properties of the variant Neublastin polypeptides
allow for treatment of subjects using lower doses of protein and/or allow
for lengthened intervals between administrations (as compared to treatments
with the wild type protein). Unless otherwise defined, all technical and
scientific terms used herein have the same meaning as commonly understood
by one of ordinary skill in the art to which this invention belongs.
Although methods and materials similar or equivalent to those described
herein can be used in the practice or testing of the present invention, the
exemplary methods and materials are described below. AUpublications, patent
applications, patents, and other references mentioned herein are
incorporated by reference in their entirety. In case of conflict, the
present application, including definitions, will control. The materials,
methods, and examples are illustrative only and not intended to be
limiting. Other features and advantages of the invention will be apparent
from the following detailed description, and from the claims. Brief
Description of the Drawings Fig. 1 is an alignment of wild type human (SEQ
ID NO: 10), mouse (SEQ ID NO: 11), and rat (SEQ ID NO: 12) pre pro
Neublastin polypeptides. The left and right vertical lines indicate,
respectively, the start of the mature 113 amino and 104 amino acid forms.
The RRXR heparin binding motif is boxed. Fig. 2A depicts a cationic elution
profile of wild-type Neublastin (Peak D) and three single Arg-to-Glu
substitution mutants (Peaks A, B, and C) (sloping line represents the
theoretical sodium chloride concentration for any given volume eluted from
the column). Data are a representation of the OD280 values of the eluted
sample. Fig. 2B depicts a Heparin Sepharose elution profile of wild-type
Neublastin (Peak H) and three single Arg-to-Glu substitution mutants (Peaks
E, F, and G) (slopingline represents the theoretical sodium chloride
concentration for any given volume eluted from the column). Data are a
representation of the OD280 values of the eluted sample. Figs. 3A-3B are
photographs depicting SDS/PAGE of wild-type Neublastin following anionic
chromatography in the presence (2A) or absence (2 B) of heparin. Fig. 4 is
a graph depicting the results of a Neublastin CHO cell binding assay.
Following SDS/PAGE and desitometry, OD values of Neublastin wild type and
Arg48E mutant bands were plotted against the heparin concentration in each
sample. Fig. 5 is a graph depicting the results of a heparin binding ELISA
using wild type human NBN113, wild type human NBN 104, Arg48E, Arg49E,
Arg51E, and Arg48, 49E. Fig. 6 is a graph depicting the results of KIRA
analysis of wild type rat NBN 113, Arg51E, Arg48E, Arg49E, and rat NBNl 13.



Fig. 7A is a graph depicting the results of KIRA analysis of wild type
human Neublastin and Arg48,49E mutant human Neublastin (113 amino acid
form). Fig. 7B is a graph depicting the results of KIRA analysis of wild
type human Neublastin, Arg48,49E mutant human Neublastin (104 amino acid
form), Arg48,5 IE human Neublastin (113 amino acid form), and Arg49,5 IE
human Neublastin (113 amino acid form). Fig. 8 is a graph depicting the
results of ternary complex analysis of wild type human Neublastin, Arg48E,
Arg49E, Arg51E, Arg48,49E, and Arg48,49,5 IE Neublastin forms. Fig. 9 is a
graph depicting the results of ternary complex analysis of wild type
Neublastin, Arg48E, Arg49E, Arg51E, Arg48,49E, and Arg48,49,51E Neublastin
forms. Fig. 10 is a graph depicting the results of pharmacokinetics
analysis of wild type Neublastin and Arg48,49E following a single bolus 7
mg/kg subcutaneous injection (Neublastin plasma concentrations were
determined using the Neublastin detection ELISA). Fig. 11 is a graph
depicting the results of pharmacokinetics analysis of wild type Neublastin
and Arg48,49E following a single bolus 1 mg/kg intravenous injection
(Neublastin plasma concentrations were determined using the Neublastin
detection ELISA).Fig. 12 is a graph depicting the results of
pharmacokinetics analysis of 2X10K PEGylated Arg48,49E Neublastin following
a single bolus subcutaneous 7mg/kg (data presented are extrapolated down to
1mg/kg) injection and 2X10K PEGylated Arg48,49E Neublastin administered
intravenously at 1 mg/kg (Neublastin plasma concentrations were determined
using the Neublastin detection ELISA). Fig. 13 is a graph depicting
relative Neublastin expression levels in CHO cells transfected with
plasmids encoding wild type Neublastin or Arg48,49E. Fig. 14 is a graph
depicting relative Neublastin expression levels in the leading Arg48,49E
double mutant transfected CHO cell lines and a leading wild type Neublastin
transfected CHO cell line. Detailed Description The present invention
provides variant Neublastin polypeptides having substitutions at selected
amino acid residues. As disclosed in the accompanying Examples, specific
residues in the wild type Neublastin polypeptide have been found to be
important for heparin binding. Because heparin binding is believed to
contribute to clearance of Neublastin in vivo, substitutions at one or more
of these specific residues are expected to decrease heparin binding and
thereby increase serum exposure of the variant polypeptide. Variant
Neublastin Polypeptides Mature wild type human Neublastin is 113 amino
acids in length and has the following amino acid sequence:
AGGPGSRARAAGARGCRLRSQLVPVRALGLGHR
SDELVRFRFCSGSCRRARSPHDLSLASLLGAGALRPPPGSRPVSQPCCRPTRYEAV
SFMDVNSTWRTVDRLSATACGCLG (SEQ ID NO: 1). Disclosed herein are polypeptides
that have substitutions at one or more selected amino acid residues of the
Neublastin polypeptide. Mutations at one or more of these residues are
expected to result in a variant Neublastin polypeptide having reduced or
absent heparin binding ability as compared to wild type Neublastin. A
variant Neublastin polypeptide contains an amino acid substitution,
relative to SEQ ID NO: 1, at (i) an arginine residue at one or more of
positions 48, 49, or 51, and/or (ii) one or more ofSer 46, Ser 73, GIy 72,
Arg 39, GIn 21, Ser 20, Arg 68, Arg 33, His 32, VaI 94, Arg 7, 



Arg 9, or Arg 14. Unless otherwise stated, any reference herein to a
Neublastin amino acid reside by position number refers to the numbering of
residues relative to SEQ ID NO:1. A Neublastin amino acid residue
designated for substitution (e.g., an arginine residue at position 48, 49,
and/or 51) can be substituted with a non-conservative amino acid residue
(e.g., glutamic acid) or a conservative or amino acid residue. As detailed
in the accompanying Examples, substitution of Arg48, Arg 49, and/or Arg 5 1
with a nonconservative amino acid can result in a variant Neublastin
polypeptide that has reduced heparin binding activity but retained (or even
enhanced) Neublastin biological activity. Exemplary amino acids that can be
substituted an amino acid residue identified herein (e.g., an arginine
residue at position 48, 49, and/or 51) include glutamic acid, aspartic
acid, and alanine. A biologically active variant Neublastin polypeptide,
when dimerized, binds to a ternary complex containing GFRalpha3 and RET.
Any method for detecting binding to this complex can be used to evaluate
the biological activity a variant Neublastin polypeptide. Exemplary assays
for detecting the ternary complex-binding ability of a variant Neublastin
polypeptide are described in WOOO/01815 and in Example 7. A variant
Neublastin polypeptide can also be assessed to evaluate its ability to
trigger the Neublastin signaling cascade. For example, the Kinase Receptor
Activation (KIRA) assay described in Example 6 can be used to assess the
ability of a variant Neublastin polypeptide to induce RET
autophosphorylation {See also, Sadick et al., 1996, Anal Biochem.,
235(2):207). In addition to the specific amino acid substitutions
identified herein, a variant Neublastin polypeptide can also contain one or
more additions, substitutions, and/or deletions at other amino acid
positions, as detailed in the following sections. A variant Neublastin
polypeptide can, in addition to having one or more of the amino acid
substitutions described herein, also vary in length. Although the mature
human Neublastin polypeptide (SEQ ID NO: 1) consists of the carboxy
terminal 113 amino acids of pre pro Neublastin, not all of the 113 amino
acids are required to achieve useful Neublastin biological activity. Amino
terminal truncation is permissible. Thus, avariant Neublastin polypeptide
can contain one or more of the amino acid substitutions described herein in
the context of the carboxy terminal 99, 100, 101, 102, 103, 104, 105, 106,
107, 108, 109, 110, 111, 112, or 113 amino acids of SEQ IDNO:1 (i.e., its
length can be 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110,
111, 112, or 113 amino acids). A variant Neublastin polypeptide can, in
addition to having one or more of the amino acid substitutions described
herein (and optionally having a truncation described herein), also vary in
sequence. In particular, certain amino acid substitutions can be introduced
into the Neublastin sequence without appreciable loss of a Neublastin
biological activity. In exemplary embodiments, a polypeptide (i) contains
one or more of the amino acid substitutions described herein, and (ii) is
at least 70%, 80%, 85%, 90%, 95%, 98% or 99% identical to SEQ ID NO:1 (or
70%, 80%, 85%, 90%, 95%, 98% or 99% identical to amino acids 15-113 of SEQ
ID NO.l). A variant Neublastin polypeptide differing in sequence from SEQ
ID NO:1 (or differing in sequence from amino acids 15-113 of SEQ ID NO:1)
may include one or more conservative amino acid substitutions, one or more
non-conservative amino acid substitutions, and/or one or more deletions or
insertions. Fig. 1 is an alignment of the wild type human, mouse, and rat
pre pro Neublastin 



polypeptides. The vertical lines in Fig.l indicate the start of the mature
113 amino acid form (left vertical line) and 104 amino acid form (right
vertical line) of Neublastin. The RRXR heparin binding motif is boxed. This
alignment of naturally occurring, bioactive forms of Neublastin indicates
specific exemplary residues (i.e., those that are not conserved among the
human, mouse, and rat forms) that can be substituted without eliminating
bioactivity. Percent identity between amino acid sequences can be
determined using the BLAST 2.0 program. Sequence comparison can be
performed using an ungapped alignment and using the default parameters
(Blossom 62 matrix, gap existence cost of 11, per residue gap cost of 1,
and a lambda ratio of 0.85). The mathematical algorithm used in BLAST
programs is described in Altschul et al., 1997, Nucleic Acids Research
25:3389-3402.A conservative substitution is the substitution of one amino
acid for another with similar characteristics. Conservative substitutions
include substitutions within the following groups: valine, alanine and
glycine; leucine, valine, and isoleucine; aspartic acid and glutamic acid;
asparagine and glutamine; serine, cysteine, and threonine; lysine and
arginine; and phenylalanine and tyrosine. The non-polar hydrophobic amino
acids include alanine, leucine, isoleucine, valine, proline, phenylalanine,
tryptophan and methionine. The polar neutral amino acids include glycine,
serine, threonine, cysteine, tyrosine, asparagine and glutamine. The
positively charged (basic) amino acids include arginine, lysine and
histidine. The negatively charged (acidic) amino acids include aspartic
acid and glutamic acid. Any substitution of one member of the
above-mentioned polar, basic or acidic groups by another member of the same
group can be deemed a conservative substitution. Non-conservative
substitutions include those in which (i) a residue having an
electropositive side chain (e.g., Arg, His or Lys) is substituted for, or
by, an electronegative residue (e.g., GIu or Asp), (ii) a hydrophilic
residue (e.g., Ser or Thr) is substituted for, or by, a hydrophobic residue
(e.g., Ala, Leu, He, Phe or VaI), (iii) a cysteine or proline is
substituted for, or by, any other residue, or (iv) a residue having a bulky
hydrophobic or aromatic side chain (e.g., VaI, He, Phe or Trp) is
substituted for, or by, one having a smaller side chain (e.g., Ala, Ser) or
no side chain (e.g., GIy). Exemplary variant Neublastin polypeptides are
disclosed in Table 1. Amino acid residues of the variant Neublastin
polypeptides that are mutated as compared to the corresponding wild type
position are bolded and underlined. In addition, the Neublastin polypeptide
(113, 99, or 104 amino acids in length) used as the background for the
substitution is depicted in Table 1.Table 1: VariantNeublastin
PolypeptidesA variant Neublastin polypeptide can be optionally coupled to a
polymer (e.g., a polyalkylene glycol moiety such as a polyethylene glycol
moiety). In some embodiments, the polymer is coupled to the polypeptide at
a site on the Neublastin polypeptide that is an N terminus. In some
embodiments, the variant Neublastin polypeptide includes at least one amino
acid substitution with respect to SEQ ID NO: 1 (or with respect to amino
acids 15-113 of SEQ ID NO:1), which provides an internal polymer
conjugation site to which a polymer can be conjugated. In some embodiments,
the polymer is coupled to the variant Neublastin polypeptide at a residue
(numbered in accordance with the sequence of SEQ ID NO: 1) selected from
the group consisting of position 14, position 39, position 68, and position
95. Exemplary Neublastin variants that provide internal polymer conjugation
sites are described in WO 02/060929 and WO 04/069176 (the contents of which
are incorporated herein by reference). A polypeptide can optionally contain
heterologous amino acid sequences in 



addition to a variant Neublastin polypeptide. "Heterologous," as used when
referring to an amino acid sequence, refers to a sequence that originates
from a source foreign to the particular host cell, or, if from the same
host cell, is modified from its original form. Exemplary heterologous
sequences include a heterologous signal sequence (e.g., native rat albumin
signal sequence, a modified rat signal sequence, or a human growth hormone
signal sequence) or a sequence used for purification of a variant
Neublastin polypeptide (e.g., a histidine tag). Neublastin polypeptides can
be isolated using methods known in the art. Naturally occurring Neublastin
polypeptides can be isolated from cells or tissue sources using standard
protein purification techniques. Alternatively, mutated Neublastin
polypeptides can be synthesized chemically using standard peptide synthesis
techniques. The synthesis of short amino acid sequences is well established
in the peptide art. See, e.g., Stewart, et ah, Solid Phase Peptide
Synthesis (2d ed., 1984). In some embodiments, variant Neublastin
polypeptides are produced by recombinant DNA techniques. For example, a
nucleic acid molecule encoding a variant Neublastin polypeptide can be
inserted into a vector, e.g., an expression vector, and the nucleic acid
can be introduced into a cell. Suitable cells include, e.g., mammalian
cells (such as human cells or CHO cells), fungal cells, yeast cells, insect
cells, and bacterialcells. When expressed in a recombinant cell, the cell
is preferably cultured under conditions allowing for expression of a
variant Neublastin polypeptide. The variant Neublastin polypeptide can be
recovered from a cell suspension if desired. As used herein, "recovered"
means that the mutated polypeptide is removed from those components of a
cell or culture medium in which it is present prior to the recovery
process. The recovery process may include one or more refolding or
purification steps. Variant Neublastin polypeptides can be constructed
using any of several methods known in the art. One such method is
site-directed mutagenesis, in which a specific nucleotide (or, if desired a
small number of specific nucleotides) is changed in order to change a
single amino acid (or, if desired, a small number of predetermined amino
acid residues) in the encoded variant Neublastin polypeptide. Many
site-directed mutagenesis kits are commercially available. One such kit is
the "Transformer Site Directed Mutagenesis Kit" sold by Clontech
Laboratories (Palo Alto, CA). Pharmaceutical Compositions A variant
Neublastin polypeptide can be incorporated into a pharmaceutical
composition containing a therapeutically effective amount of the
polypeptide and one or more adjuvants, excipients, carriers, and/or
diluents. Acceptable diluents, carriers and excipients typically do not
adversely affect a recipient's homeostasis (e.g., electrolyte balance).
Acceptable carriers include biocompatible, inert or bioabsorbable salts,
buffering agents, oligo- or polysaccharides, polymers, viscosity-improving
agents, preservatives and the like. One exemplary carrier is physiologic
saline (0.15 MNaCl, pH 7.0 to 7.4). Another exemplary carrier is 50 mM
sodium phosphate, 100 mM sodium chloride. Further details on techniques for
formulation and administration of pharmaceutical compositions can be found
in, e.g., REMINGTON'S PHARMACEUTICAL SCIENCES (Maack Publishing Co.,
Easton, Pa.). Administration of a pharmaceutical composition containing a
variant Neublastin polypeptide can be systemic or local. Pharmaceutical
compositions can be formulated such that they are suitable for parenteral
and/or non-parenteral administration. Specific administration modalities
include subcutaneous, intravenous, intramuscular, intraperitoneal
transdermal, intrathecal, oral, rectal, buccal, topical, nasal,
ophthalmic,intra-articular, intra-arterial, sub-arachnoid, bronchial,
lymphatic, vaginal, and 



intra-uterine administration. Formulations suitable for parenteral
administration conveniently contain a sterile aqueous preparation of the
variant Neublastin polypeptide, which preferably is isotonic with the blood
of the recipient (e.g., physiological saline solution). Formulations may be
presented in unit-dose or multi-dose form. An exemplary formulation
contains a variant Neublastin polypeptide described herein and the
following buffer components: sodium succinate (e.g., 10 mM); NaCl (e.g., 75
mM); and L-arginine (e.g., 100 mM). Formulations suitable for oral
administration may be presented as discrete units such as capsules,
cachets, tablets, or lozenges, each containing a predetermined amount of
the variant Neublastin polypeptide; or a suspension in an aqueous liquor or
a non-aqueous liquid, such as a syrup, an elixir, an emulsion, or a
draught. Therapeutically effective amounts of a pharmaceutical composition
may be administered to a subj ect in need thereof in a dosage regimen
ascertainable by one of skill in the art. For example, a composition can be
administered to the subject, e.g., systemically at a dosage from O.Olmg/kg
to 1000 mg/kg body weight of the subject, per dose. In another example, the
dosage is from 1 mg/kg to 100 mg/kg body weight of the subject, per dose.
In another example, the dosage is from 1 mg/kg to 30 mg/kg body weight of
the subject, per dose, e.g., from 3 mg/kg to 10 mg/kg body weight of the
subject, per dose. In order to optimize therapeutic efficacy, a variant
Neublastin polypeptide is first administered at different dosing regimens.
The unit dose and regimen depend on factors that include, e.g., the species
of mammal, its immune status, the body weight of the mammal. Typically,
protein levels in tissue are monitored using appropriate screening assays
as part of a clinical testing procedure, e.g., to determine the efficacy of
a given treatment regimen. The frequency of dosing for a variant Neublastin
polypeptide is within the skills and clinical judgement of physicians.
Typically, the administration regime is established by clinical trials
which may establish optimal administration parameters. However, the
practitioner may vary such administration regimes according to the
subject's age, health,weight, sex and medical status. The frequency of
dosing may also vary between acute and chronic treatments for neuropathy.
In addition, the frequency of dosing may be varied depending on whether the
treatment is prophylactic or therapeutic. Methods of Treatment Variant
Neublastin polypeptides are useful for modulating metabolism, growth,
differentiation, or survival of a nerve or neuronal cell. In particular,
variant Neublastin polypeptides can be used to treat or alleviate a
disorder or disease of a living animal, e.g., a human, which disorder or
disease is responsive to the activity of a neurotrophic agent. The variant
Neublastin polypeptides disclosed herein (and pharmaceutical compositions
comprising same) can be used in methods for treating a disorder
characterized by damage to sensory neurons or retinal ganglion cells,
including neurons in the dorsal root ganglia or in any of the following
tissues: the geniculate, petrosal and nodose ganglia; the vestibuloacoustic
complex of the eighth cranial nerve; the ventrolateral pole of the
maxillomandibular lobe of the trigeminal ganglion; and the mesencephalic
trigeminal nucleus. In some embodiments, sensory and/or autonomic system
neurons can be treated. In particular, nociceptive and mechanoreceptive
neurons can be treated, more particularly A-delta fiber, C-fiber and A-beta
fiber neurons. In addition, sympathetic and 



parasympathetic neurons of the autonomic system can be treated. In some
embodiments, motor neuron diseases such as amyotrophic lateral sclerosis
("ALS") and spinal muscular atrophy can be treated. In other embodiments,
the variant Neublastin polypeptides can be used to enhance nerve recovery
following traumatic injury. Alternatively, or in addition, a nerve guidance
channel with a matrix containing polymer-conjugated Neublastin
polypeptides, or fusion or conjugates of mutated Neublastin polypeptides
can be used. Such nerve guidance channels are disclosed, e.g., United
States Patent No. 5,834,029. In some embodiments, the variant Neublastin
polypeptides (and pharmaceutical compositions comprising same) are used in
the treatment of various disorders in the eye, including photoreceptor loss
in the retina in patients afflicted with macular degeneration, retinitis
pigmentosa, glaucoma, and similar diseases.In some embodiments, the variant
Neublastin polypeptides (and pharmaceutical compositions comprising same)
are used for treating neuropathic pain, for treating tactile allodynia, for
reducing loss of pain sensitivity associated with neuropathy, for treating
viral infections and viral-associated neuropathies, for treating painful
diabetic neuropathy, and for treating nervous system disorders. The methods
are discussed in detail in the following subsections. 1. Treatment of
Neuropathic Pain The variant Neublastin polypeptides disclosed herein (and
pharmaceutical compositions comprising same) can be used in methods for
treating neuropathic pain in a subject comprising administering to the
subject an effective amount of a variant Neublastin polypeptide either
alone, or by also administering to the subject an effective amount of an
analgesia-inducing compound selected from the group consisting of opioids,
anti-arrhythmics, topical analgesics, local anaesthetics, anticonvulsants,
antidepressants, corticosteroids and non-steroidal anti-inflammatory drugs
(NSAIDS). In one embodiment, the analgesia-inducing compound is an
anticonvulsant. In another embodiment, the analgesia-inducing compound is
gabapentin ((l-aminomethyl)cyclohexane acetic acid) orpregabalin
(S-(+)-4-amino-3- (2-methylpropyl) butanoic acid). The variant Neublastin
polypeptides disclosed herein (and pharmaceutical compositions comprising
same) can be used in the treatment of pain associated with peripheral
neuropathies. Among the peripheral neuropathies which can be treated are
trauma-induced neuropathies, e.g., those caused by physical injury or
disease state, physical damage to the brain, physical damage to the spinal
cord, stroke associated with brain damage, and neurological disorders
related to neurodegeneration. The variant Neublastin polypeptides disclosed
herein (and pharmaceutical compositions comprising same) can be used in the
treatment of a number of peripheral neuropathies, including: (a)
trauma-induced neuropathies, (b) chemotherapy-induced neuropathies, (c)
toxin-induced neuropathies (including but not limited to neuropathies
induced by alcoholism, vitamin B6 intoxication, hexacarbon intoxication,
amiodarone, chloramphenicol, disulfiram, isoniazide, gold, lithium,
metronidazole, misonidazole, nitrofurantoin), (d) drug-induced
neuropathies, including therapeutic drug-inducedneuropathic pain (such as
caused by anti-cancer agents, particularly anti-cancer agents selected from
the group consisting of taxol, taxotere, cisplatin, nocodazole,
vincristine, vindesine and vinblastine; and such as caused by anti-viral
agents, particularly anti-viral agents selected from the group consisting
of ddl, DDC, d4T, foscarnet, dapsone, metronidazole, and isoniazid), (e)
vitamin-deficiency-induced neuropathies (including but not limited to
vitamin B12 deficiency, vitamin B6 deficiency, and vitamin E 



deficiency), (f) idiopathic neuropathies, (g) diabetic neuropathies, (h)
pathogen-induced nerve damage, (i) inflammation-induced nerve damage, Q)
neurodegeneration, (k) hereditary neuropathy (including but not limited to
Friedreich ataxia, familial amyloid polyneuropathy, Tangier disease, Fabry
disease), (1) metabolic disorders (including but not limited to renal
insufficiency and hypothyroidism), (m) infectious and viral neuropathies
(including but not limited to neuropathic pain associated with leprosy,
Lyme disease, neuropathic pain associated with infection by a virus,
particularly a virus selected from the group consisting of a herpes virus
(e.g. herpes zoster which may lead to postherpetic neuralgia), a human
immunodeficiency virus (HIV), and a papilloma virus), (n) auto-immune
neuropathies (including but not limited to Guillain-Barre syndrome, chronic
inflammatory de-myelinating polyneuropathy, monoclonal gammopathy of
undetermined significance and polyneuropathy), (o) trigeminal neuralgia and
entrapment syndromes (including but not limited to Carpel tunnel), and (p)
other neuropathic pain syndromes including post-traumatic neuralgia,
phantom limb pain, multiple sclerosis pain, complex regional pain syndromes
(including but not limited to reflex sympathetic dystrophy, causalgia),
neoplasia- associated pain, vasculitic/angiopathic neuropathy, and
sciatica. Neuropathic pain may be manifested as allodynia, hyperalgesia,
spontaneous pain or phantom pain. 2. Treatment of Tactile Allodvnia The
variant Neublastin polypeptides disclosed herein (and pharmaceutical
compositions comprising same) can be used in the treatment of tactile
allodynia in a subject. The term "tactile allodynia" typically refers to
the condition in a subject where pain is evoked by stimulation of the skin
(e.g. touch) that is normally innocuous. In some embodiments, tactile
allodynia is treated by administering to the subject a pharmaceutically
effective amount of a variant Neublastin polypeptide. In a
relatedembodiment, tactile allodynia may be treated by administering to a
subject an effective amount of a variant Neublastin polypeptide either
alone, or by administering to the subject an effective amount of a variant
Neublastin polypeptide with an effective amount of an analgesia-inducing
compound selected from the group consisting of opioids, antiarrhythmics,
topical analgesics, local anaesthetics, anticonvulsants, antidepressants,
corticosteroids and NSAIDS. In one embodiment, the analgesia-inducing
compound is an anticonvulsant. In another preferred embodiment, the
analgesia-inducing compound is gabapentin ((l-aminomethyl)cyclohexane
acetic acid) or pregabalin (S-(+)-4-amino-3- (2-methylpropyl)butanoic
acid). In some embodiments, a variant Neublastin polypeptide is
administered in association with a therapeutic agent, including but not
limited to an anti-cancer agent or an anti-viral agent. Anti-cancer agents
include, but are not limited to, taxol, taxotere, cisplatin, nocodazole,
vincristine, vindesine and vinblastine. Anti-viral agents include, but are
not limited to, ddl, DDC, d4T, foscarnet, dapsone, metronidazole, and
isoniazid. 3. Treatment for Reduction of Loss of Pain Sensitivity In
another embodiment, variant Neublastin polypeptides disclosed herein (and
pharmaceutical compositions comprising same) can be used in a method for
reducing the loss of pain sensitivity in a subject afflicted with a
neuropathy. In one embodiment, the neuropathy is diabetic neuropathy. In
some embodiments, the loss of pain sensitivity is a loss in thermal pain
sensitivity. This methods include both prophylactic and therapeutic
treatment. In prophylactic treatment, a variant Neublastin polypeptide is
administered to a subject at risk of developing loss of pain sensitivity
(such a subject would be expected to 



be a subject with an early stage neuropathy). The treatment with a variant
Neublastin polypeptide under such circumstances would serve to treat
at-risk patients preventively. In therapeutic treatment, a variant
Neublastin polypeptide is administered to a subject who has experienced
loss of pain sensitivity as a result of affliction with a neuropathy (such
a subject would be expected to be a subject with a late stage neuropathy).
The treatment with a variant Neublastin polypeptide under such
circumstances would serve to rescue appropriate pain sensitivity in the
subject.4. Treatment of Viral Infections and Viral-Associated Neuropathies
Prophylactic treatment of infectious and viral neuropathies is
contemplated. Prophylactic treatment is indicated after determination of
viral infection and before onset of neuropathic pain. During treatment, a
variant Neublastin polypeptide is administered to prevent appearance of
neuropathic pain including but not limited to neuropathic pain associated
with leprosy, Lyme disease, neuropathic pain associated with infection by a
virus, particularly a virus selected from the group consisting of a herpes
virus (and more particularly by a herpes zoster virus, which may lead to
post-herpetic neuralgia), a human immunodeficiency virus (HIV), and a
papilloma virus) hi an alternative embodiment, a variant Neublastin
polypeptide is administered to reduce the severity of neuropathic pain,
should it appear. Symptoms of acute viral infection often include the
appearance of a rash. Other symptoms include, for example, the development
of persistent pain in the affected area of the body, which is a common
complication of a herpes zoster infection (shingles). Postherpetic
neuralgia can last for a month or more, and may appear several months after
any rash-like symptoms have disappeared. 5. Treatment of Painful Diabetic
Neuropathy Prophylactic treatment of painful diabetic neuropathy is
contemplated. Prophylactic treatment of diabetic neuropathies would
commence after determination of the initial diagnosis of diabetes or
diabetes-associated symptoms and before onset of neuropathic pain.
Prophylactic treatment of painful diabetic neuropathy may also commence
upon determining that a subject is at risk for developing diabetes or
diabetesassociated symptoms. During treatment, a variant Neublastin
polypeptide is administered to prevent appearance of neuropathic pain. In
an alternative embodiment, a variant Neublastin polypeptide is administered
to reduce the severity of neuropathic pain that has already appeared. 6.
Treatment of Nervous System Disorders The variant Neublastin polypeptides
disclosed herein (and pharmaceutical compositions comprising same) can be
used in the treatment or prevention of a nervous system disorder in a
subject (such as a human), by administering to a subject in need thereof a
therapeutically effective amount of a variant Neublastin polypeptide,
acomposition containing a variant Neublastin polypeptide, or a complex that
includes a stable, aqueous soluble conjugated variant Neublastin
polypeptide coupled to a polyalkylene moiety such as, e.g., PEG. The
nervous system disorder can be a peripheral nervous system disorder, such
as a peripheral neuropathy or a neuropathic pain syndrome. Humans are
preferred subjects for treatment. A variant Neublastin polypeptide is
useful for treating a defect in a neuron, including without limitation
lesioned neurons and traumatized neurons. Peripheral nerves that experience
trauma include, but are not limited to, nerves of the medulla or of the
spinal cord. Variant Neublastin polypeptides are useful in the treatment of
neurodegenerative disease, e.g., cerebral ischemic neuronal damage;
neuropathy, e.g., 



peripheral neuropathy, Alzheimer's disease, Huntington's disease,
Parkinson's disease, amyotrophic lateral sclerosis (ALS). Such variant
Neublastin polypeptides can be used in the treatment of impaired memory,
e.g., memory impairment associated with dementia. The following are
examples of the practice of the invention. They are not to be construed as
limiting the scope of the invention in any way. Examples Example 1: Design
and Synthesis of Variant Neublastin Polypeptides Human Neublastin was
crystallized and its structure revealed a triad of sulfate ions interacting
with the following four Neublastin residues in close proximity to each
other: Argl4, Arg48, Arg49, and Arg51. Based upon the presence of this
triad and their relative spacing to one another, it was postulated that
this region of Neublastin could be a potential heparin sulfate-binding
domain. Subsequently, a previously solved heparin sulfate structure was
docked (in-silico) to Neublastin at the site of the sulfate triad. Heparin
sulfate fit precisely in this position, suggesting that this region within
Neublastin has potential for heparin sulfate binding. The Neublastin
crystallization data also revealed that the following amino acid residues
provide supplementary interactions with either the triad of sulfate ions or
withone or more of three other sulfate ions that interact with Neublastin:
Ser 46, Ser 73, GIy 72, Arg 39, GIn 21, Ser 20, Arg 68, Arg 33, His 32, and
VaI 94. In addition to the sulfate binding sites revealed by the crystal
structure, Neublastin contains a heparin sulfate binding site consensus
sequence (GPGSRAR) at residues 3-9 at its N-terminus. This region was
unstructured in the crystal structure but may become ordered upon binding
glycosaminoglycans. The region is likely to be close in space to the three
sulfate cluster observed in the crystal structure (Arg14 contributes to the
heparin-binding site that is mainly centered in the hinge region of the
protein). To investigate the biological relevance of the potential heparin
sulfate-binding domain, three individual single amino acid residue
substitutions were made within the mature 113 amino acid human Neublastin
(SEQ ID NO: 1). The arginine residues at each of position 48 (variant named
"Arg48E"; SEQ ID NO:2), position 49 (variant named "Arg49E"; SEQ ID NO:3),
and position 5 1 (variant named "Arg51E"; SEQ ID NO:4) were replaced by
glutamate (i.e., three different single amino acid variant constructs were
prepared) with the intention of changing the residue charge from one that
would attract sulfate to one that would repel, and to potentially stabilize
surrounding arginine residues. Proteins were refolded and purified from E.
coli inclusion bodies (seeWO 04/069176). Each Neublastin variant was
subjected to analysis to verify structural integrity and confirm the
correct residue substitution. All three mutants were structurally
comparable to the wild-type human Neublastin. Example 2: Cationic and
Heparin Sepharose Chromatography The variant Neublastin polypeptides were
subjected to further biochemical analysis to determine the effect each
mutation had on heparin binding. Heparin Sepharose and cationic
chromatography were both employed. Since wild-type human Neublastin is a
basic protein with an apparent pi of 11.3 1, Neublastin binds efficiently
to cationic-based resins. A single conversion of arginine to glutamate
decreases the apparent pi to 10.88. However, this lower pi was not expected
to dramatically alter cationic resin-binding nor was it expected to alter
the elution profile of the mutants compared to that of the wild-type
control.Each of the mutants (along with the wild-type Neublastin control)
was subjected to cationic chromatography. The samples were loaded onto
resin in buffer containing 5 mMphosphate pH 6.5 and 150 mM sodium chloride
followed by elution with a linear 



salt gradient starting at 150 mM and ending with IM sodium chloride.
Wild-type Neublastin eluted at ~800 mM sodium chloride (Fig. 2A; Peak D),
whereas each of the three mutants eluted within a salt range of
approximately 500 mM, thus reflecting their lower pi. Arg49E and Arg5 IE
(Fig. 2A; Peaks B and C) eluted with slightly higher salt than was required
to elute Arg48E (Fig. 2A; Peak A) (520 mM vs 490 mM, respectively). This
difference suggested that Arg48 is more surface accessible and contributes
more to cationic binding than that of the other two mutations. To determine
whether the Arg-to-Glu substitutions had an effect on heparin binding, each
of the three mutants (along with wild-type human Neublastin) was subjected
to Heparin Sepharose chromatography (Fig. 2B). Binding and elution
conditions were similar to those used for cationic chromatography. However,
the observed elution profile was significantly different from the cationic
resin elution profile. Wild-type Neublastin eluted at approximately 720 mM
sodium chloride (Fig. 2B; Peak H) whereas Arg51E, Arg49E, and Arg48E eluted
at 570 mM (Fig. 2B; Peak G), 510 mM (Fig. 2B; Peak F), and 450 mM (Fig. 2B;
Peak E) sodium chloride, respectively. Arg48E appeared to have a
particularly dramatic effect on heparin binding. Taken together, these
chromatography profiles suggested that each mutation decreases Neublastin'
s apparent affinity for heparin. Example 3: Anionic Chromatography At
standard pH conditions of 6.5 and a sodium chloride concentration of 150
mM, Neublastin does not bind to anionic resins. In contrast, heparin
sulfate does bind to anionic resins under these same conditions. When
Neublastin was pre-mixed in a 1:1 molar ratio with 16-kDa-heparin sulfate
and applied to an anionic matrix using the above conditions, Neublastin
bound and eluted with 600 mM sodium chloride (Fig. 3B, lanes marked "FT"),
suggesting that Neublastin was binding the anionic matrix through its
interaction with heparin sulfate. In the absence of heparin, Neublastin did
not bind to the anionic resin (Fig. 3A, lanes marked"FT") and no Neublastin
eluted with 600 niM sodium chloride (Fig. 3A, lanes marked "Elution").
These data provide further evidence of Neublastin' s ability to bind to
heparin. Example 4: Chinese Hamster Ovary Cell Binding Studies Neublastin
has been shown previously to bind non-specifically to the surface of
Chinese Hamster Ovary (CHO) cells. A Neublastin CHO cell-binding assay was
established to determine whether this interaction is mediated, at least in
part, through Neublastin's binding to cell surface heparin sulfate
molecules. Wild-type human Neublastin (40 ug) or the Arg48E mutant was
pre-mixed with CHO cells (106 cells) at a cell density which completely
binds both Neublastin forms along with increasing amounts of 16 kDa heparin
sulfate and incubated at 370C for 4 hours. Following incubation, the cells
were pelleted by centrifugation and remaining non-bound Neublastin in the
supernatant was subjected to SDS/PAGE analysis. After quantification of
each protein band by densitometry, the resulting optical density value was
plotted against the heparin concentration in each sample (Fig. 4). At the
two lower heparin concentrations, both the wild type and the mutant
Neublastin forms had equal amounts of protein identified in the
supernatant. However, as the heparin concentration increased to 0.5 ug/ml
and higher, more wild-type Neublastin was identified in the supernatant
than that of the Arg48E mutant. This observation suggested that heparin can
compete with cell surface-bound heparin for wildtype Neublastin binding
(i.e., binding of heparin to wild-type Neublastin results in its 



removal from the cell surface), whereas heparin cannot as readily compete
off the Arg48E mutant. At the highest heparin concentration (50 ug/ml), the
Arg48E mutant began to elute off the cell surface, suggesting an ionic
interaction between heparin and the Arg48E mutant might be responsible for
this observation. Example 5: Heparin Binding of Wild Type Neublastin and
Variant Neublastin Polypeptides To further investigate the role of the
identified arginine triad as a heparin-binding site of Neublastin, a
heparin binding ELISA was established. In brief, an
anti-Neublastinmonoclonal antibody was coated onto a 96-well plate,
followed by washing and the addition of one of the Neublastin forms.
Biotinylated heparin was then added to the plate. Following an additional
wash step, the Neublastin/Heparin complex was identified using a
Strepavidin-HRP conjugate with a chemiluminescent substrate. This
heparinbinding ELISA was used to compare wild type human Neublastin 113
amino acid (SEQ ID NO:1) and 104 amino acid (amino acids 10-113 of SEQ ID
NO:1) forms to variant Neublastin polypeptides containing a single amino
acid substitution (Arg48E, Arg49E, and Arg51E; SEQ ID NOS:2-4) as well as a
double substitution (Arg48, 49E; SEQ ID NO:5). Both wild-type forms of
Neublastin bound heparin with an EC50 of ~ 1 ng/ml heparin (Fig. 5). Arg49E
and Arg51E bound less efficiently, with an apparent EC50 of ~10ng/ml, but
maximum binding remained the same (Fig. 5). Of the three single point
mutations, Arg48E had the most dramatic effect on heparin binding, with an
apparent EC50 of ~100 ng/ml, but still achieved the same maximum heparin
binding value when compared to the unmodified Neublastin forms (Fig. 5).
The Arg48E mutant was thus one hundred fold less efficient in binding
heparin as compared to the unmodified Neublastin forms and ten fold less
efficient as compared to the other single substitution mutants. When both
Arg48 and Arg49 were substituted with glutamate, heparin binding was almost
eliminated, resulting in a seven-fold decrease in maximum heparin binding,
but the EC50 remained within range of the single point mutants. These
results suggest that Arg48 plays an important role in heparin binding due
to its central location in the putative heparin-binding site. Example 6:
Kinase Receptor Activation Analysis of Wild-Type Neublastin and Heparin
Binding Mutants To determine whether heparin-binding site mutations have an
effect on Neublastin receptor signaling in a cell-based bioassay, mutant
Neublastin forms along with the wildtype Neublastin were subjected to
Kinase Receptor Activation (KIRA) analysis. Each of the single Arg-to-Glu
substitution mutants appeared identical to the unmodified control with
respect to KIRA activity, suggesting that these mutants are structurally
similar to the wild-type and are capable of activating the Neublastin
receptorand signaling cascade (Fig. 6). Furthermore, these data suggest
that heparin binding to Neublastin may not be required for receptor
activation. When the Arg48,49E double mutant (SEQ ID NO:5; 113 amino acid
form) was subjected to KIRA analysis, its apparent EC50 was shifted to the
left by approximately one order of magnitude with an increase in its
maximum receptor activation when compared with the wild-type human
Neublastin control (Fig. 7A). Similarly, the Arg48,49E double mutant (SEQ
ID NO:7; 104 amino acid form) also exhibited increased potency as compared
to wild-type Neublastin (Fig. 7B). Each of the Arg48,51E and Arg49,51E
double mutants (SEQ ID NO:9 and SEQ ID NO:8, respectively; 113 amino acid
forms) appeared similar to the unmodified Neublastin control with respect
to KIRA activity (Fig. 7B). 



Example 7: Ternary Complex Analysis Wild-type human Neublastin and each of
the heparin mutants were subjected to ternary complex analysis using two
slightly different protocols. The first protocol combined Neublastin' s
receptor components (GFRalpha3 and RET) along with Neublastin in a pool
before addition to an ELISA plate coated with capture antibody (Fig. 8).
The second protocol added these components sequentially to an ELISA plate
with GFRalpha3 added first, followed by Neublastin, and then RET (Fig. 9).
When the components were added together as a pool, maximum binding was
achieved with both Arg48E and Arg48,49E, suggesting that these Neublastin
forms have the highest affinity for their receptor. Wild-type Neublastin
appeared to bind with a similar affinity to that of the Arg49E mutant,
whereas the Arg51E and a triple mutant (Arg48, 49 and 5 1 all substituted
to glutamate) demonstrated the weakest receptor binding. When the receptor
components were added sequentially, Arg48E showed the best receptor
binding. However under these conditions, the double mutant weakly bound to
its receptor with an affinity that appeared similar to the Arg5 IE mutant.
Arg49E and wildtype Neublastin had an affinity for the receptor that was
midway between the observed maximum and minimum binding. The triple mutant
did not bind under these conditions.Overall, these data suggest that Arg48
plays a pivotal role in affecting Neublastin's affinity for its receptor.
Example 8: Near and Far UV CD Analysis To further investigate the effects
of the double mutations on Neublastin's secondary and tertiary structure,
the Arg48,49E double mutant was subjected to both Near and Far UV CD
analysis. Although subtle differences were detected in the secondary and
tertiary structures, the conformation of the double mutant was very close
to that of the wild-type Neublastin. Example 9: Pharmacokinetic Analysis of
the Neublastin Arg48, 49E Double Mutant Human Neublastin exhibits poor
pharmacokinetics (PK) when administered to rats intravenously (IV) or
subcutaneously (SC), with an overall bioavailability of less than 1%.
Heparin-based clearance may be one of the reasons for this low
bioavailability. To determine whether heparin-based clearance participates
in human Neublastin's rapid clearance from the rat, the Arg48,49E double
mutant (along with the wild-type control) was subjected to PK analysis.
Both forms were administered separately in rats at 7 mg/kg SC. Serum
samples were collected starting at 1 hour, completed at 96 hours, and
analyzed for Neublastin (Fig. 10). The observed area under the curve (AUC)
for wild-type Neublastin was ~109 whereas the observed AUC for the double
mutant was 20,145. This represented a 185- fold increase in AUC for the
double mutant (compared to wild-type Neublastin) and a significant increase
in serum exposure. Both the wild type and double mutant Neublastin were
also subjected to PK analysis following IV administration ( 1 mg/kg). The
initial plasma concentration of the double mutant was approximately
six-fold higher (diamonds) than that of the wild-type control (squares) at
five minutes following injection but quickly approached wild type levels
within one hour (Fig. 11). These data suggest that the double mutation in
Neublastin aids in increasing serum exposure but does not affect the
overall clearance rate.Taken together with the SC observation,
heparin-binding appears to be especially relevant following SC
administration, perhaps resulting in a depot-like effect. Once Neublastin
enters circulation, the rate at which the double mutant and wild type 



molecules are cleared is approximately the same. To address the rate at
which Neublastin is cleared from circulation in the rat, both the wild type
and double mutant forms of Neublastin were PEGylated with 10 kDa PEG using
SPA-based coupling chemistry. Since Neublastin is a homo-dimer with no
native lysine residues, the 10-kDa moieties specifically labeled the amino
terminus of each monomer. 2X1OK PEGylated human double mutant neublastin
was purified to homogeneity, and subjected to structural and biological
analysis prior to PK analysis. 2X10K PEG Arg48, 49E double mutant was
injected either IV ( 1 mg/kg) or SC (7 mg/kg) into rats and serum collected
at various time points for analysis. Following IV administration, 2X1OK PEG
double mutant achieved the theoretical Cmax of 10 ug/ml (diamonds) with
typical alpha and beta phases (Fig. 12). SC administration of the PEGylated
double mutant demonstrated a Cmax of 40 ng/ml at 24 hours injection (Fig.
12). Once the drug reached circulation, the apparent rate of clearance
paralleled that of rV dose. Bioavailability of this construct was
approximately 10% compared to less than 1% for the non-PEGylated or
PEGylated wild type human Neublastin. Example 10: Expression of a
Neublastin Heparin-Binding Mutant in Chinese Hamster Ovary Cells Plasmid
constructs encoding wild type and mutant Neublastin were expressed in CHO
cells and the amount of secreted soluble protein was measured by ELISA. The
plasmid constructs used in these experiments encoded a fusion protein
containing the human growth hormone signal peptide (SigPep) (with or
without an intron included in the plasmid) fused to (i) the carboxy
terminal 104 amino acids of wild type human Neublastin, or (ii) the
Arg48,49E double mutant (104 amino acid form). The following are the amino
acid sequences of the Neublastin fusion proteins used in these experiments.
The Neublastin sequences are in upper case type. The human growth hormone
signal peptide sequences are in lower case type. The junction of thesignal
peptide and Neublastin sequences is indicated with a carat (L) . The amino
acids at positions 48 and 49 are underlined. SigPep-NBN (wild type):
matgsrtslllafgllclswlqegsaAAAGARGCRLRSQLVPV
RALGLGHRSDELVRFRFCSGSCRRARSPHDLSLASLLGAGALRPPPGSRPVSQPC
CRPTRYEAVSFMDVNSTWRTVDRLSATACGCLG (SEQ ID NO: 13). SigPep-NBN (Arg48,49E):
matgsrtslUafgllclswlqegsaAAAGARGCRLRSQLVP
VRALGLGHRSDELVRFRFCSGSCEEARSPHDLSLASLLGAGALRPPPGSRPVSQP
CCRPTRYEAVSFMDVNSTWRTVDRLSATACGCLG (SEQ ID NO: 14). CHO cells were
transfected with plasmids encoding each of the foregoing forms of
Neublastin and cultured in 384-well plates. After several weeks, wells that
contained growing cells were transferred to fresh 96-well culture plates.
Conditioned medium was analyzed by ELISA to measure the titer of soluble
Neublastin. The cumulative absorbance data for each plasmid tested (mean
value with one standard deviation as error bars) was detected. Transfection
of CHO cells with plasmids encoding the Arg48,49E double mutant resulted in
a significantly increased number of cell lines exhibiting high expression
levels of recombinant protein, as compared to cells transfected with
plasmids encoding wild type Neublastin (Fig. 13). The leading cell lines
from each transfection were further expanded. Fixed numbers of cells were
cultured for three days and total cell count, viability, and titer were
determined. The titers of Neublastin expressed from the leading Arg48,49E
double mutant cell lines were roughly five-fold greater than those of a
leading wild type 



Neublastin cell line (Fig. 14). Other Embodiments While the invention has
been described in conjunction with the detailed description thereof, the
foregoing description is intended to illustrate and not limit the scope of
the invention, which is defined by the scope of the appended claims. Other
aspects, advantages, and modifications are within the scope of the
following claims. What is claimed is:1. A polypeptide comprising an amino
acid sequence at least 80% identical to amino acids 15-113 of SEQ ID NO:1,
wherein the amino acid sequence comprises at least one amino acid
substitution, relative to SEQ ID NO:1, selected from the group consisting
of: an amino acid other than arginine at the position corresponding to
position 48 of SEQ ID NO: 1; an amino acid other than arginine at the
position corresponding to position 49 of SEQ ID NO: 1; and an amino acid
other than arginine at the position corresponding to position 51 of SEQ ID
NO: 1, wherein the polypeptide, when dimerized, binds to a complex
containing GFRalpha3 and RET. 2. The polypeptide of claim 1, wherein the
amino acid sequence comprises an amino acid other than arginine at the
position corresponding to position 48 of SEQ ID NO: 1. 3. The polypeptide
of claim 2, wherein the arginine residue at position 48 of SEQ ID NO:1 is
substituted with a non-conservative amino acid residue. 4. The polypeptide
of claim 2, wherein the arginine residue at position 48 of SEQ ID NO:1 is
substituted with glutamic acid. 5. The polypeptide of claim 1, wherein the
amino acid sequence comprises an amino acid other than arginine at the
position corresponding to position 49 of SEQ ID NO: 1. 6. The polypeptide
of claim 5, wherein the arginine residue at position 49 of SEQ ID NO:1 is
substituted with a non-conservative amino acid residue. 7. The polypeptide
of claim 5, wherein the arginine residue at position 49 of SEQ ID NO: 1 is
substituted with glutamic acid.8. The polypeptide of claim 1, wherein the
amino acid sequence comprises an amino acid other than arginine at the
position corresponding to position 51 of SEQ ID NO: 1. 9. The polypeptide
of claim 8, wherein the arginine residue at position 51 of SEQ ID NO: 1 is
substituted with a non-conservative amino acid residue. 10. The polypeptide
of claim 8, wherein the arginine residue at position 51 of SEQ ID NO:1 is
substituted with glutamic acid. 11. The polypeptide of claim 1, wherein the
amino acid sequence comprises amino acids other than arginine at the
positions corresponding to position 48 and position 49 of SEQ ID NO: 1. 12.
The polypeptide of claim 11, wherein the arginine residue at position 48
and the arginine reside at position 49 of SEQ ID NO: 1 are substituted with
non-conservative amino acid residues. 13. The polypeptide of claim 11,
wherein the arginine residue at position 48 and the arginine reside at
position 49 of SEQ ID NO:1 are each substituted with glutamic acid. 14. The
polypeptide of any of claims 1-13, wherein the amino acid sequence is at
least 90% identical to amino acids 15-113 of SEQ ID NO:1. 15. The
polypeptide of any of claims 1-13, wherein the amino acid sequence is at
least 95% identical to amino acids 15-1 13 of SEQ ID NO: 1. 



16. The polypeptide of any of claims 1-13, wherein the amino acid sequence
is at least 98% identical to amino acids 15-113 of SEQ ID NO:1.17. A
polypeptide comprising amino acids 15-1 13 of SEQ ID NO:2, amino acids 15-
113 of SEQ IDNO:3, amino acids 15-113 of SEQ ID NO.4, amino acids 15-113 of
SEQ ID NO.5, amino acids 15-113 of SEQ ID NO:8, or amino acids 15-113 of
SEQ ID NO:9. 18. The polypeptide of claim 17, wherein the polypeptide
comprises amino acids 10-113 of SEQ ID NO:2, amino acids 10-113 of SEQ ID
NO:3, amino acids 10-113 of SEQ ID NO.4, amino acids 10-113 of SEQ ID NO:5,
amino acids 10-113 of SEQ ID NO:8, or amino acids 10-113 of SEQ ID NO:9.
19. The polypeptide of claim 17, wherein the polypeptide comprises the
amino acid sequence of SEQ ID NO:2, the amino acid sequence of SEQ ID NO.3,
the amino acid sequence of SEQ ID NO:4, the amino acid sequence of SEQ ID
NO:5, the amino acid sequence of SEQ ID NO:8, or the amino acid sequence of
SEQ ID NO:9. 20. A dimer comprising two polypeptides according to any one
of claims 1 to 19. 21. A conjugate comprising the polypeptide of any of
claims 1 to 19 conjugated to a non-naturally occurring polymer. 22. A
fusion protein comprising the polypeptide of any of claims 1 to 19 and a
heterologous amino acid sequence. 23. A pharmaceutical composition
comprising the polypeptide of any of claims 1 to 19, the dimer of claim 20,
the conjugate of claim 21, or the fusion protein of claim 22 and a
pharmaceutically acceptable carrier or excipient. 24. A nucleic acid
comprising a sequence that encodes the polypeptide of any of claims 1 to
19. 25. An expression vector comprising the nucleic acid of claim 24.26. A
cell comprising the expression vector of claim 25. 27. A method of making a
polypeptide, the method comprising: providing the cell of claim 26, and
culturing the cell under conditions that permit expression of the nucleic
acid. 28. A method of treating or preventing a nervous system disorder in a
mammal, the method comprising administering to the mammal a therapeutically
effective amount of the pharmaceutical composition of claim 23. 29. A
method of treating neuropathic pain in a mammal, the method comprising
administering to the mammal a therapeutically effective amount of the
pharmaceutical composition of claim 23. 30. A method of activating the RET
receptor in a mammal, the method comprising administering to the mammal an
effective amount of the polypeptide of any of claims 1 to 19, the dimer of
claim 20, the conjugate of claim 21, the fusion protein of claim 22, or the
pharmaceutical composition of claim 23. 31. A polypeptide comprising an
amino acid sequence at least 80% identical to amino acids 15-1 13 of SEQ ID
NO: 1, wherein the amino acid sequence comprises at least one amino acid
substitution, relative to SEQ ID NO:1, selected from the group consisting
of: an amino acid other than serine at the position corresponding to
position 20 of SEQ ID NO: 1; an amino acid other than glutamine at the
position corresponding to position 2 1 of SEQ ID NO: 1; an amino acid other
than histidine at the position corresponding to position 32 of SEQ ID NO:
1; an amino acid other than arginine at the position corresponding to
position 33 of 



SEQ ID NO:!;an amino acid other than arginine at the position corresponding
to position 39 of SEQ ID NO: 1; an amino acid other than serine at the
position corresponding to position 46 of SEQ ID NO: 1; an amino acid other
than arginine at the position corresponding to position 68 of SEQ ID NO: 1;
an amino acid other than glycine at the position corresponding to position
72 of SEQ ID NO: 1; an amino acid other than serine at the position
corresponding to position 73 of SEQ ID NO: 1; and an amino acid other than
valine at the position corresponding to position 94 of SEQ ID NO: 1,
wherein the polypeptide, when dimerized, binds to a complex containing
GFRalpha3 and RET. 32. The polypeptide of claim 31, wherein the amino acid
sequence is at least 90% identical to amino acids 15-113 of SEQ ID NO:1.
33. The polypeptide of claim 31, wherein the amino acid sequence is at
least 95% identical to amino acids 15-113 of SEQ ID NO: 1. 34. The
polypeptide of claim 31, wherein the amino acid sequence is at least 98%
identical to amino acids 15-1 13 of SEQ ID NO:1. 35. A polypeptide
comprising an amino acid sequence at least 80% identical to SEQ ID NO:1,
wherein the amino acid sequence comprises at least one amino acid
substitution, relative to SEQ ID NO:1, selected from the group consisting
of: an amino acid other than arginine at the position corresponding to
position 7 of SEQ ID NO: 1; an amino acid other than arginine at the
position corresponding to position 9 of SEQ E ) NO: 1; andan amino acid
other than arginine at the position corresponding to position 14 of SEQ E)
NO: 1, wherein the polypeptide, when dimerized, binds to a complex
containing GFRalpha3 and RET. 36. The polypeptide of claim 35, wherein the
amino acid sequence comprises an amino acid other than arginine at the
position corresponding to position 7 of SEQ ID NO: 1. 37. The polypeptide
of claim 36, wherein the arginine residue at position 7 of SEQ ID NO: 1 is
substituted with a non-conservative amino acid residue. 38. The polypeptide
of claim 36, wherein the arginine residue at position 7 of SEQ ID NO: 1 is
substituted with glutamic acid. 39. The polypeptide of claim 35, wherein
the amino acid sequence comprises an amino acid other than arginine at the
position corresponding to position 9 of SEQ ID NO: 1. 40. The polypeptide
of claim 39, wherein the arginine residue at position 9 of SEQ ID NO:1 is
substituted with a non-conservative amino acid residue. 4 1. The
polypeptide of claim 39, wherein the arginine residue at position 9 of SEQ
ID NO: 1 is substituted with glutamic acid. 42. The polypeptide of claim
35, wherein the amino acid sequence comprises an amino acid other than
arginine at the position corresponding to position 14 of SEQ ID NO: 1. 43.
The polypeptide of claim 42, wherein the arginine residue at position 14 of
SEQ ID NO: 1 is substituted with a non-conservative amino acid residue. 44.
The polypeptide of claim 42, wherein the arginine residue at position 14 of
SEQ 



ID NO:1 is substituted with glutamic acid.45. The polypeptide of any of
claims 35-44, wherein the amino acid sequence is at least 90% identical to
SEQ ID NO:1. 46. The polypeptide of any of claims 35-44, wherein the amino
acid sequence is at least 95% identical to SEQ ID NO.l. 47. The polypeptide
of any of claims 35-44, wherein the amino acid sequence is at least 98%
identical to amino acids 15-113 of SEQ ID NO:1. 48. A dimer comprising two
polypeptides according to any one of claims 31 to 47. 49. A conjugate
comprising the polypeptide of any of claims 31 to 47 conjugated to a
non-naturally occurring polymer. 50. A fusion protein comprising the
polypeptide of any of claims 31 to 47 and a heterologous amino acid
sequence. 51. A pharmaceutical composition comprising the polypeptide of
any of claims 31 to 47, the dimer of claim 48, the conjugate of claim 49,
or the fusion protein of claim 50 and a pharmaceutically acceptable carrier
or excipient. 52. A nucleic acid comprising a sequence that encodes the
polypeptide of any of claims 3 1 to 47. 53. An expression vector comprising
the nucleic acid of claim 52. 54. A cell comprising the expression vector
of claim 53. 55. A method of making a polypeptide, the method comprising:
providing the cell of claim 54, andculturing the cell under conditions that
permit expression of the nucleic acid. 56. A method of treating or
preventing a nervous system disorder in a mammal, the method comprising
administering to the mammal a therapeutically effective amount of the
pharmaceutical composition of claim 51. 57. A method of treating
neuropathic pain in a mammal, the method comprising administering to the
mammal a therapeutically effective amount of the pharmaceutical composition
of claim 51. 58. A method of activating the RET receptor in a mammal, the
method comprising administering to the mammal an effective amount of the
polypeptide of any of claims 3 1 to 47, the dimer of claim 48, the
conjugate of claim 49, the fusion protein of claim 50, or the
pharmaceutical composition of claim 51. 


