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ABSTRACT 

Disclosed are novel proteins, referred to as truncated glial 
cell line-derived neurotrophic factor (truncated GDNF) pro 
teins, that promote dopamine uptake by doparninergic cells 
and promote the survival of nerve cells. Also disclosed are 
processes for obtaining the truncated GDNF proteins by 
recombinant genetic engineering techniques. 
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Mature Human GDNF 

TCA CCA GAT AAA CAA A'I‘G GCA GTG CT'I‘ CC'I‘ AGA AGA GAG CGG AAT 
Ser Pro Asp Lys Gln Met Ala Val Leu Pro Arg Arg Glu Arg Asn 

5 l0 l5 

CGG CAG GCT GCA GCT GCC AAC CCA GAG AAT TCC AGA GGA AAA GGT 
Arg Gln Ala Ala Ala Ala Asn Pro Glu Asn Ser Arg Gly Lys Gly 

20 25 30 

CGG AGA GGC CAG AGG GGC AAA AAC CGG GGT TGT GTC TTA ACT GCA 
Arg Arg Gly Gln Arg Gly Lys Asn Arg Gly Cys Val Leu Thr Ala 

35 4O 45 

ATA CAT TTA AAT GTC ACT GAC TTG GGT CTG GGC TAT GAA ACC AAG 
Ile His Leu Asn Val Thr Asp Leu Gly Leu Gly Tyr Glu Thr Lys 

50 55 6O 

GAG GAA CTG ATT TT'I‘ AGG TAC TGC AGC GGC 'I‘CT TGC GAT vGCA GCT 
Glu Glu Leu Ile Phe Arg 'I‘yr Cys Ser Gly Ser Cys Asp Ala Ala 

65 7O 75 

GAG ACA ACG 'I‘AC GAC AAA ATA TTG AAA AAC TTA TCC AGA AAT AGA 
Glu Thr Thr Tyr Asp Lys Ile Leu Lys Asn Leu Ser Arg Asn Arg 

80 85 90 

AGG CTG GTG AG'I‘ GAC AAA G'I‘A GGG CAG GCA TGT TGC AGA CCC ATC 
Arg Leu Val Ser Asp Lys Val Gly Gln Ala Cys Cys Arg Pro Ile 

95 100 105 

GCC 'I‘TT GAT GAT GAC CTG TCG TTT TTA GAT GAT AAC CTG GT'I‘ TAC 
Ala Phe Asp Asp Asp Leu Ser Phe Leu Asp Asp Asn Leu Val Tyr 

110 115 120 

CAT ATT CTA AGA AAG CAT TCC GCT AAA AGG TGT GGA TGT ATC 
His Ile Leu Arg Lys His Ser Ala Lys Arg Cys Gly Cys Ile 

125 130 
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metGDNF Degenerate DNA Sequence 

B 
N s 

d p 
e E 

I I 

CATATGTCTCCGGATAAACAAATGGCTGTTCTTCCAC 
1 ------- ——+ ------- ——+ ------- ——+ ——————— ——+ ------- ——+ ------- ——+ 60 

MetSer 

E 
N C 

O O 

t R 
I I - 

G'I-‘CGTGAACG'I‘AACCGTCAGGCGGCCGCTGCTAACCCGGAGAATTCCCGTGGTAAAGGTC 
61 ——————— ——+ ——————— ——+ ------- ——+ ——————— ——+ ——————— ——+ ------- ——+ 120 

S 
a 

c 

I 
I 

GTCGTGGTCAGCGTGGTAAAAACCGCGGT'I‘GCGTTCTGACCGCTATCCACCTGAACGT'I‘A 
121 ------- ——+ ------- ——+ ------- ——+ ——————— ——+ ------- ——+ ------- ——+ 180 

P 
s 

h 
A 
I 

CCGACCTGGGTCTCGGTTACGMACCAAAGAAGAATTAATCTTCCGTTACTGCTCCGG’I‘T 
181 ——————— ——+ ——————— ——+ ------- ——+ ------- ——+ ------- ——+ ------- ——+ 240 
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FIG.6 

[Arg32-He134] Truncated GDNF Protein 

ATGCGTGGTCAACG'I‘GGTAAAAACCGCGG'I‘TGCGTTCTGACTGCAATCCACCTGAACGTT 

41 ------- —-+ - — — — — — — ——+ ------- ——+ ------- ——+ ------- ——+ ------- --+ 100 

M R G Q R G K N R G C V L T A I H L N V 

ACTGACCTGGGTCTGGGCTACGAAACCAAAGAAGAACTGATCT'I‘CCGCTACTGCAGCGGC 

101 ——————— ——+ ------- ——+ ——————— ——+ ------- ——+ ——————— ——+ ——————— ——+ 160 

T D L G L’ G Y E T K E E L I F R Y C S G 

TCTTGCGACGCAGCTGAAACCACTTACGACAAAATCCTGAAAAACCTGTCCCGTAACCGC 

161 ------- --+ ------- --+ ------- ——+ ------- ——+ ------- ——+ ------- --+ 220 

s c D A A E 'r T Y n K I L K N L s R N R 

CGTCTGGTAAGCGACAAAGTAGGTCAGGCATGCTGCCGTCCGATCGCAT'I‘CGACGATGAC 

221 ------- --+ ------- --+ ------- ——+ ------- ——+ ------- --+ ------- ——+ 280 

R L v s D K v c Q A c c a P I A F D D D 

CTGAGCTTCCTGGATGACAACCTGG'I‘TTACCACATCCTGCGTAAACACTCCGCTAAACGC 

281 ------- --+ ------- --+ ------- --+ ------- --+ _______ __+ ------- --+ 340 

L S F‘ L D D N L V Y H I L R K H S A K R 

TGCGGTTGCATCTAA 
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FIG.7 

[Gly33-He134] Truncated GDNF Protein 

ATGGGTCAACGTGGTAAAAACCGTGGTTGTG'I‘TCTGAC'I‘GCAATCCACCTGAACGTTACT 
41 ------- --+ ------- --+ ------- --+ ------- --+ ------- --+ ------- ~-+ 100 

M G Q R G K N R G c v L T A I H L N v T 

GACCTGGGTCTGGGCTACGAAACCAAAGAAGAACTGATCTTCCGCTACTGCAGCGGC'I‘CT 
101 ------- -‘+ ------- --+ ------- --+ ------- --+ ------- --+--' ----- --+ 160 

n L c L G Y E T K E E L I F R Y c s c; s 

TGCGACGCAGCTGAAACCACTTACGACAAAATCCTGAAAAACCTG'I‘CCCGTAACCGCCGT 
161 ------- -—+ - - - - — - — ——+ - — — - - — — -—+ ------- --+ - - — — - - ~ -—+ — — — — - - — ——+ 220 

C D A A E T T Y D K I L K N L S R N R R 

CTGGTAAGCGACAAAGTAGGTCAGGCATGCTGCCGTCCGATCGCATTCGACGATGACCTG 
221 ------- --+ ------- --+ ---- -----+ _______ --+ ------- --+ ------- --+ 280 

L v s D K v c Q A c c R P I A F D D o L 

AGCT'I‘CCTGGATGACAACCTGGTTTACCACATCCTGCGTAAACACTCCGCTAAACGCTGC 
281 ——————— ——+ ——————— ——+ ——————— ——+ ——————— ——+ ——————— ——+ ——————— -—\+ 340 

S F L D D N L V Y H I L R K H S A K R C 

GGTTGCATCTAA 
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METHODS OF USING POLYNUCLEOTIDES 
ENCODING TRUNCATED GLIAL CELL 

LINE-DERIVED NEUROTROPHIC FACTOR 

FIELD OF THE INVENTION 

[0001] In general, the present invention relates to proteins, 
referred to herein as glial cell line-derived neurotrophic 
factors (also referred to as glial derived neurotrophic factor 
or GDNF), that are characteriZed by the ability to promote 
dopamine uptake by dopaminergic neurons and support the 
survival of the neurons that die in Parkinson’s Disease. The 
present invention more speci?cally relates to a novel trun 
cated GDNF proteins. 

BACKGROUND OF THE INVENTION 

[0002] Neurotrophic factors are proteins, found in the 
nervous system or in non-nerve tissues innervated by the 
nervous system, Whose function is to promote the survival 
and maintain the phenotypic differentiation of nerve and/or 
glial cells (Varon et al.,Ann. Rev. Neuroscience 11327, 1979; 
Thoenen et al., Science 2291238, 1985). Because of this 
physiological role, neurotrophic factors are useful in treating 
the degeneration of nerve cells and the loss of differentiated 
function that occurs in a variety of neurodegenerative dis 
eases. 

[0003] In order for a particular neurotrophic factor to be 
potentially useful in treating nerve damage, the class or 
classes of damaged nerve cells must be responsive to the 
factor. Different neurotrophic factors typically affect dis 
tinctly different classes of nerve cells. Therefore, it is 
advantageous to have on hand a variety of different neu 
rotrophic factors to treat each of the classes of damaged 
neurons that may occur With different forms of disease or 
injury. 
[0004] Neurotrophic factors can protect responsive neu 
rons against a variety of unrelated insults. For eXample, 
nerve groWth factor (NGF) Will rescue a signi?cant portion 
of sensory neurons from death caused by cutting their aXonal 
processes (Rich et al., J. Neurocytol 161261, 1987; Otto et 
al., J. Neurosci. 831156, 1987), from ontogenetic death 
during embryonic development (Hamburger et al., J. Neu 
r0sci. 41767, 1984), and from damage caused by the admin 
istration of taXol or cisplatin (Apfel et al., Ann. Neurol. 291 
87, 1991). This apparent generality of protection has led to 
the concept that if a neurotrophic factor protects responsive 
neurons against experimental damage, it may be useful in 
treating diseases that involve damage to those neurons in 
patients, even though the etiology may be unknoWn. 

[0005] A given neurotrophic factor, in addition to having 
the correct neuronal speci?city, must be available in suf? 
cient quantity to be used as a pharmaceutical treatment. 
Since neurotrophic factors are typically present in small 
amounts in tissues (e.g., Hofer and Barde Nature 3311261, 
1988; Lin et al., Science 24611023, 1989), it Would be 
inconvenient to prepare pharmaceutical quantities of neu 
rotrophic factors directly from animal tissues. As an alter 
native, it is desirable to use a recombinant eXpression system 
to produce the desired protein. 

[0006] Lin et al. previously described a method for screen 
ing biological samples for neurotrophic activity on the 
embryonic precursors of the substantia nigra dopaminergic 
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neurons (see US. patent application Ser. No. 08/182,183 
?led May 23, 1994 and its parent applications; PCT/US92/ 
07888 ?led Sep. 17, 1992 (WO 93/06116); and European 
Patent Application No. 929210227 (Publication No. EP 610 
254); the disclosures of Which are hereby incorporated by 
reference). This bioassay is useful in identifying neu 
rotrophic factors Which may be used in treating Parkinson’s 
disease (Friedman et al., Neur0. Sci. Lett. 79165-72, 1987) as 
the disease is characteriZed by the degeneration of dopam 
inergic neurons in the midbrain that innervate the striatum. 

[0007] Lin et al. further described the characteriZation of 
a neW neurotrophic factor that Was puri?ed from one such 
source, the conditioned culture medium from a glioblastoma 
cell line, B49 (Schubert et al., Nature 2491224-27, 1974). 
The conditioned medium from this cell line Was previously 
reported to contain dopaminergic neurotrophic activity 
(Bohn et al., Soc. Neur0sci. Abs. 151277, 1989). Prior to the 
disclosure of Lin et al., glial cell line-derived neurotrophic 
factor (GDNF) had not been identi?ed as a discrete biologi 
cally active substance or isolated as a substantially pure 
protein. In addition, Lin et al. described processes for 
cloning human genes encoding GDNF, the nucleic acid 
sequence of the human genes that encode GDNF and the 
amino acid sequences of the GDNF protein. The GDNF 
gene Was subcloned into an eXpression vector, and the vector 
Was used to express biologically active GDNF. The GDNF 
protein is a homodimer composed of tWo 134 amino acid, 22 
kDa, subunits joined by disul?de bond. The description 
further included the use of GDNF for preventing and treat 
ing nerve damage and nerve related diseases such as Par 
kinson’s disease. 

[0008] GDNF therapy is helpful in the treatment of nerve 
damage caused by conditions that compromise the survival 
and/or proper function of one or more types of nerve cells. 
Such nerve damage may occur from a Wide variety of 
different causes. Nerve damage may occur to one or more 

types of nerve cells by: (1) physical injury, Which causes the 
degeneration of the aXonal processes and/or nerve cell 
bodies near the site of injury; (2) temporary or permanent 
cessation of blood How to parts of the nervous system, as in 
stroke; (3) intentional or accidental exposure to neurotoXins, 
such as chemotherapeutic agents (e.g., cisplatinum) for the 
treatment of cancer or dideoXycytidine (ddC) for the treat 
ment of AIDS; (4) chronic metabolic diseases, such as 
diabetes or renal dysfunction; or (5) neurodegenerative 
diseases such as Parkinson’s disease, AlZheimer’s disease, 
and Amyotrophic Lateral Sclerosis (ALS), Which result from 
the degeneration of speci?c neuronal populations. 

[0009] GDNF therapy could be particularly helpful in the 
treatment of neurodegenerative conditions involving the 
degeneration of the dopaminergic neurons of the substantia 
nigra, such as Parkinson’s disease. The only current treat 
ments for Parkinson’s disease are palliative, aiming at 
increasing dopamine levels in the striatum. The eXpected 
impact of GDNF therapy is not simply to produce an 
increase in the dopaminergic neurotransmission at the 
dopaminergic nerve terminals in the striatum (Which Will 
result in a relief of the symptoms), but also to sloW doWn, or 
even stop, the progression of the degenerative processes and 
to repair the damaged nigrostriatal pathWay and restore its 
function. GDNF may also be used in treating other forms of 
damage to or improper function of dopaminergic nerve cells 
in human patients. Such damage or malfunction may occur 
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in schizophrenia and other forms of psychosis. The only 
current treatments for such conditions are symptomatic and 
require drugs Which act upon dopamine receptors or dopam 
ine uptake sites, consistent With the vieW that the improper 
functioning of the dopaminergic neurons Which innervate 
these receptor-bearing neuronal populations may be 
involved in the disease process. 

SUMMARY OF THE INVENTION 

[0010] In one aspect, the present invention provides novel 
truncated glial cell line-derived neurotrophic factor (GDNF) 
protein products. In one embodiment, truncated GDNF 
proteins are produced by recombinant genetic engineering 
techniques. In an alternative embodiment, the truncated 
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GDNF proteins are synthesiZed by chemical techniques, or 
a combination of the recombinant and chemical techniques. 

[0011] The truncated GDNF protein products of the 
present invention include the proteins represented by the 
amino acid sequence X-[Cys41-Cys133]-Y. The amino acid 
residue numbering scheme of FIG. 1 (SEQ ID NO:2) is used 
to facilitate comparison to the mature GDNF protein. 
[Cys41-Cys133] represents the amino acid sequence of Cys41 
through Cys133 as depicted in FIG. 1 (SEQ ID NO:2). Y 
represents the carboXy terminal group of Cys133 or a car 
boXy-terminus amino acid residue of Ile134. X represents a 
methionylated or nonmethionylated amine group of Cys41 or 
amino-terminus amino acid residue(s) selected from the 
group: 

G 

RG 

NRG 

KNRG (SEQ ID NO:3 ) 

GKNRG (SEQ ID NO:4 ) 

RGKNRG (SEQ ID NO:5 ) 

QRGKNRG (SEQ ID NO:6 ) 

GQRGKNRG (SEQ ID NO:7 ) 

RGQRGKNRG (SEQ ID NO:8 ) 

RRGQRGKNRG (SEQ ID 110:9 ) 

G RRGQRGKNRG (SEQ ID NO: 10) 

KG RRGQRGKNRG (SEQ ID NO: 11) 

GKG RRGQRGKNRG (SEQ ID NO: 12) 

RGKG RRGQRGKNRG (SEQ ID NO: 13) 

SRGKG RRGQRGKNRG (SEQ ID NO:14) 

NSRGKG RRGQRGKNRG (SEQ ID NO: 15) 

ENSRGKG RRGQRGKNRG (SEQ ID NO:16) 

PENSRGKG RRGQRGKNRG (SEQ ID NO: 17) 

NPENSRGKG RRGQRGKNRG (SEQ ID NO:18) 

ANPENSRGKG RRGQRGKNRG (SEQ ID NO: 19) 

A ANPENSRGKG RRGQRGKNRG (SEQ ID NO:20) 

AA ANPENSRGKG RRGQRGKNRG (SEQ ID NO:21) 

AAA ANPENSRGKG RRGQRGKNRG (SEQ ID 110:22) 

QAAA ANPENSRGKG RRGQRGKNRG (SEQ ID 110:23) 

RQAAA ANPENSRGKG RRGQRGKNRG (SEQ ID 110:24) 

NRQAAA ANPENSRGKG RRGQRGKNRG (SEQ ID 110:25) 

RNRQAAA ANPENSRGKG RRGQRGKNRG (SEQ ID NO:26) 

ERNRQAAA ANPENSRGKG RRGQRGKNRG (SEQ ID 110:27) 

RERNRQAAA ANPENSRGKG RRGQRGKNRG (SEQ ID NO:28) 
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-continued 
RRERNRQAAA ANPENSRGKG RRGQRGKNRG (SEQ ID NO:29) 

P RRERNRQAAA ANPENSRGKG RRGQRGKNRG (SEQ ID NO:30) 

LP RRERNRQAAA ANPENSRGKG RRGQRGKNRG (SEQ ID NO:31) 

VL PRRERNRQAAA ANPENSRGKG RRGQRGKNRG (SEQ ID NO:32) 

AVL PRRERNRQAAA ANPENSRGKG RRGQRGKNRG (SEQ ID NO:33) 

MAVL PRRERNRQAAA ANPENSRGKG RRGQRGKNRG (SEQ ID NO:34) 

QMAVL PRRERNRQAAA ANPENSRGKG RRGQRGKNRG (SEQ ID NO:35) 

KQMAVL PRRERNRQAAA ANPENSRGKG RRGQRGKNRG (SEQ ID NO:36) 

DKQMAVL PRRERNRQAAA ANPENSRGKG RRGQRGKNRG (SEQ ID NO:37) 

PDKQMAVL PRRERNRQAAA ANPENSRGKG RRGQRGKNRG (SEQ ID NO:38) 

[0012] It is contemplated that such truncated GDNF pro 
tein products Would include truncated GDNF protein having 
the amino acid sequence as represented by X-[Cys41 
Cys133]-Y and variants and derivatives thereof. Thus, the 
truncated GDNF protein products of the present invention 
also include addition, substitution and internal deletion 
variants and derivatives of the amino acid sequences repre 
sented by X-[Cys41-Cys133]-Y. The truncated GDNF protein 
products further include methionylated or nonmethionylated 
forms as Well as glycosylated or non-glycosylated forms of 
truncated GDNF protein. 

[0013] Exemplary truncated GDNF proteins of the present 
invention include [Arg16-Ile134], [Asn22-Ile134], [Pro23 
116134], [Ser26_I1e134], [Arg32_llel34], [G1y33_I1e134], [Lys37_ 
Ile134] and [Asn38-Ile134] truncated GDNF proteins, either 
methionylated or nonmethionylated, and variants and 
derivatives thereof. Presently preferred truncated GDNF 
proteins of the present invention include [Lys37-Ile134] and 
[Asn38-Ile134] truncated GDNF proteins, either methiony 
lated or nonmethionylated, and variants and derivatives 
thereof. Exemplary substitution variants are the 
[Asn22ASer22-Ile134] and [Pro23-Lys37AAsn37-Ile134] trun 
cated GDNF proteins. An exemplary addition variant is the 
Ser-[Pro23-Ile134] truncated GDNF protein. 

[0014] In another aspect of the present invention, the 
truncated GDNF proteins may be made in glycosylated or 
non-glycosylated forms. Derivatives of truncated GDNF 
protein typically involve attaching the truncated GDNF 
protein to a Water soluble polymer. For example, the trun 
cated GDNF protein may be conjugated to one or more 
polyethylene glycol molecules to decrease the precipitation 
of the truncated GDNF protein product in an aqueous 
environment. 

[0015] Yet another aspect of the present invention includes 
the various polynucleotides encoding truncated GDNF pro 
teins. These nucleic acid sequences are generally used in the 
expression of truncated GDNF in a eukaryotic or prokary 
otic host cell, Wherein the expression product or a derivative 
thereof is characterized by the ability to increase dopamine 
uptake by dopaminergic cells. The polynucleotides may also 
be used in cell therapy or gene therapy applications. Suitable 
nucleic acid sequences include those speci?cally depicted in 
the Figures as Well as additional degenerate sequences and 
naturally occurring allelic variations. 

[0016] A further aspect of the present invention involves 
vectors containing the polynucleotides encoding truncated 
GDNF proteins operatively linked to ampli?cation and/or 
expression control sequences. Both prokaryotic and eukary 
otic host cells may be stably transformed or transfected With 
such vectors to express the truncated glial derived neu 
rotrophic factor. The present invention further includes the 
recombinant production of a truncated GDNF protein 
Wherein such transformed or transfected host cells are groWn 
in a suitable nutrient medium, and the truncated GDNF 
expressed by the cells is, optionally, isolated from the host 
cells and/or the nutrient medium. The present invention 
further includes the use of polynucleotides encoding trun 
cated GDNF and vectors containing such polynucleotides in 
gene therapy or cell therapy. 

[0017] In another aspect, the present invention involves a 
recombinantly produced GDNF composition containing a 
mixture of a mature GDNF protein and one or more trun 
cated GDNF proteins derived therefrom, Wherein the mature 
GDNF protein has a molecular Weight of approximately 44 
kDa, and Wherein the truncated GDNF protein has a molecu 
lar Weight of approximately 36 to 40 kDa. The GDNF 
composition may contain at least tWo truncated GDNF 
species Wherein a ?rst species has a molecular Weight of 
approximately 36 kDa and a second species has a molecular 
Weight of approximately 40 kDa. The truncated GDNF 
species having a molecular Weight of approximately 40 kDa 
is a heterodimer of a GDNF monomer having a molecular 
Weight of approximately 22 kDa and a truncated GDNF 
monomer having a molecular Weight of approximately 18 
kDa. It is also contemplated that one or more of the truncated 
GDNF species may be isolated from such a mixture for 
therapeutic use. 

[0018] Another aspect of the present invention includes 
pharmaceutical compositions containing truncated GDNF 
protein product. Typically, the truncated GDNF protein 
product is formulated in association With a pharmaceutically 
acceptable vehicle. A variety of other formulation materials 
may be used to facilitate manufacture, storage, handling, 
delivery and/or ef?cacy. In another aspect of the present 
invention, truncated GDNF protein products increase 
dopamine uptake and survival of dopaminergic neurons. 
Thus, the truncated GDNF protein products are particularly 
suitable for the treatment of damage to the nervous system 
caused by injury or disease, such as Parkinson’s Disease. 
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[0019] Additional aspects and advantages of the invention 
Will be apparent to those skilled in the art upon consideration 
of the following description, Which details the practice of the 
present invention. 

BRIEF DESCRIPTION OF THE FIGURES 

[0020] Numerous features and advantages of the present 
invention Will become apparent upon revieW of the ?gures, 
Wherein: 

[0021] FIG. 1 depicts a nucleic acid sequence (SEQ ID 
NO:1) encoding mature human glial cell line-derived neu 
rotrophic factor (hGDNF). Also depicted is the amino acid 
sequence (SEQ ID NO:2) of the mature human GDNF 
protein. 
[0022] FIG. 2 depicts a diagram of a plasmid construction 
made for the expression of recombinant truncated GDNF 
proteins. 
[0023] FIG. 3 depicts a restriction map of an alternative 
nucleic acid sequence (SEQ ID NO:39) encoding GDNF and 
truncated GDNF polynucleotides. 

[0024] FIG. 4 depicts a restriction map of yet another 
nucleic acid sequence (SEQ ID NO:40) encoding GDNF and 
truncated GDNF polynucleotides. 

[0025] FIG. 5 depicts a nucleic acid sequence (SEQ ID 
NO:41) encoding [Pro23-Lys37AAsn37-Ile134] truncated 
GDNF protein substitution variant (SEQ ID NO:42). This 
protein may also be described as a Met-Ser-[Pro23 
Lys37AAsn37-Ile134] truncated GDNF protein addition/sub 
stitution variant. 

[0026] FIG. 6 depicts a nucleic acid sequence (SEQ ID 
NO:43) encoding an [Arg32-Ile134] truncated GDNF protein 
(SEQ ID NO:44). 
[0027] FIG. 7 depicts a nucleic acid sequence (SEQ ID 
NO:45) encoding a [Gly33-Ile134] truncated GDNF protein 
(SEQ ID NOz46). 
[0028] FIG. 8 depicts the amino acid sequence of mature 
hGDNF (SEQ ID NO:47) in comparison to several exem 
plary truncated GDNF proteins: Met-[Arg32-Ile134] (SEQ ID 
NO:48), Met-[Gly33-Ile134] (SEQ ID NO:49) and Met-Ser 
[Pro23-Lys37AAsn37-Ile134] (SEQ ID NO:50). 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0029] Human glial cell line-derived neurotrophic factor 
(hGDNF) is synthesiZed as a precursor that is processed and 
secreted as a mature protein of 134 amino acids. It Was 
previously determined that mature human GDNF has the 
amino acid sequence depicted in FIG. 1 (SEQ ID NO:2). 

[0030] The present invention is based on the unexpected 
discovery that the mature GDNF protein may be reduced in 
siZe (also referred to herein as a “clipped” or “truncated” 
protein or truncated GDNF protein) yet retain its biological 
activity. The clipped protein Was ?rst discovered during the 
recombinant production of GDNF in Chinese hamster ovary 
(CHO) cells. In brief, the recombinant human GDNF 
(rhGDNF) Was prepared as folloWs. A nucleic acid sequence 
encoding the entire open reading frame of the mature human 
GDNF protein Was cloned into an expression plasmid. The 
nucleic acid sequence Was con?rmed to be correct (by DNA 
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sequencing as the equivalent of the hGDNF sequence in 
GeneBank) and Was translated to an amino acid sequence 
identical to the published sequence for mature human GDNF 
(Lin et al., Science 260, 1130-1132, 1993). The plasmid 
DNA Was lineariZed and transfected into dihydrofolate 
reductase-de?cient CHO cells (CHOd‘ cells) using the 
calcium phosphate precipitation method. Transfected cells 
Were cultured in a selective medium, and those colonies that 
survived the selection process Were chosen for individual 
analysis of hGDNF expression. 

[0031] Serum-free conditioned media from the individual 
clones Were collected and subjected to Western blot analysis 
using antisera speci?c for hGDNF. The antisera involved 
rabbit polyclonal antibodies elicited from rabbits immuniZed 
With recombinant hGDNF expressed in Escherichia coli. 
Under reducing conditions, the hGDNF that Was present in 
these samples Was resolved into tWo major bands having 
apparent molecular Weights of approximately 22 kDa and 18 
kDa. Each band consisted of a closely spaced doublet of 
approximately 22+22.5 kDa and 18+17.5 kDa, respectively 
(for simplicity, these doublets Will be referred as the 22 kDa 
and 18 kDa bands or species). 

[0032] GDNF had previously been reported to exist as a 
disul?de-bonded homodimer composed of tWo identical 
subunits of the mature GDNF protein having a molecular 
Weight of approximately 20 to 22 kDa. When GDNF Was 
analyZed under nonreducing conditions, it Was reported that 
a broad band of 32 to 42 kDa (Lin et al., Science 260, 
1130-1132, 1993) or 33 to 45 kDa (Lin et al.,]. Neurochem. 
63(2), 758-768, 1994) had been identi?ed. The existence of 
the range Was interpreted as being due to the heterogeneity 
of glycosylation on the mature monomers and Was further 
substantiated With de-glycosylation experiments. 

[0033] While the present 22 kDa band corresponds to the 
mature GDNF protein reported in the literature, the 18 kDa 
band has not previously been reported. The relative amounts 
of the 22 kDa and the 18 kDa protein varied in samples 
collected from individual clones. In addition, it Was found 
that multiple harvests from the same clone shoWed a vari 
able ratio of the tWo bands. Moreover, it Was found that 
storage of the CHO-expressed GDNF protein frequently led 
to an increase in the presence of the 18 kDa band With a 
concurrent decrease of the 22 kDa band. 

[0034] When conditioned medium from the transformed 
CHOd' cells Was analyZed under nonreducing conditions by 
Western blots, three Well-resolved bands With apparent 
molecular Weights of 36, 40 and 44 kDa Were observed. This 
?nding Was also in contrast to previous reports. The relative 
intensity of these bands Was variable, but they correlated 
Well With the ratio of the 22 and 18 kDa monomer bands 
present in each of the samples. Upon further analysis With 
monoclonal antisera, it Was determined that the three bands 
in the nonreducing gel corresponded to three possible dimers 
composed of the tWo monomers. The largest 44 kDa protein 
is a dimer of tWo 22 kDa mature GDNF proteins as previ 
ously reported. The intermediate 40 kDa protein consists of 
a dimer in Which one mature protein has been reduced in 
molecular Weight to an 18 kDa form. The smallest 36 kDa 
dimer appears to contain tWo 18 kDa proteins, i.e., both 22 
kDa forms have been reduced in molecular Weight. This data 
demonstrated for the ?rst time not only the presence of a 
novel form of GDNF monomer but also the presence of the 
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clipped GDNF protein in the dimeric con?guration. It Was 
also found that, When stored, the monomer composition of 
the samples shifted toWards that of the clipped form and the 
corresponding dimer species, i.e., the amount of the 36 kDa 
protein Was seen to increase. 

[0035] Studies Were then performed to identify Which part 
of the protein Was being eliminated or changed to cause of 
the reduction in molecular Weight in comparison to that of 
the previously reported mature GDNF protein. It Was ?rst 
determined that the reduction in molecular Weight Was not 
due to changes in glycosylation. 

[0036] GDNF contains tWo potential N-linked glycosyla 
tion sites and has been reported to be glycosylated. The 
clipped protein, hoWever, is not simply the nonglycosylated 
or underglycosylated form of mature GDNF. This Was 
demonstrated in deglycosylation experiments Wherein 
samples Were treated With N-glycanase, O-glycanase and 
neuraminidase. On reducing gels, the 18 kDa protein Was 
reduced to a 13.5 kDa band by N-glycanase digestion 
indicating the presence of an equivalency of 4.5 kDa of 
N-linked sugar. Treatment With neuraminidase and O-gly 
canase caused the 18 kDa band to shift slightly to 17 kDa. 
This indicated the presence of O-linked sugars on the 
protein. The mature 22 kDa band has been reported to be 
glycosylated and Was also reduced to 18 kDa (i.e., also by 
4.5 kDa) by N-glycanase. This Was further con?rmed 
through the use of a monoclonal antibody Which is speci?c 
for the 22 kDa band on the gel. The glycanase digestion 
pattern of the nonreduced dimer Was more complicated, but 
Was interpretable and consistent With the initial assignment 
of the three forms. 

[0037] As a result, the 4.5 kDa reduction in molecular 
Weight of the protein Was then vieWed as resulting from the 
deletion of approximately 30-35 amino acid residues rather 
than from changes in glycosylation. The deletion Was 
expected to most likely occur at the amino-terminus of the 
mature GDNF protein for the folloWing reasons. Mature 
GDNF contains a total of seven cystines. If the deletion Were 
from the carboxyl terminus, 2 to 4 of the seven cystines 
Would be lost, and this Would likely result in an inactive 
protein. HoWever, When a test sample consisting of predomi 
nantly the clipped form Was subjected to a bioassay to 
measure its dopaminergic neuron neurotrophic activity, the 
sample demonstrated comparable activity to a sample Which 
contained proportionally more of the mature form of GDNF. 

[0038] The site of cleavage Was then determined via 
amino acid sequence analysis of the puri?ed protein. 
Samples Were sequenced, according to manufacturer’s 
instructions, using an Applied Biosystems 494A protein 
sequencer for ten cycles. While amino acid sequence analy 
sis techniques and procedures are Well knoWn to those 
skilled in the art, further descriptions of the sequencing of 
proteins are provided in Fausset et al., Electrophoresis 
12:22-27, 1991 and US. Pat. No. 576,316 ?led Aug. 24, 
1990 (European Patent Application No. 90310899, Publica 
tion No. EP 423 980, ?led Oct. 4, 1990, entitled “Stem Cell 
Factor”) the disclosures of Which are hereby incorporated by 
reference. Upon analysis, it Was determined that the amino 
terminus of the clipped protein Was “RGQRGK” or Arg 
Gly-Gln-Arg-Gly-Lys. Therefore, the ?rst 31 amino acids 
had been removed from the mature protein in the condi 
tioned media. The remaining amino acid sequence of the 
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clipped protein, beginning With amino acid Arg32, Was 
otherWise consistent With that of the mature GDNF amino 
acid sequence depicted in FIG. 1 (SEQ ID NO:2). 

[0039] The [Arg32-Ile134] truncated GDNF protein Was 
found to be active, on a qualitative basis, in a dopaminergic 
neuron assay. The dopaminergic neurotrophic activity assay 
is used to identify neurotrophic factors that may be bene? 
cial in treating Parkinson’s disease. The assay is based on a 
previously described assay (Friedman et al., Neuro. Sci. Lett. 
79:65-72, 1987, the disclosure of Which is hereby incorpo 
rated by reference) and may include modi?cations as 
described in Lin et al. (see US. patent application Ser. No. 
08/182,183 ?led May 23, 1994 and its parent applications; 
PCT/US92/07888 ?led Sep. 17, 1992 (WO 93/06116); and 
European Patent Application No. 929210227 (Publication 
No. EP 610 254)). A detailed description of the assay is 
provided in Example 5, beloW. 

[0040] A subsequent puri?cation procedure, folloWed by 
amino acid sequencing, led to the discovery of another 
protein from Which the ?rst 36 amino acid residues had been 
removed from the N-terminus of mature GDNF: a [Lys37 
Ile134] truncated GDNF protein, With an N-terminal 
sequence of KNRG(C)VL--. Again, the remaining amino 
acid residues of the clipped protein Were otherWise consis 
tent With those of the mature human GDNF amino acid 
sequence. The [Lys37-Ile134] truncated GDNF protein Was 
also analyZed in the dopamine uptake bioassay. This trun 
cated GDNF protein Was found to be active With an ED50 
of about 50 pg/ml, similar to that of puri?ed recombinant E. 
coli-expressed, mature GDNF. 

[0041] It Was further discovered that bacterially expressed 
mature GDNF could be changed to a truncated form. Mature 
GDNF, expressed in transformed E. coli (as described in Lin 
et al., US. patent application Ser. No. 08/182,183, supra), 
Was incubated With CHO-derived conditioned media. 
Recombinant E. coli GDNF has an apparent molecular 
Weight of 17 kDa on reducing gel. When the material Was 
mixed With CHO cell conditioned media and incubated for 
?ve days at 4° C., the protein Was clipped completely to 12.5 
kDa. This cleavage Was less complete With one hour or 24 
hours of incubation, suggesting a time-dependent process 
under such conditions. It Was also found that simply incu 
bating recombinant E. coli GDNF overnight With media 
containing 0.1% fetal bovine serum did not generate the 
clipped form. Thus, the presence of live cells in the culture 
seems to be necessary for the clipping process to occur. It is 
possible, therefore, that the clipping event may also occur in 
vivo Within certain tissues. 

[0042] In addition, it Was found that derivatives of mature 
E. coli-expressed hGDNF, such as pegylated GDNF (also 
described in Lin et al., US. patent application Ser. No. 
08/ 182,183, supra) may be processed to a truncated form in 
the presence of CHO-derived conditioned media. Mature 
GDNF may be pegylated at the amino terminus in order to 
enhance its clearance time in circulation. Pegylation 
increases the siZe of the protein, and the modi?ed mature 
GDNF migrates at about 45 kDa under reduced conditions. 
As With the non-pegylated mature form, the incubation of 
pegylated E. coli GDNF With CHO cell (untransfected) 
conditioned media generated a 12.5 kDa band. In both cases, 
the 12.5 kDa species Was present as a disul?de-bonded 
dimer as shoWn on non-reducing gels. The generation of this 
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clipped form from the N-terminally pegylated mature pro 
tein further demonstrated that the clipping event occurred at 
the N-terminus of the protein since the pegylated residue 
Was lost during the clipping process. 

[0043] Based on the these ?ndings and because the clip 
ping event may also occur in vivo, a truncated form of the 
GDNF protein may be the ultimate naturally processed form 
of hGDNF under physiological conditions. Therefore, it Was 
considered advantageous to produce a truncated GDNF 
protein, or derivative thereof, for therapeutic use. For 
eXample, a directly expressed or synthesiZed truncated 
GDNF protein, such as the [Arg32-Ile134] truncated GDNF 
protein, Would be eXpected to be resistant to the above 
described proteolytic activity. Moreover, if it Was desired to 
produce a truncated GDNF derivative, such as a pegylated 
[Arg32-Ile134] truncated GDNF protein, the resulting deriva 
tive Would be eXpected to have the advantage of not being 
susceptible to the speci?c clipping Which Was observed With 
the mature GDNF derivative. 

[0044] Additional advantages can also be eXpected of 
truncated GDNF protein products. First, the pI of a truncated 
protein, such as the [Arg32-Ile134] truncated GDNF protein, 
Will be reduced from about 10 to about 8.0-8.5. This makes 
the protein signi?cantly less basic Which could in turn 
provide bene?cial effects including better receptor binding 
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and decreased cytotoXicity at the site of administration, such 
as an intrathecal injection site. Second, Within the ?rst 26 
amino acids of the mature GDNF amino acid sequence are 
tWo deamidation sites: Arg-Asn-Arg (amino acids 14-16) 
and Glu-Asn-Ser (amino acids 24-26). The absence of one or 
both of these sites in a truncated GDNF protein is eXpected 
to increase the stability of the protein. 

[0045] Truncated GDNF Protein Products 

[0046] In a basic embodiment, the truncated GDNF pro 
teins of the present invention may be represented by the 
folloWing amino acid sequence Wherein the amino acid 
residue numbering scheme of FIG. 1 is used to facilitate 
comparison to the mature GDNF protein: 

X—[Cys41—Cys133]—Y 

[0047] 
[0048] [Cys41-Cys133] represents the amino acid sequence 
of Cys41 through Cys133 as depicted in FIG. 1 (SEQ ID 
NO:2); 
[0049] Y represents the carboXy terminal group of Cys133 
or a carboXy-terminus amino acid residue of Ile134; and 

Wherein 

[0050] X represents a methionylated or nonmethionylated 
amine group of Cys41 or amino-terminus amino acid resi 
due(s) selected from the group: 

RG 

NRG 

KNRG (SEQ ID NO:3 ) 

GKNRG (SEQ ID NO:4 ) 

RGKNRG (SEQ ID NO:5 ) 

QRGKNRG (SEQ ID NO:6 ) 

GQRGKNRG (SEQ ID NO:7 ) 

RGQRGKNRG (SEQ ID NO:8 ) 

RRGQRGKNRG (SEQ ID 110:9 ) 

G RRGQRGKNRG (SEQ ID NO: 10) 

KG RRGQRGKNRG (SEQ ID NO: 11) 

GKG RRGQRGKNRG (SEQ ID NO: 12) 

RGKG RRGQRGKNRG (SEQ ID NO: 13) 

SRGKG RRGQRGKNRG (SEQ ID NO:14) 

NSRGKG RRGQRGKNRG (SEQ ID NO: 15) 

ENSRGKG RRGQRGKNRG (SEQ ID NO:16) 

PENSRGKG RRGQRGKNRG (SEQ ID NO: 17) 

NPENSRGKG RRGQRGKNRG (SEQ ID NO:18) 

ANPENSRGKG RRGQRGKNRG (SEQ ID NO: 19) 

A ANPENSRGKG RRGQRGKNRG (SEQ ID NO:20) 

AA ANPENSRGKG RRGQRGKNRG (SEQ ID NO:21) 
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-continued 

AAA ANPENSRGKG RRGQRGKNRG (SEQ ID NO:22) 

QAAA ANPENSRGKG RRGQRGKNRG (SEQ ID NO:23) 

RQAAA ANPENSRGKG RRGQRGKNRG (SEQ ID NO:24) 

NRQAAA ANPENSRGKG RRGQRGKNRG (SEQ ID NO:25) 

RNRQAAA ANPENSRGKG RRGQRGKNRG (SEQ ID NO:26) 

ERNRQAAA ANPENSRGKG RRGQRGKNRG (SEQ ID NO:27) 

RERNRQAAA ANPENSRGKG RRGQRGKNRG (SEQ ID NO:28) 

RRERNRQAAA ANPENSRGKG RRGQRGKNRG (SEQ ID NO:29) 

P RRERNRQAAA ANPENSRGKG RRGQRGKNRG (SEQ ID NO:30) 

LP RRERNRQAAA ANPENSRGKG RRGQRGKNRG (SEQ ID NO:31) 

VLP RRERNRQAAA ANPENSRGKG RRGQRGKNRG (SEQ ID NO:32) 

AVLP RRERNRQAAA ANPENSRGKG RRGQRGKNRG (SEQ ID NO:33) 

MAVLP RRERNRQAAA ANPENSRGKG RRGQRGKNRG (SEQ ID NO:34) 

QMAVLP RRERNRQAAA ANPENSRGKG RRGQRGKNRG (SEQ ID NO:35) 

KQMAVLP RRERNRQAAA ANPENSRGKG RRGQRGKNRG (SEQ ID NO:36) 

DKQMAVLP RRERNRQAAA ANPENSRGKG RRGQRGKNRG (SEQ ID NO:37) 

PDKQMAVLP RRERNRQAAA ANPENSRGKG RRGQRGKNRG (SEQ ID NO:38) 

[0051] As used herein, the term “truncated GDNF protein 
product” includes biologically active synthetic or recombi 
nant truncated GDNF proteins, truncated GDNF proteins 
produced from mature GDNF, biologically active truncated 
GDNF variants (including insertion, substitution and dele 
tion variants), and chemically rnodi?ed derivatives thereof. 
Also included are truncated GDNF proteins that are sub 
stantially homologous to the human GDNF protein having 
the amino acid sequence set forth in SEQ ID NO:2. 

[0052] The term “biologically active” as used herein 
means that the truncated GDNF protein dernonstrates sirnilar 
neurotrophic properties, but not necessarily all of the same 
properties, and not necessarily to the same degree, as the 
GDNF protein having the amino acid sequence set forth in 
SEQ ID NO:2. The selection of the particular neurotrophic 
properties of interest depends upon the use for Which the 
truncated GDNF protein product is being administered. The 
truncated GDNF protein products are biologically active and 
demonstrate doparninergic neuron survival characteristics 
similar to that demonstrated by rnature GDNF protein using 
the evaluation of dopamine uptake and tyrosine hydroXylase 
(TH) expression as an exemplary bioassay, as discussed in 
the examples, beloW. 

[0053] The term “substantially hornologous”, as used 
herein, means a degree of homology to the human GDNF 
having the amino acid sequence set forth in SEQ ID NO:2 
that is preferably in excess of 70%, most preferably in 
eXcess of 80%, and even more preferably in eXcess of 90% 
or even 95%. The percentage of homology as described 
herein is calculated as the percentage of amino acid residues 
found in the smaller of the tWo sequences Which align With 
identical amino acid residues in the sequence being corn 
pared When four gaps in a length of 100 amino acids may be 

introduced to assist in that alignrnent as set forth by Dayhoff, 
in Atlas of Protein Sequence and Structure Vol. 5, p. 124 
(1972), National Biochernical Research Foundation, Wash 
ington, DC, the disclosure of Which is hereby incorporated 
by reference. Also included as substantially hornologous is 
any truncated GDNF protein Which may be isolated by 
virtue of cross-reactivity With antibodies to the GDNF of 
SEQ ID NO:2 or Whose genes may be isolated through 
hybridiZation With the gene or With segments of the gene 
encoding the GDNF of SEQ ID NO:1. 

[0054] As Will be apparent to those skilled in the art upon 
reading the present description, substantially homologous 
proteins Will involve one or more deletions from, or addi 
tions or substitutions to, the amino acid residues of the 
truncated GDNF protein represented by X-[Cys41-Cys133] 
Y. The production of such variants is described in further 
detail beloW. It Will be further appreciated that because the 
present invention clearly addresses “truncated” GDNF pro 
teins, the arnino-terrninus addition variants are conternplated 
as including the addition of a rnethionine residue, or non 
GDNF amino acid residue or sequence, but do not include 
the addition of an amino acid residue(s) that Would result in 
the reconstruction of the mature GDNF protein: Truncated 
GDNF proteins based upon naturally occurring allelic 
rnutants or variants are also Within the scope of the present 
invention. The production of variant truncated GDNF pro 
tein is described in further detail beloW. 

[0055] Lin et al. (US. patent application Ser. No. 08/182, 
183, supra) described the truncation of mature GDNF at the 
carboxyl terminus by proteolytic processing of the Lys-Arg 
residues Which are the siXth and ?fth residues, respectively, 
frorg9 the carboXyl terminal end of mature GDNF (i.e., 
Lys -Arg130 according to the amino acid residue nurnbering 



US 2004/0214776 A1 

of FIG. 1 (also as in SEQ ID NO:1 or SEQ ID NO:2). Such 
a truncation Would eliminate tWo cysteine residues from the 
mature GDNF protein. This Would be likely to result in 
improper folding of the protein, and therefore, Would result 
in the formation of an inactive protein. In contrast, the 
X-[Cys41-Cys133]-Y truncated GDNF protein products of 
the present invention retain the Cys131 and Cys133 residues 
and are active proteins as determined by dopamine uptake 
assay. 

[0056] In one embodiment of the present invention, pre 
ferred truncated GDNF protein products lack one or more 
deamidation sites. Such a lack of deamidation sites Would 
result in the enhanced biochemical stability of the puri?ed 
protein and a decrease in possible degradation products, 
thereby resulting in a more storage stable protein. An 
exemplary truncated GDNF protein product is the [Ser26 
Ile134] truncated GDNF protein Which lacks the sites Which 
otherWise may lead to deamidation of the mature protein. 
Alternatively, the [Arg16-Ile134] truncated GDNF protein 
Would lack at least the ?rst deamidation site otherWise 
present in the mature protein. 

[0057] A currently preferred truncated GDNF protein 
product is [Arg32-Ile134] truncated GDNF protein. This 
truncated GDNF protein lacks the site at or near Which 
proteolytic clipping of the mature protein occurs. Therefore, 
this truncated GDNF protein is expected to be resistant to the 
processing event Whichmay also occur in vivo. Another 
currently preferred truncated GDNF protein product is the 
[Lys37-Ile134] truncated GDNF protein. This truncation 
Would further reduce the pI of the truncated protein, as 
Would other truncations in Which residues up to and includ 
ing Gly4O and Ile134 are removed from the N- and C-termi 
nals, respectively. The presently most preferred truncated 
GDNF protein products retain all of the cysteine residues 
found in mature GDNF protein, but lack any discernible 
sites for rapid proteolytic processing of the truncated GDNF 
protein during expression and manufacturing or folloWing in 
vivo administration. These preferred proteins include the 
[Arg32_llel34], [G1y33_I1e134], [G1n34_I1e134], [Arg35_I1e134], 
[Gly36-Ile134], [Lys37-Ile134], [Asn38-Ile134] and [Arg39 
Ile134] truncated GDNF protein products. 

[0058] Similar to the results previously described for 
mature GDNF by Lin et al. (US. patent application Ser. No. 
07/855,413, supra), the truncated GDNF proteins of the 
present invention have demonstrated the ability to increase 
dopamine uptake by the embryonic precursors of the sub 
stantia nigra dopaminergic neurons. Bioassays of the trun 
cated GDNF proteins are further described in Example 4, 
beloW. 

[0059] The novel truncated GDNF proteins are typically 
isolated and puri?ed to form truncated GDNF proteins 
Which are substantially free from the presence of other 
(non-GDNF) proteinaceous materials. Preferably, the trun 
cated GDNF protein products are about 80% free of other 
proteins Which may be present due to the production tech 
nique used in the manufacture of the truncated GDNF 
protein product. More preferably, the truncated GDNF pro 
tein products are about 90% free of other proteins, particu 
larly preferably, about 95% free of other proteins, and most 
preferably about >98% free of other proteins. In addition, the 
present invention furnishes the unique advantage of provid 
ing polynucleotide sequences for the manufacture of homo 
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geneous truncated GDNF proteins. For example, the use of 
the polynucleotide sequence encoding the [Arg32-Ile134] 
truncated GDNF protein alloWs the recombinant production 
of the truncated GDNF protein in E. coli and other appro 
priate expression systems. In other Words, the novel poly 
nucleotides alloW the production of truncated GDNF pro 
teins Which are not susceptible to proteolytic processing, or 
Which have reduced susceptibility to such processing or 
other biochemical processing effects as described above. 
Thus, the novel polynucleotides make it easier to prepare 
and/or isolate single species truncated GDNF proteins, and 
therefore, the truncated GDNF proteins and/or products 
thereof do not contain or contain decreased amounts of the 
above-described mixture of hetero- and homodimers. It Will 
be appreciated, hoWever, that the ?nal truncated GDNF 
protein products may be combined With other factors, 
chemical compositions and/or suitable pharmaceutical for 
mulation materials prior to administration, as described in 
further detail beloW. 

[0060] In one aspect of the present invention, the truncated 
GDNF proteins are advantageously produced via recombi 
nant techniques because they are capable of achieving 
comparatively higher amounts of protein at greater purity. 
Recombinant truncated GDNF protein forms include glyco 
sylated and non-glycosylated forms of the protein, and 
protein expressed in bacterial, mammalian or insect cell 
systems. Alternatively, the truncated GDNF proteins may be 
chemically synthesiZed. Currently preferred production 
methods are described in greater detail beloW. 

[0061] Truncated GDNF Variants and Derivatives 

[0062] A. Truncated GDNF Variants 

[0063] Another aspect of the present invention includes 
variants of truncated GDNF protein. The term “truncated 
GDNF protein products” as used herein includes variant 
proteins in Which amino acids have been deleted from 
(“deletion variants”), inserted into (“addition variants”), or 
substituted for (“substitution variants”), residues Within the 
amino acid sequence of naturally-occurring GDNF. Such 
variants are prepared by introducing appropriate nucleotide 
changes into the DNA encoding the protein or by in vitro 
chemical synthesis of the desired protein. It Will be appre 
ciated by those skilled in the art that many combinations of 
deletions, insertions, and substitutions can be made provided 
that the ?nal protein possesses GDNF biological activity. 

[0064] Mutagenesis techniques for the replacement, inser 
tion or deletion of one or more selected amino acid residues 
are Well knoWn to one skilled in the art (e.g., US. Pat. No. 
4,518,584, the disclosure of Which is hereby incorporated by 
reference There are tWo principal variables in the construc 
tion of amino acid sequence variants: the location of the 
mutation site and the nature of the mutation. In designing 
truncated GDNF variants, the location of the mutation site 
and the nature of the mutation Will depend on the biochemi 
cal characteristic(s) to be modi?ed. The mutation sites can 
be modi?ed individually or in series, e.g., by (1) substituting 
?rst With conservative amino acid choices and then With 
more radical selections depending upon the results achieved, 
(2) deleting the target amino acid residue, or (3) inserting 
amino acid residues adjacent to the located site. 

[0065] Amino acid sequence deletions generally range 
from about 1 to 30 amino acid residues, more usually from 
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about 1 to 10 residues, and typically from about 1 to 5 
residues. For example, deletions in the “X” portion of the 
amino acid residues located N-terminally to Cys41 may 
range from approximately 1 to 30 residues, While deletions 
betWeen the cysteine residues of [Cys41-Cys133] are typi 
cally from about 1 to 5 residues, depending on the location, 
so as not to disrupt protein folding. Deletions Within the 
truncated GDNF proteins may be made in regions of loW 
homology With transforming groWth factor-beta (TGF-B) 
family members. Deletions from truncated GDNF proteins 
in areas of substantial homology With other TGF-[3 family 
sequences Will be more likely to modify the biological 
activity more signi?cantly. The number of total deletions 
and/or consecutive deletions Will be selected so as to pre 
serve the tertiary structure of truncated GDNF protein in the 
affected domain, e.g., cysteine crosslinking. 

[0066] Amino acid sequence additions may include 
amino- and/or carboxyl-terminal fusions ranging in length 
from one residue to one hundred or more residues, as Well 
as internal intrasequence insertions of single or multiple 
amino acid residues. Internal additions may range generally 
from about 1 to 10 amino acid residues, more typically from 
about 1 to 5 amino acid residues, and usually from about 1 
to 3 amino acid residues. As described above, the amino 
terminus addition variants of the present invention are 
contemplated as including the addition of a methionine (for 
example, as an artifact of the direct expression of GDNF in 
bacterial recombinant cell culture) or a non-GDNF amino 
acid residue or sequence. Amino-terminus addition variants 
do not involve the addition of an amino acid residue(s) that 
Would result in the reconstruction of the mature GDNF 
protein. A further example of a terminal insertion includes 
the fusion of a heterologous N-terminal signal sequence to 
the N-terminus to facilitate the secretion of protein from 
recombinant host cells. Such signal sequences generally Will 
be obtained from, and thus be homologous to, the intended 
host cell species. Insertions or additions may also include 
amino acid sequences derived from the sequence of other 
neurotrophic factors. 

[0067] Another group of variants are amino acid substi 
tution variants. These variants have at least one amino acid 
residue in the truncated GDNF protein removed and a 
different residue inserted in its place. See, for example, FIG. 
5 Wherein naturally occurring Asn22 Was changed to Ser to 
facilitate further removal of the Met residue. Using the 
X-[Cys41-Cys133]-Y amino acid sequence representation 
and the present de?nition of truncated GDNF protein prod 
ucts, such a truncated GDNF protein may be referred to 
either as a substitution variant Met-[Asn22ASer22-Ile134] 
truncated GDNF protein or an addition variant Met-Ser 
[Pro23-Ile134] truncated GDNF protein. Substitution variants 
include allelic variants, Which are characteriZed by natu 
rally-occurring nucleotide sequence changes in the species 
population that may or may not result in an amino acid 
change. 
[0068] Speci?c mutations of the sequences of the trun 
cated GDNF proteins may involve modi?cations of a gly 
cosylation site (e.g., serine, threonine, or asparagine). The 
absence of glycosylation or only partial glycosylation may 
result from amino acid substitution or deletion at any 
asparagine-linked glycosylation recognition site or at any 
site of the protein that is modi?ed by the addition of an 
O-linked carbohydrate. An asparagine-linked glycosylation 
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recognition site comprises a tripeptide sequence Which is 
speci?cally recogniZed by appropriate cellular glycosylation 
enZymes. These tripeptide sequences are either Asn-Xaa-Thr 
or Asn-Xaa-Ser, Where Xaa can be any amino acid other than 
Pro. Avariety of amino acid substitutions or deletions at one 
or both of the ?rst or third amino acid positions of a 
glycosylation recognition site (and/or amino acid deletion at 
the second position) result in non-glycosylation at the modi 
?ed tripeptide sequence. Thus, the expression of appropri 
ately altered nucleotide sequences produces variants Which 
are not glycosylated at that site. Alternatively, the sequence 
may be modi?ed to add glycosylation sites to the truncated 
GDNF protein. 

[0069] One method for identifying truncated GDNF 
amino acid residues or regions for mutagenesis is called 
“alanine scanning mutagenesis” as described by Cunning 
ham and Wells (Science, 244: 1081-1085, 1989). In this 
method, an amino acid residue or group of target residues are 
identi?ed (e.g., charged residues such as Arg, Asp, His, Lys, 
and Glu) and replaced by a neutral or negatively charged 
amino acid (most preferably alanine or polyalanine) to effect 
the interaction of the amino acids With the surrounding 
aqueous environment in or outside the cell. Those domains 
demonstrating functional sensitivity to the substitutions then 
are re?ned by introducing additional or alternate residues at 
the sites of substitution. Thus, the site for introducing an 
amino acid sequence modi?cation is predetermined, and to 
optimiZe the performance of a mutation at a given site, 
alanine scanning or random mutagenesis may be conducted 
and the variants are screened for the optimal combination of 
desired activity and degree of activity. 

[0070] The sites of greatest interest for substitutional 
mutagenesis include sites Where the amino acids found in 
GDNF proteins from various species are substantially dif 
ferent in terms of side-chain bulk, charge, and/or hydropho 
bicity. Other sites of interest include those in Which particu 
lar residues of GDNF-like proteins, obtained from various 
species, are identical. Such positions are generally important 
for the biological activity of a protein. Initially, these sites 
are modi?ed by substitution in a relatively conservative 
manner. Such conservative substitutions are shoWn in Table 
1 under the heading of preferred substitutions. If such 
substitutions result in a change in biological activity, then 
more substantial changes (exemplary substitutions) are 
introduced and/or other additions/deletions may be made, 
and the resulting products screened. 

TABLE 1 

Amino Acid Substitutions 

Preferred Exemplary 
Original Residue Substitutions Substitutions 

Ala (A) Val Val; Leu; Ile 
Arg (R) Lys Lys; Gln; Asn 
Asn (N) Gln Gln; His; Lys; Arg 
Asp (D) Glu Glu 
Cys (C) Ser Ser 
Gln (Q) Asn Asn 
Glu Asp Asp 
Gly (G) Pro Pro 
His Arg Asn; Gln; Lys; Arg 
Ile (I) Leu Leu; Val; Met; Ala; 

Phe; norleucine 
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TABLE l-continued 

Amino Acid Substitutions 

Preferred Exemplary 
Original Residue Substitutions Substitutions 

Leu (L) Ile norleucine; Ile; Val; 
Met; Ala; Phe 

Lys Arg Arg; Gln; Asn 
Met Leu Leu; Phe; Ile 
Phe Leu Leu; Val; Ile; Ala 
Pro (P) Gly Gly 
Ser (S) Thr Thr 
Thr Ser Ser 
Trp Tyr Tyr 
Tyr (Y) Phe Trp; Phe; Thr; Ser 
Val (V) Leu Ile; Leu; Met; Phe; 

Ala; norleucine 

[0071] Conservative modi?cations to the amino acid 
sequence (and the corresponding modi?cations to the encod 
ing nucleic acid sequences) are expected to produce trun 
cated GDNF proteins having functional and chemical char 
acteristics similar to those of the truncated GDNF proteins 
described in the Examples, beloW. In contrast, substantial 
modi?cations in the functional and/or chemical characteris 
tics of truncated GDNF proteins may be accomplished by 
selecting substitutions that differ signi?cantly in their effect 
on maintaining (a) the structure of the polypeptide backbone 
in the area of the substitution, for example, as a sheet or 
helical conformation, (b) the charge or hydrophobicity of the 
protein at the target site, or (c) the bulk of the side chain. 
Naturally occurring residues are divided into groups based 
on common side chain properties: 

[0072] 1) hydrophobic: norleucine, Met, Ala, Val, Leu, Ile; 

[0073] 2) neutral hydrophilic: Cys, Ser, Thr; 

[0074] 3) acidic: Asp, Glu; 

[0075] 4) basic: Asn, Gln, His, Lys, Arg; 

[0076] 5) residues that in?uence chain orientation: Gly, 
Pro; and 

[0077] 6) aromatic: Trp, Tyr, Phe. 

[0078] Non-conservative substitutions may involve the 
exchange of a member of one of these classes for another. 
Such substituted residues may be introduced into regions of 
the truncated GDNF proteins that are homologous With other 
TGF-[3 proteins, or into the non-homologous regions of the 
protein. 

[0079] B. Truncated GDNF Derivatives 

[0080] Chemically modi?ed derivatives of truncated 
GDNF or truncated GDNF variants may be prepared by one 
skilled in the art given the disclosures herein. The chemical 
moieties most suitable for derivatiZation of truncated GDNF 
proteins include Water soluble polymers. A Water soluble 
polymer is desirable because the protein to Which it is 
attached does not precipitate in an aqueous environment, 
such as a physiological environment. Preferably, the poly 
mer Will be pharmaceutically acceptable for the preparation 
of a therapeutic product or composition. One skilled in the 
art Will be able to select the desired polymer based on such 
considerations as Whether the polymer/protein conjugate 
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Will be used therapeutically, and if so, the desired dosage, 
circulation time, resistance to proteolysis, and other consid 
erations. The effectiveness of the derivatiZation may be 
ascertained by administering the derivative, in the desired 
form (i.e., by osmotic pump, or, more preferably, by injec 
tion or infusion, or further formulated for oral, pulmonary or 
other delivery routes), and determining its effectiveness. 

[0081] Suitable Water soluble polymers include, but are 
not limited to, polyethylene glycol (PEG), copolymers of 
ethylene glycol/propylene glycol, monomethoxy-polyethyl 
ene glycol, carboxymethylcellulose, dextran, polyvinyl 
alcohol, polyvinyl pyrrolidone, poly-1,3-dioxolane, poly-1, 
3,6-trioxane, ethylene/maleic anhydride copolymer, 
polyaminoacids (either homopolymers or random copoly 
mers), poly(n-vinyl pyrrolidone)polyethylene glycol, pro 
propylene glycol homopolymers, prolypropylene oxide/eth 
ylene oxide co-polymers, polyoxyethylated polyols (e.g., 
glycerol), polyethylene glycol propionaldehyde, and mix 
tures thereof. As used herein, polyethylene glycol is meant 
to encompass any of the forms of PEG that have been used 
to derivatiZe other proteins, such as mono-(C1-C10) alkoxy 
or aryloxy-polyethylene glycol. Polyethylene glycol propi 
onaldehyde may have advantages in manufacturing due to 
its stability in Water. The polymer may be of any molecular 
Weight, and may be branched or unbranched. 

[0082] The present invention particularly relates to trun 
cated GDNF protein products involving truncated GDNF 
protein linked to at least one PEG molecule. In another 
aspect, the present invention relates to truncated GDNF 
protein attached to at least one PEG molecule via an acyl or 
alkyl linkage. 
[0083] Pegylation may be carried out by any of the pegy 
lation reactions knoWn in the art. See, for example: Focus on 
Growth Factors 3(2): 4-10 (1992); EP 0 154 316; EP 0 401 
384; and Malik et al., Exp. Hematol. 20: 1028-1035 (1992) 
(reporting pegylation of GM-CSF using tresyl chloride). 
Preferably, the pegylation is carried out via an acylation 
reaction or an alkylation reaction With a reactive Water 
soluble polymer. These preferred means for derivatiZation 
are discussed in greater detail, beloW. For the acylation 
reactions, the polymer(s) selected preferably have a single 
reactive ester group. For the reductive alkylation reactions, 
the polymer(s) selected preferably have a single reactive 
aldehyde group. In addition, the selected polymer may be 
modi?ed to have a single reactive group, such as an active 
ester for acylation or an aldehyde for alkylation, so that the 
degree of polymerization may be controlled. Generally, the 
Water soluble polymer Will not be selected from naturally 
occurring glycosyl residues since these are usually made 
more conveniently by mammalian recombinant expression 
systems. 
[0084] Acylation 
[0085] In the present invention, pegylation by acylation 
generally involves reacting an active ester derivative of 
polyethylene glycol With a truncated GDNF protein. Any 
knoWn or subsequently discovered reactive PEG molecule 
may be used to carry out the pegylation process. Apreferred 
activated PEG ester is PEG esteri?ed to N-hydroxysuccin 
imide (“NHS”). As used herein, “acylation” is contemplated 
to included Without limitation the folloWing types of link 
ages between a truncated GDNF protein and a Water soluble 
polymer such as PEG: amide, carbamate, urethane, and the 
like. See Bioconjugate Chem. 5: 133-140 (1994). Reaction 


























































