GLI]AL DERI VED NEUROTROPHI C FACTOR FI ELD OF THE INVENﬂ&1M753£”L The
prdsent invention relates;to neur ot r ophi ¢ factors |
nedr ot r oph¥® B (CDNF) in particular. Al so i ngpgé’g %Vﬂgbﬁ/ﬁi&ss

i ngention are - . processes for purifigation of CGDNF f sour bes
and processes for cl oRi ng ¢gfxRANgERHED GRRESTRIGOt N TOR F as wel | as
t hegg nucl ei ¢ aci d sequence of the rat and human genest hat encode GDNF

Thg GDNF gene abeen subcloned into an expression vector, and the
vedg or used togﬁ%&&&gﬁ#ﬁ@ﬁf%ﬁ¥ggﬂgﬂ%ctive GDNF. In
? .The present invention relates to neurotrophic

5 factors and glial derived neurotrophic factor (GDNF) in
partiéular. Also included within this invention are
processes for purification of GDNF from natural sources
and processes for cloning rat and human genes encoding
GDNF, as well as the nucleic acid sequence of the rat

10 and human genes that encode GDNF. The GDNF gene has
been subcloned into an expression vector, and the
vector used to express bioclocgically active GDNF. In
addition, this invention includes the use of GDNF for
preventing and treating nerve damage and nerve related

15 diseases such as Parkinson’s disease.

Antibodies to GDNF are disclosed, as Qell as
methods for identifying members of the GDNF family of
neurotrophic factors. And finally, methods are
described for preventing or treating nerve damage by

20 implanting into patients cells thét secrete GDNF.

BACKGROUND OF THE INVENTION
Neurotrophic factors are natural proéeins,
found in the nervous system or in non-nerve tissues
25 innervated by the nervous system, whose function is to
promote the survival and maintain the phenotypic '
differentiation of nerve and/or glial cells (Varon and
Bunge 1979 Ann. Rev. Neuroscience 1:327; Thoenen and
Edgar 1985 Science 229:238). Because of this
30 physiological role, neurotrophic factors may be useful
in treating the degeneration of nerve cells and loss of
differentiated function that occurs in a variety of
neurodegenerative diseases.
In order for a particular neurotrophic factor
35 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'distinctly different classes
of nerve cells. Therefore, it is advisable to have on
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additi op, this invention includes the use of CGDNF for preventing and
treatiny nerve and nerve rel ated di seases such as ParggeQom/§7

di sease 0%3%%9? Anti bodies to CDNF are disclosed, as well as 588
met hods§for identifying nmenbers of the GDNF famly of neur ot r ophi c
factorsg And finally, methods are de3eTi bed for preventing or treating
nerve dRmage by | anting into patients cells that .secrete GDNF.
BACKGRCIND OF THE lm\%préﬂ"ml sty of dit %ﬁ&%f‘Fb‘ﬁﬁFPﬁ’é&Fo% %Pésm&?ural
protein f oubdt datth eg WS cﬂyﬁs@‘g @f |d|am|agadnaeuerohssshas may

ed by the nervous .gys S nct| IS _t te the
and” mai ntA T R :ﬁ: O{%erenoc efo ffce)rlaé‘r‘?tefg i 6 &f ne ve and/ or
Il's (Varon and Nequngp&Q@QfﬂmhorﬁkwanPkmntgmtem@ipqnsmme
and §h SNEE \?a%%%)of %‘?ﬁ%‘iﬁ%eﬁf ihBhits. For
p

glcaFf role neurotro I c factor usef ul
example, the neurotrophic factor nerve growth factor

(NGF) will rescue a significant portion of sensory
neurons from death caused by cutting their axonal
processes (Rich et al. 1987 J. Neurocytol 16:261; Otto
10 et al. 1987 J. Neurosci 83:156), from ontogenetic death
during embryonic development (Hamburger et al. 1984 J.

Neurosci 4:767), and from damage caused by
administration of taxol or cisplatin (Apfel et al. 1991
Ann Neurol. 29: 87). This apparent generality of

15 protection has lead to the concept that if a

neurotrophic factor protects responsive neurons against

_ experimental damage, it may be useful in treating

2 diseases that involve damage to those neurons in
patients, even though the eticlogy may be unknown.

20 A given neurotrophic factor, in addition to
having the correct neuronal specificity, must be
available in sufficient guantity to be used as a
pharmaceutical treatment. Since neurotrophic factors
are typically present in vanishingly small amounts in

25 tissues (e.g., Hofer and Barde 1988 Nature 331:261; Lin

et al. 1989 Science 246:1023), it would be inconvenient

to prepare pharmaceutical quantities of neurotrophic

factors directly from animal tissues. As an
alternative, it would be desirable to locate the gene
for a neurotrophic factor and use that gene as the
basis for establishing a recombinant expression system
to produce potentially unlimited amounts of the
protein.

The inventors of this application describe a
method for screening biological samples for
neurotrophic activity on the embryonic precursors of
the substantia nigra dopaminergic neurons that
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in tre@ting the degeneration of nerve cells and | oss of differentiated
functi gn that occurs in a variety of neur odegener ati ve di Sg85€892/07888
I n ordgr for\"‘agﬁépr(’t’f(’cul ar neurotrophic factor to be potentially useful
in tregting nerve damage, the cl ass or cl asses of damaged nerve cells
must b responsive to the factor. Dfferent neurotrophic factors

typicagly affect distinctly different classes of _nerye cells.
Theref ffre, it is EPREIRE & FAF&GFoR'S Wlease. Oml¥ HiohEsay for ;.

identifying neurotrophic factors that may be useful in
treating Parkinson’s disease is based on an assay

previously described (Friedman et al. 1987 Neuro. Sci.

Lett. 79:65-72, specifically incorporated herein by
this reference) and implemented with modifications in

wm

the present invention. This assay was used to
screen various potential sources for neurotrophic
activity directéd to dopaminergic neurons. The present
10 invention describes the characterization of a new
neurotrophic factor that was purified from one such
source, the conditioned culture medium from a
glioblastoma cell line, B49 (Schubert et al. 1974
Nature 249:224-27, specifically incorporated herein by

15 this reference). The conditioned medium from this cell
line was previously reported to contain dopaminergic
neurotrophic activity (Bohn et al. 1989 Soc. Neurosci.

Abs. 15:277). In this previous report, the source of
the neurotrophic activity was not purified,

20 characterized chemically, or shown to be the
consequence of a single agent in the conditioned
medium. Nerve damage is caused by conditions that
compromise the survival and/or proper function of one
or more types of nerve cells. Such nerve damage may

25 occur from a wide variety of different causes, some of

which are indicated below.

Nerve damage may occur through physical injury,
which causes the degeneration of the axonal processes
and/or nerve cell bodies near the site of injury.

Nerve damage may also occur because of temporary or
permanent cessation of blood flow to parts of the
nervous system, as in stroke. Nerve damage may also
occur because of intentional or accidental exposure to
neurotoxins, such as the cancer and AIDS
chemotherapeutic agents cisplatinum and dideoxycytidine
(ddC), respectively. Nerve damage may also occur
because of chronic metabolic diseases, such as diabetes
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variety of different neurotrophic factors to treat each of the

hand _

cl ass of damaged neurons that may occur with different forns of disease
or injlry. \wo93/06iheurotrophic factors can protect responsive pay{i98£07388
again a variety of unrelated insults. For exanple, the neurotrophic
factorf nerve growmh factor (NGF) will rescue a significant portion of
sensorly neurons fronldeath caused by cd%tlng their axonal proceggei (Rich
et al .§ 1987 J. to 1987 J. r.osci

from gnt ogeneti ¢ deaeq-f\:EI dur| ng %r]vtbroy%m Nerss: eveldgﬂlﬁgﬁt m(aMa GPg&FCBE al . 1984
J. Nelrosci 4:76®causrl qﬁmm@g@n@a\m&ebwm@msmsstsuam es of taxol or
cispl i n (Apf el iy oorl 0 AU URAlanAte,B D d&@a%eapﬁﬁaent general ity
of cr@tection has |ead to, the concep a neurofroéphic factor

protedts respondtWPHRRIIS IagaTist 5@)@|§€r°isﬁ§nt(éllasdarrﬂ§éc reguytbérosef ul
in trdating di saﬁsesaémenm@m/@fd%@@qﬂl@ neR3@nAeULeRa1kRiBALL ENtS, even

though the etiology nayTpxes appflcatlon describes a novel neurotrophic
factor. Neurotrophic factors are natural proteins that

Y

promote the normal functions of specific nerve cells
and/or protect the same cells against a variety of

10 different forms of damage. It is these properties that
suggest that GDNF may be useful in treating various
forms of nerve damage, including those forms indicated
specifically above.

Parkinson’s disease is identified by a unique

15 set of symptoms that include rigidity, bradykinesis,
seborrhea, festination gait, flexed posture,
salivation, and a "pill rolling" tremor. The disease
is encountered in all races throughout the world, and
the average age of onset is 60 years.

20 After years of conflicting theories and
controvefsy, a biochemical basis for Parkinson’s
disease has emerged as the major cause. (See, e.g.,
Bergman, 1990 Drug Store News, 12:IP19.) Of
significant importance to an understanding of

25 Parkinson’s disease are the areas of the brain known as
the substantia nigra the basal ganglia, and
particularly, the corpus striatum. The substantia
nigra, a bilaterally paired layer of pigmented gray
matter in the mid-brain, is involved with dopamine

30 transmission, while the normal basal ganglia function
involves a series of interactions and feedback systems
which are associated with the substantia nigra and
mediated in part by dopamine, acetylcholine and other

substances.

35 In Parkinson’s disease, there is a dysfunction
in the dopaminergic activity of the substantia nigra
which is caused by neuronal degeneration. This results

is Sheet Has Been Replaced

L T

HII




n neurotrophic factor, in addition to having the correct neuronal

A gi

speci@icity, must be available in sufficient quantity to be Wwsqth:3 /g8
phar gaceutical tréatnent. Since neurotrophic factors are typically present
in vghishingly small anmounts in tissues (e.g., Hofer and Barde 1988 Nature
331: g61; Lin et al. 1989 Science 246:7F023), it would be inconvenient to
prepf@ e pharmaceutical quantities of neurotrophic factors ditect% from

ani tissues. As dnekFt &fnSPPERiNe: ARbGFCAeHEYJ8EFr 4bFBLEL EBch é t he gene
for & neurotrophic facber agrdvity thak gapeiasrghie paesismiaanestablishing a
reco@i nant expression Sys t 0. produce.potential ly unlimted anounts of

t he ot ei n. =2Ffe FhsghPSPstgFr?h? ESpﬁFEﬁF%Sﬁ égg%bgbe a net hod
for reeni ng bi ol agizealt isanplfeacktyloboldnegplhe agtitatprynetfiectabryonic
precgrsors of the substantha AP AudoRIELAG 'iCNCULRRoEM by this

——~2rgic mediator overwhelm the inhibiting effects
-z depleted dopamine.

The most effective treatment for Parkinson’s
—-=2 to date is the oral administration of Levodopa.
:=pa penetrates the central nervous system and is
—=tically converted to dopamine in the basal
—a. It is believed that beneficial effects of
:=pa are, therefore, in increasing the
—=tration of dopamine in the brain. Unfortunately,
~=r Levodopa or any of the less commonly utilized
:=tions actually stem the progreséion of the
=== which is caused by the degeneration of
—rnergic neurons.

Other researchers have reported the existence

czaminergic activity in various bioclogical sources.

.~ publication WO91/01739 of Springer et al., a
—nergic neurotrophic activity was identified in an
—t derived from cells of the periphefal nervous
==. The activity identified was not purified; but
—tributed to a factor having a molecular weight of
-zhan 10,000 daltons. The factor was isolated
——at sciatic nerve but is apparently not CNTF,
— is also found in the nerve (Lin et _al. 1989
T2 246:1023).

In United States Patent No. 5,017,735 of Appel

_.., dopaminergic activity was identified in an

—== from caudate-putamen tissue. Again, no factors
.= rise to the activity were purified and the

—=nt molecular weight of the activity containing
—ons was relatively small. See also, Niijima et
.30 Brain Res. 528:151-154 (chemically

—=rented striatum of adult rat brain): Lo et al.
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te in Parkinson's disease. This bioassay for identifying

neur ot gophi ¢ factors that may be useful in treating Parkinson' I | oS
n anwas®d96!h¢ evi ousl y described (Friedman et al. 1987 I\ggﬂé‘§sg@?8§8

Lett. §9:65-72, specifically incorporated herein by this reference) and
| npl enfinted with nodifications in the péesent invention. Thi s assay was
used tg screen various potential sources for neurotrophic activity directed

to dopfnmi nergi c 120 Bec. WeurpssbntAbstr., 16:809 (striatal-derived

neurotrophic factor). In addition, other known
neurotrophic factors have also been shown to have
dopaminergic activity, e.g., Brain derived neurotrophic

5 factor (BDNF), and acidic and basic Fibroblast Growth
Factors. .

The GNDF of the present invention was isolated
based on its ability to promote the functional activity
and survival in cell culture of dopaminergic nerve

10 cells isolated from the rat embryo mesencephalon.
These dopaminergic nerve cells are the embryonic
precursor of the dopaminergic nerve cells in the adult
substantia nigra that degenerate in Parkinson’s
disease. Therefore, GDNF may be useful in reducing the
15 neuronal degeneration that causes the symptoms of
Parkinson’s disease.

Furthermore, GDNF may be useful in treating

other forms of damage to or improper function of

§ dopaminergic nerve cells in human patients. Such

20 damage or malfunction may occur in schizophrenia and
other forms of psychosis. Current treatments fér such.
conditions often require drugs active at dopamine
receptors, suggesting that impfoper function of the
dopaminergic neurons innervating these receptor-bearing

25 neuronal populations may be involved in the disease
process.

Based on previous experience with other
neurotrophic factors, new forms of nerve démage that
may be treated with GDNF will emerge as more is learned

30 about the various types of nerve cells fhat are

responsive to this neurotrophic factor. For example,
nerve growth factor (NGF) only emerged as a potentially
useful treatment for Alzheimer’s disease when it was
recently discovered that NGF acts as a neurotrophic
factor for the basal forebrain cholinergic neurons that
degenerate in Alzheimer‘s disease. (Williams, et al.

1986 Proc. Natl. Acad. Sci. USA 83:9231). Methods are
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that are useful as means for delivering drugs or

medicaments in certain circumstances.

they have proposed the encapsulation of cells that

For example,

secrete neurcotransmitter factors, and the implantation

of such devices into the brain of patients suffering

from Parkinson’s Disease.
4,892,538 of Aebischer et al.; U.S. Patent No.

5,011,472 of Aebischer et al.; U.S.

See, U.S. Patent

No.

Patent No.

5,106,627 of Aebisher et al.; PCT Application WO
91/10425; PCT Application WO 91/10470; Winn et_al.
Exper. Neurol. 113:322-329; Aebischer et _al.

Exper. Neurol. 111:269-275;

ASATO 38:17-23.

SUMMARY OF THE TINVENTION

This invention relates to and claims

1991

and Tresco et al. 1992

substantially purified glial derived neurotrophic

1991

factor (GDNF). In one embodiment of this invention,

substantially purified GDNF is obtained having a

specific activity at least about 24,000 times greater

than the specific activity of B49 conditioned medium.

The substantially purified GDNF has a specific activity

of at least about 12,000 TU/ug.
The substantially purified GDNF of the present

invention has an apparent molecular weight of about 31-

42 kD on non-reducing SDS-PAGE, and about 20-23 kD on

reducing SDS-PAGE. The substantially purified GDNF has

-an amino terminal sequence comprised substantially of

the amino acid sequence (SEQ ID NO:1):

(Ser)~-Pro-Asp-Lys-Gln-Ala-Ala-Ala-Leu-Pro-Arg-Arg-Glu-
(Arg)-Asn-( )-Gln-Ala-Ala-Ala-Ala-(Ser)-Pro-(Asp)-

(Asn) . ...
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W’ nerve cell bodies near the site of injury. Nerve damage may al so

i@ because of tenporary or permanent cessation of bl ood flom/toﬁﬁarts of
BI Vouyyosysseéand as in stroke. Nerve damage may al so occurP@PELataasss

i onal or accidental exposure to neurotoxins, such as the cancer and

Fhenot her apeuti c agents cispl atisgsen and di deoxycyti di ne (ddC),

respﬁftively. Nerve damage may al so occur because of chronic netabolic

di sef@es, such Ttse damixed escid sequence of mature and "pre-pro" forms

REPF FEVENT SHEE; rat GDNF is as set forth in Figs. 13 and 14 (SEQ ID
NO:3 and SEQ ID NO:4). The amino acid sequence of

mature human GDNF is as set forth in Fig. 19 (SEQ ID
NO:5). The amino acid sequence of the pre-pro form of
human GDNF is set forth in Figures 19 (SEQ ID NO:5) and
22 (SEQ ID NO:8).

One aspect of the invention is a method for

Wi

obtaining purified GDNF comprising: 1) preparing a

10 serum-free growth conditioned medium of B49
glioblastoma cells; 2) concentrating the conditioned
medium; 3) performing heparin sepharose chromatography
on the concentrated conditioned medium; 4) performing
fast protein liquid chromatography on fractions

15 obtained from said heparin sepharose chromatography:
and 5) performing reverse-phase high-performance liquid
chromatography on fractions obtained from said fast
protein liquid chromatography. In one embodiment, the
method of obtaining purified GDNF is further comprised

20 of the steps: 6) subjecting fractions obtained by
reverse~phase high performance liquid chromatography to
preparative SDS-PAGE; and 7) performing reverse-phase
high-performance liquid chromatography on factions
obtained by preparative SDS-PAGE.

25 Also described is the cloning of the rat GDNF
gene from a cDNA library prepared from the B49 cell
line. The nucleic acid sequence encoding mature and
pre-pro rat GDNF is set forth in Fig. 13 (SEQ ID NO:3).
The method for obtaining a human gene coding for GDNF

30 is also disclosed. The nucleic acid sequence encoding
mature human GDNF is as set forth in Fig. 19 (SEQ ID
NO:5). The nucleic acid sequence encoding the first 50
amino acids of the pre-pro segment of human GDNF is as
set forth in Fig. 22 (SEQ ID NO:8).

35 This invention also includes pharmaceutical
compositions comprising an effective amount of purified

GDNF in a pharmaceutically suitable carrier. Also

This Sheet Has Been Replaced . \ THIS SHEET HAS BEEN

IR S




*T enal

-4- dysfunction. Nerve danage may al so occur because of

neur o égenerative di seases such as Parkinson's di sease, Al zheiner's
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Parklnson s disease or damaged or improperly
functioning dopaminergic nerve cells.

In the preferred embodiment of this invention,
GDNF is produced by recombinant DNA methods, utilizing
the genes coding for GDNF as described herein. The
present invention includes a vector for use in
producing biologically active GDNF comprised of
expression regulatory elements operatively linked to a
nucleic acid sequence coding for mature or pre-pro
GDNF, and a host cell transformed by such a vector.
Alsc included is a recombinant DNA method for the
production of GDNF comprising: subcloning a DNA
sequence coding for GDNF into an expression vector
which comprises the regulatory elements needed to
express the DNA sequence; transforming a host cell with
said expression vector; culturing the host cells under
cenditions for amplification of the vector and
expression of GDNF; and harvesting the GDNF.

A recombinant DNA method is described for the
production of GDNF comprising: culturing the host cells
of this invention under conditions for amplification of
the vector and expression of GDNF; and harvesting the
GDNF.

This invention includes substantially purified
antibodies that recognize GDNF. Also included is a
method for preventing or treating nerve damage which
comprises implanting cells that secrete glial derived
neurotrophic factor into the body of patients in need
thereof. Finally, the present invention includes a
device for preventing or treating nerve damage by
implantation into a patient comprising a semipermeable
membrane, and a cell that secretes GDNF encapsulated

within said membrane and said membrane being permeable

e e e
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is éffountered in all races throughout the world, and the average age of
i s 60 years. After years of confllctlng t heories and

bver suo 9306dilocheni cal basis for Parkinson's di sease haP@fbBgEa7#8 t he
f cause. (See, e.g., Bergman, 1990 Drua Store News, 12:1P19.) O

i cant inportance to an understapgli ng of Parkinson's di sease are the

g of the brain known as the substantia nigra the basal ganglia, and

Eul arly, tbec;npr'paﬁdsimbamaabmewuba;cttrmtsi. aErorgrehe pdiiatteral |y

pai r@ | ayer o nge ray, matt in the md-brain, is involved with
dopal ne transff gg?BﬁngﬁﬂigB ¥H8 ﬁ%f%ﬁ basal ganglia function involves a
seri @ of interactions and feedback systems which are associated with the
subsganti a nlgbgseﬂggggghaéﬁdig Bgé&Iﬁgsdopan1ne acetyl choline and ot her
subsgances e, there is a dysfunction in the
dopa‘;nenglc afipureylofiephetsubbeanesal i$ g heparin sepharose

chromatography on a solution of concentrated B49 .
glioblastoma cells serum-free growth conditioned
medium. The results show the eluate 0.D.,, (—).,
conductance (-A-), and GDNF activity in TU (-o-).

10 Fractions marked by a bar were pooled for further
purification.

Figure 2 depicts the results of FPLC superose
chromatography from the pooled fractions of Fig. 1.

15 The results are shown of 0.D.,,, (—), and GDNF activity
in TU (-o0o-).

Figure 3 depicts the results of RP~HPLC on fraction 14
from Fig. 2. The results are shown of 0.D.,,,. with the
20 GDNF activity in TU shown below.

Figure 4 depicts the results of analysis by silver-
stained SDS-PAGE of fractions 3-10 obtained from Fig. 3
above. Lane S contains molecular weight standards.

Figure 5 depicts the results of preparative SDS-PAGE on
fractions 5 and 6 from Fig. 4. Gel slices were tested

e .

for GDNF activity in TU. Gel slices were also
correlated to molecular weight by use of molecular
weight markers (Amersham).

¢ "ﬁ’«?;;ix‘{l-}a-;.- o

Figure 6 depicts the results of the RP-HPLC on
fractions 16-23 from Fig. 5. Chromatogram A contains
the sample, and chromatogram B is a control (pooled gel

extract from corresponding slices of a blank iane).
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Figure 7 depicts the results of analysis by silver-
stained SDS-PAGE of peak 3 from Figure 6A (lane 1) and
a molecular weight control (lane S).

Figure 8 describes the amino~terminal amino acid
sequence obtained from purified GDNF. The empty
parenthesis indicates a position where the amino acid
could not be determined using the sequencing technique
employed. Where residues are given in parentheses,
there was some uncertainty as to the identification of
that residue. The complete correct amino-terminal

amino acid sequence is shown in Figure 19 below.

Figure 9 depicts the results of RP-HPLC on trypsin
digested purified GDNF. Chromatogram A contains the
sample, and chromatogram B is a control (containing
trypsin only).

Figure 10 depicts the results of the RP-HPLC of peak 37
from Fig. 9. following treatment with cyanogen bromide.

Figure 11 depicts the results of RP-HPLC on the
reduction product of peak 1 from Fig. 10.

Figure 12 describes an internal amino acid sequence
obtained from purified GDNF.

Figure 13 depicts the nucleic acid sequence obtained
for rat GDNF derived from a B49 cell library cDNA clone
AZaplI76.1. Also depicted is the inferred amino acid
sequence for GDNF. The nucleic acid sequence coding
for mature GDNF is underlined. The amino-terminal
sequence of the most preferred pre-pro form of GDNF is
marked with an *.

Figure 14 depicts the inferred amino acid sequence of
mature GDNF.
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jit effective treatnent for Parkinson's [err] to date is the oral

st ration of Levodopa. [err]a penetrates the central 48 em
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represents decreasing concentrations of each
neurotrophic factor. The curve labeled control is

equal volumes of inactive HPLC fractions adjacent to
those containing the GDNF used to generate the curve

labeled GDNF.

Figure 16 depicts the results of purified B49 cell GDNF
and human recombinant CNTF to promote the survival of
sympathetic neurons from chick embryo sympathetic chain
ganglia. Increasing optical density on the Y-axis
represents increasing neuronal survival. The X-axis
represents decreasing concentrations of each
neurotrophic factor. The curve labeled control is
equal volumes of inactive HPLC fractions adjacent to
those containing the GDNF used to generate the curve
labeled GDNF.

Figure 17 depicts the results of biocassay of COS cell

. conditioned media for ability to increase dopamine

uptake by mesencephalic dopaminergic neurons in
culture. The Y-axis presents the amount of
radiclabeled dopamine taken up versus increasing
amounts of concentrated COS cell culture medium on the
X-axis. The curve labeled B-1 represents the serum-
free conditioned medium from COS cells transfected with
the GDNF gene in the proper orientation for expression
of GDNF. The curve labeled C-1 represents the serum-
free conditioned medium from COS cells transfected with
the GDNF gene in the opposite orientation, which
prevents expression of GDNF.
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[erg at1 ¢ nerve but is apparently not CNTF, is also found in the
ner S et al. 1989 the 246:1023). In United States Patent No.

5, Oi : of Appel dopam nergic activity was identified j om
caul @ubiskiPssue. Again, no factors rise to the aié?r@‘.@??/’“’sgar
pur ¥ nd the [err]nt nolecular weight of the activity containing

[erd s relatively small. See at¥by Nijima et .90 Brain Res.

528% 154 (chemically [err]rented striatum of adult rat brain); Lo et

al . g Figure 18 depicts the results of bloassay of COS cell
condltloned media for ability to increase survival in
culture of sympathetic neurons from the sympathetic
chain in chicken embryos. The Y-axis presents the
5 amount of MTT dye reduced by the cultures and is
proportional to neuronal survival. The X-axis
represents increasing dilution of concentrated COS cell
culture medium. The curve labeled GDNF represents the
serum-free conditioned medium from COS cells
10 transfected with the GDNF gene in the proper
orientation for expression of GDNF. The curve labeled
CONTROL represents the serum-free conditioned medium
from COS cells transfected with the GDNF gene in the
opposite orientation, which prevents expression of
15 GDNF. '
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Figure 19 depicts a portion of the nucleic acid
sequence obtained for human GDNF, as described in
Example 2C below, including the entire portion of the
“ i 20 gene encoding for mature human GDNF. Also depicted is
£ : the inferred amino acid sequence for mature human GDNF.
e The amino acid sequence for mature human GDNF is- ;
underlined. . - ' é

Figure 20 depicts the ability of GDNF to stimulate
dopamine uptake and tyrosine hydroxylase (TH)
immunostaining in dopaminergic neurons. Cultures were
established as described in Example 1B. GDNF was added
on the day of plating and replenished after nine days
in vitro. A. SH~-DA uptake was measured after 15 days
in vitro. B. Cultures were fixed after 16 days in
vitro with 4% paraformaldehyde, washed extensively,
permeabilized with 0.2% Triton x-100 and stained with
polyclonal antibody to TH (Eugine Tech International,
Allendale, NJ). Primary antibody binding was
visualized using a Vectastain ABC kit (Vector Labs,
Burlingame, CA).
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1990]>“ furosci . Abstr., 16:809 (striatal-derived neurotrophic factor).

In a$ B, other known neurotrophic factors have al so been shown to have
dopag c %ﬁ%é Yoty, e.g., Brain derived neurotrophic factd@Cl/EBBRF)7888nd
aci JEEEEEEER () Fi br obl ast Growth Factors. The GNDF of the present

i nvegt
acti &
frong

was i sol ated based on its abylity to pronote the functional
d survival in cell culture of dopam nergic nerve cells isolated

. e | These i¢qpa ng&gc@ pekye cells are the
prec?)lsgg_\(}en?i REPRAORheTRBSR i ey N

enbrg : t he "dopam nergi c _nerve cel %hgﬁa ult substantia
ni grg degedmaRiaery 1Sy NGUTEET s Fid&aLes YﬁEFeF&F@ B9nd5 be usefu
inrg g the;ieuriona idegnReild UB.t haDNFawaes atdeds papthesaay of

S dlsease

Parky plating. A. 3H-DA uptake was measured after seven days

in vitro. B. '“C-GABA uptake was measured after eight
days in vitro. Cells were incubated and treated as for

34-pA uptake, except the uptake buffer consists of
Kreb-Ringer’s phosphate buffer, pH 7.4, containing 5.6
mM glucose, 1.3 mM EDTA, 10 uM amino-oxyacetic acid (to
10 prevent GABA breakdown), 2 mM Bf-alanine (to inhibit
glia uptake of GABA) and 0.1 uM '“C-GABA (150 mC,/mmole,
New England Nuclear, Boston, MA). In the presence of

gt R

:.:!iﬂié

SAESNT:

R L

1 mM diaminobutyric acid (DABA), a potent inhibitor of
“c-GABA uptake into GABA neurons, the ‘*C-uptake was

1% reduced to 10%. Control values in the presence of DABA
were subtracted from experimental values.

Figure 22 depicts a portion of the nucleic acid
sequence obtained for human GDNF, as described in

20 Example 2D below, including the.coding sequence of
amino acids 1-50 of human pre-pro GDNF. Also depicted
is the inferred amino acid sequence for the first 50
amino acids of human pre-pro GDNF. This information,
in conjunction with coding sequence information given

25 in Figure 19, provides the full coding sequence for

& T

B __:_‘_"'-"Z‘!W§3;ﬁ-imnh.i-,..-.z P

human pre-pro GDNF, and the inferred amino acid

1] sequence for the human pre-pro GDNF protein.

Figure 23 depicts a map of SacII and Pstl sites within
30 the plasmid of pBSSK-A3Alul, as described in Example 2D
below.

Figure 24 depicts the specificity of GDNF to

] i’ dopaminergic neurons. Cultures were prepared as
described in Example 1B. GDNF was added on the day of

plating, and uptake was measured after 6 days in vitro.
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GDNF may be useful in treating other forns of damage to or
&-lincti on of dopam nergic nerve cells in human patie

w@bjmﬁﬂﬁi on may occur in schizophrenia and ot her fg{:ﬁfsus??ﬁﬁ%s
Current treatments for such. conditions often require drugs
dopani ne receptors, suggestidg that inproper function of the
#C neurons innervating these receptor-bearing neuronal

s nayp depigFs deBaminehBPinrkeadBdppodericts serotepiRd on

Jﬁﬁaié“ th other neurotrophic factors, new fornms of nerve
e treated with GDNF will energe as nore is | earned about

s types of nerve cells that are responsive to this neurotrophic

or exaphee R6rdepdcast tobastsie( Bilky stainedesDREPAGEA run
Bl 1y useful tr f LIMeL =S cdi it was recently :
28l thaﬁnﬁ@f 5%?§%§gbac%38?%§?§%hiéffgg%§?9§§%m?ﬁ§mbasal forebrain ;

i ¢ newnromatiegraphy of a bacterial extract containing {

unrefolded GDNF on an S-Sepharose column prior to
refolding (see Example 6C). Lanes 2-8 represent
consecutive fractions from the column eluate.
Fractions 3-5, enriched for GDNF, were pooled for
refolding. Lane 1 is molecular weight standards (SDS-
70L, Sigma).

Figure 26 depicts Coomassie Blue stained SDS-PAGE of
the GDNF solution; prior to refolding (lanes 6 & 13),
after refolding (lane 2), and after refolding and
subsequent back reduction with 150mM 2-mercaptoethanol
(lane 5). The material prior to refolding and after
back reduction runs as a monomer at about 16 kDa. GDNF
after successful refolding runs (without reduction) as
a dimer at about 30kDa (see Example 6C). Lane 15 is
molecular weight standards (SDS-70L, Sigma).

Figure 27 depicts the results of a bioassay using

refolded GDNF; measuring the ability to promote the
survival of chick embryo sympathetic neurons in
culture. The biocassay procedure is as described in
Example 4A. Optical density (proportional to the
number of surviving neurons) on the Y-axis is plotted
agéinst GDNF concentration on the X-axis (determined by
laser~-densitometry scanning of Coomassie Blue stained
SDS-PAGE dgels). The calculated ED50 of refolded GDNF
for chick embryo sympathetic neuron survival is about 3
ng/ml.

Figure 28 depicts the results of a bioassay using
refolded GDNF; measuring the ability to increase
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6116 Patri ck Aebi scher and coworkers havBCHERR/HS
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dopamine uptake by nigral dopaminergic neurons in
cultures of rat embryonic mesencephalon. The bioassay
procedure is as described in Example 1B. Dopamine
uptake on the Y-axis is plotted against GDNF
concentrations on the X-axis. The calculated ED50 of
refolded GDNF for increasing dopamine uptake in these
cultures is about 3pg/ml.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
Reference will now be made in detail to the

presently preferred embodiments of the invention,
which, together with the following examples, serve to
explain the principles of the invention.

Prior to this invention, GDNF had not been
identified as a discrete biologically active substance
or existed in a substantially pure form. As described
herein, a detailed description of GDNF is provided,
along with a description of: its physical, chemical and
biological characteristics; its utility:; how to make
it; useful compositions containing it; nucleic acid
sequences coding for it; vectors containing such
nucleic acid sequences; host cells transformed by such

A Zhei mer''s di sease. (WIllianms, et al. 1986 Proc. Natl. Acad.
0231). Methods are
or determ ning other forms of nerve damage that may _be usef ul

o

vectors; recombinant techniques for its production; and

other aspects of the invention.

GDNF is a protein that may be identified in or
obtained from glial cells and that exhibits
neurotrophic activity. More specifically, GDNF is a
dopaminergic neurotrophic protein that is characterized
in part by its ability to increase dopamine uptake on
the embryonic precursors of the substantia nigra
dopaminergic neurons, and further by its ability to
promote the survival of parasympathetic and sympathetic
nerve cells. Substantially purified GDNF is further
characterized in several ways:

1. It has a specific activity of at least

about 12,000 TU/ug.
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pef ul as neans for delivering drugs or nedicanents in certain
Ci r cug s. For exanple, they have proposed the encapsul ation of cells

.'- n bl({)%ransmtter factors, and the inplantation pfT/R%9t/07888
rain of patients sufferlng from Par ki nson' s Di sease.

See, Patent No. 4,892,538 of Aebis her et al.; US. Patent No.
5,01 f Aebi scher et aI ;U S Pat% 5,106, 627 of Aebi sher et
al .; Appl i cation W 91/ 1Q4 ti 91/ 10470;. W et al.
1991 MBE%r . Neurol . 113 322]%23‘ NN dc%gdﬁt% Rlof BH E3aldind BBsF
111: 2§ 5; and Tr esco et alPAGBRIZE amtOZDB'ZIS?-lﬂB SUM MARY OF THE
| N\VENFJE Thi s Trventoh fal af &1A00 Gt SHPHANLAL ng
purifiEEgli al derived neurotrotﬁﬁi factorl?' e dﬂ% one e%b I me

. 5 4. It has a specific activity of at least

about 24,000 times greater than the

specific activity of B49-conditioned

medium.
5. It has the ability to upregulate tyrosine
% 10 hydroxylase immunoreactivity in

mesencephalic culture.
6. It has the amino terminal amino acid
sequence as shown in Figure 8 (SEQ ID
Nofl).
15 7. It has the internal amino acid sequence as
shown in Figure 12 (SEQ ID NO:2).

The GDNF of the present invention is more fully
described in detail below. It is to be understood that
this aspect of the invention covers any dopaminergic

20 neurotrophic protein having an amino terminal amino
acid sequence the same or substantially homologous to
that given in Figure 8 (SEQ ID NO:1). This invention
also includes any dopaminergic neurotrophic protein
having an internal amino acid sequence the same or

25 substantially  homologous to that given in Figure 12
(SEQ ID NO:2).

This invention includes a novel dopaminergic

< LR T VRN

neurotrophic protein that is defined herein as glial-

RS 3k

derived neurotrophic factor (GDNF). GDNF has been
30 identified in and isolated from a serum-free growth
conditioned medium of B49 glioblastoma cells in a
substantially purified form.
GDNF has been purified and characterized, and
partial amino acid sequences of the purified material

have been obtained. Based on the partial amino acid

to
w

b bttt

sequence obtained, DNA probes were designed for

obtaining a rat cDNA clone that may be used in the
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peour1 fied GDNF i s obtained having a specific activity at

e doliq err]g. The substantially purified

g SDS- PAGE, and about 26188 kD on educi ng SDS- PAGE. The

'y purified GDNF has n amino term nal sequence conprised
| y p@fonti it PreciuF tdeiuehcEPNEEQ FhenprE}eic acid
S p- Ig%f?gefﬂcr& R fa-sAickr AlankednBr @hér gnAegreiuandhg) adsa- (

a~ A a-

sequenpélea'o(fs%ra?t' TeRE 42PL1vE3 kn Figs 13 (SEQ ID NO:3)
and 14 (SEQ ID NO:4).
The amino-terminal amino acid sequence of GDNF

PRUPERIE -SRI N S

nas been determined, and is shown in Figure 8 (SEQ ID
NO:1). A portion of the internal amino acid sequence
of GDNF has also been determined, and is shown in
Figure 12 (SEQ ID NO:2). The purified GDNF has an
apparent molecular weight of about 31~-42 kD on SDS-PAGE
under non-reducing conditions, and about 20-23 kD on
sDS-PAGE under reducing conditions. Although not being

£
3
4. -

limited by such theory, it is postulated that this

: information is consistent with GDNF being a
i 2T glycosylated, disulfide-bonded dimer in its naturally
' occurring state.
As described in more detail in Example 6C
below, expression of the human GDNF gene in a bacterial
expression system leads to the production of
E 20 recombinant human GDNF or rhGDNF. The material
isolated after expression is essentially biologically

Wemanuns .o

inactive, and exists as a monomer. Following
refolding, GDNF exists as a biologically active
disulfide~bonded dimer. GDNF, therefore, is a
disulfide-bonded dimer in its natural, biologically

active form. This invention, however, includes GDNF in

¢

ﬁ g, inactive and biologically active forms.
i

?

i

both its monomeric and dimeric, and biologically

Probes were prepared based on the nucleic acid
10 seguence of rat GDNF in order to clone the genomic DNA
! gene coding for human GDNF. The human gene encoding
i mature GDNF, and the amino acid sequence of human
' mature GDNF are given in Figure 19 (SEQ ID NO:5).
GDNF may also be characterized by its ability
to increase dopamine uptake on the embryonic precursors

of the substantia nigra dopaminergic neurons, as
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[

& times greater than the specific activity of B49 conditioned
ubstantially purified GDNF has a specific act jpwm 9 | east
RER s s

enti on has an apparent nol ecul ar wei ght of about 31- 12 kD on



N Y
AN AT R A i 4 it S reblt LA S K L SR
2 AT X (A
Ve TR

1no aci d sequence of mature and "pre-pro” forns of
in Figs. 13 and 14 (SEQ ID NGO 3 and SEQ ID NO 4). The am no acid
frgre human GDNF is as set forth in Fig. 19 (BEUSN2M788P) . The
uence of the pre-pro formof human GDNF is set forth in

9 (SEQ ID NO 5) and 22 (SE¢pLD NO 8).
Is a method for obtaining purified GDNF conprising: 1) preparing
e é& eran@d bgnedsmagiuicef tB48rghbebl aneogareelas; o)
g e

g Q0P bR LLULNoRER LY Sephar ose

wo il

described in Example 4 below.

GDNF may be characterized additionally by its
ability to upregulate tyrosine hydroxylase
immunoreactivity in mesencephalic cultures. An example
of this characteristic is described in Example 1E and
shown in Figure 20. 1In addition, GDNF has been shown
to have some specificity to dopaminergic neurons
relative to neurons generally. For example, this was
demonstrated by the limited effect on y-aminobutyric
acid (GABA) uptake in neurons containing GABA. This is
also described in Example 1E and shown in Figure 21.
GDNF has also been shown to have limited, if any,
effect on serotonin uptake in serotonergic neurons.
This is described in Example 1lE and shown in Figure 24.

Throughout this specification, any reference to
glial derived neurotrophic factor should be construed
to refer to neurotrophic factors of any origin which
are substantially homologous to and which are
biologically equivalent to the GDNF characterized and
described herein. The degree of homology between the
rat and human protein is about 93% and all mammalian
GDNF will have a-similarly high degree of homology,
Such GDNFs may exist as dimers in their biologically
active form. N

The present invention encompasses glycosylated
and non-glycosylated forms of GDNF as well as truncated
forms of the naturally-occurring and recombinant GDNF
as described herein. 1In a further embodimént, GDNF is
modified by attachment of one or more polyethylene
glycol (PEG) or other repeating polymeric moieties.
The present invention also encompasses GDNF
recompbinantly produced in bacterial expression systems
containing aﬁ.amino—terminal methionine residue.

By "biologically equivalent" as used throughout
the specification and claims, we mean compositions of

rat GDNF is as

One aspect of the
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on t ntrated conditioned nmedium 4) performng fast protein liquid
chrol @y aphy on fractions obtained fromsaid heparin sephar, .

chr g W%Joﬁih@ 5) perform ng reverse-phase hi gh-perfor (o L??zé?f.sés
chr dg Taphy on fractions obtained fromsaid fast protein liquid

chr dg i aphy. In one enbodi ment, tie24rethod of obtaining purified GDNF is
furt onpri sed of the steps: 6) subjecting fractions obtained by

hase hibh BERFBRERACESIT RN dVRIFH ARDJTERARLY Ploreparati ve

and 7} RehEeEat g T SyRE S6r mbusecfnaih et M ddphidd
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encodi ngedatur@u%i!mﬁ ‘@NFen%umg ssreqiticnrtiprFiand 1 aiSEQ | D
is meant a degree of homology to the GDNF isolated from
+he B49 conditioned medium in excess of that displayed
by any previously reported GDNF. Preferably, the

degree of homology is in excess of 70%, most preferably
in excess of 80%, and even more preferably in excess of
90%, 95% or 99%. The percentage of homology as
described herein is calculated as the percentage of

et e R

amino acid residues found in the smaller of the two
15 sequences which align with identical amino acid
residues in the sequence being compared when four gaps
in a length of 100 amino acids may be introduced to
assist in that alignment as set forth by Dayhoff, in
Atlas of Protein Sequence and Structure Vol. 5, p. 124
20 (1972), National Biochemical Research Foundation,
Washington, D.C., specifically incorporated herein by
reference. Also included as substantially homologous
is any GDNF which may be isolated by virtue of cross-
reactivity with antibodies to the GDNF described herein
25 or whose genes may be isolated through hybridization
with the gene or with segments of the gene for GDNF
described herein.
A preferred GDNF of the present invention has
been isolated from B49 conditioned medium and has been
30 isolated in a substantially purified form. An
additional preferred GDNF is prepared by recombinant
DNA technology to yield GDNF in a substantially
purified form. For the purposes of the present
application, "pure form" or "substantially purified
form," when used to refer to the GDNF disclosed herein,
shall mean a preparation which is substantially free of
other proteins which are not GDNF. Preferably, the
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purified GONF in a pharmaceutically suitable carrier.
-]~ described is a nethod for

or treating nerve

GDNF of the present invention is at least S50% percent
pure, preferably 75% pufe and more preferably 80%, 95%
or 99% pure. In one embodiment of the present
invention, the GDNF protein preparation is of such
substantially purified form so as to enable one of
ordinary skill in the art to determine at least
portions of its amino acid sequence without first
performing further purification steps.

In a preferred embodiment of this invention,
GDNF is purified from B49 conditioned medium as
described in Example 1 below. Of course, given the
information set forth herein, it will be apparent to
those skilled in the art that other sources of GDNF may
be identified, and that the purification of GDNF from
such sources can be accomplished generally according to
the method of purification presented here.

The dopaminergic activity of the GDNF is used
to facilitate the purification process. The bioassay
for dopaminergic neurotrophic activities is described
in Example 1B below. Briefly, cultures of dissociated
mesencephalic cells are prepared, either in serum rich
or serum free environments. Samples to be tested for
dopaminergic activity are desalted and serially added
to the cell cultures and the dishes are incubated for 6.
days at 37°C in a humidified atmosphere containing 6.5%
CO,. The cultures, in the presence of the testing
material, are then incubated at 37 C with tritiated
dopamine (®H-DA). The dopamine uptake is halted, the
cells washed, and the dopamine uptake analyzed by
scintillation counting of retained tritium in the
Cultures.

The purification of GDNF is described below in
detail in Example 1C. The process of purification is
detailed in Table I. The conditioned medium starting
material is prepared from B49 glioblastoma cells by
Placing the cells in serum free medium for 2 days, when

the conditioned medlum is collected and replenished.

heet Has Been Rep laced
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hucl ei ¢ acid sequence encoding the first 50 am no acids of the
ment of human GDNF is as set forth in Fig. 22 (SEQ ID NG 8).

| on Qa“l‘ﬁ? i ncl udes pharmaceuti cal conpositions conydiss2/81888



ECh conprises adninistering to a patient in need thereof a

cally affective amount of GDNF. In preferred enmbodinents, the

g os@6A3r ki nson' s di sease or damaged or i nproper!| ypETUs9R/@I88Y

@ nerve cells. In the preferred enbodi nent of this

, GDNF is produced by reconmbbpant DNA net hods, utilizing the genes
GDNF as descri bed herein. The present invention includes a

) use qiyfy PG NG ti'ie(ﬁe%&ie@a!ﬂoylyel%tl:HV@ @Q@Eegeg%'?:s_ed of

regul atory. el enents o ative linked to_a nucleic acid

“codi nFIHBH m(?rdlbﬂng 58 GBﬁrl—’ bahd acRoB8t9cerl LEr anBh®r med by

2Ctor . Al tiinrleddeckdisma ise cemtiridoyeBNAngetBAdehetaté@ Droduction

e TOAELAGE the TRESR: BRy LGREREAPE - needed fo expr ess

gquence; t ranﬁh@rgfngt asteptotapremdrdt isa obfexiries siradevect or ; ’

the NOSte 3R g fURRRN herein as serum-free growth conditioned
medium of B49 glioblastoma, is introducing the
conditioned medium onto a Heparin Sepharose column

_ equilibrated with 50 mM NaPi buffers, pH 8.0,

10 containing 0.15 N NaCl. A gradient buffer solution

made up of 50mM NaPi, pH 8.0 containing 1.5 N NacCl is

introduced to the column after elution is stabilized.

Fractions from this chromatography are measured for

GDNF activity, and those fractions containing the GDNF

1% activity are pooled for further purification.

The pooled fractions are subjected to fast
protein liquid chromatography (FPLC) on a Superose
column, with a solvent buffer of 50mM NaPi buffer, pH
7.4, containing 0.5 N NaCl. Again, the GDNF activity
20 of fractions obtained is determined. A single fraction

from this procedure is then acidified and loaded onto a
C-8 reverse phase high performance liquid
chromatography (HPLC) column. Fractions identified
. containing GDNF activity are combined for further
25 purification and for protein sequencing. As shown in
Table 1 below, the GDNF obtained at this.point has a
specific activity about 24,000 fold in excess of

[
IR DR K ik bl -t i &
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conditioned medium. Amino terminal sequencing of the
pProtein obtained at this point gives the amino terminal
sequence as shown in Figure 8 (SEQ ID NO:1).

Further purification of the GDNF obtained from
HPLC can be accomplished by performing preparative SDS-

el b I, < T T
LN 9 o Laal
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PAGE on the fractions containing the GDNF activity.
Added to the protein containing fractions are buffer
containing glycerol and SDS, and the solution is run on
non-reduced 15% SDS-PAGE, with electrophoresis
conducted at 10°C at 40 mA/gel for 2 hours. The
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cong for anplification of the vector and expression of GDNF; and

har v "the GDNF. A reconbi nant DNA nethod is described for the
pr o é GobF6econprising: culturing the host cells of thPETAURPMTE%
und R Y Ons for anplification of the vector and expression of GDNF;
and #sting the GDNF. Thi s kagention includes substantially

pur i Nt i bodi es that recognize GDNF. Al so included is a nethod for
pre ' or tr;%}_ttilrtg'l rmf\maei@mgeowirieelpomamlgi ges ai mpllacuilag eelibghtt hat
sec ial deriv eurQtr.o t | in need
t he Fi nal I‘i/f eq;present Ichrﬂn\?/'lent 6N i ncglt‘l?lﬁ1 Q’% Q%q)élag;é' fQﬁE %rsfé@entl ng
or t# :ng ner vectdianegye Hyy hmals&murat i dnslemO@daHﬁé-lC shrropetpoirephy af
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peak of GDNF as shown in Figure 6.
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con} #A-), and GDNF activity in TU (-0-). Fractions marked by
a b; getiol ed for further ~purification. Figure 2 depicts

t he FPLC superose chromat ography fromthe pooled fractions
of 1 p93/06H8 results are shown of O D.[err] (-), and CPSIL&92/07888y

Figure 3 depicts the results of RP-HPLC on fraction 14

frq he results are shown o250, D.[err], with the 0 GDNF

actj shown bel ow. Figure 4 depicts the results of analysis
by # stai ned SDS- PAGE of fractions 3-10 obtained fromFig. 3
abg cont ai nsthel enuher teehoha]l SEERYMESs of GDNF were

determined for the material from HPLC before and after
preparative SDS-PAGE. The procedures utilized for
obtaining amino acid sequences of purified GDNF are
given in Example 1D. Amino-terminal sequence was
obtained with a gas phase protein sequencer. Internal
sequences were obtained from the material obtained by
HPLC that had not been further purified by preparative
SDS-PAGE. Internal amino acid Sequence was obtained by
incubating the purified GDNF with trypsin. The trypsin
fragments obtained were separated by HPLC. One
fragment was found to contain the first 13 amino acid
residues of the amino-terminal sequence of the

untreated protein. A second fragment was treated with
CNBr, purified by HPLC, reduced, and again purified on
HPLC. The amino acid Sequence obtained is shown in
Figure 12 (SEQ ID NO:2). Those sequences given-in
parentheses were determined to a small degree of
confidence.

This invention includes the method for cloning
the gene for GDNF, and the gene that was identified g
_'that encodes GDNF. A detailed procedure for the
?loning of rat and human genes for GDNF is given beloﬁ
in Example 2. Again, those skilled in the art will
appreciate that other methods for cloning such a gene
are obvious in light of the disclosure herein. 1In
Particular, the cloning of genes from other species
| e?Coding GDNF will be obvious in view of the
disclosures and procedures described herein.

eron ;gx;iiit GDNF gene described herein was obtained
) ibrary constructed from poly A+ RNA !
;:::::::hfrom'549 cellst which was screened with a |
acia o ;e ollgonu?leotlde probe based on the amino
coNa wa: ezce.obtalned f?om the purified GDNF. The
treateq to talneé according to standard procedures,

© contain EcoRI-digested linkers, and inserted
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Ldeplcts the results of preparatlve SDS—PAGE on fractions

Fig. 4. Gel sll'Imx§§heWé1‘ae for GDNF activity in TU. Gel
-re al so corre ul ar wei ght by use of nolecular 10
wei g mar k8r9§/0gﬁgersharr) 6 depicts the resul peraisoivrsss
RP- ont fractions 1 3 fron]Flg 5. Chromat ogram A cont ai ns
t he e, and chronatogran1B Is a cg%trol (pool ed gel extract from
corr ndi ng slices of a blank | ane).

into the AZap II cloning vector. The hybridization
3 probe used was *?P-labeled, and consisted of the
following degenerate oligonucleotide (SEQ ID NO:7):

57 > CCIGATAAACAAGCIGCIGC>3!
5 cC G G

;e
Y 5
¥

AR g

Several positive clones were obtained, and one clone
(AZapIIl76.1) was positively identified by DNA
sequencing as encoding a portidn of GDNF that was not

SRETROMCLT AN
R S RN A S AR D A O,
-

 inge,

é ;; 10 used in designing the degenerate probe.

The procedure for obtaining the nucleotide

i ; sequence of the cDNA clone contained in AZapII7é6.l is
8 given in Example 2B. below. The nucleotide sequence of
the first 877 base pairs of the 5 end of the cDNA

15 clone was determined, and is shown in Figure 13 (SEQ ID
NO:2). 1In Figure 13, the clone shown contains an open
reading frame (ORF) of 227 amino acids that includes
the amino-terminus of purified GDNF and is consistent
with the sequence for an internal peptide obtained by _
cleavage of purified GDNF. §

The inferred amino acid sequence given in

Figure 14 (SEQ ID NO:4) shows the amino acid sequence
for the "mature GDNF". By "mature GDNF", is meant the
sequence of the purified GDNF obtained from the B49
conditioned medium. Of course, the purified GDNF mnay
exist as a dimer or other multimer and may be
glycosylated or chemically modified in other ways.
Mature GDNF may be truncated at the carboxyl terminus,
in particular by proteolytic processing of the lys-arg
residues 6 and 5 residues from the carboxyl terminal
end. Examination of the nucleic acid sequence of the
AZapIlI76.1 rat clone as shown in Fig. 13 (SEQ ID NO:2)
suggests thét GDNF is initially translated as a pre-

Pro-GDNF polypeptide and that proteolytic processing of
the signal sequence and the "pro" portion of this
molecule result in purified GDNF having the same mature
sequence as that obtained from B49 conditioned medium.
It is postulated, that the pre-pro-GDNF polypeptide




gol S by silver- stayneg &Eﬁ@@td peak 3 from F| gure 6A (I ane 1) and
‘ecul ar wei ght contr Figure 8 describes the

)>-term nal am no amgl mmBMal ned frompurified GDNF. The enpty
tbtﬁgjfggumdl cates g, 2..£he am no aci d coRCEHUSSE/0BISS

ed using the 3 *uenC|ng t echnitgtie enpl oyed. Were residues are

in parentheses, there was sgye uncertainty as to the identification
at residue. The conplete correct am no-term nal am no acid sequence
in Fiy@yiesldtbeheWfirst ATG --methionine encoding -- codon

at the 5’ end of the clone (position 50 in Figure 13).
The present invention includes, therefore, any and all
pre-pro GDNF polypeptides that may be translated from
the gene shown in Figure 13, as well as any and all
pre-pro GDNF polypeptides translated from a more
complete clone that may be easily obtained by one of

skill in the art using standard laboratory procedures
and the clone described herein.

Review of the rat nucleic acid sequence given
in Fig. 13 (SEQ ID NO:2) shows that the predicted amino
acid sequence located between positions 518 and 538 is
Asp-Lys-Ile-Leu-Lys-Asn-Leu which is consistent with

24
o
e

ey
..

23

by

the amino acid sequence determined for a peptide
15 derived from purified mature GDNF by the process
described in the section on internal sequence in
Example 1 below. A TGA stop codon at position 706
terminates the ORF. The predicted length of the
purified GDNF is thus 134 amino acid residues, and the
predicted molecular weight of this polypeptide is
14,931. Two potential N-linked glycosylation sites
occur at positions 425 and 533. Glycosylation at
either or both of these sites Qould increase the

molecular weight of the molecule.

The serine residue at position 281, which
corresponds to the start of the sequence of purified
mature GDNF, is preceded by the sequence Lys-Arg which
: provides a potential proteolytic cleavage site for
ﬂ; processing of a putative precursor form of GDNF to
3 produce the form of the molecule that is purified from

o B49 cells. A potential translational initiation codon

i
f:
4
A
B,

i

-~
B

(ATG) occurs at position 50 in the sequence and is
closely followed by a potential secretory signal
sequence. The sequences flanking this ATG show
sufficient similarity to the Kozak consensus sequence
(Kozak 1987 Nucleic Acids Res. 15:125-48) to indicate
that this ATG could be utilized as a translational

L el
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q

3
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akalotb epicts the results of RP-HPLC on trypsin digested purified GDNF
§ram A contains the sanple, and chromatogram B is a control i
fng trypsin only). Figure 10 depicts the results of the RP-HPLC {
'73&%9,@ Fig. 9. following treatment with cyanogenPBFG/§%347888 i gur ef
: he results of RP-HPLC on the reduction product of peak 1 from
Figure 12 descri bes an-igternal am no acid sequence obtai ned
i ed GDNF.

jnitiation site. Moreover, this ATG is the most 5' ATG

jt as a potential start site for translation of a

in the sequence of the cDNA clone. These facts suggest iﬁ
t
precurser form of GDNF.
r

These above noted features of the nucleotide
sequence of the rat cDNA clone suggest the possibility
that GDNF is initially translated as a pre-pro-GDNF
polypeptide and that proteolytic processing of the |
signal sequence and the "pro" portion of this molecule E
result in production of the form of GDNF that is ﬁ
purified from B49 cell conditioned medium. However, :4
the occurrence of other forms of GDNF is also | y

consistent with the sequence data. For example, two T

other potential ATG translational starts occur within
the 681 bp ORF: one at position 206 and one at 242.
These ATG’s are located upstream of the start of the
amino-terminal sequence of purified GDNF. Although, in
eukaryotes, translational initiation generally occurs
at the S'-most ATG of the mRNA (Kozak, supra,) there
are instances in which a proportion of the

e s aa i b o e it

translational initiations occur at a downstream ATG.
Thus, alternative precursor forms of GDNF could
conceivably arise by translational initiation at these
ATG codons. Proteolytic processing of these
polypeptides could result in production of the same
form of purified GDNF observed in B49 cell conditioned
medium. Moreover, the open reading frame extends
through the 5' end of the sequence of the cDNA clone.
It is therefore possible that the initiation of
translation occurs at an upstream ATG not present in
the cDNA clone. In this eventuality, GDNF would be
translated as an even larger precursor containing the
amino acid sequence described here and additional
Se€quence upstream. Processing of such a hypothetical
Precursor form could also lead to production of the
Purified form of GDNF reported here. It would be
POssible to detect potential upstream ATG starts by
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depicts the nucleic acid sequence obtained for

am no aci d sequence of =28-ure CGDNF

sequencing the 5' end of the mRNA containing the GDNF
gene via primer extension with reverse transcriptase
(Maniatis et al. supra). Additionally, other cDNA
clones could be obtained from B49 libraries and the 5'
ends of these clones could be sequenced. The size of
the 5' MRNA located upstream of the first ATG could be
more roughly determined by the techniques of "S1
mapping" (Maniatis et al. supra) and/or simple sizing
of primer extension proeducts of the reverse
transcriptase reaction. While a variety of putative
forms of the primary translational product that
contains the sequences encoding purified GDNF can be
postulated, the partial DNA sequence presented here for
the cDNA clone carried in the recombinant phage
AZapII76.1 clearly defines the coding sequence that
constitutes the purified GDNF polypeptide isolated from
the B49 cell conditioned medium.

In Example 2C below, the cloning of the human
gene that encodes GDNF, is described. A human genomic
library was screened with a probe derived from the rat
CDNA clone described in Example 2B. A genomic DNA
clone of the human GDNF gene was identified and the
sequence of the gene coding for mature human GDNF is
given in Fig. 19 (SEQ ID NO:5). -

The sequence given in Figure 19 for the gene
for human GDNF does not give the entire coding sequence
for the pre-pro portion of GDNF. The process for
obtaining the coding sequence for the first 50 amino
acids of human pre-pro GDNF is described below in
Example 2D. The sequence obtained is given in Figure
22 (SEQ ID NO:8). The map of plasmid pB55K-A3Alul used
to obtain the sequence is as shown in Figure 23.

This invention includes nucleic acid sequences
€ncoding GDNF. Relatively highly homologous segquences
Coding for rat (Fig. 13) (SEQ ID NO:3) and human (Fig.
19) (SEQ ID NO:5) GDNF are given herein. Alsc included
Within the scope of this invention are substantially

This Sheet Has Been Replaced
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rat GDNF derived
library cDNA clone | Zapll176.1. Al so depicted is the ‘

am no acid sequence for GDNF. The nucleic acid_sequ di ng for ;'
[Mg1iés under | i ned. The ami no-term nal sequence 5*3?H§£ﬁ§§@9 e

pre-pro formof GONF is marked with an *. Figure 14 depicts thegav




ire 15 depicts the results of purified B49 cell GDNF and human
t CNTF to pronote the survival of parasynpathetic neurons from

%6I”@ry ganglia. Increasing optical density onpdreusoa0isss
ﬁcrea3|ng neuronal survival. The X-axis represents decreasing
ions of each neurotrophic fgctor. The curve |abeled control is ¢
ymes of inactive HPLC fractlons adj acent to those contalnlng t he I
|

to gg Fﬁ{?&@ M@l@f& V&i&@_@ﬁr@l\f that I BHL fkg\#g g prt he

puritred B49 cel |l GDNF and human reconbi nant onote the
f or highly homologous amino acid sequences. For

b etk

= QM0 0 20 =

example, when preparing a construct for expression of
mature GDNF in a bacterial expression system such as E.

coli, certain codons in the nucleic acid sequence given X
in Fig. 19 (SEQ ID NO:5) may be substituted with codons ﬂ
more readily expressed in E. coli according to well ¥“
known and standard procedures. Such modified nucleic 1
acid sequences would be included within the scope of
this invention.

Specific nucleic acid sequences can be modified
by those of skill in the art. Therefore, this
invention also includes all nucleic acid sequences

which encode for the amino acid sequences for mature

rat and mature human GDNF as set forth in Figures 14
(SEQ ID NO:4) and 19 (SEQ ID NO:5), and pre-pro rat
GDNF as set forth in Figure 13 (SEQ ID N0O:3) and for ;
pre-pro human GDNF as set forth in Figures 19 (SEQ ID ;;
NO:5) and 22 (SEQ ID NO:8). The present invention also - :f
incorporates nucleic acid sequences which will
hybridize with all such nucleic acid sequences -~ or
the compliments of the nucleic acid sequences where
appropriate ~- and encode for a polypeptide having
dopaminergic activity. The present invention also
includes nucleic acid sequences which encode for
polypeptides that have dopaminergic activity and that
are recognized by antibodies that bind to GDNF.

The present invention also encompasses vectors
comprising expression regulatory elements operatively
linked to any of the nucleic acid sequences included
within the scope of the invention. This invention also
incorporates host cells -- of any variety -- that have
been transformed with vectors comprising expression

regulatory elements operatively linked to any of the

Nucleic acid sequences included within the scope of
this invention.
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synpj hetic neurons from chick enbryo synpathetic chain ganglia. Increasing
opti gal density on the Y-axis represents increasing neuronal survival.

X- ax r eRy@98/Wss1glecr easi ng concentrations of each neur ot r ofCTZUSA/06I88
The @urve | abel ed control is equal volunes of inactive HPLC fractions
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nt to those containing the GDNF

expression of cloned gene cells such as COS cells.
Plasmids containing the GDNF gene in the proper and
improper orientation were selected and the DNA
transfected into COS-7 cells. Following cultivation,
the transformed cells were harvested. The COS-7
conditioned medium was tested for biocactivity in both
the dopaminergic assay and the sympathetic ganglia
neuron assay. The conditioned medium from the cells
containing the gene for GDNF in the proper orientation
was found to have biological activity in both such
assays, indicating that biologically active GDNF had
been successfully produced via recombinant DNA
processes.

In 4 preferred embodiment of the present
invention, human mature GDNF is prepared by recombinant
DNA technology in a bacterial expression system.

The expression of human GDNF in E. coli is
described below in Example 6. The portion of the human
GDNF gene that codes for mature human GDNF as shown in
Figure 19, was used to prepare a human GDNF construct.
Such construct was ligated into a plasmid vector, which
was transformed into E. coli strain JM107. After
culturing of the transformed host cells, the GDNF
produced was harvested. A protein of the expected
molecular weight for mature human GDNF (about 15,000
daltons) was obtained, and amino terminal sequencing
confirmed that the protein obtained was mature human
GDNF.

The refolding and naturation of human GDNF
expressed in E. colil is described below in Example 6C.
In the embodiment of the invention described, the
expressed protein-containing extract obtained was

partially purified prior to refolding by ion exchangs
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_ _ ed to generate the curve | abel ed
Figure 17 depicts the results of bioassay of COS cell conditioned

for ability to i RglLass ARABNe tuRighEe by coeseagerhalsi c dopani nergic
S in culture. The Y-axi's presents_the ampunt of radiol abel ed dopam ne
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e curve | abeled C1 represents the serum free conditioned
'om COS cells transfected with the GDNF gene in the opposite

on mi]i ch prevents expression of GDNF. PCT/US92/07888
ngHe s depicts the results of bioassay of COS cell conditioned
ability to increase suryhyal in culture of synpathetic neurons
synpat heti c

chromatography on S-Sepharose Fast Flow resin.
gefolding was accomplished by adding: first
dithiothreitol, then glutathione disodium salt, then a
refold buffer to the GDNF-containing extract. The
refolded rhGDNF was substantially fully biologically
active, and existed as a disulfide-bonded dimer in its
piologically active form. The GDNF prior to refolding
-- and after reduction of the refolded material --
existed in a monomeric state and was substantially
biologically inactive.

GDNF may also be produced by expression in
other expression systems. For example, with the
nucleic acid sequence coding for mature human GDNF as
shown in Figurells, one skilled in the art could
produce GDNF in other expression systems. Vectors
containing the nucleic acid sequence coding for GDNF
operatively linked to expression regulatory elements
may be transformed into other microorganism host cells
including Bacillus, Pseudomonas and yeast. Baculovirus
expression systems may also be employed.

As noted above, the present invention relates
to methods for treating nerve damage in patients
suffering therefrom. These methods comprise the
administration of a therapeutically effective amount of
a2 human protein glial-derived neurotrophic factor
(GDNF) to a patient suffering from nerve damage.

A disease or medical indication is to be
considered to be nerve damage if the survival or
function of nerve cells and/or their axonal processes
is compromised. In a preferred embodiment, such nerve
damage occurs as the result of one of the following
conditions: 1) Physical injury, which causes the
degeneration of the axonal processes and/or nerve cell
bodies near the site of injury: 2) Ischemia, as in
Stroke: 3) Exposure to neurotoxins, such as the cancer
and AIDS chemotherapeutic agents cisplatinum and
dideoxycytidine (ddC), respectively: 4) Chronic
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chf gCken enbryos. The Y-axis presents the anount of MIT dye reduced
by3 res and is proportional to neuronal survival. The X-axi

f .blgg/mé’eiéi ng dilution of concentrated COS cell cul tB?f"?Pé&.f"Jﬁ’fS The
cuj ged GDNF represents the serumfree conditioned nedi um from COS
cef 4 ected with the GDNF gene™##~the proper orientation for f

ex# F GDNF. The cyrve | abel ed CONTROL represents the serumfree

cof medieEAPrrdn BE8SRSLFs FP&HSFEC?éGbﬁF?ﬁ PFeT@RAF gene in the

Oop . ,entcglsifmctmmhapaevemt sgepresgeﬁerﬁﬁi@h&_ di?eagﬁgué&gN -

de S Brtion _of  the nyclei.c aci ence_obtained for human ., as
de SN h E@ﬁn&Q§k2&sﬁgl%w?lsﬁgfﬁdiagggﬁémgﬁt?rglﬁﬁ?§?ona6¢ the gene
enga Matnyot ropind s GBIREraAl SoldepsisedALs) | hehiohecaede atheo acid
Se i

%%%%e@%@ﬁ%nGQ¥Fspecific neuronal populations. A non-
exclusive list of conditions involving nerve damage
includes Parkinson’s disease, Alzheimer’s disease,
amyotrophic Lateral Sclerosis, Stroke, Diabetic
pPolyneuropathy, Toxic Neuropathy caused by the cancer
chemotherapeutic agents taxol or cisplatin or
vincristine, Toxic Neuropathy caused by the AIDS
chemotherapeutic agents ddI or ddC, and physical damage
to the nervous system such as that caused by physical
injury of the brain and spinal cord or crush or cut
injuries to the arm and hand.

Methods for producing GDNF are also disclosed
herein. One disclosed method consists of isolating
GDNF from various sources, such as glial cell line
conditioned medium. A second method involves isolating
the genes responsible for coding GDNF, cloning the gene
in suitable vectors and cell types, and expressing the
gene in order to produce the GDNF. The latter method,
which is exemplary of recombinant DNA methods in
general, is a preferred method of the present
invention. Recombinant DNA methods are preferred in
part because they are capable of achieving
Comparatively higher amounts of protein at greater
Purity. Recombinant human GDNF is the most preferred
Protein for the preparation of therapeutic compositions
and for the treatment of nerve damage.

This invention includes means for identifying
and cloning genes that encode proteins that share amino
acid sequence homology with GDNF, as well as all such
identified proteins.

A mammalian gene family comprised of three
Neurotrophic factors has been described (Leibrock et

al. 1989 Nature 341:149-152, Maisonpierre et al. 1990
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sequence for mature human GDNF i s underli ned. Fi gure 20

The §

3 i ti mul ate dopam ne uptake and tyrosine
ﬂsg 3 lol(,itl %lﬂral;logtjgrnit 2gsi n dopam nelrogi C neur ons. Culhtp %%9@7888
est 3 5 described in Exanple 1B. GDNF_mas added OBAt etaﬁg aas
plaf plenished_after ni ne daygg4in vitro. A: 3H f up ake as
neaj} ~ 15 days in vitro. B. Cultures were fixed after m{th A
Vith 1pagaim IMw:yﬁas-vnsﬂll ed Iewt ?dg\ggllryét gg%hgeg%l egg .
st d i h&g f%ﬁ& Joatan Ardddy %ﬁﬁﬂﬁngrﬂﬁ§hvf30abrzed
i} ta(NGIﬂBChéﬁatll'( \@nmim:oﬂmbhﬁgarfact%) (BDNF), and

USI? neurotrophin-3 (NT-3)] share ~50% amino acid identity
with each other. The positions of the six cysteine
residues present in each of these proteins are
precisely conserved. Although structurally similar,
these three proteins display different tissue
distributions (Ernfors et al. 1990 Neuron 5:511-526,
Maisonpierre et al. 1990 Neuron 5:501-509, and Phillips
et al. 1990 Science 250:290-294) and different in vitro
activities (Rosenthal et al. 1990 Neuron 4:767-773,
Whittemore et al. 1987 Brain Res Rev 12:439).

GDNF displays no significant homology to any
previously described protein but unidentified genes may
exist that encode proteins that have substantial amino
acid sequence homology to GDNF and which could function
in vivo as neurotrophic factors with different tissue
specific distribution patterns and/or different spectra
of activities. Such proteins would constitute menbers
of the GDNF family of neurotrophic factors. The DNA
Seéquences for the rat and human GDNF genes, presented
in Figures 13 (SEQ ID NO:3) and 19 (SEQ ID NO:5) and 22
(SEQ ID NoO: 8) respectively, could be used to identify
hew members of such a putative "GDNF gene family".

As a consequence of the conservation of amino
acid sequence among the protein products of the members
°f a gene family such as the "NGF gene family" noted
above or the "GDNF gene family," there is considerable
Conservation of sequence at the DNA level. Therefore,
Under appropriate hybridization conditions, nuclelc
acid "cross-~hybridization" can occur between genes
Within the family, i.e., a nucleic acid probe derived
from the sSequence of one of the family members will
form a staple hybrid duplex molecule with nucleic acid
Molecules from different members of the family which
have Seguences related, but not identical, to the probe

This Sheet Has Been Replaced
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re 21 depicts the specificity of GDNF to dopam nergi c neurons.
. wer e established as described in Exanple 1B. GDNF was added t he
doE . ;t,(jaglgg(,mé [err] H DA uptake was measured after severP(ElrdV§9?/rq7%t ro
; pt ake was neasured after eight days in vitro. Cells were
and treated as for 3H DA uptake, except the uptake buffer
Kreb- R nger's phosphate buffer, pH 7.4, containing 5.6 nmM
.3 migEEs, et0 aller npizanentodsy dacEneymoldgft D00:266-285) .

Therefore, one may screen for genes related by sequence
homology to GDNF by preparing unique or degenerate DNA
(or RNA) probes based on the sequence of GDNF from the
rat, human or any other species and performing
nhybridization experiments with a variety of target DNAs
(or RNAs) under conditions that will allow stable
formation of imperfectly paired nucleic acid duplexes.
Such hybridization conditions, often termed
nreduced stringency" are well described in the
literature (Beltz et al. supra, Sambrook et al. 1989
Molecular Cloning, 2nd edition, Cold Spring Harbor
Press) and most freguently involve reduction in
temperature of the hybridization reaction when carried
out in aqueous solution and/or reduction in
concentration of formamide in hybridization systems
normally employing solutions containing 50% formamide.
other means of reducing hybridization stringency have
also been described and could be employed (Sambrook et
al.,.supra}). The nucleic acid targets in these
hybridization experiments could include:
1) genomic DNA libraries containing human,
rat, or any mammalian species, or any other
species DNA cloned into any convenient vector
including bacteriophages, plasmids, cosmids,
yeast artificial chromosomes, or any other type
of vector;
2) cDNA libraries generated from RNA from any
tissue type obtained from any of the above
noted organisms or obtained from culture of any
type of primary cell obtained from any of the
above noted organisms, or from any type of
stable cell line currently existing or produced
from any primary cell culture;
3) genomic DNAs as described in item #1 above
which are digested with restriction enzymes and
prepared for Southern blot analysis by gel
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BA breakdown), 2 mM[err]-alanine (to inhibit glia uptake of
.1 [err]M[err] G GABA (150 nCferr]/mml e, New Engl and Nucl ear
. In the presence of 1 nmM di am nobutyric acid g2/ gggtent
0310418t r ] C- GABA upt ake i nto GABA neurons, the [err] C uotake was |
¢ 10% Control values in the presence of DABA were subtracted from :
| val ues. Flgure 22 d@ﬁlcts a portion of the nucleic acid :
bt ai ned for gescrlbed i n Exanpl e 2D bel ow,
the codin§ §8&68H88r8F13nFH SERDSTEE 5BNBP ﬁuﬁ%% re-pro GDNF
zeted is theuppbetr;ed am no acid sequence for the first 50 am no
uman pre-gro Thi g inf tkhon, in ¢ nctl n. wth coding
nformati o glsgﬁﬁﬁnaﬁléﬁscrgé %ov?%%@ t e %Y? colw%g sequence
pre-pro CBKE, sahdephetpnﬁéﬁﬁedoahvnesasldn@equeneéetotOthe hunan

EDNF protei Q. s51id support for Northern blot analysis.

o lakel

D=, —*

Such RNAs could include total cellular RNA or
fractionated, poly A" RNA.

S) Products of polymerase chain reactions
(PCR) which employ oligonucleotide primers
based on seguences eccurring in GDNF and
employing as templates any of the nucleic acid
sources described in items #1 through 4.

Any nucleic acid sequence which is demonstrated ]
to hybridize to a GDNF based probe under some

empirically determined set of hybridization conditions fﬁ
may be cloned and sequenced by any of a variety of |
techniques well known to one skilled in the art and the
degree of sequence homology may be directly determined
to identify members of a GDNF gene family. Such a !
hybridization approach was used to clone NT-3 by gf
screening with a probe based on NGF sequence (Kaisho et
al. 1990 FEBS Letters 266:187-191). :

An alternative method for identifying GDNF

family members involves use of the polymerase chain
reaction (PCR) to amplify sequences from GDNF family
members followed by cloning and analysis of amplified

Sequences. Degenerate (or nondegenerate)
oligonucleotide primers for PCR may be synthesized
based on the sequence of GDNF. Given the conservation
of cysteine location and the conservation of amino acid
Sequences in the immediate vicinity of the cysteine
residues that is observed for the NGF family, the
regions around the cysteines in mature GDNF represent

obvious candidates for primer synthesis but a variety

°f other primers could also be chosen from both the

Mature and pre-pro-portions of the protein. PCR
Feactions may be performed under conditions of reduced
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' depicts a map of Sacll and Pstl sites within the plasmid of
]3AIuI as described in Exanple 2D bel ow. Figure 24 depicts the

q&x EDNF to dopam nergi c neurons. Cultures werepgfg8RALAIISSS
»09 0 anpl e 1B. GDNF was added on the day of plating, and uptake

Bisured after 6 days in Vitro. . _ %
BOVENT SHEET i

annealing temperature which would allow amplification
of not only the GDNF sequence but the sequences of any
GDNF family members. See, Innis et al. 1990 PCR

protocals: A Guide to Methods and Applications,

academic Press. The products of such PCR reactions may
pe size selected by gel electrophoresis, cloned into an
appropriate vector and the cloned DNA sequenced to
jdentify GDNF family members. Alternatively, the
clones may first be screened by hybridization to a
probe specific for GDNF under conditions of high
stringency to identify GDNF clones. Any clones that
fail to hybridize to GDNF under high stringency would
then be seqguenced or such clones could be hybridized to

a GDNF probe under conditions of reduced stringency and
any clones that did hybridize to the GDNF probe under
these conditions would then be seguenced.

A second approach using PCR for cloning GDNF %?
family members would be to label the products of the ;?
PCR reaction described above and use those products as é%

a probe to screen nucleic targets enumerated above

under conditions of high and/or low stringency. g
Hybridizing clones or nucleic segments could be : i
analyzed as detailed above to identify GDNF clones and A
family members. Such an approach has been used to ii’f
clone NT-3 based on the sequences of NGF and BDNF
(Maisonpierre et al. 1990 Science 247:1446-1451).

In a preferred embodiment of the present
invention, a therapeutic or pharmaceutical composition
comprising GDNF is administered in an effective amount
to patients suffering from nerve damage. In a

Preferred embodiment of the present invention, GDNF is
‘Used therapeutically to treat patients suffering from
Parkinson’s disease. Those skilled in the art are

familiar with the variety of assays available for '%ﬁ
indicating which neurons would be responsive to ' 
Ltreatment with GDNF, and the determination of other \
Teceptive neurons receptive to GDNF could be performed |
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E'dopanine upt ake and B depicts serotonin uptake. Figure 25
* Coonassi e Bl ue stained SDS-PAGE, run under reducing conditions, of
ns from chromat ography of a bacterial extract conpgyiigedsgresef ol ded
tﬂﬁméjggpharose colum prior to refolding (see Exanple 6C). Lanes
resent consecutive fractigag_fron1the colum eluate. Fractions 3-5,
for GDNF, were pooled for~refolding. Lane 1 is nolecular weight
ds (S0 O hineRl e Biper 1fr 20 IBRCLR: FRQUPERI nfl Yge St al ned
could readily determine where the message for GDNF is

expressed throughout the body and what the levels of
GDNF protein are in each of those regions. One skilled
in the art could also determine the location of binding
'sites for GDNF throughout the nervous system. This
jnformation would allow one skilled in the art to
determine the neuronal types likely to be responsive to
GDNF, which would in turn suggest the appropriate
clinical indications for this protein. Suitable cell
culture and animal experiments could then be run to
determine the likelihood that GDNF would be useful in
treating such indications.

Purified GDNF isolated from B49 conditioned
medium has also been shown to promote the survival of
parasympathetic and sympathetic nerve cells in
cultures. These results are described in detail in
Example 4.

Because it is possible that the neurotrophic
function of GDNF is imparted by one or more discrete
and separable portions, it is also envisioned that the
method of the present invention could be practiced by
administering a therapeutic composition whose-active
ingredient consists of that portion (or those portions)
cf GDNF which controls (or control) GDNF neurotrophic
function.

The therapeutic or pharmaceutical composition
of the present invention is preferably administered
Parenterally by injection or directly into the cerebral
spinal fluid (CSF) by continuous infusion from an
implanted pump. Also, other effective administration
forms, such as parenteral slow-release formulations,
inhalant mists, orally active formulations, or
Suppositories, are also envisioned. Also,
administration in connection with one or more agents
Capable of promoting penetration of GDNF across the
blood-brain barrier is envisioned. One preferred

7S SHEET HAS BEEN
REPLACED
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after refolding and subsequent back reduction with 150mM

éptoet ol (lane 5). The material prior to refoldi Al7kgy back
wm9ﬂﬂﬁggas a nononer at about 16 kDa. GDNF after sggggggzm

£ng runs (W thout reduction) as a dinmer at about 30kDa (see Exanple
#ine 15 is nol ecul ar wei ght st3indar ds (SDS- 70L, Signma). Fi gure 27

"the results,of bi. 0 $s@ Esin .ﬁefol eg.GDNF' asuring the
Lo NEDABLE LRePRUPUPORP ISR CRREK ENEP VAT LG pab REL £t Heurons in
©. Theohtempdayedr thatiupthers pharmaceubidal by Exeoppradle Opti cal
¥ (Proportbonal shan!Be apabesool, suey! vhiy %SQ{:OQé.)u fafNery-axis 1s
agai concentration on the X-axi eferm ned by
ensi borepPr¢fsEaAfi AGCELIBBRAsSE eSBPOBiSianaddtis®s- PAEE gel s). The
ated EDRQ el pahotHedcENFconstitute a physiologically-
compatible, slow-release formulation. The primary
solvent in such a carrier may be either agqueous or non-
aqueous in nature. 1In addition, the carrier may
contain other pharmacologically-acceptable excipients
for modifying or maintaining the pH, osmolarity,
viscosity, clarity, color, steriliéy, stability, rate
of dissolution, or odor of the formulation. Similarly,
the carrier may contain still other pharmacologically-
acceptable excipients for modifying or maintaining the
stability, rate of dissolution, release, or absorption
or penetration across-the blood-brain barrier of the
GDNF. Such excipients are those substances usually and
customarily employed to formulate dosages for
pérenteral administration in either unit dose or multi-
dose .form or for direct infusion into the CSF by
continuous or periodic infusion from an implanted pump.

Once the therapeutic composition has been
formulated, it may be stored in sterile vials as a
solution, suspension, gel, emulsion, solid, or
dehydrated or lyophilized powder. Such formulations
may be stored either in a ready to use form or
requiring reconstitution immediately prior to
administration. The preferred storage of such
formulations is at temperatures at least as low as 4 C
and preferably at -70'C.

Preferably, the manner of parenterally
administering the formulations containing GDNF is via a
Subcutaneous, intramuscular, intrathecal or
intracerebral route. To achieve the desired dose of
GDNF, repeated daily or less frequent subcutaneous or
intramuscular injections may be administered, or GDNF
may be infused continuously or periodically from an
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8- solution; prior to refolding (lanes 6 & 13), after refolding (lanetl:




.enbryo synpathetic neuron survival is about 3 ng/m. Fi gure
he results of a bioassay using refol ded GDNF, neasuring the

0 i ncrease -16-
93/06116 PCT/US92/07888
U

-40-

implanted pump. The frequency of dosing will depend on
pharmacokinetic parameters of GDNF in the formulation
and route of administration used.

To achieve the desired dose of GDNF to
dopaminergic and other damaged nerve cells whose cell
podies are within the brain and spinal cord, it is
contemplated that GDNF will be administered into the
prain or spinal cord subarachnoid space or

intracerebroventricularly. Administration can be

continuous or periodic and be accomplished by a
constant- or programmable-flow implantable pump or by
periodic injections. Administration can also occur in
conjunction with agents that allow GDNF to penetrate

the blood-brain barrier.

It is also contemplated that certain
formulations containing GDNF are to be administered
orally. Preferably, GDNF which is administered in this
fashion is encapsulated. The encapsulated GDNF may be
formulated with or without those carriers customarily
used in the compounding of solid dosage forms.
Preferably, the capsule is designed so that the active
portion of the formulation is released at that point in
the gastro-intestinal tract when biocavailability is

'maximized and pre-systemic degradation is minimized;
Additional excipients may be included to facilitate
absorption of GDNF. Diluents, flavorings, low melting
point waxes, vegetable oils, lubricants, suspending
agents, tablet disintegrating agents, and binders may
also be employed.

Regardless of the manner of administration, the
Specific dose is calculated according to the
approximate body weight or body surface area of the
Patient. Further refinement of the calculations

Necessary to determine the appropriate dosage for

treatment involving each of the above mentioned

formulations is routinely made by those of ordinary
Skill in the art and is within the ambit of tasks
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“upt ake by nigral dopaninergic neurons in cultures of rat enbryonic
al on. The bi oassay procedure is as described in Exanple 1B

upt a n the Y-axis is plotted agai nst GDNF conce \q n the
W(b”é(gl?lcétjl ated ED50 of refolded GDNF for increasi ndp(g‘ggéh?’ﬂzsqut ake
cultures is about 3pg/m. DETAI LED DESCRI PTI ON OF PREFERRED

S - Reference will rftbe nmade in detail to the presently
d enbodi nent whj ch, together with the foll ow ng

i of tpe i nyention,
. serveUEHNeXPIBFH ?’Ff&e%r?%c?kb?’%swbtfh?% UnfEnt i on. Prior to "
ent i ogxp&iiferaalt hom, bespec telty fied fghe ¥ SHEtd g ogical |y
ubst ance_or_gex]i st i bstantially pure form As described
et A FRPaEled S B S re RANI G hdriin 1 ek dpseges
on okayibe phgereainedihrieedh arsk of the established
assays for determining dosages utilized in conjunction
with appropriate dose-response data.
In one embodiment of this invention, GDNF may

be therapeutically administered by implanting into

patients cells capable of synthesizing and secreting a
biologically-active form of GDNF. Such GDNF-producing
cells may be cells that are natural producers of GDNF
(analogous to B49 cells) or they could be cells whose
ability to produce GDNF has been augmented by
transformation with the GDNF gene in a form suitable
for promoting its expression and secretion. 1In order
to minimize a potential immunological reaction in
patients from administering GDNF of a foreign species,
it is preferred that the natural-GDNF-producer cells be
of human origin and produce human GDNF. Likewise, one _
would transform cells to express human GDNF using an iﬁ

expression construct coding for human GDNF by methods
analogous to those used in Examples 5 and 6 below. )
Cells capable of naturally secreting human GbNF ?d
may be identified using the following tools: (1) |
Oligonucleotides representing a portion of the

messenger RNA for human GDNF or complementary to a
portion of the messenger RNA for human GDNF may be used
to discover cell lines producing the human GDNF message
by Northern blot analysis, RNase protection, in situ

SO

hybridization, the Polymerase Chain Reaction, or other
related methods; or (2) Polyclonal or monoclonal

antibodies that recognize human GDNF may be used to

AR e i ST

discover cell lines whose extracts or conditioned
Culture medium contain GDNF protein by Western blot

analysis, ELISA assay, radioimmunological assay, or
Other related methods. A preferred strategy is to

SCreen the conditioned culture medium from a series of
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characteristics; its utility; howto nake it; useful

s containing it; nucleic acid sequences coding for it; vectors

s%i@“ﬂycleic aci d sequences; host cells transfor med/og9z07488
I'nant techniques for its production; and other aspects of

on. GDNF is a protgi,n that may be identified in or

_on1g|ia| cells and that exhlblts neurotrophic activity. Mire

5| Sf %Wra T Gy iR 01 04 1 P @Mihatrh@oms by
ed FA part its ab %ﬂﬁgto I ncrease dopani ne upt ake on t he

recuhsom%t%ﬂ H%fsﬁ%%t S 59 GHERERiGflS SaseRtdng, and
its gprliﬁﬂotﬂn@fﬂrmiﬁdﬂw madidnval onfiameigaldetdhe and

nerve cells anti I urified
nebucecel ! sroybel Al Al R he LS LU her o
acid abeqgteri@e (0 INY{wr rdsy. performed with the GDNF
produced by B49 cells and secreted into their culture

medium. Example 7 below describes the production and ' |

isolation of antibodies to human recombinant GDNF. :
Cells naturally secreting or cells transformed

to secrete human GDNF may be used to treat patients.

Human or non-human animal cells may be implanted in

patients in semi-permeable polymeric enclosures to

allow release of GDNF, but prevent destruction of the

cells by the paiient's immune system. Alternatively,

the patient’s own cells, transformed to produce GDNF ex

vivo, could be implanted directly into the patient

without such encapsulation. | i
The methodelogy for the membrane encapsulation

of living cells is familiar to those of ordinary skill

in the art,. and the preparation of the encapsulated :

cells ard their implantation in patients may be i

accomplished without undue experimentation. See, U.S.

Patent Numbers 4,892,538; 5,011,472; and 5,106,627,

each of which is specifically incorporated herein by

reference. A system for encapsulating living cells is

described in PCT Application WO 91/10425 of Aebischer

et _al., specifically incorporated herein by reference. !

See also, PCT Application WO 91/10470 of Aebischer et ?

al.; Winn et al 1991 Exper. Neurol. 113:322-329;

Aebischer et al. 1991 Exper. Neurol. 111:269-275;

Tresco et al. 1992 ASAIO 38:17-23, each of which is

Specifically incorporated herein by reference.

In particular, cells secreting GDNF may be
implanted in Parkinson’s disease patients in the
Striatum to provide GDNF to the terminal fields of
nigral dopaminergic neurons and into the nigra to
Provide GDNF to the dopaminergic cell bodies. Such
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-3 : 2. It has a nol ecul ar wei ght on reduci ng SDS-

P4 out 20-23 kD. 3. It has a nol ecul ar wei ght on

N R ng SDS- PAGE of about 31-42 kD. péT/USI07R88 2
ST 0@@@?“& of at | east about 24,000 tines greater than
tH specific activity ot4§49-cond|t|oned medi um

jocally-applied GDNF would promote sprouting and
reinnervation of the striatum by dopaminergic terminals
and would prevent or slow the further degeneration of
the dopaminergic nerve cells.

The present invention includes, therefore, a
method for preventing or treating nerve damage by
implanting cells into the body of a patient in need
thereof; such cells either selected for their natural
ability to generate GDNF or engineered to secrete GDNF.
preferably, the secreted GDNF being human mature GDNF
when the patient is human.

It should be noted that the GDNF formulations
described herein may be used for veterinary as well as
human applications and that the term "patient" should
not be construed in a limiting manner. 1In the case of
veterinary applications, the dosage ranges should be
the same as specified above.

It is understood that the application of
teachings of the present invention to a specific
problem or environment will be within the capabilities
of one having ordinary skill in the art in light of the
teachings contained herein. Examples of representative

"uses of the present invention appear in the following

- examples.
EXAMPLES
Example 1: Purification and sequencing of GDNF.

This example describes methods for the biocassay
and purification of GDNF. It alsc describes methods
for preparing the B49 cell line conditioned medium that
is the starting material for purification. Methods for
obtaining aminc acid seguence of purified GDNF and
Partial amino acid seqguences obtained from the purified
Protein are also described.
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58 the ability to upregul ate tyrosine hydr oxyl ase
W tivity in mesencephal i c cul ture. 6. It has
t I termnal am no acid sequence as sho ' ' 8
(% 0 93/061167 It has the internal anmino acid sequgﬂ%%ﬂé'gbg}dﬁﬁs
S igure 12 (SEQ ID NG 2). The GDNF of the present invention
i |y described in detail bdA%w. It is to be understood that this
the invention covers, an dqganiner i ¢ neurotrophic protein having
r nanall atd+d § RIS DY St&aR iZ4M32 honol ogous

enyi; N1 Erguae, SAL BEEph DPaEX 1) PA Thitnieneipani filed, ia1Ql udes any
I C neurotyophic. proteid. havi n_internal_,amng acid_sequence
r sa‘seﬁﬁﬂ{‘?aﬁ%eh%ﬁ% o%%%gato a‘%a]gi€‘°e'n' isht'FiIg‘t}Pes'lg“’('SEQ ID

i
. Bioassav for dopaminergic neurotrophic activities. {

culture conditions: Dissociated mesencephalic E
cell cultures were prepared as previously described i
(Friedman and Mytilineou 1987 Neurosci. Lett. 79:65- ;
72}, with minor modifications. Briefly, rostral '
mesencephalic tegmentum from brains of Sprague-Dawley
rat embryos, at the 16th day of gestation, were N
dissected under the microscope in sterile conditions, m)
collected in Ca®- and Mg*- free Dulbecco’s phosphate
puffered saline (Gibceo, Gaithersbdrg, MD) and
dissociated mechanically by mild trituration. The
cells were plated in 100 pl per well onto 16-mm
diameter tissue culture wells (Falcon, Lincoln Park,
NJ, 24-well plate) containing 400 pl medium to give a
density of 2.5-3.5 x 10° cells per well. The culture
wells had been previously exposea to 0.1 mg/ml solution
of poly L-ornithine in 10 mM sodium borate, pH 8.4, for
3 hours at 37°C, washed 3 times in milli-Q H,0 and.once g
in Earle’s balanced salt solution (Gibco). The feeding
medium (10/10) consisted of minimal essential medium
(MEM, Gibco) supplemented with glucose (33 mM), sodium
bicarbonate (24.5 mM), glutamine (2 mM), HEPES (15 mM),
Penicillin G (5 U/ml), streptomycin (5 ug/ml), 10%
heat-inactivated fetal calf serum (Gibco) and 10% heat
inactivated horse serum (Gibco). The cultures were

kept at 37°C in a water-saturated atmosphere containing

6.5% CO,. After 3 hours, when most of the cells had

adhered to the bottom of the well, the medium was

replaced with 500 ul of fresh medium. At this time, a i
Serial dilution of the sample to be assayed for GDNF

activity was added to each well in duplicate and the

Plates were incubated in the 37°C incubator. After a
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tion.includes a novel dopam nergic neurotrophic protein that is h

rein as glial- derived neurotrophic factor (GDNF). CDNF has been %
!
i

| p ﬁ@d isolated froma serumfree growth condit penacsoreshisssn of
#8R cells in a substantially purified form GDNF has

fied and characterized, ang partial am no acid sequences of .the
. material have been obtained. Based on the partial amno acid

bralngd: (RAAR1 eBessGbee deskoned EOF 2P'ALOLOG, Frf @t CDNA clone

fluorodeoxyuridine (13 upg/ml) and uridine (33 ug/ml) to i
prevent excessive glial proliferation and subsequently
fed with the above medium without fetal calf serum.

The feeding medium was changed weekly. il
Alternatively, chemically defined serum-free
medium was used in which serum was replaced by a
mixture of proteins; hormones and salts. The defined
medium (DM) consisted of a mixture of MEM and F12
nutrient mixture (both Gibco, 1:1; vol/vol) with
glucose (33 mM), glutamine (2 mM) NaHCO; (24.5 mM),
HEPES (15 mM), supplemented with transferrin (100 :
gg/ml), insulin (25 upg/ml), putrescine (60 pM),
progesterone (20 nM), sodium selenite (30 nM),

penicillin G (5 U/ml) and streptomycin (5 pg/ml). The
osmolarity of the DM was adjusted to 325 by the
addition of milli-Q H,0. (110-125 ml H,0/1). Using
DM, few nonneuronal cells were evident, by morphology
or by staining for glial fibrillary acidic protein :
(GFAP), which is an astrocyte-specific cytoskeletal ;;
protein. GDNF is active in stimulating dopamine uptake ,‘
in both serum-containing and defined media. All assays
reached in the following examples were done in serum-
containing medium. !
The functional status of the dopaminergic ? 
neurons may be assayed in these culturesiby measuring
dopamine uptake through specific “scavenger" ' i
transporters in the dopaminergic neurons and by

counting the number of neurons positive for the

dopamine synthetic enzyme tyrosine hydroxylase using
immunohistochemistry. The possibility of significant
Contamination of the cultures with the noradrenergic

___,._.,.;

Neurons, which can also transport dopamine and also
Contain tyrosine hydroxylase, was ruled out by careful
diSSe¢tion and by demonstrating that the dopamine
transporters have the pharmacological profile
Characteristic of dompainergic, rather than
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ghant production of GDNF. The nucleic aci

i nferred am no acid sequence of rat GDNg ?gqgfcgﬁ ff SECh 13

Y an 14 (SEQ ID NO 4). The ami no-term n"a‘F”éw%g?[?’g@ d
DI Nas been determined, and is shown in Figure 8 (SEQ ID

tlgn_of the internal amnps-acid sequence of GDNF has al so been

and is shown in Figure 12 (SEQ ID NO 2). The purified GDNF has

ol ecul.ar .ueight Abusbest 3dopankie ompSOS PAGEhaRfer

oo o a0, SBONL 20, 235k, 080 SO PAGR IS Sedd ng

g Al t hauglre s
t h . fornaﬁyIrr ﬁp# béPHg a \ such theory, 1t 1s postul ated
s : monoa%&anteansperar wnt HoGPRIENPEY kg Beurons, with an

of 2onM. In contrast, at least 300-fold more

an inhibitor of monocamine transporter or

EDgq
desipramine,

noradrenergic neurons, is required to inhibit dopamine

yptake in their cultures. These values are those that

nave been reported for the monoamine transporter in

dopaminergic neurons.
sample preparation: Prior to being assayed for
dopaminergic neurotrophic activity in the mesencephalic

cell cultures, all the samples generated from Step 1 to
step 3 of purification (see Section C below) were
desalted as follows. one hundred pl of the medium
10/10 (as a carrier) was added to a Centricon-10
(Amicon) and allowed to sit for 10 minutes. Aliquots
of the sample to be assayed were added to the-
centricon, followed by 1 ml of Dulbecco’s high glucose
Mddified Eagle medium, without bicarbonate, but
containing 10 mM HEPES, PpH 7.2 (solution A), and
centrifuged at 5,000 Xg for 70 minutes. The retentate
(about 0.1 ml) was brduéht back to 1.1 ml with fresh
solution A and reconcentrated twice. The sample was
filtered through a 0.1llum Ultrafree-MC sterile Durapore
unit (Millipore, Bedford MA) prior to being added to
the culture well.

3y-dopamine uptake: Uptake of tritiated
dopamine (H-DA) was performed in cultures at day 6 or

day 7 as described previously (Friedman and Mytilineou
(1987) Neurosci. Lett. 79:65-72) with minor
modifications, and all the solutions were maintained at
37°c. Briefly, the culture medium was removed, rinsed
twice with 0.25 ml of the uptake buffer which consists
of Krebs-Ringer’s phosphate buffer, pH 7.4, containing
5.6 mM glucose, 1.3 mM EDTA, 0.1 mM ascorbic acid and
0.5 mM pargyline, an inhibitor of monoamine oxidase.
The cultures were incubated with 0.25 ml of 50 nM SH-D2
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ed, disulfide-bonded dimer in its naturally occurring state.
ed in nore detail in Exanple 6C bel ow, expression of the human
bijo@1®acterial expression systemleads to the prREUESHDI97888
human GDNF or rhGDNF. The material isolated after expression is
y biologically inactive-43ad exists as a nononer. Foll ow ng
GDNF exists as a biologically active disulfide-bonded di ner.
5r ef Pl Hriylardl Nudletar b@udadrdi mBr sipd lakct Batyraki /eimelygi cal |y

m " This invention Qnever 3 incl udes, GONF in_both.1ts nmononeric
j f%dhoi“bllngl&ecsalaltyh‘xl nact i ve Q%duBg?ﬁ(%g‘f’%ﬁl FHORREVRY £ or ns.
& e pefpairer tes dcharbatieomudxiwveacnd seqlenseref than GDNF in

F'cl one_t ML £ [ f F. e human gene
ihatﬁ?%h%ﬁ%& an tﬁ d?njeﬁg fa'%j& Seq gﬁggn%pf%%n -r%kture GDNF ar e
i gorded &q mqq;qqgﬂ. 5PA from the cells, the cultures

were incubated with 0.5 ml of 95% ethanol for 30 min at
37°C, and then added to 10 ml of EcolLite (ICN, Irvine,
cA) and counted on a scintillation counter. Blank é
values were obtained by adding to the uptake buffer 0.5 %
oM GBR-12909 (RBI), a specific inhibitor of the high-
affinity uptake pump of the dopamine neurons (Heikkila
et al. 1984 Euro J. Pharmacol. 103:241-48) and were

usually less than 5% of the H-DA uptake in untreated
control cultures. The number of trophic units (TU) of
GDNF activity was defined as the reciprocal of the
dilution that gave 50% of maximal stimulation of the
S§-DA uptake of the culture. Specific activity was
determined by dividing the number of TUs by the amount
of protein present in the sample.

C. Purification of GDNF.

Starting material: B49 glioblastoma cells
obtained from D. Schubert, Salk Institute, La Jolla,
CA. (See Schubert et al. 1974 Nature 249:224-27) were
grown to confluence in DMEM medium containing 10% fetal
calf serum, 4 mM glutamine, 50 U/ml penicillin-G and 50
kg/ml streptomycin in culture flasks (225 cm?, Costar,
Cambridge, MA). . The serum-free growth-conditioned
Medium (CM) was prepared by washing the culture once
With 10 ml of serum-free medium and then placing the
Cells in 50 ml per flask of serum-free medium for 2
days. cM was collected, and the cells were replenished

With fresh serum-free medium every 2 days thereafter
Until day 6. The combined CM of 3 harvests from each
batch of cells was centrifuged at 5,000 xg for 20 min
At 4°C to remove cells and debris. The supernatant was
Goncentrated approximately 10-fold via Amicen
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al so be characterized by its ability to increase dopam ne uptake
ryoni c precursors of the substantia nigra dopam nergi c neurons,
‘bed in Exanple 1 below. GDNF nay further be PCT/US92/07888
6oaﬁP@HPzed by its ability to pronote the survival of

iat hetic and synpathetic nerve cells, as described in Exanple 4
GDNF may be char act ert&ed additionally by its

concentrator (¥YM10 membrane) and centrifuged at 40,000
Xg for 20 minutes at 4°C. The supernatant was filtered if
through 0.2 p Micro Culture Capsule (Gelman Sciences)
and could be stored at 4°C for up to one month.

Step 1. Heparin Sepharcse Chromatography: The

apove preparation (200 mg of protein) was loaded onto a
column (1 x 25 cm) of Heparin Sepharose CL-6B
(Pharmacia, Piscataway, NJ) equilibrated with 50 mM
NaPi buffer, pH 8.0, containing 0.15 N NaCl (buffer A}.
The column was then washed with the same buffer until :
the optical density at 280 nm (0.D,,) of the effluent

returned to baseline and eluted with a 100 ml linear

gradient running from buffer A into 50 mM NaPi, pH 8.0,
containing 1.5 N NaCl (buffer B). Two ml fractions
were collected. Fractions were analyzed for
conductivity and the GDNF activity. Figure 1 shows
such a chromatography. The profile of eluted proteins
is plotted as 0.D,,. Superimposed are plots of the
conductivity and GDNF activity measured in each
fraction. The fractions indicated by the bar with peak
GDNF activity (around 0.6 - 0.8 N NaCl) were pooled for
further analysis.

Step 2. FPLC Superose Chromatography: The
above pool was concentrated to 0.4 ml via Amicon _
concentrator (Amicon, Beverly, MA, ¥YM10 membrane) and g
chromatographed on a fast protein liquid chromatography |
(FPLC) Superose 12 column (Pharmacia) in 50 mM NaPi
buffer, pH 7.4, containing 0.5 N NaCl with a flow rate
of 0.5 ml/min. After 14 min of elution, fractions of
0.5 ml were collected into siliconized microfuge tubes
containing 5 ul of 0.4% Tween 20. Aliquots from each
fraction were analyzed for GDNF activity. Figure 2
shows such a chromatography with the protein profile
traced at 0.D,, and with the GDNF activity pattern
Superimposed. 85% of the GDNF activity loaded on the
column was recovered in fractions #12-15.
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upregul ate tyrosi ne hydroxyl ase i nmunoreactivity in

Ic cultures. An exanple of this characteristic is described in
tghown in Figure 20. In addition, GDNF has b&&T/ERP78B® have
Icity to dopami nergic neurons relative to neurons generally. For
his was denonstrated by tH+timted effect on y-am nobutyric acid
ke in neurons containing GABA. This is also described in Exanple
wn i n Fi guisker] 3 .CDRPHRLCH| sFriaedioohewd ttoohaubovenvaed, if

on Qi iRt ey i noges ' S5 M escri bed
|Ea§§§§§§ﬁ§m in Fi u‘Fe 24. %%{ﬂl’&h‘? oughout t%c%lsdssdpizféﬁf'i cation,
ceHlaéngFthﬁe??%%gfh%%r%‘ﬁ%ﬁ'ﬁjc Yaztradebuintde dvFRed to

ur ghraphiGapacé ORB- D60 a8 OFé Gk Fe dpidsargpstikasand al | y
to and vvglch are bi O%ﬁ(’) | £2 Ig.e uivalent _to the GONF

ed (BREYD §%r?%£‘ﬁmﬁt3r % e Ja%%(%’ée’ﬂﬁ" HARIRRE béteen the rat
rogeinxi 32@bomi 23§60 @haited | witthmah iH)0/0.1% TFA: 80%
acetonitrile/0.085% TFA gradient. Protein containing
fractions were collected manually into siliconized
microfuge tubes based on the UV absorption at 214 nm.
Aliquots from each fraction were analyzed for GDNF
activity. Figure 3 shows such a chromatography with
the protein profile traced at 0.D,;,, and with the
activity pattern in the lower panel. Fractions 5 and 6
contained about 90% of the activity recovered in RP-
HPLC, while fraction 7 accounted for the remaining 10%-
of the activity. Figure 4 shows a silver stained SDS-
PAGE gel run of the fractions around the GDNF activity
peak shown in Figure 3.

' Step 4. Preparative SDS-PAGE: Fractions 5 and
6 containing the peak GDNF activity were pooled and
concentrated to 20 pl in the presence of 10 ul of 0.4%
Tween 20 on a speed vac. Added to the sample were 1 pl
of 1 M Tris base and 5 #l of 0.2 M Tris-HCl, pH 6.8,
containing 40% glycerol and 5% SDS, and run on non-
reduced 15% SDS-PAGE (Laemmli 1970 Nature 277:680-684)
(slab of 0.075 x 14 x 11.5 cm, 20 well-comb, 0.075 X
0.4 x 2.8 cm/sample well). Electrophoresis was
Conducted at 10°C at 40 mA/gel for 2 hours. The gel
Strip was sliced into 1.14 mm slices. Each slice was
Cut into 2 smaller pieces and eluted with 3 sequential
Changes of 25 pl 5 mM NaPi, pH 6.7 containing 0.01%
Tween 20, over a 20 hour period with continuous rocking
at 4°C. The 3 aliguots of eluted material were
Combined, assayed for GDNF activity (Figure 5), and the
eluate with highest activity (from gel slice $16-23
cOrrESponding to 30-42 kD in Figure 5) was pooled. A
blank gel strip (on top of which was loaded only the
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The present invention
sses gl ycosyl ated and non-glycosyl ated fornms of Gy héggas
@gﬁé of the naturally-occurring and reconbi nant ég§gwgs
d herein. In a further enbodiment, CGDNF is nodified by attachnment
r nore pol yethyl ene egcoT’?PEGﬁ or other repeating polyneric

o i n SAEEBTEa P2 BRSPo bR s e s COORLAF RFREPaRES M NG For i pal
tne rasjcdissed similaByy” Bsokogpoikby.equival ent” as used throughout
cification agd. ¢!l Mrp W iPAN GUMAHIdLBe1Te1uent was
concentrated to about 150 pl on a speed vac, acidified
with 20 pl of 25% TFA and run on RP-HPLC as described
in Step 3. Protein containing fractions were collected
manually into siliconized microfuge tubes, based on
0.D,,, and assayed for GDNF activity.

the results of such chromatography.

Figure 6 shows

As a control, the

eluent from similarly sized blank gel slices was also

run on RP-HPLC. The only significant 0.D,,, peak in the

sample above the control profile (Figure 6, panel A ¥s. .
B) is peak 3, which contains 70% of the GDNF activity '
loaded on the HPLC column. Figure 7 shows peak 3 run

on a silver-stained SDS-PAGE gel. The only visible
stain is a very broad band between 30-42 kD, coinciding
with the GDNF activity profile observed in preparative
SDS-PAGE (Figure 5). The summary of a typical

purification is given in Table I.

D. Amino acid sequence of purified GDNF.

Amino-terminal seguence: Peak 3 in Figure 6
was seguenced with a gas phase protein sequencer
. (Applied Biosystems).

in Figure 8.

The sequence obtained is givén
Sequencing of fractions with the peak
GDNF activity after step 3 of the purification
(fractions 5 and 6 in Fig. 3) also revealed a single
Sequence, identical to that in Figure 8,
the purified sample.

ocbtained with
The only material these different
fractions have in common is the material running as a
Smear between 30-42 KkbDa.
bands outside the 30-42 kD

Stained gel of fractions S

Therefore, the contaminating
regions seen in silver-

and 6 in Figure 4 could a)

g+l have a simlarly high degree of honol ogy. Such GDNFs nay exi st as-ﬂ
in their biologically active form

be too small in amount (<1
by the current technology:

kKD smear band in sequence;
terminus.

picomoles) to be sequenced
b) be related to the 30-42
or ¢) have a blocked amino-

Hlil
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present invention which are capable of denonstrating sone or al
me neurotrophic properties in a simlar fashion, but not

;@9 Yes1the same degree as the GDNF isol ated from t FRCTEBIS92/07888

: medi um By "substantially honol ogous” as used throughout the
specification and clains, isspeant a degree of honology to the GDNF
sf romthe B49 conditioned medi umin excess of that displayed by any
reported GRNferrRriefsscahkince tiusmmm@ﬁ@pa&ahQ6ﬂla&er8shapexcess
st prefe Iy LR.ex o] d ven nor e fe in
S0 G5o508 Bubet TRaCsancaneaniraR HEHET e aufed 48 hd

starting material to obtain lnternal sequence.

Fractions 5 and 6 in Figure 3 were pooled into a

Tween and concentrated to 40 ul on a speed vac. Added
to the sample were 160 pl of l%lﬂyHco3 containing 2.5
M guanidine hydrochloride and 1 pg of trypsin, and
incubated overnight at 37°C. The mixture was acidified
with 20 ul of 25% TFA, concentrated to about 150 pl on
a speed vac, and peptides were separated on a narrow
pore Aquapore RP-300 C8 reverse phase HPLC column
(Brownlee column), 2.1 x 220 mm, and eluted with an
H,0/0.1% TFA:80% acetonitrile/0.085% TFA gradient.
Peptide containing fractions were collected manually
into siliconized microfuge tubes based on the
absorption at 214 nm. Figure 9 shows the results of
such chromatography. Sequence of peak 10 in Figure 9
was determined to be identical to the first 13 amino
acid residues of the amino-terminal sequence of the
untreated protein shown in Figure 8 (SEQ ID NO:1).
Peak 37 in Figure 9 was further treated with CNBr. The
sample was concentrated to 20 pl on a speed vac. Added
to the sample was 70 ul of 90% formic acid and 5 mg of
CNBr, and the sample was incubated in the dark
overnight at room temperature. This mixture was
concentratec to 20 pl on a speed vac, diluted with 100
#l of 0.1% TFA and separated on reverse phase HPLC as
described above. Figure 10 shows the results of such
Chromatography. Peak 1 in Figure 10 was concentrated
to 20 g1 in the presence of 5 ul of 0.4% Tween 20 on a
Speed vac. Added to the sample was 100 ul of 1%
bWHLHCO3 and 5 upl of 50 mM dithiothreitol and the sample
Was incubated at room temperature for an hour. The
Rixture was acidified with 10 pl of 25% TFA,
Concentrated to 100 upl on a speed vac and separated on
reverse phase HPLC as above. Figure 11 shows the
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lerein is calculated as the percentage of anmino acid residues

e smal ler of the two sequences which align with identical_ amno
3 ‘gﬁ;eilra the sequence being conpared when four gapBCT/AS82/0888% h of
VW Cl ds may be introduced to assist in that alignment as set forth
I onal Bi ochem ca

in Atlas of Protein Seaserce and Structure Vol. 5, p. 124
Research Foundati on, Washington, D.C.,
'y Lﬁg@xwrmﬁ eshdte rahimonar agefagihenc e BoAhs pekrks| adednds34
|y honpl [ Ya rOINE L) Re JeS ' by,yirtue of
ti ¥ty Sfﬁgu%lnt \géc]iaens tc?n\tM%e EDI%%X‘i e?gﬁ glé?ibﬁgfefxnyor whose

e iispbat@dN@ttlough hybridi zation with the gene or with segnents
for GDNF described herein. A preferred GDNF of the

ention has been, isolated from B49 conditi oned medi um and has
edEL Fed form An additional preferred
pared by me®dnbigabh SDS-PAGE: Without any heat
treatment of the sample and under non-reducing

O TT Q0NN ST Y O

conditions, GDNF runs as a smear band between 31-42 kD
on SDS-PAGE. When the sample is heated at 100°C for 3
pin in the presence of reducing agent (4%B-
mercaptoethanol), GDNF runs as discrete multiple bands
petween 20-23 kD. Since about 50% of the biocactivity

joaded onto the gel could be recovered under the former i
(non-reducing) but not the latter (reducing)

conditions, GDNF may be a disulfide-bonded dimer and

only active as a dimer. While a single amino-terminus
suggests the GDNF preparation is homogeneous with
respect to the core primary structure, the smear or
multiple banding pattern is suggestive of a
heterogeneocusly glycosylated protein.

Specific activity: Purified GDNF had an
estimated specific activity of about 17 trophic
units/ng, which indicates that half-maximal stimulation
of dopamine uptake occurs at the relatively low
concentration of approximately 60 pg/ml. The specific
activity measured for purified GDNF may be
underestimated somewhat due to partial inactivation of
GDNF during purification by exposure to the acidified
organic solvents used in RP-HPLC and to the denaturing
conditions in SDS-PAGE.

Specificity of GDNF: GDNF was purified by its
ability to enhance the uptake of dopamine in dopamine
Neurons (Fig. 20A). To determine whether GDNF also
Upregulated another index of survival and/o6r maturation
°f the dopamine neurons, tyrosine hydroxylase (TH)
immunoreactivity in the mesencephalic cultures was also

Measured. TH is a marker specific to dopamine neurons
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ogy to yield GDNF in a substantially purified form For the B
#0f the present application, "pure formi' or "substantially purified

nen used to refer to the CGDNF discl osed herein, q$hl 588
6mWWWﬂ%h is substantially free of other proteins |cﬁgﬂpéﬁnot

eferably, the -21-
: ~-53-

—h
e Nmmolw
o ’

in the cultures. The upregulation of immunoreactivity
py GDNF could be due to the increased survival of

dopamine neurons and/or to an increase in production of
TH per dopamine neurons. Purified GDNF added at the
day of plating and cultures examined eight days later

resulted in a tenfold higher number of TH' neurons over
controls without GDNF. If a second dose of GDNF was
added at day 9 and cultures examined seven days later

(16 days in vitro), a similar dose-dependent increase
over control could still be observed (Fig. 20B). Thus,

GDNF could sustain survival of dopamine neurons and/or
increase the expression of the TH gene in mesencephalic
dopamine neurons.

To demonstrate that GDNF exerts a specific
stimulating effect on the maturation and/or survival of
dopamine neurons and not a general action on all
neurons, the responsiveness to GDNF of neurons
containing y-aminobutyric acid (GABA), which are also
present in mesencephalic cultures, was analyzed. H3-
dopamine (®H-DA) and '“C-GABA uptake were measured in
sister cultures of mesencephalic cells which had been
grown with various concentrations of GDNF for 15 and 16
days, respectively. As described above, GDNF enhanced

. the 3H-Da uptake capacity of mesencephalic dopamine
neurons ~150% over control without GDNF (Fig. 21A).
However, GDNF had no significant effect on the capacity
of GABA neurons to take up '“C-GABA since the '“C-GABA
uptake in the presence of GDNF was only ~20% higher
than that of the contrel (Fig. 21B). This is also
illustrated by the increase in the ’H-DA/'“C-GABA uptake
ratio calculated (Fig. 21C). These data indicate that
dopamine and GABA mesencephalic neurons respond
differently to the presence of GDNF and the stimulating
effect of GDNF on 3H-DA uptake in mesencephalic

Cultures is specific for dopamine as contrasted to GABA
Neurons.
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the present invention is at |east 50% percent pure,
nore preferably 80% 95%or 99%pure. In one enbodi ment of the
' % pdrieon, the GDNF protein preparation is of suclPEUUSIHATERYI |y
95t m so as to enabl e one of ordinary skill
-portions of its am no acidsgequence without first performng
puri fication steps. In a preferred enbodi nent of this
GDNF i s rmnéééenbéqnuaﬁ&&hsxﬁuﬁﬂhe&n&d1mmdhuﬁea9hgeSDNFbed in

, @idotderst havpuvingcdepaninergbrmévoemsuciThesg ces can be
xhed r%ﬁ(ﬁgg' h&méﬁEQEQtEgtBQtt@@Nf’eﬁﬁPQ%%iNa@é'é {4 caddon qesent ed

opam nergi c activity of Is used to facilitate
caHM@@r§ﬁ6§e§§°P¢ﬁ§lSF08§s§9P?B%nﬂﬁﬁbﬁ1%ﬁ#@ﬁ@§rmﬁRRﬁmkﬁﬁnc

uﬁ%%%%rbﬂadTH enzyme levels. The results also
demonstrate that the effects of GDNF are at least
partially specific for dopaminergic neurons, since GABA
neurons are not similarly affected.

In addition to dopaminergic and GABAergic
neurons, there is another neuronal population,
serotonergic neurons, in the rat embryo mesencephalic

cultures. Some factors, such as epidermal growth
factor (EGF) that increase dopamine uptake by
dopaminergic neurons in mesencephalic cultures, also
increase serotonin uptake by the serotonergic neurons
and GABA uptake by GABAergic neurons.
al. 30:372. This indicates that

these factors are not specific for dopaminergic

See, Casper et

1991 J. Neurosci,

neurons.
In contrast, GDNF fails to increase the uptake
of serotonin by the serotonergic neurons. SH-serotonin
uptake was measured in the same manner as for H-DA
uptake as described in Example 1B, except that tﬁe
uptake buffer contained 50nM ’H-serotonin (11 Ci/mole,
Amersham, Arlington Heights, IL) instead of 3H-DA. 1In
the presence of 10uM citalpram (obtained from Dr. C.
Mytilineou, Mount Sinai School of Medicine), a known
< potent inhibitor of serotonin uptake in serotonin
neurons, the 3H-serotonin uptake was reduced to 15%.
Control values in the presence of citalpram were
Subtracted from experimental values shown in Figure 24.
In contrast to non-specific factors like EGF,
GDNF fails to increase GABA uptake (Figure 21) and
Serotonin uptake (Figure 24) under conditions in which
dopamine uptake is increased significantly. These and

the resylts described above indicate that GDNF is

This Sheet Has Been Replaced

LT

preferably 75%

in the art to determ ne

bel f forth b I
ot RosueBl PPLaPRRE REPE bR I I s € o B "N mmy e

E

!
i
i
§
b




e 1B below. Briefly, cultures of dissociated nesencephalic cells
ared, either in serumrich or serumfree environnents. Sanples to

B cd for pam nergic activity are desalted and seri g 1ag1efksk0 t he
yKUﬂ@? gﬁd the dishes are incubated for 6. days at é?y&sgﬁ a

ed atnosphere containing 6. ?é’CIIerr]. The cultures, in the
of the testing material, then incubated at 37[err]C with

’ d 3 DA take is halted, t |
o 3 P o RSB RLOKE LRETBbLEd oLl £l |
tri tdulrouinest Waeguicompas ed tO theTEaBpergiccandon of GDNF is

e bel g ddetaid rielbramBiesite TherhLogess alypukLLication is
3 in he conditioned medi um starting erial is prepared
fen t he-e@ndigt iPaRed nERAi emMiiseagkl eghednand £8R5eALEEAIto be
a disease specific to the mesencephalic (nigral)
dopaminergic neurons.

Example 2. Cloning of the gene for GDNF.

A. Cloning of a cDNA Copy of the Rat Gene that Encodes
GDNF.

In order to clone the gene encoding GDNF, a
cDNA library was constructed from poly A" RNA isolated
from B49 cells, arnd this library was screened with a
degenerate oligonucleotide probe based on the amino
acid sequence obtained from purified GDNF. A cDNA
clone that hybridized to this probe was determined, by
DNA sequencing, to contain DNA sequences that are
located 3' to the sequences used in the degenerate
oligonucleotide probe, that encoded an amino acid
sequence present in GDNF and located carboxytefminal to
the amino acid seguence upon which the screening oligo
probe was based. -

Culture conditions for the B49 cell line are
described in detail in Example 1 above. For RNA
preparation, cells were grown to near confluence in
sSerum containing medium, washed once in serum-free
medium (DMEM) and grown for 4 days in DMEM with one
medium change after 2 days. The cells were then
harvested and total RNA extracted by the method of
Chomczynski and Sacchi 1987 Analytical Biochemistry
162:156-159, Poly adenylated RNA was prepared from
this total RNA by passage over an oligo 4T cellulose
affinity column as described by Maniatis et al. 1989
Molecular Cloning 2nd Edition, CSH Press.

Synthesis of cDNA was carried out using M-MLV
RNasen reverse transcriptase (Bethesda Research Lab,
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"'cycl e is repeated to yield 3 harvests of conditioned nediumfrom !
of B49 cells. The conditioned nmediumis centrifuged and '

ed t 10 fold prior to further purification. 2JERsgd i I st

' ﬁ%@gﬁ#on of this crude m xture defined herein agqg§§ﬂn¢§ee

diti oned medium of B49 glipblastoma, is introducing the

ed nmedi um onto a Heparin Sepharose colum equilibrated wth 50 mM

'rs’cgtkgegsburg, MD) according to the protocols described %
py the vendor. The first strand reaction was primed f

with an oligo dT,; primer (Pharmacia) and also included E-
g units of RNasin (Promega, Madison, WI) per 5 pug of h
poly A+ RNA. Second strand synthesis was directed by i
E. coli DNA polymerasel, E. coli RNaseH, and E. coli
DNA Ligase (all from BRL) according to the vendor’s
protocol. To facilitate cloning, the cDNA was treated
with T4 DNA polymerase (BRL) to produce flush ends and
methylated with EcoRI methylase (BRL). These steps
were performed in accordance with protocols supplied by
the enzyme vendor. The cDNA was then extracted two
times with one volume of a 1:1 mixture of phenol and
chloroform and the aqueous fraction precipitated with
1/2 volume of 7.5 M NH,Ac and 3 vol of ethanol at room
temperature. The precipitate was recovered by
centrifugation for 15 min at room temperature, at-
16,000 xg, washed with 70% ethanol, vacuum dried and
resuspended in 50 pl, 50 mM Tris-HCl (7.6), 10 mM
MgCl,, 1 mM ATP, 1 mM DTT, 5% PEG8000, containing 500
picomole phosphorylated linker (CCCGAATTCGGG,
-_Pharmacia) (SEQ ID NO:9) and 3 units of T4 DNA ligase
(BRL). Linker ligation was carried out at 16°C '

overnight (~ 16 h). The reaction mixture was extracted
with phenol/chloroform and precipitated as above. The

washed pellet was dried and resuspended in 50 pl EcoRI

digestion buffer (100 mM Tris-HCl (7.5), 5 mM MgcCl,, 50 ;
mM NaCl and 0.025% Triton X-100) to which 400 units of L
ECoRI (New England Biolabs, Beverly, MA) was added. :
The reaction was incubated at 37°C for 2 h. Following
Precipitation (as above) the pellet was resuspended in
ECORI digestion buffer and a second round of EcoRI

digestion was performed as described above. This

Feaction was precipitated and resuspended in 40 gl 10
™M Tris-HCl (8.0), 1 mM EDTA, 100 mM NaCl. This cDNA,
Which now contained EcoRI-digested linkers, was size

fractionated by centrifugation through a sephacryl S-
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£0.15 N Nad . A gradi ent buffer solution nade up of 50nM NaPi, pH
ing 1.5 N NaCl is introduced to the colum after elution is

Fr jons fromthis chromatography are neasured gcql 6807888
’O?’E%ése fractions containing the GDNF activity are pool ed for

I fication. The poo_l;./ci_fract lons are subjected to fast
ui d chronmat ography (FPLC) Oon a Superose columm, with a sol vent

5 0MM_ Na Pi ; 4, inin a..Again,. the GDNF
, f ré@j? [ (()ﬁfsw%{t‘;?g%%ggg §§]4d%§ie)]’r%n§n%%. Q%\Q%?ng#@@f? a%?“lggén ¥om this
s tmea &iPWi FhEguaRdireoRdedl onedl Wnic- s evel bactdthse hi gh

2 |iqupdnehr prategi anbyd (#PLD 68! Usia féé’&éé%e& deptid i
GDNF actjyity_are conmbined for further puritication and for
guen@rha.’ﬂﬂ LRofh i b TAFETA B6| DuECRHRNCENE Obief RRPHR thi s

spegchfug/attivity about 24,000 fold in excess of conditioned
1 no ternina%.%ﬁﬂﬁ?ﬂ%ﬂ%%f%fw%geconstructed in the AZapII
(Stratagene, La Jolla, CA) cloning vector. Typically 1
pg of EcoRI-digested and phosphatased vector arms
(purchased from Stratagene) were ligated to 0.1 ug of
EcoRI linkered cDNA in a 5 upl ligation using about 3
Welss units T4 DNA ligase (NEB) in 50 mM Tris-HCl
(7.6), 7 mM MgClz, 1 mM DTT, 5% PEG8000 and 1 mM ATP.
Ligations were carried out at 16°C overnight.
Ligations were packaged in GigapacklII Gold packaging
extracts (purchased from Stratagene) according to the
protocol provided by the vendor. Libraries were plated
for titering and screening on the XL1-Blue host
provided by Stratagene. '

VT OTT O TT D0 0O

From one such ligation and packaging, about
270,000 plaque forming units were plated out on a total
of 12, 150 mm diameter, petri plates. Duplicate
nitrocellulose filter lifts were prepared from these
plates after the procedures described by Maniatis et
al. The filters were hybridized to the following p-

labeled degenerate oligonucleotide (SEQ ID NO:7) (I =
inosine):

-

5' > CCIGATAAACAAGCIGCIGC > 3!
C G G

This sequence is based on the amino acid sequence
(Figure 8) (SEQ ID NO:1) obtained around the amino-
terminus of purified GDNF (SEQ ID NO:10) as described
in Example 1 above:

Pro-Asp-Lys-Gln-Ala-Ala-Ala
The oligonucleotide was labeled with 32p derived from
QP-ATP (Amersham, Arlington Heights, IL) using T4
Polynucleotide kinase (Pharmacia or United States
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&bt ai ned at this point gives the am no term nal sequence as shown

8 (SEQID NG 1). Further purification of the GDNF obtai ned

& C can acconpl i shed by perform ng preparative S RSdz/@iess he
qodéﬁ?ggning the GDNF activity. Added to the protg?ﬁTcontg??ing

fos are buffer containing glycerol and SDS, and the solution is run

educed 15% SDS- PAGE, with €P&Gtrophoresis Conducted at 10[err]C at

for 2 hours. T

B1OC emldal;“%leveland, OH). Hybridization reactions
were carried out in 6X SSPE, 0.1% SDS, 0.1 mg/ml tRNA
(SIGMA, St. Louis, MO), and 2X Denhardt’s (.4 mg/ml
each: ficoll, polyvinylpyrrolidine, BSA fraction V)

reagent, at 50°C overnight (about 16 h). The

hybridization solution contained 2-3 x 10° cpm of
iabeled oligo per ml of solution. Following
hybridization, filters were washed twice at room
temperature in 2X SSPE, 0.1% SDS and twice in the same
solution pre-heated to 50°C. The filters were allowed
to air dry and exposed to film for 7 days at -70°C
using intensifying screens.

The developed films were examined to identify
plaques which hybridized to the screening
oligonucleotide. In this primary screen, 24 putative
duplicate positives were identified. Areas of the
library plates corresponding to the positive signals
were excised, resuspended and replated for a second
round of screening via the hybridization procedure
detailed above. In this second screen, 8 of the
original 24 retested as positives, while 16 gave
negative results. These eight positives were plaque
purified through 1 or 2 additional rounds of
hybridization and six of these were subsequently
analyzed by DNA sequencing to determine if they
contained DNA sequences that could encode GDNF.

The phagemid portion of the AZapll phage, which
contains the cloned inserts, is referred to as
pBluescript SK-. pBluescript SK- phagemid was excised
from each of the AZapIlI recombinants that hybridized to
the oligonucleotide probe. The procedure for in vivo
excision of the recombinant pBluescript SK- plasmid
from the AZapII vector is given in detail by the vendor
protocols. Briefly, coinfection of AZapII and an M13
"helper" phage results in packaging of a single-
stranded DNA copy of the recombinant pBluescript within
an infectious M13 virion. When such a virion infects a
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gensitive cell, the single-stranded DNA is converted to
a double-stranded DNA and is propagated vertically as a
plasmid. Selection for this event is afforded by the
ampicillin resistance gene encoded on pBluescript SK-.
Thus E._coli XLl1-Blue derivatives containing the
wrescued" recombinant pBluescript SK- plasmid from each
of the eight positive AZapII clones were readily
obtained following the protocols described by
stratagene and employing the "helper" phage provided
along with the AZapII vector.

For DNA sequencing, double-stranded plasmid DNA
was prepared from six of these recombinant plasmids by
a "mini-prep" procedure based on Birnboim and Doily
1979 NAR 7:1513-1523. DNA sequencing reactions using
the dideoxy-chain terminating method were performed
using these templates and the screening oligo as the

. primer. Reagents for segquencing were obtained from
United States Biochemical as a kit (Sequenase Version
2.0) and sequencing procedures were carried out
according to the protocols provided by the vendor. One
clone, pBluescript SK-76.1, derived from the clone
AZapI176.1 gave the following sequence (SEQ .ID NO:ll):
5' > GAG AGG AAC CGG CAA GCT GCA GCT GCC AGC CCA > 3!

T A TATA T

This sequence can be translated to give the following
amino acid sequence (SEQ ID NO:12):

Glu-Arg-Asn-Arg-Gln-Ala-Ala-Ala-Ala-Ser-Pro
which matches the amino acid sequence determined for a
region of the amino-terminus of GDNF commencing S amino
acid residues carboxyterminal to the end of the amino
acid sequence used to generate the screening
oligo/sequencing primer. This result demonstrated that
the cDNA clone contained in AZapII76.1 must encode a
Portion of, or all of, the GDNF protein purified from
the B49 cell conditioned medium.

B. Nucleotide Sequence of the Region of the cDNA Clone
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ggi on of the gel corresponding to a nolecul ar wei ght of about 30-42
n found to contain the GDNF activity by bioassay. A second HPLC
phy of the material isolated from SDS- PAGE yield iqglg peak
938060 i n Figure 6. REPLACENENT SPEEUSY2/07858

-60—

1zapII76.1 that Includes the Coding Sequence of GDNF.

The nucleotide sequence of the first 877 base
pairs of the 5' end of the cDNA clone was determined.
This region was found to contain an open reading frame
(ORF) of 227 amino acids that includes the amino acid
sequence obtained for the amino-terminus of purified
GDNF and a sequence that is consistent with the
internal peptide derived by cleavage of purified GDNF.
The carboxyterminal 134 amino acids predicted for this
ORF comprise the predicted amino acid sequence of the
purified mature GDNF protein. The preceding 93 amino
acids include a potential initiating ATG codon followed
by a putative secretion signal sequence and contain
potential proteolytic processing sites for cleavage of
a precursor or "pre-pro" form of the protein to
generate the mature, purified form of GDNF described
above in Example 1.

Template DNA for sequencing reactions included
single-stranded and double-stranded versions of the
plasmid pBluescript SK-76.1 DNA. Double-stranded DNA
was prepared from cultures of XL1-Blue (pBluescript SK-
76.1) by a "boiling prep" procedure (Anal. Biochem
114:193:97) and band&d in a CsCl density gradient.
Single-stranded template was produced by infection of
XL1-Blue (pBluescript SK-76.1) with a "helper" M13
Phage supplied by the vendor (Stratagene) using the
relevant protocols supplied along with the phage.
Single-stranded oligonucleotide primers of 15 to 23
nucleotides in length were synthesized on an Applied
Biosystems (Foster City, CA) DNA Synthesizer, model
380A synthesizer and generally used without
purification. The sequence determination was performed
using the dideoxy-chain termination method. Reagents
used were included in the Sequenase Version 2.0 kit
(United States Biochemical) and used in accordance with
the protocols supplied by the vendor.
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The nucleotide éequence of the first 877
nucleotides of the 5' end of the cDNA clone AZapII76.1,
which contains the coding sequence for the purified
mature GDNF protein is shown in Figure 13 (SEQ ID NO:3)
along with the inferred amino acid sequence of a 681
pase pair open reading frame (ORF) that is found within
this sequence. The sequence corresponding to purified
mature GDNF starts at position 281 with a serine
residue, and is shown in Figure 14 (SEQ ID NO:4). The
DNA sequence obtained for this region predicts an amino
acid sequence which agrees perfectly with the first 23
residues of amino acid sequence observed at the amino-
terminus of purified GDNF (see Example 1).

Based on an analysis of the gene as depicted in
Figure 13, it is likely that GDNF is initially
translated as a pre-pro GDNF polypeptide and that
proteolytic processing of the signal sequence and the
"pro" portion of this molecule result in production of
the form of GDNF that is purified from B49 cell
conditioned medium. The most likely site of
translation initiation for such a pre-pro form is the
ATG codon that occurs at position 50 in the sequence of
Figure 13 (SEQ ID NO:3).

C. Cloning the Human Gene that Encodes GDNF.

The amino acid sequences of many neurotrophic
factors are highly conserved across a variety of
mammalian species (Hallbodk, et al. 1991 Neuron 6:845-
858; McDonald, et al. 1991 BBA (in press)). As a
consequence of the conservation of the amino acid
sequences there is considerable conservation of the
nucleotide sequences of the genes that encode these
proteins. Therefore, it is generally true that the
gene encoding a neurotrophic factor in one mammalian
Species can cross-hybridize (i.e. form a stable double-
stranded DNA hybrid) with the genes encoding that

factor in other mammalian species under appropriate

e
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5DS- PAGE. The procedures utilized for Cotaining am no acid
fpyrified GDNF are given in Exanple | D. Am no-term nal sequence

HQ a gas phase protein sequencer. |nternal Segye{1€93/09E8se
he naterial obtained by HpLC that had not been further

preparati ve SDS- PAGE. _toternal am no acid sequence was obtained
Y the purified GDNF with trypsin. The trypsin fragnents
S e ey i cHBhG. O?ﬁlErBQH?EEFnyﬁEFEOHEth pocontain the

4% esi dues o he am nho- sequence or the
gg@,mfy cé@@@ﬁdhflmagrr@ﬂ%\ fasmeptat Ehaki LACERBe, tharified by
ang), AGHNT.. purlfled on HPLC. The an1no aci d sequence obt ai ned

E?E%re 12 EQ 1D NKZZ) Those s enc |ve i N parentheses
ned to & %‘E’B T RIS JriRAsHY ‘?‘Tgse Tuct: Hﬁrﬁe i nvention

JOBLod FIwI Ickasi pgrthesganérbor SGB&IEaganel (hatgtag that was
4946203) and screened using a 32p-labeled probe derived
grom the rat cDNA clone of GDNF (pBluescript SK-76.1)

0o

described above in Example 2B. The probe consisted of
about 250 bp of coding sequence from the mature GDNF by
gpecific amplification using the polymerase chain
reaction (Saiki et al. 1985 Science 230:1350Q0) and was
produced as follows. A 50 pl or 100 ul PCR reaction
was performed using <lng AZaplI76.1 DNA as template and i
10-20 pmol each of two oligonucleotide primers based on
sequence from rat GDNF. One oligo was the "screening
oligo" (also termed DHD-21) described in Example 2A
above, while the second oligo (DHD-26) (SEQ ID NO:13)

" had the sequence:

5' > AAATTTTTIAAIATTTTATC > 3
GG C G cC G

which is based on the amino acid sequence (Asz-Lys-Ile-
Leu-Lys-Asn-Leu) (SEQ ID NO:14) obtained frcz an
internal peptide product of cleavage of GDNF {see
Example 1). The reaction was carried out in 19 mM
Tris-HCl (pH 8.3 at 25°C), 50 mM KCl, 1.5 m¥ ¥gCl,, 10
kg/ml BSA (Promega R3961), .2mM each dNTPs (Frzrmacia),
using 2.5-5 p of Polymerase (USB). The reac:zisn

consisted of 30 cycles of: 95°C for 1 minuts. 1:°C for
1 1/2 minutes and 72°C for 1 1/2 minutes. T2z oraduct
of this reaction was observed by agarose gsz_
electrophoresis to be about 250 bp which is =:2zsistent
With the positions of the two primers in ths =INa
Sequence shown in Figure 13. This unlabelsi ragment

Was eluted from the gel by centrifugation wizIz z-

Ultrafree-MC Filter Unit (Millipore, Bedfcz: w2
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GDNF. A detailed procedure for the cloning of rat and human
F is given below in Exanple 2. Again, those skilled in the art
at Sodibat ot her nethods for cloning such a gene aPET6USIZHUBIEn

I scl osure herein. In particular, the cloning of genes from
S encodi ng GONF wi || beeghvious in view of the disclosures and
escri bed herein. The rat GDNF gene descri bed herein was

D m\ﬁg g i s atttye cmesmdmcme:d:dcrm pand AsddNAs temptlatdef r om B49
S scr

i dnséﬁﬁiﬁi“ggd%\t,\%éﬁe%q Fom L:get gcutﬁéfgo%“@ﬁ%&tf I eD%ﬁmgased on

Labnel tgo spriners. prijvetRirzeaciiang sgneo mftcmmd
& déPkfaéntf€5h'éBﬁﬁfé¥Ens except that the
concentratlcn of cold dCTP was reduced to 12.5 uM and
5.5 uM 3000-5000 Ci/mmol a-**P dCTP (AMERSHAM) was
added to the reaction. Products of the labeling
reaction were passed over a BioSpin 6 spin column
(BioRad, Richmond, CA). The flow-through from this
column was used as the probe to screen the human
genomic library.

The library was plated out using the E. coli
strain PLK17 provided by STRATAGENE. Twenty-four 150
mm petri plates each containing approximately 50,000
plagues were prepared. Duplicate nitrocellulose filter
lifts were prepared from each plate according to the
procedures described by Maniatis et al. supra. These
forty-eight filters were probed with 250 x 10% cpm of
the PCR probe (denatured by treatment with 0.5 N NaOH)
described above in 250 ml 6x SSPE, 0.1% SDS, 2x
Denhardt’s reagent, 0.1 mg/ml tRNA and 30% formamide
(USB) at 42°C overnight (~16h). Filters were then
washed twice in 250 ml 2x SSPE, 0.1% SDS at room
temperature and twice in 1.6 1 0.1x SSPE, 0.1% SDS
preheated to 50°C. The filters were allowed to dry at
room temperature and placed under film for 6 days at -
70°C with intensifying screens. Films were developed
and scored. Six strong duplicating positives were
observed. Areas of the library plates corresponding to
the positive signals were excised, resuspended, and
replated for a second round of screening via the above
detailed hybridization procedure. All six retested as
Positive and were plagque-purified via one additional
round of plating and hybridization.

It is a matter of routine operations for one
Skilled in the art to subclone and sequence the segment
°f DNA around the region that hybridizes to the probe,
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& the [err]Zap Il cloning vector. The hybridi zati on probe used
| abel ed, and consi sted of the foll ow ng degenerate

: bid sheoé( BEQ ID NGO 7): 5' > CCl GATAAACAAGCI BCTrcsSo2/07888
pcral positive clones were obtained, and one cl one

6.1) was positively idemsi-fi ed by DNA sequenci ng as encoding a
:GDNF t hat was not used in designing the degenerate probe.
and thus determine all or part of the sequence of the

puman gene for GDNF. If the entire human GDNF gene is
not represented in these clones, it is also a routine
matter to "walk" along the genome and clone overlapping
segments of DNA around this region to obtain and
sequence any remaining portion of the gene.

The above noted procedures and a variety of
others that would be obvious to one skilled in the art
could be applied to screen other human gene libraries.
For example using the above described probe and
hybridization protocel, a human cDNA library was
screened that was constructed from A" RNA extracted
from the human putamen. This library, contained in the
cloning vector Agtl0O, was purchased from Clontech (Palo
Alto, CA) (catalog #HL1092a, Lot #1561). This library
was plated (£ about 250,000 plaques) on E. coli LE392
(Maniatis et al. supra) at a density of about 20,000
plagues per plate and screened by hybridization under
the conditions described above. Following
hybridization, filters were washed twice at room
temperature in 0.2x SSPE, 0.1% SDS and twice in 0.1x
SSPE, 0.1% SDS preheated to 50°C. Filters were air-
dried at room temperature and placed under film. After
3 days exposure at 70°C with intensifying screens,
films were developed and 8 duplicate positives were
identified. .

Six AFIX II clone from a human genomic library
were identified by hybridization with a rat GDNF probe
and plaque-purified to homogeneity (see above).

Lysates of each phage were prepared by the method of
Sambrook et al. (Molecular Cloning: A Laboratory
Manual; 1989). DNA was prepared from these clones by
the following procedure: DNaase I (Pharmacia) and
RNAase A (Sigma) was added to 5 ml of each culture to
Jive a final concentration of 1 rg/ml. The solution
Was incubated at 37 C for 1 hour. Then 5 ml of 20%
Polyethylene glycol (Sigma) ,2M NaCl, was added and the

I
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ire for obtaining the nucl eotide sequence of the cDNA cl one

4'n [err]Zapl176.1 is given in Exanple 2B. below. The nucleotide

"fwt;jyeémbrst 877 base pairs of the 5 end of the cDRATAISHROTGBE
and is shown in Figure 13 (SEQID NO 2). In Figure 13, the

contai ns an open readi ngsframe (ORF) of 227 ami no acids that

e am no-termnus of purified, GONF and is consistent with the

DI guiciber Waks pagubdsedbesi Ae@ BT cl eavaige CThepukptagsd GDNF.

d am NBe35keaeayCRER T, ¥Rlat R gurﬁzléobsg&FPoN%) shows the

£ S mat ur e IS nmeant the
: ?.tﬂna pu?Pﬁl@Ba@BNPeégﬁélﬂé& FFEHFPHBdBQQIEOHEPthnEG FRdium O

PHIid @& IEDN Hrrayz;exuﬁm goTa) daAgr sequehla%my'tl mer and may be
r chem cal, in ot her ways. Mature’ GONF may be
At a&ﬁé’aééteﬁlo%’ﬁc}/’t HH§ VRLEBE: PEGI aF‘ b§PpPEPEBFYii B processi ng

E”ébenol: c. a l1l:1 mlxture of chloroform and phenol; and

d. chloroform. Ammonium acetate was added to give a

o

final concentration of .25 M and the DNA was
precipitated by the addition of 2 volumes of ethanol
and centrifugation at 10,000 x g. The DNA pellet was
resuspended in TE.

DNA from each of the six Aisolates was digested
with various restriction endonucleases and the
fragments separated by electrophoresis through an
agarose gel (Sambrook et al.). The DNA fragments were
transferred to two identical nylon membranes
(Schleicher and Schuell) and hybridized with
radiolabeled probes from rat GDNF. In rat GDNF, there
is an Eco Rl site between nucleotides 356 and 357
(following the numbering of Figure 13). This'cleaves
within the coding sequence of mature GDNF. To
determine whether the human genomic GDNF clones have a
site at an homologous position, Eco Rl was used as one
of the restriction endonucleases for digesting the
human clones. Specific radiolabeled probes were made
for regions of the gene either upstream (probe 1) or
downstream (probe 2) of the Eco Rl site in rat GDNF.
Probe 1 was 268 bp long and consisted of 14 bp of 5’
Untranslated sequence of rat GDNF and 254 bp of coding
Sequence (amino acids 1 through 85). It was prepared
by amplification of AZap II76.1 DNA using the
Polymerase chain reaction and the oligonucleotide
Primers PD1 {(GACGGGACTCTAAGATG) (SEQ ID NO:15) and
DHD23 (GCIGCIGC(C/T)TG(T/C)TT(A/G)TCIGG) (SEQ ID
NO:16). The reaction conditions for preparing the
Probe are as described above except that the reaction

Consisted of 30 cycles of: 95C for 1 minute, 50°C for
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nd 5 residues fromthe carboxyl term nal

sequence (amino acids 153 through 211).

conditions were the same as for probe 1.

determined as described in Example 2B.

McDonald et al. BBA (1991) (in press).

Neuron 6:845-855).
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end. Exam nati on of

- acid sequence of the [err]Zapl176.1 rat clone as shown in Fig.

NO é%)l@uggest s that GDNF is | nitially ‘_[ransl at ed ST/ 8Sp1 /07888
09H trde and that proteolytic processing of the signal sequence

o" portion of this nolecule result in purified GDNF having the
. sequence as that obtained fromB49 conditioned nedium It is

ftf%32tQ§nHESgpéﬂaepyﬁtHﬂkyﬁeﬁybd%inutes. Probe 2 was

195 bp long and consisted of 17 nucleotides of 3’
gntranslated sequence of rat GDNF and 178 bp of ceding

It was

prepared using the polymerase chain reaction and
Oligonucleotide primers LF2 (CGAGACAATGTACGACA) (SEQ ID
NO:17)and PD2 (CTCTGGAGCCAGGGTCA) (SEQ ID NO:18) and
AZAPII76.1 as the DNA template. The reaction

Five of the six Aclones gave identical
nybridization patterns. Probe 1 hybridized to an
approximately 700 bp Eco Rl fragment and probe 2
hybridized to an approximately 2.8 Kb Eco Rl fragment.
The fact that the two probes hybridized to two
different Eco Rl DNA fragments strongly suggested that
the human GDNF gene contains an homologous Eco Rl site.
The 700 bp and the 1.8 Kb Eco Rl fragments were
subcloned separately into Bluescript SK- (Strategene).
Nucleotide sequences of these two fragments were
The sequence of
these DNA fragments is shown in Figure 19 (SEQ ID
NO:5). From the sequence it is clear that there is an
intron preceding amino acid 52 of pre-proGDNF.-,There '
is no intron in the portion of the gene that codes for
mature human GDNF. The predicted amino acid sequence
of mature human GDNF is 93% homologous to mature rat
GDNF. This is approximately the same degree of amino
acid sequence homology found among rat and human
Proteins for other neurotrophic factors (Amino acid
Sequence homology between rat and human CNTF is 83%;

Amino acid

Sequence homology between rat and human NGF is 95%,
BONF is 100%, and NT-3 is 100%; Hallbook et al. 1991

To obtain the complete human pre-proGDNF
Sequence, a radiolabeled hybridization probe may be
Made based on the sequence of human GDNF already
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the first ATG --nethionine encoding -- codon at the 5 end
g -posi tion 50 in Figure 13). The present inventj | Q(Hgg§
and all pre-pro GDNF pol ypeptides that may bgeﬂ?§%s+ated’
: in Figure 13, as well as any and all pre-pro CGDNF
ranslated froma norg7conplete clone that may be easily
e of skill in the art using standard |aboratory procedures
if;gr Qﬁgﬁg@kggmiﬁDtﬁos?fEQMiGWMGh cR¥Ar 3ibRAELEFC aci d
: g. . 0 h edj ' '
o betaE 508 ABE ST Sid S3goreen ARRAGdLRREd amno actd
_LYs- e pufessing ansorigies @R eNceh %FhENEmi no aci d
e f I i
e chpel%cgﬁo% fs derdaebd rapvaiwed.i ed mature GONF by the

n on internal seque I n
ternatively’ now that the posxtloﬁ1oé“¥%e intron

ative to the coding sequence is known, 2
ridization probe that is specific for sequences
gtream of the intron can be made from the rat cDNA
jone and this probe can be used to screen a genomlc

{prary for clones that contain the 5’ exon(s).

Nucleotide Sequence Encoding the First S50 Amino

agjds of Human Pre-proGDNF
] As detailed in Example 2C, there is an intron
nat splits the nucleotide sequence corresponding to
mino acid 51 of human pre-proGDNF. In order to obtain
he sequence of this portion of the molecule, a human
fgenomic library was screened with a probe derived from
*the amino-terminal coding sequence of rat pre-proGDNF
and one hybridizing clone was sequenced and shown to
contain the coding sequence of amino acids 1 through 50
of human pre-proGDNF as shown in Figure 22 (SEQ ID
NO:8)
; For this library screen a PCR probe was
synthesized as described in Example 2C. The
oligonucleotide primers employed were:
PDL = 5/ > CCCGAATTCGACGGGACTCTAAGATG > 3’ (SEQ ID
NO:19)
LFA = 5/ > CGGTGGCCGAGGGAGTGGTCTTC > 3¢ (SEQ ID NO:20)
Conditions for the PCR (both "cold" and **P-labelling)
reactions were as described in Example 2B except that
the reaction consisted of 25 or 30 cycles of: 95'C for
1l min., s0'c for 1 % min., and 72°C for 1 min. The
Product of this reaction contains the first 122 bp of
rat pre-proGDNF coding sequence and 14 base pair 5/ to
putative initiator ATG (see Figure 13 and SEQ ID

2 ot
o
[}

:3). conditions for screening the human genomic
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Exanp$ "'A};}. A TGA stop codon at position 706 term nates the ORF. The

h of the purified GONF is thus 134 anmino acid residu
: gq?@subar wei ght of this polypeptide is 14, 931. fatHES§QW?§§I
ylation sites occur at positions 425 and 533. dycosyl ation
th of these sites woul€d68ncrease the nol ecul ar wei ght of the
- The serine residue at position 281, which corresponds to
;eafyaaugnwétbftp@siPrebenﬂfﬁﬁea€IﬁF$C¥bb%¢eé@d%%ﬁmﬂﬂﬂrua
g Wwhi gh PLayides 1 ReBOt eRtbalisBAOLEOLaEhEL £ aVAGEs Site for
'a #ut ative precursor formof GDNF to roguce the formof the
e nmilPHe@SHRGRFAR0 TEE| P8 CURS pBYRRR| SPNF [ 4RSP a7

on_(ATGr-eCalr midl RASHei6A12EdFAisbE]l SequURT qaatdd socl osely

'poYenplaI secretory sign segyen he ences f ki ng
O iidingint PEOREAaP e e B Eno SR, ARSheR Bres U ERd oo (Y
protocOl described in Example 2C. The filters were

exposed to film for 3 days at -70°C with intensifying
gcreens. When developed, numerous duplicate positives
of varying intensities were observed. Twelve
relatively strong positives were picked and 10 of these
vere plaque purified by successive rounds of
hybridization under the screening conditions.

The cloned DNAs of these recombinant phages
were analyzed by Southern blot hybridization. An
approximately 1000 bp AluI fragment was found to
hybridize to the screening probe and was subcloned into
smaI-digested pBluescript SK- to produce pBSSK-A3Alul.
This cloned Alul fragment was further subcloned to
facilitate sequencing of the relevant DNA segment.
Purified pBSSK-A3Alul DNA was digested with a series of
restriction enzymes that cleave the vector only once
(within the polylinker region) and the digestion
products analyzed by agarose gel electrophoresis. Two
restriction enzymes (PstI and Sacll) were thus '
identified that cleaved once within the cloned DNA.
Figure 22 shows a map of SacII and PstI sites.

Southern blots revealed that the region of the cloned
segment that hybridized to the screening probe was
located between the SacII and Pstl sites of the cloned
Alul segment. Therefore, for seguencing, two deletion
derivatives of pBBSK-A3AluIl were constructed. 1In one
instance the small, about 300bp, Pstl fragment was
deleted as follows: The plasmid was digested with Pstl
and the digest was ligated and transformed into E.
€oli. Transformants were screened for those lacking
the small PstI fragment. In parallel, the 300 bp SacII
fragment was similarly deleted from pBSSK-A3Alul to

SHEET HAS BEEN
REPLACED

This Sheet Has Been Replacéd

EWARTHD

THIS




Nucl eic Acids Res. 15:125-48) to indicate that this ATG coul d
as a transl ational - 28-
igsMe116Mor eover, this ATGis the nost 5 A in th@CTHIRAREIEIDf
ne. These facts sugges it as a potential start site for
of a precursor form of —-gpNF. -

produce a second deletion derivative. These two
deletion plasmids were used as templates for sequencing
reactions. Sequencing was carried out as described in
gxample 2B.

Figure 22 (SEQ ID NO:8) presents 233 base pairs
of the sequence thus obtained. This sequence contains
a region of 151 bp that exhibits a very high degree of
nomology with the first 151 bp of coding sequence for
rat pre-proGDNF; 88% identity at the amino acid level
and 95% identity at the DNA level. Therefore, it is
concluded that this region is part of the exon that
carries the coding sequence of the amino-terminal 50
residues of the human pre-proGDNF and the first
nucleotide of the codon for residue 51. The sequence
immediately 3’ to this 151 bp sequence is homologous to
the consensus sequence for the 5/ end of mammalian
introns [Shapiro and Senapathy 1987 Nucl. Acids Res.
15:7155-7174]. The sequence immediately 5’ to the
putative initiator ATG shows strong homology to the rat
sequence for 28 bp; 27 of 28 residues are identical.

At this point the upstream sequence diverges sharply.
The sequence around the point of divergence shows
considerable homology to the consensus sequenée.for the
3’ end of mammalian introns. (Shapiro and Senapathy,
supra.) Thus, it seems likely that this is a splice
site although there is no direct evidence for this.
The open reading frame containing human pre-proGDNF
éxtends at least 27 base pairs upstream of the
initiator ATG. As discussed in the Detailed
Description of Preferred Embodiments above, it is
Possible that other forms of a pre-proGDNF could be
Produced that would contain additional upstream amino
acids. These forms might also be processed to produce
the mature GDNF molecule that has been purified and
Se€Quenced (see Example 1).

The nucleotide sequeﬁces presented here and in
E’_‘ample 2C, contain the entire coding sequence for a
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of this nolecule result inp he form of GDNF
fied fromB49 cell condigd oned um

nms of GDNF is al so consistent with the sequence data. For

possibility that GDNF is i ni tihRIShegt Has Bevs Retlasell as a /Sro GDNF

M8t he

wever, the occurrence

ngﬁr pet—pﬁba;aNFAm&trmi)aItgraktaiﬁxté Hsallogy tdd n t he 681

& "Posit1.0n 20500 ope-gty 202, Jhese G 2, fuffyp, | ocated

& ani No-t erni na Sequence o rified GDNF.

efg@lgasyeﬁesn namnsl aan opal 1§ nl séat Exampiencdal toy mowinee at t he
of ‘th

ggQwFﬁﬁpzak supra,) there are instances in which a

ofacttﬁg translational initiations occur at a downstream ATG

ative precursor fornms of GDNF could conceivably arise by

initiation at these
Example 3: Use of GDNF to prevent experimental

Earkinsonism.
This example describes methods for creating

experimental Parkinsonism in monkeys by appropriate
administration to the animals of the neurotoxin MPTP
(1-methyl-4-phenyl-1,2,3,6 tetrahydro-pyridine). It
also describes methods for administering GDNF to
animals exposed to MPTP in order to alleviate the

development of Parkinsonism in such animals.

A. Administration of GDNF in monkeys treated
with MPTP to produce experimental Parkinsonism. A
stainless-steel cannula may be implanted into the right
lateral ventricle and connected to a subcutaneously-
implanted osmotic minipump (Alzet 2002). The minipump
contains GDNF at various concentrations or its diluent
as a negative control. The pump delivers 0.5 ul/h for
14 days. Two days after the cannula-pump implant,
monkeys (Cebus apella) receive an injection of 0.6

mg/kg of MPTP into the right carotid artery. Six weeks
after the initial implant, animals are perfused with
saline and the brain rapidly removed. The brain is
dissected on ice and punches of tissue are removed from
the caudate nucleus and putamen. The substantia nigra
is placed in fixative. The caudate-putamen tissue is
analyzed by HPLC-EC for dopamine, the substantia nigra
is processed for tyrosine hydroxylase (TH)
immunoreactivity.

B. Efficacy of GDNF. Degeneration of nigral
dopaminergic nerve cells and their axonal projections

-0 the caudate/putamen cause experimental Parkinsonism
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j"oteolytic processing of these polypeptides could result I n

prod the same formof purified GDNF observed in B49 ce

conCiE. Edjggmé Moreover, the open reading frane extends ?ﬁF’dLﬁ?ﬁ’oﬂﬁ%s 5'
end . A0 ience of the cDNA clone. t is therefore possi bl e that the

| NI G A :ransl ati on occurs at -am-upstream ATG not present in he cDNA
I le): . s eventuality, CGDNF would be ranslated as an even | arger

pre éﬁréﬂmktduhmdyumdndhj s@hesec ergesevielred kegperamdntdditi onal
equ e m _ Pr.acessi of, t G r form coul d
al's oA 5 o1 "of er ]rﬂ'%f ?*%Q'%g(r%m E'Fégﬁﬁgrgg%rted here. It
wou

8 | Qg@aﬂxxme:tfecnmﬁotr@moaualuﬂﬁgﬁ@&maAIenst aFeg pyample,
GDNF may prevent the loss of TH positive nerve cell
podies in the substantia nigra. This indicates sparing
py GDNF of nigral dopaminergic nerve cells from the
toxic effects of MPTP. GDNF may also prevent the loss
of TH positive fibers in the caudate/putamen. This
indicates sparing by GDNF of the axonal projections of
the nigral dopaminergic neurons from the toxic effects
of MPTP. GDNF may also prevent the loss of dopamine
content in the caudate/putamen. This indicates sparing
from the toxic effects of MPTP by GDNF of the axons and
their dopamine content extending from the nigral

dopaminergic neurons to the caudate/putamen.

Example 4: Biological Activities and Potential Clinical
Indications for GDNF

Purified GDNF increases dopamine uptake by
dopaminergic neurons present in cultures of embryonic
mesencephalic nerve cells in both enriched and defined
culture media, as demonstrated in Example 1. This
indicates that GDNF is a neurotrophic factor for these
dopaminergic nerve cells.. As such, GDNF may prove
useful in treating the degeneration of these neurons
that occurs in Parkinson’s disease. In addition, GDNF
may prove useful in treating improper functioning of
other brain dopaminergic neurons. Such improper
functioning may occur in schizophrenia and other
disorders requiring treatment with neuroleptics.

A. Purified GDNF promotes the survival of

A. Purified GDNF promotes the survival of
Darasympathetic and sympathetic nerve cells in culture:

1. Assay for neuronal survival:

Materials

3-[4,5-dimethylthiazol-2 yl)-2,5-diphenyl-
tetrazolium bromide (MTT) was obtained from Sigma
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g the 5 end of the nRNA containing the GDNF gene via prinmer
reverse transcriptase (Maniatis et al. suprl% Addltlonally
g0pas could be obtained fromB49 libraries and GTEUBO2/U8 of
oul d be sequenced. The size of the 5 nRNA |ocated upstream
ATG coul d be nore rotitgty determ ned by the techniques of "S
‘atis et al. suDra) and/or S|nfle sizing of primer extension
I‘g;lllz;a\leCQe,tEénséwpﬁas@m%@e& on.Fewal ecal fasemiy of putative

s purchased from Hyclone Laboratories, Logan, Utah.
ay] LULE media and salt solutions were obtained from
‘,vine scientific, Santa Ana, California. Culture
jshes were obtained from Costar, Cambridge,
uassachusetts. Utility grade pathogen-free fertile

enick embryo eggs were obtained from Spafas, Roanoke,

cultures of primary chick embryo ciliary
ganglia and sympathetic chain ganglia were prepared as
ipreviously described (Collins 1978 Develop. Biol.

" §5:50; Manthorpe et al. 1986 Develop. Brain Res.

' 95:191). Briefly, ciliary or sympathetic ganglia were

- removed from fertile, pathogen free chicken eggs that
had been incubated for 8 and 10 days, respectively, at
38°C in a humidified atmosphere. The ganglia were
chemically dissociated by exposure first to Hanks’
Balanced Salt Solution without divalent cations,
containing 10mM HEPES buffer pH 7.2 for 10 min at 37°¢C,
and then by exposure to a solution of 0.125%
bactotrypsin 1:250 (Difco, Detroit, Michigan) in Hanks’
Balanced Salt Solution modified as above for 12 min at
37°C. Trypsinization was stopped by addition of fefal
calf serum to a final concentration of 10%.

After this treatment, ganglia were transferred
to a solution consisting of Dulbecco’s high glucose
Modified Eagle Medium without bicarbonate containing
10% fetal calf serum and 10mM HEPES, pﬁ 7.2 and were
mechanically dissociated by trituration approximately
10 times through a glass Pasteur pipet whose opening
had been fire polished and constricted to a diameter
Such that it took 2 seconds to fill the pipet.

The dissociated ganglia were then plated in
Culture medium (Dulbecco’s Modified Eagle Medium
Supplemented with 10% fetal calf serum, 4mM glutamine,
6Omg/L penicillin-G, 25mM HEPES, pH 7.2) in 100 mm
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primary translational product that contains the sequences
rified GODNF can be postul ated, the partial DNA sequence
e‘ss?%flpg the cDNA clone carried in the reconbi nantPiaige2/07888
1" clearly defines the coding sequence that constitutes the
F pol ypepti de isol ated-fgam the B49 cell conditioned nedi um
2C bel ow, the cloning of the human gene that encodes GDNF, is

;'l#am\:éiemﬂﬂ:égld idarian u)tewalil %sequeddﬂfs&!&c&gﬁ%\@blgaﬂgﬂ.'ﬁ.fﬂedhf rom

Clone descri in e 2B.. A_genqm.c cl'qne of, _the

gepRF \ﬂa’ssq\ de{nq[ri %?‘er(f ea%%iq%é ségdgn@geggattﬁé‘gggﬁé §889nénf or

n Gir it Feparate fhg nbhnESEQnAD NE13k., which adlhersequence

gure 43 fé%{]sr{,h%r%@rpetﬁeorneﬂ%@%e F_GAg3n"ab gx'o\eeaphsrsnt' re
'?or the pre-pro portion of F. The process for obtaining

segftent £hrse fRns r ShesonFIRE raditd fieavengean SpWerpro GDNF i s

e'g&!ﬂébtion by centrifugation, resuspended in culture
medium, and plated in 50 pl per well onto half area 96
well microtiter tissue culture plates at a density of
1500 nerve cells per well. The microtiter wells had
peen previously exposed to a 1 mg/ml solution of poly-
L-ornithine in 10mM sodium borate, pH 8.4 overnight at
4°c, washed in distilled water and air dried.

Ten pl of a serial dilution of the sample to be
assayed for neurotrophic activity was added to each
well and the dishes were incubated for 20 hours at 37C
in a humidified atmosphere containing 7.5% CO,. After
18 hours for ciliary and 40 hours for sympathetic
ganglia, 15 pl per well of a 1.5 mg/ml solution of the
tetrazolium dye MTT in Dulbecco’s high glucose Modified
Eagle Medium .without bicarbonate containing 10mM HEPES,
pH 7.2, was added and the cultures placed in the 37°C
incubator for 4 hours. Then, 75 pl of a solution of
6.7 ml of 12 M HCl per liter of isopropancl was added
and the contents of each well triturated 30 times to
break open the cells and suspend'the dye. The
absorbance of 570nm was determined relative to a 690nm
reference for each well using an automatic microtiter
Plate reader (Dynatech, Chantilly, Virginia). The
absorbance of wells which had not received any
neurotrophic agent (negative controls) was subtracted
from the absorbance of sample~-containing wells. The
resulting absorbance is proportional to the number of
living cells in each well, defined as those nerve cells
Capable of reducing the dye. The number of trophic
units of neurotrophic activity was defined as the
reciprocal of the dilution that gave 50% of maximal
survival of nerve cells. Specific activity was
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: The sequence obtained is given in Figure 22 (SEQ ID NG 8). The
m d pB55K-[err] 3Alul used to obtain the sequence is as shown in
116 This invention includes nucleic acid seqRERULRI2ET88I ng
ﬂﬂ%fy hi ghl y honol ogous sequences Coding for rat (Fig. 13) (SEQ
d human (Fig. 19) (SEQ442 NO 5) GDNF are given herein. Also :
thin the scope of this invention are substantially f

getermined by dividing the number of trophic units by

T

the amount of protein present in the sample.
Results

As illustrated in Figure 15, purified GDNF

promotes the survival in culture of parasympathetic ) |
nerve cells from chick embryo ciliary ganglia. As :
jllustrated in Figure 16, purified GDNF also promotes
the survival in culture of sympathetic nerve cells from
chick embryo sympathetic chain ganglia. ?
These results indicate that GDNF acts as a !
survival factor for parasympathetic and sympathetic
neurons. As such, it may be useful in treating various
forms of nerve damage to the autonomic (i.e.,
parasympathetic and sympathetic) nervous system. Such
damage may occur from metabolic conditions, such as
diabetes or renal dysfunction. Such damage may also
occur from treatment of patients with various
chemotherapeutic agents, such as the cancer
chemotherapeutic agents cisplatin and vincristine, or
the AIDS chemotherapeutic agents, ddI and ddC. Such
damage may also occur from genetic conditions, such as
dysautonomia. Such damage may also occur from
traumatic injury. _ b

Example 5: Expression of Recombinant GDNF in Animal :
Cells '

A. Construction of recombinant plasmids for COS cell

expression.

An approximately 1.5 kb SmaI fragment of
pBluescript SK-76.1 that contains the entire GDNF
coding sequence was subcloned into the plasmid vector i
PSG5 (Green et al. 1988 Nucl. Acids. Res. 16:369) which 1
is designed for transient expression of cloned genes in
cells expressing SV40 T antigen, such as COS cells.

The DNA sequence of the GDNF cDNA (Figure 13)
(SEQ ID NO:3) and restriction endonucleasé mapping
identified a Smal fragment delineated by one Smal site
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i c aci d sequences that code for the sane or highly honol ogous

prequences. For exanpl e, when preparing a construct for

it milare GDNF in a bacterial expression system SEIWUaR/E78880l i ,
in the nucleic acid sequence given in Fig. 19 (SEQ ID NO 5)

ituted with codons norevgeadily expressed in E. coli according
and standard procedures. Such nodified nucleic acid seqguences

t?yaid& ﬁhimhbh@oaqdpmkat blii shenveatosn(18 bp 5'Specific

tl Sequeng n sg. of I

"+ﬁ&? ﬁveﬁﬁlgﬁ a%% @%% ggngleggug %l%igélﬁlg%quegces whi ch

ariistenddi d@@@?@n@ééihﬂ@r that gP¥Ar alonadaprroxsmatedyn GDNF as

f%(ﬁgty £3 114 SR IeladNQfél):oa@elglae@E&éDfép RatyfRd pre-pro rat

h=in Flgure 13 g 1 d for pre-pro human GDNF as
N GD&ﬁJre§7 qg gment was c oned into pSG3 as

follows. Purlfled pSGS plasmid DNA (Stratagene) was
digested with EcoRI and treated with calf intestinal
alkaline phosphatase (CIAP), (Promega) according to the
vendor protocols. Subsequently the vector was
electrophoresed and eluted from an agarose gel.
purified pBluescript SK-76.1 plasmid DNA was methylated
with EcoRI methylase, digested with Smal and ligated
with the EcoRI linker molecule described in Example 2A.
Following EcoRI digestion and agarose gel
electrophoresis, the approximately 1.5 Kb SmaI fragment
of interest (now EcoRI methylated and linked) was
eluted and ligated to the EcoRI digested and
phosphatased pSG5 vector. Ligation products were used
‘to transform competent E. coli XLl-Blue using the CacCl,
procedure (Maniatis et al. supra). Ampicillin-
resistant transformants were selected and analyzed for
recombinant plasmids by restriction endonuclease
digestion and agarose gel electrophoresis. Digestion
with EcoRI indicated that most transformants contained
plasmids carrying the desired insert. Digestion with
BamHI identified the orientation of the cloned GDNF
gene relative to the SV40 promoter present in the
vector (note the BamHI site at position 15 in the
sequence in Figure 13). Both orientations were
obtained.

Two transformants were chosen for further
analysis; one contained a plasmid, termed pSG3::rGDNF-
7, carrying the GDNF gene in the proper orientation for
it to be expressed in RNA transcripts initiated at the
SV40 promoter, while the second contained a plasmid,
termed pSGS5::rGDNF-4, carrying the GDNF gene in the
opposite orientation; in which RNA transcripts
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8’2 (SEQ ID NO 8). The present invention al so incorporates nucleic

inces which will hybridize with all such nucleic acid sequences --

' Ii/ pgs of the nucleic acid sequences where appregayigyzorsssand

0% ol ypepti de havi ng dopam nergic activity. The present

| so includes nucleic aggg_sequences whi ch encode for

lfes that have dopam nergic activity and that are recogni zed by

5 t hat_.hi = r t ALAV ' enconpasses

B ind Acaie, suas probdtel] BT by bl B o any
| epur idfdiad FERRATEEL ANFelofd®QTW PHi Sheke séapmids veérei nventi on.

tgé)%e;gdééa% Iﬁﬁccug@qr@teex%mqstg;aalib&t- cefbraf¥g¥@ibRt Yor- that have

Wi Y

ect.ors conpn|5|n% expression régul atory el ements
y ¢$ﬁﬂ&ﬂjq9§eﬁ%ﬁ%ﬁeﬁﬂﬁ?sﬁdepeﬁ P&EBeBESuences included within the
hi s invention.

g, Expression of GDNF in COS-7 cells.

Plasmid DNA from these constructs was prepared
py the method of alkaline lysis followed by CsCl
density centrifugation (Maniatis et al., supra). This
DNA was transfected into COS-7 cells by the method of
sompayrac and Danna (1981 Proc. Natl. Acad. Sci. USA
78:7575-7578). As a control, equivalent COS cell
cultures were transfected with plasmid vector DNA

containing the GDNF insert in the opposite orientation,
which would not allow expression of the GDNF protein.
Per 100 mm culture dish, 30 pg lipofectin and 0.3-1 ug
plasmid DNA were used. '

After transfecting for 24 hours, the medium was
aspirated off and replaced with OptiMEM I #* 3% FCS.
Cultures were incubated for 48 hours and harvested as
follows:

a) the medium (conditioned medium or CM)
was drawn off and stored at -80°C;

b) 5 ml of PBS + 2.5 mM EDTA was added to
the cell lawn and held at 25°C for 3 minutes;
and, then the cells were pipetted off the dish
and centrifuged at 1000 xg for 5 minutes. The
supernatant was removed and the cell pellets
were stored at -80°C.

The CM was concentrated 30-fold on Centricon 10
concentrators and assayed for biocactivity. The cell
pellets were sonicated in 500 pl 10 mM EDTA, pH 7.0,
plus 1 mM benzamidine, 100 uM PMSF, 1 mM E-amino-N-
caproic acid. The cell lysates were centrifuged at
14,000 xg for 5 minutes and the supernatants assayed
for bicactivity.
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The expression of GDNF in COS cells is described belowin

he gene encodi ng GDNF depicted in Figure 13 was subcloned into
vect or pSGh, a vector designed for the transient K ' of
o806 40such as COS cells. Plasnids cont ai ni ng thepéfﬁﬁﬁégﬁgﬁ%n

nd i nproper orientation _were selected and the DNA transfected

ells. Follow ng cul tivati’en,

Q}_g;gggggv of expressed GDNF

The cell lysate and culture media from COS
cells transfected with GDNF-expressing and control
plasmids (with the GDNF coding seguence in the
jncorrect orientation) were assayed for both the
apility to increase dopamine uptake in cultures of
mesencephalic neurons (see Example 1) and for the
ability to increase the survival of sympathetic ganglia
neurons (see Example 4). The COS cell culture.medium
(Figure 17) and cell lysate.(data not shown) increased
dopamine uptake, as expected of GDNF. As shown in
Figure 18, the COS cell culture medium and cell lysate
increased the survival of sympathetic chain neurons, as
expected of GDNF.

These results clearly indicate that expression
of the GDNF gene in an animal cell results in the
production of a protein with the biological activities
demonstrated for purified GDNF.

Example 6: Expression of Human GDNF in E. coli
A. Construction of a plasmid. which codes for human

DNF

Using the sequence information of the human

GDNF gene (Example 2C), synthetic oligonucleotides PD3
and PD4 were made as primers for the amplification of
the human GDNF gene and its expression from a plasmid
expression vector in E. coli. The sequences of
cligonucleotides PD3 (SEQ ID NO:21) and PD4 (SEQ ID
NO:22) are: '

PD3: 57 CGCGGATCCAATAAGGAGGAAAAAAAATGTCACCAGATAAACAAAT
PD4: 5’ CGCGGTACCCAGTCTCTGGAGCCGGA 3¢
Oligonucleotide PD3 is 46 nucleotides long.

The 17 nucleotides at the 3’ end are a perfect match to
the human GDNF gene in the region that codes for the N-
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rmed cells were harvested. The COS-7 conditioned nedi um was
bioactivity in both the dopam nergic assay and the synpathetic

&uron assay. The conditioned medi um fromthe Cell%F@R%% ?Qﬂ t he
W p6ilA t he proper orientation was found to have b ic

sfully produced via ret/mhi nant DNA processes. In a
enbodi nent of the ;resent i nvention, hunan mature GDNF i s

yteé@é’f%?n‘éﬁt ChRA? B O i a BigSeriaNUSEaAdsdesh syst em
?febdﬁﬁ@ EPNE tnark‘sla:mian |ﬁmkefaamdaﬁctdassrpwym ,Bsanpl e 6.

h f GDNF
o vt DonCHERCs AR SEEs UM S5 TR, IR o

wWasrkegtt eninat acid piraszﬂ_dggdact GFhe wtitedr B terctrisfes med i nto E.

for good expression in E. coli as well as a BamHl
endonuclease restriction site necessary for
construction of the GDNF expression plasmid.

Oligonucleotide PD4 is 26 nucleotides long.

The 17 nucleotides at the 3’ end are a perfect match to
17 nucleotides of the human GDNF gene 3’ of the stop
codon. This oligonucleotide also provides seguences
necessary to reconstruct a Kpnl restriction
endonuclease site for construction of the GDNF
expression plasmid.

The reaction conditions for the amplification
of the human GDNF are as follows: the total reaction
volume was 100pl and contained 1 ng of a ADNA clone
containing the human GDNF gene, 20 pmoles each of PD3
and PD4, 20 mM Tris-HCl pH8.8, 10 mM KCl, 6 mM
(NH,),SO,, 1.5 mM MgCl,, and 0.1% Triton X-100. The
reaction mixture was heated to 95°C for 5 minutes,
cooled to 44°C, and 2 units of Pfu DNA polymerase
(Stratagene) was added. The reaction consisted of 30.
cycles of: 72°C for 1% minutes, 95°C for 1 minute, and
44°C for 1% minutes. At the end of the reaction, MgCl,
was added to a final concentration of 10 mM. 5 units
of DNA polymerase I large (Klenow) fragment (Promega)
was added and the reaction incubated at 37 °C for 10
minutes. Then 10ul of 3M NaAc and 220ul of EtOH was
added and the solution centrifuged at 12,000 x g for 15
minutes to precipitate the DNA. The precipitated DNA
was resuspended in 100ul of 50 mM Tris~-HCl (pH 8), 50
mM NaCl, 10 mM MgCl,, 20 units of BamHl and 20 units of
Kpnl and incubated at 37°C for 1 hour. A DNA fragment
of the correct size was identified after

electrophoresis through an agarose gel and purified
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prodﬁ'v”' el vested. A protein of the_rh %pe e I cul ar wei ght for

mat ut ‘ F (about 15, 000 daltons) d am no term na
sequs irmed that the proteln obt re hunman GDNF.

The Fangiiat uration of human E. coPCT{1&592/07888
descCEim. | I'n Exanple 6C. In the enbodi nment of the i nvention
desclis g expressed protein-contpghi ng extract obtained was partially
pur | . : to refolding by ion exchance

using an Ultrafree-MC Filter Unit (Millipore). This
¢ragment was ligated into an E. coli expression vector,
pT3XI-2, (described below). Ligation conditions were
as follows: the total reaction volume was Sul and
contained 10 ng of pT3XI-2 DNA linearized with KpnI and
pamHI, 5 ng of the human GDNF DNA fragment as described
above, 50 mM Tris~HCl (pH 7.6), 10 mM MgClz, 1 mM ATP,
1mM DTT, 5% polyethlene glycol-8000, and 1 unit of T4
DNA ligase (Bethesda Research Laboratories). The
reaction was incubated at 14°C for 2 hours.

The vector pT3XI-2 was constructed in the
following manner. The starting plasmid for this
construction was plasmid pKK223-3 (Brosius and Holy,
1984) purchased from Pharmacia. Plasmid pKK223-3
carries a partial gene for tetracycline resistance.
This nonfunctional gene was replaced by a complete
tetracycline resistance gene carried on plasmid pBR322.
Plasmid pKK223-3 was digested completely with SphI and
partially with BamHl. A 4.4 kilobase pair fragment was
gel purified and combined with a synthetic adapter (SEQ

ID NO:23):
57 GATCTAGAATTGTCATGTTTGACAGCTTATCAT 3/
3/ ATCTTAACAGTACAAACTGTCGAATAGTAGC 57

BglIT Clal

and a 539 base pair fragment of DNA from a ClaI, Sphl
digest of the tetracycline resistance gene of pBR322
(PL Biochemicals, 27-4891-01). The resulting plasmid
was designated pCJl.

Next, a XhoI linker purchased from New England
Biolabs was inserted into plasmid pCJl‘’s Pwvull site to
form plasmid pCIJX-1. This insertion disrupts the rop
gene which controls plasmid copy number. Next, an
ZcoRI fragment containing the lacl gene was purified
from plasmid pMC9 (Calos et al., 1983), then inserted
into the XhoI site with Xhol to EcoRI adapters. The
polylinker region in plasmid pKK223-3 was next replaced
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t ography On S- Sepharose Fast Flow resin. Refol ding was
d by adding: first dithiothreitol, then glutathione disodi um

& a ref gkd buffer to the GDNF-contai ning extract. T @Tfl%kﬁl’mgS
Yl ed as a

ntially fully biologically active, and exis

onded dinmer inits biologically active form The GDNF prior to
- and after reduction of “Bf@ refol ded material -- existed in a

tate and wa ubstantially bialogically inactive. GDNF
ortidTe & Hoy YRR s FORCAAn P HeROa R b B8Rl R LSS B¥s. For
t h g imgciWEith adicdRIeqndn®etiodSEQ IDrNomeay e hunan GDNF as

gure 19 oge s AAbEEChEd @ﬁ‘*‘”ﬁ% %A@i%#ﬁﬁé;%’l‘d&z@b er

syst ens. ctors contal ni e equence codi ng for
3’ GGGCCC ATGGTCTAGA CTCGAGTGAT CAG 5/

The plasmid vector so obtained is designated pCJIXI-1.
Finally, the tetracycline resistance gene was
replaced with a similar gene which had the recognition
sites for restriction enzymes HindIII, BamHl, and Sall
destroyed by bisulfite mutagenesis. The following
procedure was used to mutate the tetracycline
resistance gene of pBR322. Plasmid pBR322 was cut with
HindIII, then mutagenized with sodium bisulfite
(Shortle and Botstein, 1983). The mutagenized DNA was
ligated to form circular DNA, then cut with HindIIT to
linearize any plasmid that escaped mutagenesis. E.
coli JM109 (Yanisch-Perron et al., 1985).
Tetracycline-resistant plasmids were isolated and
checked for loss of the HindIII site in the
tetracycline resisfance gene. Successfully mutated
plasmid was designated pTl. A similar procedure was
followed to mutagenize the BamHl1l site in pTi1, yielding
plasmid pT2. Plasmid pT2 in turn was mutagenized to
remove the Sall site, forming ﬁlasmid pT3. A ClaI-StyI
fragment of pT3 carrying the mutated tetracycline
resistance gene was isolated and used to replace the
homologous fragment of pCIXI-1 to form pT3XI-2. The
mutated tetracycline resistance gene still encodes for
a functional protein. Downstream of the tac promoter
region, a polylinker was introduced which contains,
among other sites, BamHl and KpnI restriction sites
useful for cloning genes for expression in E. coli
After the 2 hour ligation of the vector with
the human mature GDNF construct, 2ul of the reaction
mix was used to transform Epicurian Coli SURE®
supercompetant E. coli cells (Statagene) according to
the manufacturer’s instructions. DNA sequence of one

of the recombinant plasmids was determined as described
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By linked to expression regulatory el ements may be transforned

m cr oor gani sm host cells including Bacillus, Pseudononas and
gb@yﬂbus expression systens nmay al so be enpl oyedPCT/US92/07888 not ed
Y’bresent invention relates to nethods for treating nerve damage
s suffering therefrom Jhgese nethods conprise the adm nistration
peutically effective anount of a human protein glial-derived
iqnfgghmp%éGQNF) Theaspatierne sohférmnad that tkise danage.
or nedi.cal, i ndi [ [ C Lder to_be ner damage if
amléﬁmféng?hg%lggﬁnggse§gé?}§ggn $§¥g§hgggu§§%%a? pgﬁ%esseg i s
Sed hulanaGPNEf genedcediodi fent matuth hemege @BNBge occurs as the
i one of the follow ng conditions: 1) Physical injury, which causes
herati on of the axonal processes and/or nerve cell bodies near the
' . E2 EE 2L guman 8pPRsken 3y EO83sure to neurotoxins, such
cer The recombinant plasmid containing DNA

A &

seguences encoding human GDNF was transformed into E.
coli strain JM107¢rMCB0005, a Tl resistant variant of
JM107 (Yanisch-Perron et al. (1985)), using the CaCl,
method described in Sambrook et al. (1989). One of the

recombinants was grown in 50 ml of LB media (Sambrook

et al.) with 100 pg/ml ampicillin (Sigma) with shaking
at 37°C overnight. The next day the culture was
diluted 1:70 in LB media with 100 pg/ml ampicillin and
grown for 5 hours with shaking at 37°C. 20 ml of cells
were harvested by centrifugation at 8,000 x g for ten
minutes. The pellet was resuspended in 4 ml of 10 mM
EDTA pH 7.4. The cells were disrupted using a French
Press Pressure Cell (SLM Instruments) at 18,000 psig.
The lysate was centrifuged at 12,000 x g for 15 minutes
at 4 °C. The pellet was resuspended in 10 mM EDTA. It
has been found that relatively more GDNF accumulates if
fermentation is allowed to take place at 42°C rather
than 37°C or 30°C.

The presently preferred method for obtaining
high levels of GDNF expression in E. coli using the
recombinant plasmid described in Example 62 (in which
the coding sequence for human mature GDNF is cloned in
the expression vector pT3XI-2) is as follows. For a 10
1 fermentation a 500 ml inoculum is grown in LB medium
(pH 7) containing 15 pg/ml tetracycline at 37°C in a 2
1 baffled shake flask to an optical density (3,,) of
between 2 and 3. This culture is used to inoculate 10
1 of growth medium containing: 12 g/1 tryptone, 24 g/l
yeast extract, 25 g/l glycerol, 1.3 g/1 K,HPO,, 0.4 g/1
KH,PO,, 0.1 ml/1 of 4:1 mixture of Macoll9:GE60, and 15
mg/l tetracycline HCl. This culture is grown for
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chenot her apeuti c agents cisplati numand di deoxycytidi ne (ddC),
ely; 4) Chronic

h9To 3 BIGEFST -33-  wet abol i PEVYERHBEEEsych
t'es or renal dysfunction; and, 4) Neurodegenerative di seases such
son's di sease, Al zhei ner-82di sease, and Anyotrophic Latera

(ALS), which cause the degeneration of specific neuronal
Ns.appradmately U v |lissthogfrsc arfdi42i*Gnsoi pptlicedg nerve damage

densities of approximately 12 to 20 (Ag) - The pH of

the fermentation is maintained at 7.0 and the dissolved
oxygen is maintained at 30% of saturation. Post-
fermentation, the culture is chilled at 4°C and cells
are harvested by centrifugation.

The production of human GDNF from this plasmid
described above is not specific to this strain of E.
coli but can be produced in any suitable strain. The
plasmid has been transformed into two other strains of
E. coli, JM108 (Yanisch Perron et al., 1985) and SURE®

(Stratagene). . In both of these strains a new protein
band of the correct molecular weight has been
visualized by Coomassie Blue staining after
electrophoresis through a polyacrylamide gel.

An aliquot of the resuspended material was
electrophoresed through a polyacrylamide gel. The gel
was stained with Coomassie Blue. A protein of the
expected molecular weight for GDNF (15,000 daltons) was
present only in the cultures that contained the
recombinant human GDNF plasmid but not in the cultures
that contained vector pT3XI-2 alone. The recovered
protein was subjected to standard amino terminal
sequencing procedures, and the first 22 amino acidé.of
this protein are identical to the amino acid sequence
of human GDNF as shown in Fig. 19, confirming that

human GDNF is being correctly expressed in E. coli.

C. Refolding and biocactivity of recombinant human GDNF
rroduced in bacteria

Preparation of material for refolding. The E.
coli transformant JM107 (pT3X12::huGDNF) was grown to
stationary phase at 37 C in a yeast extract (%0127-01
Difco Laboratories, Detroit, MI) and tryptone (#0123-05
Difco Laboratories, Detroit, MI) based complex medium
(24 g/L yeast extract, 12 g/L tryptone, 5 g/L glycerol,
1.3 g/L K,HPO,, 0.4 g/L KH,PO,, 0.1 ml/L Macol 19/GE60
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frredeh N paste was homogenized with 40 ml of 10 mM EDTA, pH

1
e

—

ffes Par ki nson' s di sease, Al zheiner's di sease, Anyotrophic Lateral :

i's, Stroke, Diabetic polyneuropathy, Toxic Neuropathy caused by the:|
~Ghesmbher apeutic agents taxol or cisplatin or vipcrisssmerssgoxic i
Q hy caused by the AIDS chenot herapeutic agents ddl or ddC, and il
al damage to the nervous-gystem such as that caused by physical
~of the brain and spinal cord or crush or cut injuries to the arm and/

é4:1)N@lhoﬂg/totepradpciﬂ@eﬁI»EEhwﬁtEdpmcCﬁﬁﬁﬂéﬁﬁﬁhherein- One il
se

me cQUSLS t ] from various sources, such as |l
cefPe %%gg%oﬁg?%l %%rég{—%r%‘g?%?n é‘g\g%ée{)@!g%x%’t’hoﬂ THRIRREPT sol ating thel]];
reagpoast biar faft migwites GDNF thel gmilig phlstegeneded atti abl e vectors ang:
ypggscand expressing the gene in order to produce the GDNF. The Bl
ngﬁho'd, which is exenplary of reconbi nant DNA nethods in general, i§i
erred net T8¢ &elilife 4ores dxocessedt ren foRdowshbi n&ngmDNA et hods are ||

7.0 on -ice using an OCI Instruments homogenizer. The
slurry was French-pressed three times at 20,000 psi
then centrifuged at 30,000xg in a JA 20 rotor for 10
minutes at 4°C. The supernatant was discarded and the
pellet was homogenized and centrifuged as above. In

one embodiment, the pellet from the re-extraction was
homogenized with 40mL of 25 mM Tris, pH 7.4,

centrifuged as above, and the supernatant discarded.
The pellet was homogenized with 20mL of 50mM Tris, pH
8.0, containing 8 M urea with or without addition of
30mM 2-mercaptoethanol, centrifuged as above and the
supernatant retained. The supernatant is referred to
as the TU extract. 1In the preferred embodiment, the
pellet was homogenized in 40ml of 10mM Tris, pH 8.0,
containing 1mM EDTA, 1% NP-40, centrifuged as above,
and the supernatant discarded. The pellet was
solubilized by sulfonylation as follows: The pellét
was homogenized in 25ml of 20mM sodium phosphate, pH
7.4 containing 8m urea, 100mM sodium sulfite and 10mM
sodium tetrathionate. The sulfonylation was allowed to
Proceed at 4°C overnight with stirring and then
Centrifuged at 16,000 xg, 4° C, for 10 minutes to
Clarify the solution.

Partial purification of TU extract prior to
refolding. The TU extract was partially purified by
ion exchange chromatography on S-Sepharose Fast Flow
Yesin (Pharmicia). The column was equilibrated and run
at room temperature in 25 mM Tris, pH 7.4, containing a
3 M urea and 30 mM 2-mercaptoethanol (buffer A). After
loading the sample and washing with buffer'A to
baseline optical density, the column was eluted at 10%
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frause they are capabl e of achieving conparatively higher anounts of
at greater purity. Reconbinant human GDNF is the nost preferred

f Qh/obli@ preparation of therapeutic conpositions aRATiUB921(7888

of nerve damage. This invention includes neans for

ng and cl oni ng genes thagsencode proteins that share am no acid
honmol ogy with GDNF, as well as all such identified proteins.

%ogga@ anuby gewPhinadeol ithr secobunAt vOPNEs fasdorse has been
LS008k el oo ohORD; N0t oo 3T 149452, Mol sgnplerre et al.
500 mM NaCl, and 30 mM 2-mercaptoethanol (buffer B).
column fractions were monitored at 280 nM and analyzed
py SDS—-PAGE. GDNF eluted as the major protein peak at
60-70% of the gradient. Fractions enriched in GDNF
were pooled for refolding (Fig. 25).
Partial purification of sulfonylated extract
prior to refolding. The sulfonylated extract was
partially purified by ion exchange chromatography on Q-
Sepharose Fast Flow resin (Pharmicia). The column was
equilibrated and run at 4°C in 10mM Tris; pH 8.0, i
containing 4M urea (buffer A). After loading the y
sample and washing with buffer A to baseline optical .
density, the column was eluted as 5% column volume per
minute with 5 column volumes each of buffer A and 10mM
Tris, pH 8.0, containing 4M urea and 500mM NaCl (buffer
B). Column fractions were monitored at 280nM and
analyzed by SDS-PAGE. GDNF eluted at the major protein
peak at 50% of the gradient. Fractions enriched in
GDNF were pooled for refolding.
Refolding of partially purified TU extract.
GDNF, partially purified as described above, was
refolded as follows: To 4 ml of pooled column eluate
containing GDNF at approximately 1 mg/ml,
dithiothreitol was added to 5 mM. The tube was capped
S0 as to exclude air and held at 25°C for 15 minutes.
Next, oxidized glutathione disodium salt was added to
15 mM, the. tube capped again so as to exclude air, and
held at 25°*C for 15 minutes. This solution was then
diluted with 14 volumes of refold buffer (100 mM
Na,HPO,), 10 mM ethanolamine, pH 8.3, containing 4 M
urea; 5% polyethylene glycol 300; and 2 mM cysteine)
and held under argon at 5°C for 3 days.
Refolding of partially purified sulfonvlated
extract. GDNF, partially purified as described above,

was refolded as follows: Pooled column eluate

——
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| ence 247:1446-1451.) The mature forns of the three proteins

_hing this famly (nerve gromh factor (NG-), brain derived

Qb simctor (BDNF), and neurotrophin-3 (NT-3)] sh&@/USTOWE#ENno
'ty Wth each other. The positions of the six cysteine residues
|n each of these proteinsggre precisely conserved. Although
rally simlar, these three proteins display different tissue

U“%rb%t(aﬁrrm SIONF At a?p%%xmwtenySsaa;ymizea'swaimnpaerre et al.

it SR i YRR (2 "CH50en PHAE o5 (A0 oI A R 767 73

Dre gf g3, kKihtAmding Reyt Reeak2543gplyethylene glycol
300; and 3mM cysteine) and held under argon at s°C for
3 days.
Analysis of Refolded GDNF by SDS-PAGE. GDNF

extracted from bacteria without prior exposure to
reducing agents migrates as a monomer on SDS-PAGE, at
an apparent molecular weight of about 16 kDa compared
to the migration of molecular weight standard proteins.
There is no detectable GDNF at the position of a dimer.
GDNF, exposed to reducing agent (30-150 mM 2-
mercaptoethanol) either during extraction or just
pefore SDS-PAGE but prior to refolding, migrates at a
position indistinguishable from the non-reduced
bacterial protein, with an apparent moledular weight of
about 16 kDa (Fig. 26, lanes 6 & 13). This indicates
that GDNF prepared from the bacterial cells is not
dimerized prior to refolding.

- After refolding as above, most of the
bacterially-produced recombinant GDNF migrates on non-
reducing SDS-PAGE as an apparent dimer at approximately
30 kDa (Fig. 26, lane 2). Reduction of the refolded
GDNF with 150 mM 2-mercaptoethanol prior to SDS~-PAGE
causes it to again migrate at the position of the
monomer at approximately 16 kDa (Fig. 23, lane 5).
These results indicate that refolding of GDNF causes
the protein to become a disulfide-bonded dimer. SDS-
PAGE of refolded GDNF was run without reduction, and
the gel sliced along its length and the slices assayed
for bioactivity in the sympathetic ganglia neuron
survival assay (see below). The only detectable
biocactivity was at the position of the dimer,
indicating that the dimer is biologically active.

Analysis of Refolded GDNF on Reversed-~-Phase
HPLC (RP-HPLC). GDNF partially purified by S-Sepharose
or Q-Sepharose chromatography, but prior to refolding,

eet Has Been Replaced

i =—




#pl ays no significant honology to any previously described protein
ntified genes may exist that encode proteins that have substanti al
&) Sagguence homol ogy to GDNF and which coul d functipgf,{1§o3/b¥R8as
I'c factors with different tissue specific distribution patterns
fferent spectra of activigies. Such proteins would constitute
f the GDNF fanily of neurotrophic factors. The DNA sequen;es 5059
nd g&nqﬁ, r n,Ei (SE an
§P and 22 (SEQ D Ve gé rgggggtﬁge Hﬁﬁggégg ggg%gedamggldentlfy
rs Qﬁr%ﬁﬁﬂ¥%9ﬁnﬂkﬂﬁ\ﬂf'aPGBNFZQeWénﬂéﬁSIy"GDNF afteAs a consequence

ns It He 32 @indle7© AURREE cRTORENERE 1 BRAL pgoducts of
ersgﬁﬁﬁg eé£]${g£i§§ % ch as _the "ﬁGF geﬂe ?1 h? ghggted above or
e

IF gerRF STy SiTs, ”6oﬁ§|HéP&EF§ coﬁséP@ﬁFléﬁ of sequence at
,| evejetefiteicaf arime lisdexpappedpifioat eubybssduzakeeslaongi £ons,

"aci 4G ossrhly 1l Z9! IQLL GANLOGCYL et ueen genes L. es

on RP-HPLC 1is observed after refolding of proteins.

RP-HPLC of these samples was performed as
follows: at a flow rate of 1 ml/minute: A 0.46X25 cm
C-4 column (VyDac #214TP54) was developed as follows:
Solvent A = 0.1% trifluoracetic acid (TFA) in water;
Solvent B = 0.1% TFA in acetonitrile; From 0.5 to 1.5
minutes, B is increased from 5% to 25%; From 1.5 to !
31.5 minutes, B is increased from 25% to 55%.

Analysis of Refolded GDNF by Bioassays.
Refolded GDNF was bioassayed in both the chick embryo
(E10) sympathetic ganglia neuron survival bioassay
(Example 4A) and the rat embryo (E16) mesencephalic
culture dopamine uptake biocassay (Example 1B). Prior
to refolding, GDNF, exposed to 30 mM 2-mercaptoethanol
and purified by S-Sepharose or Q-Sepharose
chromatography as above, exhibited no detectable
biocactivity in the mesencephalic culture dopamine
uptake assay and greatly reduced biocactivity in the
sympathetic neuron survival biocassay. The apparent

ED50 in the sympathetic neuron survival biocassay of S-
Sepharose chromatographed material was about 1lug/ml,
which is about 333-fold lower than refolded rhGDNF (see
‘below). For Q-Sepharose chromatographed material the
apparent ED50 in the sympathetic neuron survival
biocassay was about 3ug/ml, which is about 100-fold
lower than refolded rhGDNF (see below). After
refolding, GDNF, with or without prior exposure to 2-
mercaptoethanol, was apparently fully active in both
bicassays (Figs. 27-28). This result indicates that
GDNF acquired significant biocactivity upon refolding
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£ the famly, i.e., a nucleic acid probe derived fromthe sequence of {li’ ||
the famly nmenbers will forma stable hybrid duplex nolecule wth TP

Aprdtiol ecul es fromdifferent menbers of the famPCI/Uge2e7s8ave .
des related, but not identical, to the probe i
el ectrophoresi s andgticansfer onto a sol i

and also that the reduced or absent biocactivity before ﬂ
refolding was not due to exposure to 2-mercaptoethanol.

The ED50 of refolded recombinant human GDNF
(rhGDNF) in these bioassays was similar to that
observed previously for rat GDNF purified from B49-cell
conditioned medium. In the sympathetic neuron survival
pioassay the EDS0 for rhGDNF was about 3 ng/ml (Fig.  §5 '
27) and the EDS0 for rat GDNF was about 5 ng/ml. In ;Eﬁ 1
the mesencephalic culture dopamine uptake assay, the ?éi'
ED50 for rhGDNF was about 30 pg/ml (Fig. 28) and for |
rat GDNF about 50 pg/ml. These results indicate that a
substantial proportion of rhGDNF was successfully
refolded and fully biologically active.

Example 7: Production and Isolation of Antibodies to
GDNF

Antibodies to rhGDNF were generated by the
'following procedure. This procedure is seen to include
but not be limited to this adjuvant, immunization .
protocol, and species of animal. Also, antibodies to

GDNF may be raised using the refolded, native protein ' :
or the denatured, inactive protein as in the procedure 1
given below or with contiguous peptides of the.. GDNF -
sequence from human or other animal species.

Monoclonal antibodies may be generated by one
of many standard procedures (see Antibodies, a
laboratory manual; Cold Spring Harbor Laboratory 1988
ISBN 087969-314-2 editor Ed Harlow and David Lane). 1In -
brief, such a proceduré for generating monoclonal |
antibodies typically but not exclusively involves |
immunizing the appropriate animals and monitoring the i
antibody response of these animals to the immunizing
protocol, isolating antibody producing cells such as
from a lymphoid organ of one or more responsive

animals, fusing these cells with an appropriate cell

line such as myeloma cells to produce hybridomas that
are antibody secreting immortal cells, and screening to
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4) RNAs as described in item #2 above are subj ect

-ophoresis and tran a solid support for Northern blot analy
cAuleiié ncl ude total cellular fracti onat ed pPCEoli§92A678BBIA.
’ct's of pol ynerase chain react (PCR) whi ch enpl oy
eotide prim based oggsequences occurring in GDNF an

)g as tenplates any of the nucle. sources described in itens

gh 4 u [ Cj | | hybridi ze to

A A e i L Rk g e

e clcdrBgsafdeseqtented BYodHG1BE Bheateeiyed arempepmi@hel | known
ki || gdeijpotipe art degree of sequence honol ogy may be directly det
1y member's of) 5o 0N GSRSAHNAY 5 SR disa 90 aprgach vas
follows: Two milliters of sterile saline containing
0.005-0.25mg rhGDNF were injected into a vial of the
RIBI adjuvant MPL-TDM-CWS emulsion (RIBI ImmunoChem
Research, Inc.) and vortexed to form an emulsion as per
the manufacturer’s instructions. Anesthetized female
New Zealand white rabbits were injected following the
suggested immunization protocol from RIBI. One
milliliter of adjuvant antigen emulsion was
administered as follows: X
0.30ml intradermal (0.05ml in each of six
sites)
0.40ml intramuscular (0.20ml into each
hind leq)
0.10ml subcutaneous (neck region)
0.20ml intraperitoneal
The animals were injected again (boosted) every
4-6 weeks by the same protocol. Blood was drawn from
the animals before the first injection and at 10-14
days after each boost to test for antibody production
with a neutralization assay or a standard ELISA.
The neutralization assay was carried out as
follows using the rat E16 mesencephalic culture assay.
Rabbit test serum was diluted into Dulbecco’s minimal
essential medium buffered with 25mM HEPES to pH7.4
containing 5mg/ml of bovine serum albumin (referred to
as BSAS). This in turn was added to the assay wells
{25u1 of diluted test serum into Sdoul of tissue
culture solution) and allowed to incubate at 37° for 30
minutes. Next rhGDNF was added as 25ul of a stock
diluted solution in BSAS5 containing rhGDNF at
6.32ngm/ml for a final rhGDNF concentration of 0.316
ngm/ml in the assay. Dopamine uptake was measured

after eight days in culture by the previously described
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| with a probe based on NG sequence (K. al . 1990 FEBS Letters ! l

1). An alternative nethod for identifying GD famly i
£hvol ves use of the polynerase c[err] reaction (P ampl i fy M
o‘%/&ﬁd IDNF flerr] nmenbers foll owed by cloning angggﬁéﬁvg?@sgé anp) |f.
Degenerate (or nondegenerate) oligonucleotide prinmers for PCR !
thesi[err] based on the S¥juence of GDNF. G ven the conse]lerr] O |

ocation and the conservation of am sequences in the inmediate :
f phece§4rfer rReseliauesth RtisemhskraedforsadmaGE fanmily, th il

oupdothe syétghaﬁﬁ bélweatﬂds@ €M eRE 1 1 a0 %i_-aéﬁndl dates for it
o} n from both

theS|s but a b ﬁ rimers could al so be 0s
pBepRb- EBr??B%@ BfP¢h&brotein. PCR reactions may be perforned
itions of r Table 2
Rabbit Number Antigen *Neut. EC,, +Elisa EC,, I !
1604 refolded rhGDNF 20x103 25x103 A
2257 refolded rhGDNF 12x103 7x10°
2506 refolded rhGDNF 2x103 3x10°
9380 denatured rhGDNF 2x10° 2x103

*x antiserum dilution for 50% neutralization of GDNF
stimulated dopamine uptake

+ antiserum dilution for 50% of the maximum (plateau)
signal in ELISA

The antisera were also titered for GDNF
antibodies in a standard ELISA by the following
procedure: Microtiter plates (96 well, Nunc maxisorp)
were coated with 100ul per well of rhGDNF at 1.0pgm/ml
in 50mM sodium bicarbonate, pH9.6 coating buffer ;ﬁ
overnight at 4°C. The plates were washed four times i
with plate wash buffer (PWB; phosphate buffered
physiological saline, pH7.2 containing 0.5% Tween 20) .
and then blocked for 2 hours at 25°C with 200ul per r
well of 2% bovine serum albumin in phosphate buffered 51
physiological saline, pH7.2. The plates were washed iﬂ

" again with PWB and serum samples to be titered (100pl fé?
diluted in 20% normal goat serum and PWB) added to the .
wells. Plates were incubated for 1.5 hours at 35°C and
washed again with PWB. Alkaline phosphatase conjugated
goat anti-rabbit IgG (Jackson Immunochemicals) at a
1:2500 dilution in PWB was added to each well (100ul)

and incubated for 1.5 hours at 35°C. The plates were

washed with PWB as before. Next p-NPP substrate b
(disodium p-nitrophenyl phosphate; Sigma Cat. No. P

MP389) was added to each well (100ul at 1.0 mg/ml p-NPP !
in 10% diethanolamine, pH9.8) and the plate incubated SR
at 25°C. Color development was followed by reading the |
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gl tz et al. 1983 Methods in Enzvnol ogy 100: [err] Therefore, one

£en for genes related by sequence honol ogy to GDNF by preparing
gegénerate DNA (or RNA) probes based on the seBOEHER2HITS#DNF f r of)
uman or any ot her species and perform ng hybridi zation ‘
nts with a variety of tamget DNAs (or RNAs) under conditions that j
gsow stable formation of inperfectly paired nucleic acid dupl exes. i
rigiazﬁécatc«nﬁ}iqa'm,orofa @later mechder (Molecular ]
]

pevices Enax). |
Antisera were also used to detect and o

quantitate GDNF on Western Blots as follows: Sodium _ gff
dodecyl sulfate polyacrylamide gel electrophoresis (SDS :
pAGE) was performed by the basic procedure first i
described by U.K. Laemmli (Nature 227:680-685 (1970)) B b ‘
using a 12 1/2% acrylamide resolving gel and 4 1/2% o
acrylamide stacking gel. Gels (16X14X0.15 cm) were
electrophoresed at 40m amp constant current for 3

hours. For reduction/denaturation, samples were heated
at 100°C for 10 minutes in sample buffer containing 1%
sDS and 150 mM 2~mercaptoethanol. !

For Western blotting, the gel was then
transblotted onto Immobilon-P membrane (Millipore Cat.
No. IPVH 151 50) at 80m amp constant current for 16
hours in 25 mM Trisbase, 192mM glycine, 0.1% SDS, and
20% methanol and processed as follows:

1) The membrane was blocked for one hour at

25°C in blocking buffer (10mM Tris, pH 7.4
containing 150mM NaCl; 0.05% Tween 20; 4%
skim milk; and 0.02% sodium azide) with !
gentle rocking. '

2) The membrane was next incubated at 25°C
for 2 hours with gentle rocking in §
blocking buffer containing diluted primary
antisera to GDNF.

3) The membrane was washed (4 5-minute
washes) in blocking buffer.

4) The membrane was next incubated at 25°C
for 2 hours with gentle rocking in
blocking buffer containing diluted
secondary antibody (alkaline phosphatase
conjugated affinity purified goat anti-
rabbit IgG; Cappel Cat. No. 59299).
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ringency" are well described in the literature (Beltz et al.
rook et al. 1989 Mol ecular Coning, 2nd edition, Cold Spring
Sl)}/(ﬁlilﬂ’; nost frequently involve reduction in tenpeGiuse/ofssshe
QM reaction when carried out in aqueous sol uti on and/ or

n concentration of formapgge in hybridization systens normally
#sol uti ons containing 50% formam de. Ot her neans of reducing

on stringency hegye mdmn-drendesadied @nd _qquldebe enpl oyed
‘et al .,supra). The nucleic acid targets in these hybridization
's coul d i ncl ude;washes) with Bloackingymfifies; sxcdaddsgt APfi ng
rat, or any dgrimwaiilaqn species, or any ot her speci es

{ into any cgpnvenj.ent_vectaar i ncl udj ng bacteriophages,
. cosni ds, &) eas“ie“gﬁamﬁ &34 d@r’(lﬁg'r?(?seg]ne‘g’ 5(9|ms'a ot her type

2) c D\t e lomaimice pufifiear atlodnM anileNA o emsany
containing 100mM NaCl and 5mM MgCl,) with
165 pl of NBT and 83ul of BCIP (Promega
kit Cat No. P3771) at 25°C with gentle
rocking until the desired staining is
achieved.

Example 8: @reparation of Membrane Encapsulated Cells

that Secrete GDNF, and Implantation into Patient.

Cells that secrete GDNF may be encapsulated
into semipermeable membranes for implantation into
patients suffering from nerve damage. In a. preferred
embodiment, the patient is suffering from Parkinson’s
disease, and the encapsulated cells that secrete GDNF
are implanted into the striatum of the patient to
provide GDNF to the dopaminergic cell bodies.

in one embodiment of the invention, cells that
have been engineered to secrete GDNF -- such as those
prepared and described in Examples 5 and 6 above -- are
incorporated into biocompatible, iﬁplantable, and
retrievable polymeric inserts. The inserts may be
designed so as to permit the secreted GDNF to enter
into the tissue surrounding the implanted cells, while
preventing factors from the surrounding tissue that
would be detrimental to the cells from access to the
cells.

The cells that have been engineered to secrete
GDNF may be encapsulated into such semipermeable
membranes according to the method described in
published PCT application WO 91/10425, entitled Cell
Capsule Extrusion Systems. The membrane encapsulated
cells may be implanted into the striatum pursuant to
standard surgical procedures.
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B 'pe obtai ned fromany of the above not ed organi sns or

fromculture of any type of primary cell obtained from any
i 93 o6atpve noted organisms, or fromany type of pcy/usel/atsss cell
\é’nt(y exi sting or produced fromany primary cell culture;
om ¢ DNAs as descri bed in__igtze_m #1 above whi ch are di gested
riction enzynes and prepared for Southern blot analysis by
(1) GENERAL INFORMATION
(i) APPLICANT : Lin et al.
(ii) TITLE OF INVENTION: Glial Derived Neurotrophic Factor

(iii)NUMBER OF SEQUENCES: 24

(iv) CORRESPONDENCE ADDRESS:

(A) ADDRESSEE: Beaton & Swanson, P.C.

{B) STREET: 4582 South Ulster Street Parkway, Suite #403

) CITY: Denver . N

(0} STATE: Colorado

(E) CQUNTRY: USA :

(F) zip: 80237 i
{v) COMPUTER READABLE FORM:

(A} MEDIUM TYPE: Diskette, 5.25 inch, 340 Kb storage

(8) COMPUTER: IBM compatibie

(C OPERATING SYSTEM: MS DOS

D) SOFTWARE: Wordperfect 5.1

(vi) CURRENT APPLICATION DATA: NONE

(vii) PRIOR APPLICATION DATA: )
(A) APPLICATION NUMBER: 07/788,423, 07/774,109, 07/764,685
(8) FILING DATE:  06-NOV-1991, 08-0CT-1991, 20-SEP-1991

(viii) ATTORNEY/AGENT INFORMATION:

(A) NAME: Barry J. Swanson
(8) REGISTRATION NUMBER: 33,215
(L) REFERENCE/DOCKET NUMBER: SYNE-225C3

(ix) TELECOMMUNICATION INFORMATION:
(A) TELEPHONE: (303) 850-9900
(8) TELEFAX: (303) 850-9401

(2) INFORMATION FOR SEQ D NO:1

(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 25 amino adids
(8) TYPE: amino acid ‘
(0> TOPOLOGY: linear .
(v) - FRAGMENT TYPE: N-terminal fragment j

(xi) SEQUENCE DESCRIPTION: SEQ D NO:1: !f
Ser Pro Asp Lys Gin Ala Ala Ala Leu Pro Arg Arg Glu Arg Asn Xaa
5 10 15 i

Gln Ala Ala Ala Ala Ser Pro Asp Asn
20 25

(3> INFORMATION FOR SEQ ID NO:2

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 13 amino acids
(8) TYPE: amino acid
(9] TOPOLOGY: linear

(v) FRAGMENT TYPE: internal fragment

(ix) FEATURE: Xaa is either Lys or Gln

Fl

(xi)  SEOUENCE DESCRIPTION: SEQ ID NO:2: et e e

Asp Xaa Ile Leu Lys Asn Leu Gly Arg Val Arg Arg teu This Sheet Has Been Replaced
(4) INFORMATION FOR SEQ 1D NO:3 ’ ““ll“ |“|" ”ll ||Il
(i) SEOQUENCE CHARACTERISTICS:
(A) LENGTH: B90 pase pairs
(8 TYPE: nucleic acid
(€%} STRANDEDNESS: single
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gineal i ng tenperature which would allow anplification of not only
sequence but the sequences of any GDNF fam |y nenbers. See, Innis
990 PCR protocals: A Quide to Methods and Applications, Acad e%c
&093081% s of such PCR reactions may be size sel ecP&d/B$9%B(3
horesis, cloned into an appropriate vector and the cl oned DNA

d to identify GODNF famly m®¥bers. Alternatively, the clones may

B screened by hy%i di zation to a probe specific for GDNF under :
Bns of high sf¥y ent GNF clones. Any clones that fail
di ze to GDNFEunder%geﬁy”*rln”§ltelc arcl'c’lejrc1’>c/§/at\/\10uI d then be sequenced or such
oul d bec»hybrFRQWEE%GESFR)PTaONGENFIDM ®be under conditions of reduced

By an&ft@@%r GG R dfadic ?UCQGAhMprcécdﬂr@@:Atc& écpsccc'q\": probe under :hese

B NS Wwul d then be sequencediy asp arg tle AgSeCAN@Iaappr oach using PCR f or ;
Chini o GDNF -90 -85 ki
€ ; !
SR § GCC GGA CGG GAC TCT AAG ATG AAG TTA TGG GAT GTC GTG GCT GTC TGC 92 ’
Ala Gly Arg Asp Ser Lys Met Lys Leu Trp Asp Val val Ala val Cys
-80 -75 -70

€76 GTG TTG CIG CAC ACC GCG TCT GCC TTC CCG CTG CCC GCC GGT AAG 140
teu Val Leu teu His Thr Ala Ser Ala Phe Pro Leu Pro Ala Gly Lys
-&5 -60 -55

AGG CTT CTC GAA GCG CCC GCC GAA GAC CAC TCC CTC GGC CAC CGC €GC 188
Arg Leu Leu Glu Ala Pro Ala Glu Asp His Ser Leu Gly His Arg Arg
-50 -L5 -40

GTG CCC TTC GCG CTG ACC AGT GAC TCC AAT ATG CCC GAA GAT TAT CCT 236

val Pro Phe Ala Leu Thr Ser Asp Ser Asn Met Pro Glu Asp Tyr Pro

.35 -30 -25 -20

GAC CAG TTT GAT GAC GTC ATG GAT TTT ATT CAA GCC ACC ATC AAA AGA 284

Asp Gln Phe Asp Asp val Met Asp Phe lle Gln Ala Thr ile Lys Arg |
-15 -10 -5 !

CTG AAA AGG TCA CCA GAT AAA CAA GCG GCG GCA CTT CCT CGA AGA GAG 332
Leu Lys Arg Ser Pro Asp Lys Gin Ala Ala Ala Leu Pro Arg Arg Glu
1 5 10

AGG AAC CGG CAA GCT GCA bcr GCC AGC CCA GAG AAT TCC AGA GGG AAA 380
Arg Asn Arg Gln Ala Ata Ala Ala Ser Pro Glu Asn Ser Arg Gly Lys
15 20 25

GGT CGC AGA GGC CAG AGG GGC AAA AAT CGG GGG TGC GTC TTA ACT GCA 428
Gly Arg Arg Gly Gln Arg Gly Lys Asn Arg Gly Cys val Leu Thr Ala
30 35 40 45

ATA CAC TTA AAT GTC ACT GAC TTG GGT TTG GGC TAC GAA ACC AAG GAG 476
fle His Leu Asn Val Thr Asp Leu Gly Leu Gly Tyr Glu Thr Lys Glu
. 50 55 - 60

GAA CTG ATC TTT CGA TAT TGT AGC GGY TCC TGT GAA GCG GCC GAG ACA 524
Glu Leu lle Phe Arg Tyr Cys Ser Gly Ser Cys Glu Ala Ala Glu Thr
85 70 75

ATG TAC GAC AAA ATACTA AAA AAT CTG TCT CGA AGT AGA AGG CTA ACA 572
Met Tyr Asp Lys Ile Leu Lys Asn Leu Ser Arg Ser Arg Arg Leu Thr
: 80 85 90

AGT GAC AAG GTA GGC CAG GCA TGT TGC AGG CCG GTC GCC TTC GAC GAC 620
Ser Asp Lys val Gly Giln Ala Cys Cys Arg Pro val Ala Phe Asp Asp
25 100 105

GAC CTG TCG TTT TTA GAC GAC AGC CTG GTT TAC CAT ATC CTA AGA AAG 668 !'
ASp Leu Ser Phe Leu Asp Asp Ser teu Val Tyr His lle Leu Arg Lys :

110 115 120 125

CAT TCC GCT AAA CGG TGT GGA TGT ATC TGA CCCTGGCTCC AGAGACTGCT 718 b

His Ser Ala Lys Arg Cys Gly Cys lle ‘
130 :

GTGTATTGCA TTCCTGCTAC ACTGCGAAGA AAGGGACCAA GGTTCCCAGG AAATATTIGE 778 :

CCAGAAAGGA AGATAAGGAC CAAGAAGGCA GAGGCAGAGG CGGAAGAAGA AGAAGAAAAG 838

ect Has Been Replaced
AAGGACGAAG GCAGCCATCT GTGGGAGCCT GTAGAAGGAG GCCCAGCTAC AG 890 “‘“‘“ “““ \“‘\“ \“\
(5) INFORMATION FOR SEQ 1D NO:4
(i SEQUENCE CHARACTERISTICS:
{A) LENGTH: 134 amino acid residues
(8) TYPE: amino acic
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¥nbers would be to | abel the products of the PCR reaction described
f use those products as probe to screen nucleic targets enunerated
er ¢ ktions of high and/or |ow stringency. ybri djz} or
S\é@ﬂ‘gﬁ@gkcoul d be nalyzed as detail ed above to ide%ﬁ/&%@&g&?ones
EY nmenbers. Such an approach _has been used to | one NT-3 based on the
ps of NGF and BDNF Mai sonpi EPRE et al. 1990 Science 247: 1446- 1451).
af err ed en)t)od'jip(rre‘{gt of the present invention, a therapeutic or

tical EONPO&T! Oine GRSk BinoGedusc AR LRLSLEr @6 I N an ef fective
err] patients suffering fromnerve damage. In a [err]eferred
Ent of t & pr BREWE *SHVEHT SR WINF is [err]ed therapeutically to
it i entss sehdpard a1g afarommia[ier ard nisisnsanas i &ease. Those skilled in
re similiar With the vari'®ty of assays avail able for

ti NGk * ANEME GRSeYRLl 6h R A7RSPQASINVE; I eatment with GDNF, and
m nati on of2eot her s 30

Gly Gln Arg Gly Lys Asn Arg Gly Cys Val Leu Thr Ala Ile His Leu v
35 40 45

Asn Val Thr Asp Leu Gly Leu Gly Tyr-Glu Thr Lys Glu Glu Leu ite
S0 55 40

Phe Arg Tyr Cys Ser Gly Ser Cys Glu Ala Ala Glu Thr Met Tyr Asp
45 70 75 80

Lys lle teu Lys Asn Leu Ser Arg Ser Arg Arg Leu Thr Ser Asp Lys
85 90

val Gly Gin Ala Cys Cys Arg Pro val Ala Phe Asp Asp Asp Leu Ser s\
100 105 110 :

Phe Leu Asp Asp Ser Leu val Tyr His [{e Leu Arg Lys His Ser Ala
115 - 120 125

Lys Arg Cys Gly Cys Ile
130

. (6) INFORMATION FOR SEQ [D NO:5

£ 3 ¢ SEQUENCE CHARACTERISTICS:
g i (A) LENGTH: 562 base pairs
: (8) TYPE: nucleic acid
() STRANDEDNESS: single
(&) TOPOLOGY: {inear

(ix)  FEATURE:
: (A) NAME/KEY: nucleic acid sequence for human GONF

(xi) SEQUENCE DESCRIPTION: SEQ [D NO:5:

ATTTTCICTT TTCTTTTTGA ACAGCA AAT ATG CCA GAG GAT TAT CCT GAT CAG 53
Asn Met Pro Glu Asp Tyr Pro Asp Gin

TTC GAT GAT GTC ATG GAY TTT ATT CAA GCC ACC ATT AAA AGA CTG AAA 101
Phe Asp Asp Val Met Asp Phe ile Gin Ala Thr [le Lys Arg Leu Lys

AGG TCA CCA GAT AAA CAA ATG GCA GTG CTT CCT AGA AGA GAG CGG AAT 149
Arg Ser Pro Asp Lys Gln Met Ala val Leu Pro Arg Arg Glu Arg Asn
1 5 10 15

CGG CAG GCT GCA GCT GCC AAC CCA GAG AAT TCC AGA GGA AAA GGT CGG 197
Arg Gln Ala Ala Ala Ala Asn Pro Glu Asn Ser Arg Gly Lys Gly Arg
20 25 30

AGA GGC CAG AGG GGC AAA AAC CGG GGT TGT GTC TTA ACT GCA ATA CAT 245
Arg Gly Gln Arg Gly Lys Asn Arg Gly Cys val Leu Thr Ala l{e His
35 4] 43 ¥

TTA AAT GTC ACT GAC TTIG GGY CTG GGC TAT GAA ACC AAG GAG GAA CTG 293

50 S5 60

ATT TTT AGG TAC TGC AGC GGC TCT TGC GAT GCA GCT GAG ACA ACG TAC 341
Ite Phe Arg Tyr Cys Ser Gly Ser Cys Asp Ala Ala Glu Thr Thr Tyr
65 70 75

GAC AAA ATA TTG AAA AAC TTA TCC AGA AAT AGA AGG CTG GTG ACT GAC 389
Asp Lys lle Leu Lys Asn Leu Ser Arg Asn Arg Arg Leu Val Ser Asp
80 85 90 95

AAA GTA GGG CAG GCA TGT TGC AGA CCC ATC GCC TTT GAT GAT GAC CTG 437

THIS SHEET HAS BEEN
REPLACED

Leu Asn Val Thr Asp teu Gly Leu Gly Tyr Glu The Lys Giu Glu Leu T
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urons receptive to GDNF coul d be perforned

Ehout undue experinentation. One skilled i the art- could readil y
g@g 081ighe nessage for GDNF is expressed throughouty c"l%] %S?
_/'I“ el's of GDNF protein are in each of those regions e's

¥t could al so determ ne the 35;"36‘“0” of binding sites for GDNF

it the nervous system This ihformation would allow one skilled in
deferm Meek ke NELHQRAlac tHRSScrh ikl cfiQcPGqd €SPONSI Ve to

ser Phe Leu Asp Asp Asn Leu Val Tyr His lle Leu Arg Lys His Ser
115 120 125

GCT AAA AGG TGT GGA TGT ATC TGA CTCCGGCTCC AGAGACTGCT GTGTATTGCA 539
Ala Lys Arg Cys Gly Cys lle

130
TTCCTGCYAC AGTGCAAAGA AAG 562

(7) INFORMATION FOR SEQ ID NO:6

(i) SEQUENCE CRARACTERISTICS:
(A) LENGTH: 134 amino acid residues
(B} TYPE: amino acid
(0) TOPOLOGY: linear

{ix) FEATURE:
(R) NAME/KEY: inferred amino acid sequence for mature human GDNF

(xi) SEQUENCE DESCRIPTION: SEQ [D NO:6:

Ser Pro Asp Lys Gin Met Ala Val Leu Pro Arg Arg Glu Arg Asn Arg
1 5 10 15

Gin Ala Ala Ala Ala Asn Pro Glu Asn Ser Arg Gly Lys Gly Arg Arg
20 25 30

Gly Gin Arg Gly Lys Asn Arg Gly Cys Val Leu Thr Ala lle His Leu
35 40 45

Asn Val Thr Asp Leu Gly Leu Gly Tyr Glu Thr tys Glu Glu Leu Ile
50 55 40

Phe Arg Tyr Cys Ser Gly Ser Cys Asp Ala Ala Glu Thr Thr Tyr Asp
85 70 75 80

Lys Ile Leu Lys Asn Leu Ser Arg Asn Arg Arg Leu Val Ser Asp Lys
85 90 95

val Gly Gln Ala Cys Cys Arg Pro ile Ala Phe Asp Asp Asp Leu Ser
100 105 110

Phe Leu Asp Asp Asn Leu Val Tyr His lle Leu Arg Lys His Ser Ala
115 120 125

Lys Arg Cys Gly Cys Itle
130

(8) INFORMATION FOR SEQ 1D NO:7

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs i
(8 TYPE: nucleic acid ;
) STRANDEDNESS: single
) TOPOLOGY: linear
(ix) FEATURE :
{A) NAME/KEY: oligonucleotide probe
(D) OTHER INFORMATION: N at positions 3, 15, and 18 is inosine i
(xi) SEQUENCE DESCRIPTION: SEQ 1D NO:7:

(i)

CCNGAYAARC ARGCNGCNGC

(9) INFORMATION FOR SEQ 10 NO:8

SEQUENCE CHARACTERISTICS:

(A) LENGTH: 223 base pairs
(8) TYPE: nucleic acid
> STRANDEDNESS: single
(D) TOPOLOGY: tinear
(ix) FEATURE:
(A} NAME/KEY: nucleic acid sequence for human GONF

This Sheet Has Bee

TR




- ———EEEE
h would in turn suggest the appropriate clinical indications for
in. Suitable cell culture and ani nal experinents could then be

ff ermine the |ikelihood that GDNF woul d be useful in treating such
iNg0 93/06116 Purified GDNF isolated from B49 conditi oREU/usatienssdas
 shown to pronote the survival of parasynpathetic and synpathetic
s in cultures. These resuliggare described in detail in Exanple

: Because it is possible that the neurotrophic function of GDNF is
by onercorecrireTeckics Cieeteescandr seper @bk®a cpoet itansy it is al so

fd that the nethod of the predeért> ¥abdes A soul d be practiced by
ring a therapeutic conposition whose-active ingredient consists of
ion (MG.Af‘h@Sé“qurW LR U G(?IJF«FCWFCC%G €6rftd ol 93 (or control) CGDNF
bhi ¢ f EREET SR T AP RN RErYp ettt o Ptaar maceut i cal conposition

ACC GCG ¥CC GCC TTC CCG CTG CCC GCC GGT AAG AGG CCT CCC GAG GCG 151
Thr Ala Ser Ala Phe Pro Leu Pro Ala Gly Lys Arg Pro Pro Glu Ala
20 25 30

CCC GCC GAA GAC CGC TCC LTC GGC CGC CGC CGC GCG CCC TTC GCG CTG 199
Pro Ala Glu Asp Arg Ser Leu Gly Arg Arg Arg Ala Pro Phe Ala Leu

IS 40 45
AGC AGT GAC TGTAAGAACC GTTCC 223
Ser Ser Asp
50
10 INFORMATION FOR SEQ 10 NO:9
(i) SEQUENCE CHARACTERISTICS: .
(A) LENGTH: 12 base pairs 3
(B8} TYPE: nucleic acid '
(c STRANDEONESS: single
(D) TOPCLOGY: linear

(ix) FEATURE:
(A) NAME/KEY: linker

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:
CCCGAATTLG GG
{(11) INFORMATION FOR SEQ 1D NO:10
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 7 amino acid residues
(B) TYPE: amino acid
(D) TOPOLOGY: linear
{(xi) SEQUENCE DESCRIPTION: SEQ 1D NO:10:

Pro Asp Lys Gin Ala Ala Ala

12y INFORMATION FOR SEQ [D NO:1Y
i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 33 base pairs
(8) TYPE: nucleic acid
) STRANDEDNESS: single
(D) TOPOLOGY: {inear

{ix) FEATURE:
(A) NAME/KEY: nucleic acid sequence from pBluescript SK-75.1

(xi) SEQUENCE DESCRIPTION: SEQ 1D NQ:11:

GAG AGG AAC CGG CAA GCT GCW GMW GYM WGM CCW 33
{13) INFORMATION FOR SEQ [D NO:12 L
(i) SEQUENCE CHARACTERISTICS: : This Sheet Has Been Replaced
(A) LENGTH: 11 amino acid residues
(B) TYPE: amino acid s
[$')] TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ 1D NO:12:
Glu Arg Asn Arg Gln Ata Ala Ala Ala Ser Pro
(14) INFORMATION FOR SEQ 1D NO:13

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs




present invention is preferably adm nistered parenterally by .
on or dlrectly into the cerebral spinal fluid (CSE uous D
-gﬂqﬂfrﬂé’m an i nplanted punp. Also, other effective aﬁkﬁrﬁ‘)r{%"t’(&lsbg Y
such as parenteral slowrelease formulations, inhalant msts, orall y
 formul ati ons, or Suppositeri-es, are al so envisioned. Al so,
stration in connection with one or nore agents capable of pronoting jj
tion of GDNF acf®%%'i heeabl ood-brain barrier is envisioned. One
ed - 39- :

(ix) FEATURE:

(A) MAME/KEY: oligonucleotide DHD-26

0) OTHER INFORMATION: N at positions 9 and 12 are inosine
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:13:

ARRTTYTTNA RNATYTTRIC 20

(15) INFORMATION FOR SEQ ID NO:14

SEQUENCE CHARACTERISTICS:

(A) LENGTH: 7 amino acid residues
(8) TYPE: amino acid

(D) TOPOLOGY: linear

(i

(xi) SEQUENCE OESCRIPTION: SEQ 1D NO:14:

Asp Lys [le Leu Lys Asn Leu

(16} INFORMATION FOR SEQ ID NO:15
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 17 base pairs
(8) TYPE: nucleic acid
(C) STRANDEDNESS: singte
(0} TOPOLOGY: {inear
(ix) FEATURE:
(A) NAME/KEY: oligonucleotide primer PD1
(xi) SEQUENCE DESCRIPTION: SEQ 1D NO:15:

GACGGGACTC TAAGATG

(17 INFORMATION FOR SEQ 1D NO:16
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
(8) TYPE: nucleic acid
(<) STRANDEDNESS: single
{0) TOPOLDGY: linear
(ix) FEATURE: -
(A) NAME/KEY: oligonucleotide primer DHD23
(D) OTHER INFORMATION: N at positions 3, &, and 18 is inosine
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:16:
GCNGCNGCYT GYTTRTCNGG
(18) INFORMATION FOR SEQ 1D NO:17
(1) SEQUENCE CHARACTERISTICS: :
(A) LENGTH: 17 base pairs i ¢
(8) TYPE: nucleic acid i
(©) STRANDEDNESS: single i
(0} TOPOLQGY: tinear i
(ix} FEATURE:
(A) NAME/KEY: oligonucieotide primer LF2
(xi) SEQUENCE DESCRIPTION: SEQ 1D NO:17: ;
CGAGACAATG TACGACA This Sheet Has Been Replaced .
(19) INFORMATION FOR SEQ ID NO:18 ”"ll““l" “,ll l" ;
() SEQUENCE CHARACTERISTICS: :
{A) LENGTH: 17 base pairs o
8) TYPE: nucleic acid : ;
<) STRANDEDNESS: single
(D) TOPOLOGY: {inear
(ix) FEATURE:

i THIS SHEET HAS BEEN
REPLACED




I s physiol ogical saline solution, out it is contenplated that other
eutlcally acceptable carriers, such as artificial CSF, may al so be

onst itute a physiologically- conpatible, slowrelease fornulation.

re. In addition, the carrier may contain other

ol ogi ¢4l | y SRAELE PERBPEONe RE Biveedt:s for nodi fying or nmaintaining the
IS 0| gliirkdece WdeBePSi ty, clarity, color, sterility, stability, rate of
# ution, or odor of the fornul ation. SI mlarly, the carrier may contairy
= ot he??°’phar mAESB Y ER 19 2° Wellept abl e exci pi ents for nodifying or

i ning the skl dtscrirasies:of di ssol ution, rel ease, or absorption or |
rat I on acr os$At heLschfboéf %#aaaﬁs barrier of the GDNF. Such excipients are¢

elic act

substances écs?,ual |5ﬁéi@$ﬁ£sﬁt§$,fggrfarl |y enpl oyed to fornmul ate dosages for

(0) TOPOLOGY: linear

(ix) FEATURE:
(R) NAME/KEY: oligonucleotide primer PD1

(xi}) SEQUENCE DESCRIPTION: SEQ [0 NO:19:

CCCGAATTCG ACGGGACTCT AAGATG 26
21) INFORMATION FOR SEQ ID NO:20
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 24 base pairs e
(B8} TYPE: nucleic acid - 55
(C) STRANDEDNESS: single } i
(0) TOPOLOGY: Linear

(ix) FEATURE:
(A) NAME/KEY: oligonucleotide primer LFA

(xi) SEQUENCE DESCRIPTION: SEQ 1D NO:20:
CGGTGGCCAG AGGGAGTGGT CTTC 24
(22) INFORMATION FOR SEQ ID NO:21

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 46 base pairs
(BY . TYPE: nucleic acid
¢ STRANDEDNESS: single
(D) TOPOLOGY: {inear

tixy FEATURE : . i
{A) NAME/KEY: oligonucleotide primer PD3 i

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:21:
CGCGGATCCA ATAAGGAGGA AAAAAAATGT CACCAGATAA ACAAAT 46
(23) INFORMATION FOR SEQ ID NO:22

(i) SEQUENCE CHARACTERISTICS:

(A} LENGTH: 26 base pairs
(8) TYPE: nucleic acid

<) STRANDEDNESS: single
(D) TOPOLOGY: linear

{ix) FEATURE :
(A) NAME/KEY: oligonucleotide primer PD4

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:22:

p9®felfreferred enbodinent it is envisioned that PEE/GSH2/07888 and t hd ::1

)i mary solvent in such a caasi-er may be either aqueous or non- aqueoug

CGCGGTACCC AGTCTCTGGA GTCGGA 26
(26) INFORMATION FOR SEC 1D NO:23 -
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 33 base pairs This Sheet Has Been Rep laced
(B} TYPE: nucleic acid
(C STRANDEDNESS: double
0y TOPOLOGY: linear

(ix} ~ FEATURE:
o (A) NAME/KEY: adapter fragment for plasmid pCJ1

(xi) SEQUENCE DESCRIPTION: SEQ 1D NO:23:

HEET HAS BEEN
REPLACED
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adm nistration in either unit dose or nmulti- dose.formor for
nfusion into the CSF by continuous or periodic i nf‘;@%@aggi,romgan
; 16 Once the therapeutic conposition has been

it may be stored in sterile vials as a solution, suspension,
sion, solid, or dehydratedoer |yophilized powder. Such

j ons may be stored either in a ready to use formor requiring

formul ati on ratures at least as lowas 4 C and

|y at -“?0[e%ﬁ%ﬁéﬁ;ﬁiﬁﬁ?&?ﬂrerabI y, the manner of parenterally
cering the fepmul giggugggﬁgpqgﬁ@ ning GDNF is via a subcutaneous,

kicul ar, i ntrafhecaleo@ér: iisid acerebral route. To achieve the desired
EGDNF, repeated daily or |ess frequent subcutaneous or intranuscul ar
ns nayide é@ﬂﬁgﬁinﬁgﬁgﬁq@,w@&e%&cm Jenibpmsed conti nuously or

gally froman
L (xi) SEQUENCE DESCRIPTION: SEQ 1D NO:24

AATTCCCGGG TACCAGATCT GAGCTCACTA GTCTGCA

This Sheet Has Been Replaced
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, nplanted punp. The frequenc depend on

E oki neti c paranmeters of GDNFﬂnmml I"ﬁummulon and route 9({
t“batﬂ%hﬁu ed. To achixeve the Mlesi réd dose 7388 R
ergic and other damaged nerve cells whose cell bodies are wthin the =
nd spinal cord, it is contegplated that GODNF will be adm ni stered S
fhe brain or spinal cord subarachnoi d space or : T
i CLAIMS e ’

1. Substantially purified glial derived
neurotrophic factor. : Gl

2. The substantially purified glial derived ’ }ﬁ
neurotrophic factor of claim 1 having a ;

specific activity of at least about 12,000
TU/ug.

|

3. The substantially purified glial derived %;
neurotrophic factor of claim 1 having a !
specific activity at least about 24,000 times .
greater than the specific activity of B49 ) f'“
conditioned medium.

4. The substantially purified glial derived
neurotrophic factor of claim 1 having a 5
molecular weight of about 31-42 kD on non- '
reducing SDS-PAGE.

5. The substantially purified glial derived

neurotrophic factor of claim 4 comprising a
dimeric polypeptide species having a specific
activity of at least about 12,000 TU/ug.

6. The substantially purified glial derived il i
neurotrophic factor of claim 1 having a i
molecular weight of about 20-23 kD on reducing

SDS-PAGE.

7. The substantially purified glial derived
neurotrophic factor of claim 6 comprising a

monomeric polypeptide sequence.

8. The substantially purified glial derived
neurotrophic factor of claim 1 comprising an

amino acid sequence as follows: T

s e
et

ecet Has Been Replaced
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“~rebroventr|cularly Adntnlst nti nuous or periodic and ';.
orrpl I shed by a constant- or lgllimmau ﬂmn I mpl ant abl e purrgﬁ or by il

j 60 PHP&dbi ons.  Administratiorcan als® occur in coR

that allow GDNF to penetrate the bl ood-brain barrler S
ontenplated that certain fetoutations containing GDNF are to be j
kstered orally. Preferably, GDNF which is admnistered in this fashlonxaéi
apsul gsed) -Fhe-ksp-abgsit Gl BdA BGDNKL aredyl reldwtud -etmh- And+61or- wi t hout
parrl u i VYesegd in (04N dosage formns. |
abl y, ?{\%%ch%lgﬂre JlsG%illgs?lgéleAst}?%at th(égé;%t |Oé/e p{)A%’)on of the HE
;.tlon(Agn}eIeased at that point in the gastro-intestinal tract when
Vi lability is ﬁBXIﬁlzed and pre-system c degradation is m nimnm zed.

tonal ex0|p|en§ be i ncl %ded tQ faC|I|tate absorption of GDNF. ;.
;;s fPavori nge STRNYSIRG o PHE Wide8s I1dadetigbrEedi | s, |ubricants,
1 Ing neurotrophlc factor of claim 1 comprising the

amino acid sequence of mature rat glial derived ;5
neurotrophic factor as set forth in Fig. 14 :
(SEQ ID NO:4).

10. The substantially purified glial derived
neurotrophic factor of claim 1 comprising the
amino acid sequence of mature human glial
derived néurotrophic factor as set forth in
Fig. 19 (SEQ ID NO:5).

11. A substantially purified glial derived
neurotrophic factor characterized by the
following:
-(a) an apparent molecular weight of about
31-42 kD on non-reducing SDS-PAGE;
(b) an apparent molecular weight of about
20-23 kD on reducing SDS-PAGE: and
(c) a specific activity of at least about -
12,000 TU/mg. -

12. The substantially purified protein glial
derived neurotrophic factor of claim 11 further
characterized by comprising the amino acid
sequence of mature rat glial derived
neurotrophic factor as set forth in Fig. 14
(SEQ ID NO:4)

13. The substantially purified protein glial
derived neurotrophic factor of claim 11 further
characterized by comprising the amino acid

sequence of mature human glial derived

This Sheet Has Been Replaced

RAHITA N

THIS SHEET HAS BEEN
REPLACED




s, tablet di F‘““]%H and binders may al so be enpl oyed.
dl ess of theﬂ‘“mgm st rat ion, the Specific dose is

| avod3dstts di ng £o the' dpproxi mate body wei ght or b®EGIT/UE93/8t88ar ea
je patient Further refinement of the cal culations necessary to

m ne the appropri ate dosage fx2~ treatnment involving each of the above
oned fornulations is routinely made by those of ordinary skill in
rt and is wthheuiberophi¢ tdctasks set forth in Fig. 19

(SEQ ID NO:5).

14, The substantially purified glial derived

neurotrophic factor of claim 11 produced by
recombinant DNA technology.

wr

S, .
b e e ————— e T e T

15. The substantially purified glial derived ;
neurotrophic factor of claim 1 produced by 3
10 recombinant DNA technology.

E 16. The substantially purified glial derived L
E neurotrophic factor of claim 15 comprising the ‘

3 amino acid segquence of mature rat glial derived

_;k 15 neurotrophic factor as set forth in Fig. 14

o

3 (SEQ ID NO:4).

17. The substantially purified glial derived
' neurotrophic factor of claim 15 comprising the
0 amino acid sequence of mature human glial .
derived neurotrophic factor as set forth in ;f
Fig. 19 (SEQ ID NO:5).

18. A pharmaceutical composition comprising an
effective amount of substantially purified
glial derived neurotrophic factor in a

pharmaceutically suitable carrier.

19. The pharmaceutical composition of claim 18

i!
if
e
!

wherein said factor is comprised of the amino S
acid sequence of mature rat glial derived 3%;
neurotrophic factor as set forth in Fig. 14 .
(SEQ ID NO:4). _ N

20. The pharmaceutical composition of claim 18
wherein said factor is comprised of the amino

acid sequence of mature human glial derived

eet Has Been Replaced
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finely perfornmed by themw ﬁ“ wnnlnentation, especially

f the dosage information a%u'un uw E“ﬁt ed herein. These

yopesldécertai ned through use of the 'est’abli shed aBSHSIR)7888

g dosages utilized in conjunction with appropriate dose-response
I n one enbodi nent of #bo3-invention, GDNF may [err]e

cally adm nistered by inplanting into patients cel |l s capabl e of

ng and secmeukngr@pbécrﬁhgtogiaalEytafbrta far migft ©ONF. Such

ci ng cells( that are natural producers of CDNF

to B49 celg%p or they could be cells whose ability to produce

een augnented by transformation with the GDNF gene in a form

or pyonoti Agel bﬁa@%@.’&%&&h@@.laegm?gﬁﬁ.g&bﬁncfl B19ifeig: 0 M nimze a

|nnunolog|c%I reactlog atlen s from ad ntnlsterlng GDNF of a
eci es, erein sal fac or 1s produced by recombinan

DNA technology.

22. The pharmaceutical composition of claim 21
wherein said factor is comprised of the amino
acid sequence of mature rat glial derived
neurotrophic factor as set forth in Fig. 14
(SEQ ID NO:4).

23. The pharmaceutical composition of claim 21
wherein said factor is comprised of the amino
acid sequence of mature human glial derived
neurotrophic factor as set forth in Fig. 19
(SEQ ID NO:5).

24. A method for obtaining substantially purified
glial derived neurotrophic factor comprising:
preparing a serum-free growth-conditioned
medium of B49 glioblastoma cells;
concentrating the conditioned medium;
performing heparin sepharose
chromatography on the concentrated conditioned
medium;
performing fast protein liquid
chromatography or fractions obtained from said
heparin sepharose chromatography: and
performing reverse-phase high-performance
liquid chromatography or fractions obtained
from said fast protein liquid chromatography.

25. The method of claim 24 further comprising:

This Sheet Has Been

i




¢ preferred that the na er cells be of human origin and:
ce human GDNF. Li kew mnmmmmﬂIﬁnsform cells to expr es %urran :
fug0 83/ %8kl bexpr essi on constréictt cddi ig for human GDNFPEY: ‘r\%‘f Ss
gous to those used in Exanples 5 and 6 bel ow. Cel | s capabl e of ‘i
ally secreting human GDNF mey04dee identified using the follow ng tools: |
err]ligonucleotides representing a portion of the [err]essenger RNA i
uman GDNF or conpl eweheat ing of@%lr%%rphﬁaltrrﬂﬂ s sEvgarseRNA f or  human |l
may be used :Qnglacoysr gettolidise Prodied % o Message
y Northern blot anal ySi s, RNase rotec I on, |n Sit ]ybrrdlzatron,
ol yner ase Chapﬁepééég%ﬁﬂ SR -R Rdr]el ated nethods; or (2)

| onal or nDnocIonabefeéfﬁﬂﬁqb@ﬁbéﬁ%é*ﬁﬁaééKH%?H ﬁBUEﬁthBVF may be
ndi ti

to |iscover | ose extracts ned, ure medi um-
s GONE_pr ot oL ABYAVERFEPRE BT A PR F ERC R Grin ciigdyied BY
i nmunol ogi cal paepayatbve osb&+PAGEat ed net hods. A preferred strategy is

26. A purified and isolated nucleic acid sequence

encoding glial derived neurotrophic factor.

27. The nucleic acid sequence of claim 26 comprised

of the rat nucleic acid sequence encoding
mature rat glial derived neurotrophic factor as
set forth in Fig. 13 (SEQ ID NO:3).

15

28. The nucleic acid sequence of claim 26 comprised
z of the human nucleic acid sequence encoding
mature human glial derived neurotrophic factor
as set forth in Fig. 19 (SEQ ID NO:5).

0

29. A purified and isolated nucleic acid sequence
encoding pre-pro glial derived neurotrophic

factor. _ b

30. The nucleic acid sequence of claim 28 comprised
of the human nucleic acid sequence encoding
pre-pro rat glial derived neurotrophic factor
as set forth in Fig. 13 (SEQ ID NO:3).

31. The nucleic acid sequence of claim 28 comprised
of the human nucleic acid sequence encoding
pre-pro human glial derived neurotrophic factor
as set forth in Figures 19 (SEQ ID NO:S) and 22
(SEQ ID NO:8).

32. The nucleic acid sequence of claim 26 encoding

mature rat glial derived neurotrophic factor.
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hh the condit lumfroma series of
TS CEVENT SHEET““]@\‘“““\H“““W -42- cells of human origi

ant 2o dioess t Re frethods of (2) above to AGEHEHE/0 Z&sl s

secijk i ng GDNF into their culture medi um Confirmation of the GDNF so

prqﬁ ed woul d come frompurificate®n and am no acid sequence analysis, as |
fmed with the GDNF produced by B49 cells and secreted into their i

e neddum Ex@hpl audlbétoaciésseqbesce hef pebaliret 3 dremeetirspl at i on of

A

10

&5

20

34.

35.

36.

odies to h“”th e%%QRB”QQ&dcghﬁhence of mature rat glial

derlved neurotrophic factor as set forth in
Fig. 14 (SEQ ID NO:4).

The nucleic acid sequence of claim 26 encoding

mature human glial derived neurotrophic factor.

The nucleic acid sequence of claim 34 encoding
the amino acid sequence of mature human glial
derived neurotrophic facter as set forth in
Fig. 19 (SEQ ID NO:5).

The nucleic acid sequence of claim 26 encoding
GDNF selected from the group consisting of:

(a) a nucleic acid sequence which encodes
the amino acid sequence for pre-pro rat GDNF
set forth in Figure 13 (SEQ ID NO:3);

(b) a nucleic acid sequence which encodes
the amino acid sequence for mature rat GDNF set
forth in Figure 13 (SEQ ID NO:3):

(¢) a nucleic acid sequence which encodes
the amino acid sequence for pre-pro human GDNF
set forth in Figures 19 (SEQ ID NO:5) and 22
(SEQ ID NO:8);

(d) a nucleic acid sequence which encodes
the amino acid sequence for mature human GDNF
set forth in Figure 19 (SEQ ID NO:5);

(e) a nucleic acid sequence which encodes
an amino acid sequence with dopaminergic
activity, and said amino acid sequence is
recognized by an antibody which binds to a
portion of GDNF; and

(f) a nucleic acid sequence which (1)
hybridizes to the complementary sequence of

(a), (b), (¢) or (d) and (2) encodes an amino
acid sequence with dopaminergic activity.
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E naturally s transforned to secrete human GDNF may be ! |
to treat pat Dg‘ﬂ! mllmr“ imﬂbn human ani mal cells may be inplanted in;! |}
ENLE 937063 8611 - e polymeric enclosures to allow ge}/ea95800888CONF, i |t
brevent destruction of the cells by the patient's inmune system I
natively, the patient's own ce bgL transforned to produce GDNF ex

could be inplanted directly into the patient w thout such |
bsul ati on t h encapsul ati on of ]
g cells ?g famlA-Hgﬁéyatﬁﬁg%% Veh g Sr ggﬁ%lﬁgtﬂsrg?t -and the ﬂ
&ibration of the eﬂ@ﬂ@gﬁamhé@hcépm§raﬁésthémnnuspbamhgttonaln patients 1
; -e acconpl i shed f: X t at Pat ent Nunbers .
@, 538; 5,011, 472\@&1:31:%(5!"lilltt %(r%‘g%%zeg RRerge? @ hﬂgﬁaﬁsﬁglg&‘éﬁca” i
W norat ed herein ﬁfﬁ%&ﬁéﬁ@h@@O“Rts9§té%ﬂ?érdéﬁéﬁ&éuﬂ&PFHQrPPQFﬁg cells |

pscei bed in PCT Andtozati on WO 91/ 10425 of Aebi scher et al. il
fically incorporated herein by reference. :

38. The method of claim 37 wherein said nerve
damage is Parkinson’s disease.

10 39. A pharmaceutical composition for preventing or
T%f treating Parkinson’s disease comprising an
effective amount of glial derived neurotrophic
factor in a pharmaceutically suitable carrier.

15 40. A pharmaceutical composition for preventing or
treating damaged or improperly functioning
dopaminergic nerve cells comprising an
effective amount of glial derived neurotrophic
factor in a pharmaceutically suitable carrier.

20

41. A method for preventing damage to or treating
damaged or improperly functioning dopaminergic
nerve cells which comprises administering to a
patient in need thereof a therapeutically .
effective amount of glial derived neurotrophic
factor.

42. A recombinant DNA molecule comprising i
expression regulatory elements operatively
linked to a nucleic acid sequence encoding
glial derived neurotrophic factor. 3

43. A host cell transformed with the vector of o
claim 42. i X
44, A recombinant DNA method for production of

glial derived neurotrophic factor comprising:

cet Has Been Replaced
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so, PCT Application WD 91/10470 al.; Wnn et al 1991
Neurol . 113:322-329; Aebi schermillmnmﬂ'lgmuﬁm Neur ol
5OWDVE/08k16sco et al . 1992 ASAI O 38:47-23* edch*of whPER/YS92/07888
ically incorporated herein by reference. In particular, cells

ing CONF may be inplanted in Rargg-nson's di sease patients in the
umto provide GDNF to the termnal fields of nigral dopam nergic

glial derived neurotrophic factor intoc an
expression vector which comprises the
regulatory elements needed to express the DNA
5 sequence;
(b) transforming a host cell with said
i expression vector; |
b (c) culturing the host cells under
conditions for amplification of the vector and
10 . expression of glial derived neurotrophic
‘ factor; and
;, (d) harvesting the glial derived
] neurotrophic factor from the host cell culture.

15 45, The recombinant DNA method of claim 44 wherein
said host cell is an animal cell.

46. The recombinant DNA method of claim 45 wherein
said host cell is C0S-7 cells.

20

47. The recombinant DNA method of claim 44 wherein
said host cell is a bacterial cell.

48. The recombinant DNA method of claim 47 wherein
saild host cell is E. coli.

49. The recombinant DNA method of claim 48 further
comprising the step of refolding the harvested
glial derived neurotrophic factor.

50. A recombinant DNA method for production of
glial derived neurotrophic factor comprising:
(a) culturing the host cell of claim 43
under conditions for amplification of the
vector and expression of glial derived
neurotrophic factor; and
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i
IocaIIy appl i ed GDNF uting and reinnervation of the !
At um b/y dopam nergic te%““lﬂll%ﬂﬂﬁmprevent or slow the further
ew@PPPR1% t he dopami nerdi cnervéd célls. The pOTRESI/0788% ent i on

des, therefore, a nmethod for preventing or treating nerve danage by
nting cells into the body of -apgpatient in need thereof; such cells ,
br selected for their natural ability to generate GDNF or engi neered to i}
bt e GDNF. Preferably, (HﬁmahﬁﬂuéﬁﬁﬂﬁdHEMé Reiing RWER ARt ure GDNF when

batient is hurra sf_ha %gﬂ noted that the CDNF fornulations.

i
i bed herein may uerout-‘srecth or ve SwBestaseRdn&NLEBERr cat i ons j
hat the term"patient" shoul d not be construed inalimting manner. |

e case gf veterinary AR LAl i duifo4032098,,20083 ShauLd,be

5 said host cell is an animal cell. S

52. The recombinant DNA method of claim 51 wherein
said host cell is C0S-7 cells.

10 53. The recombinant DNA method of claim 50 wherein
said host cell is a bacterial cell.

B 54. The recombinant DNA method of claim 53 wherein
said host cell is E. coli.

55. The recombinant DNA method of claim 54 further
comprising the step of refolding the harvested
glial derived neurotrophic factor.

56. Substantially purified glial derived

neurotrophic factor prepared according to the
method of claim 24.

57. - Substantially purified glial derived

neurotrophic factor prepared according to the _
method of claim 55. f %

58. Substantially purified glial derived

neurotrophic factor prepared according to the
method of claim 44.

59. Substantially purified glial derived
neurotrophic factor prepared according to the
method of claim 50.

60. Substantially purified antibodies that

recognize glial derived neurotrophic factor.
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f as speci f l“ﬂﬂﬂ' i s understood that the application
-' ngs of thlﬂumﬂmtnlu |on to a specific problemor % L ment
k! a9 the éapéblfltles of one havi ng ordi nary ski IFCH/ K ?%@ %ﬁ in
" the teachlngs cont ai ned herein. Exanples of representative uses of
,ent I nvention appear in the fldd9-ow ng exanpl es. EXAMPLES
21: Purification and sequenc of GDNF. Thi s exanpl e
Es net héds for The @nbabgéyearmgm#a#mﬁumﬁmmmﬂd It also

ks met hods for prhepsbiingst hee Badnh&&ldndi ne condi tioned medi um t hat
tartlng material for purification. Methods for

‘ 62. The antibodies of claim 60 wherein said
g antibodies are polyclonal.
63. A method for preventing or treating nerve

damage which comprises implanting cells that
_ secrete glial derived neurotrophic factor into
10 the body of patients in need thereof.

64. The method of claim 63 wherein said patient is

suffering from Parkinson’s disease.

15 65. The method of claim 63 wherein said cells are
the cells of claim 42.

66. The method of claim 63 wherein said cells are
naturally occurring cells that secrete glial
A 20 . derived neurotrophic factor.

67. The method of claim 63 wherein said cells are
maintained within a biocompatible,

semipermeable membrane.

68. The method of claim 63 wherein said glial
derived neurotrophic factor is comprised of the
amino acid sequence of mature human glial
derived neurotrophic factor as set forth in
Fig. 19 (SEQ ID NO:5).

69. The method of claim 63 wherein said glial
derived neurotrophic factor is comprised of the
amino acid sequence of mature rat glial derived
neurotrophic factor as set forth in Fig. 14
(SEQ ID NO:4).
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3”g amno aci d sequence of purj g rtial am no acid

s obtained fromthe purifi ed” ﬂ “gﬂ Il descri bed.

o066 s, Timed pregnant ratsc werenfremei vie BT EPINEIFES
Park PA. Unl ess specified, all reagents were from Signa Chem ca
Louis, MO, -110-

70. A device for preventing or treating nerve
damage by implantation in a patient comprising:
a semipermeable membrane; and

a cell that secretes glial derived

A8 1)

neurotrophic factor encapsulated within said
membrane, '

said membrane being permeable to said
glial derived neurotrophic factor, and
impermeable to factors from said patents
0 detrimental to said cells.

71. The device of claim 70 wherein said cells are
the cells of claim 42.

15 72. The device of c¢laim 70 wherein said cells are
naturally occurring cells that secrete glial
derived neurotrophic factor.

73. The device of claim 70 wherein said glial

- 20 derived neurotrophic factor is comprised of the
amino acid sequence of mature human glial
derived neurotrophic factor as set forth in
Fig. 19 (SEQ ID NO:5).

25 74. The device of claim 70 wherein said glial
derived neurotrophic factor is comprised of the
amino acid sequence of mature rat glial derived
neurotrophic factor as set forth in Fig. 14
(SEQ ID NO:4). '

30
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assay for dopam nergic neurotrophic activities. Cul ture ;
uon gsoci ated nesencephalic cell cultures were pcgpPesedozsss 1)
357 3escr| bed (Friedman and M/tBI@neou 1987 Neurosci. Lett. 79:65- ||
th m nor nodifications. Briefly, rostral nmesencephalic tegnentum A
: rains of Sprague-Dawl ey rat embryos, at the 16th day of gestation, I
wssected under the m cr cap i/l £, condi tions, collected in il
{- and My[err], - free becgg Mr&t buffered saline (G bco,
i sbur g, M) and di ssd€) at ed nmechani cal | y mld trigurati on. The |
ere plated in 100 rer‘rll per well onto 16;mmdianeter tissue culture
Fal con, Lincoln Park, , 24-wel | pl at e) containing 400 [err]l
3 to give density of 2.5- %e cells r well. The culture
thad been%.rew ously exposeﬁgboé ﬁé/ m sol ut gn of poly L-ornithine
M sodi um borate, pH 8.4, for

FIG.I
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pat 37 C, washed 3 tinmes in mlli-QHerr]O and once in Earle's

| salt Lution (G bco). The feeding nedium (10/10) c |
-es‘é)e?“?(&gllgnedi um (MEM G bco) supplenmented with gl ucg@"%?ﬁ%ﬁs,

i car bonate (24.5 mM), glutamne (2 mV), HEPES (15 mM, penicillin G
, streptonycin (5 [err]g/m), 10% heat-inactivated fetal calf serum
and 10% heat inactivated horse serum (G bco). The cultures were

37 Cin a water-saturated atnosghg containing 6.5% Co[err], After
when nost of the cells had adhered to the bottomof the well, the
bas replaced with 500 [err]l of fresh nmedium At this tinme, a Serial
)y of the sanple to be assayed for GDNF activity was added to each
duplicate and the plates were incubated in the 37 C incubator.

! -

3 0D 280 0 7S

] eop £ P To00
5
3 075 T ‘.?50\::)
3 =

FRICTION Numeae e
FIG.2
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the cultures were treated for 24 hours with fluorodeoxyuridine
g/ m ) and uridine (33 [err]g/m) to prevent excespiya:H2/¢isss
“g-émflﬁﬁdhﬂ subsequently fed \@ /I8 Che above nedi um vv?ﬁiout fetal calf.
fie feedi ng nedi um was changed weekly. Al ternati vel y,

Ly defined serumfree mediumwas used {n which s};@r

fur e of propteins; hornones |and salts. [he defing m (OM
g of Ja mxfure of MEM and K12 nutrient||m xture ({pot@| G bco,{ 1:1;
Ewi th gl ucpse (33 mV), glutjanine (2 NaHCO erf] |(R4.5 nm\), HEPES
é‘suppl emgnted with transferjrin (100
9
100
9 |80
N ! |
N a7 160
Q T
S 7 THT V|8
7 \37 _40
parin
~
-~ 9 \
3 - 70
;;' /// ‘3
5. // V
2 ’ |
] 70
GONF ACTIVITY IN Ti
b
I TS5
This Sheet Has Been Replaceé;'l. X
(I N

FIG.3
SUBSTITUTE SHEET




7l ), insulin (25 [err]g/mM), putrescine (60 [err]M, progesterone igl
¥, " sodium selenite (30 nM, penicillin G (5 Unl) and §trgpt cin (5 i ﬁ
1 y3/061The osmol arity of the DM was adjusted to 325PRY/ UM UETH tion |
iV Q Herr]O (110-125 Ml Herr] Q' 1). Using DM few nonneuronal cells
yi dent, by norphol ogy or by staining for glial fibrillary acidic
H (GFAP), which is an astrocyt_-;pggific cytoskel etal protein. GDNF '
,ve in stinulating dopam ne uptaké Fn both serum contai ni ng -and
Hl media. Al assays reached in the follow ng exanples were done in
. cont ai ni ng nmedi um The functional status of the dopam nergic ;
irons may be assayed in these cultures by neasuring [err]opam ne 'i
‘t hrough specific "scavenger"” [err]ransporters in the dopam nergic ‘i
5 and by [err]ounting the number of neurons positive for the
bam ne synthetic enzynme tyrosine hydroxyl ase using ;
. stochem stry. The possibility of significant !

S34 567 8910S
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hation of the cultures with the noradrenergic eurons, which can also
gort dopamine and al so [err]ntain tyrosine hydroxyl ase, was ruled out i
{,ul9310§éb‘ct|on and by denonst e} that the dopam MEWESPVAEBorters
fhe pharmacol ogical profile % ﬁ@r acteristic of donpainergic,

't han -46 - noradrenergic, neurons.

ne uptake in_these cultures is inhibited by GBR12909, an inhibitor of |

gnoami ne transporter on donpai ner gr ¢ Neuroms—wi-t+h—eq) :
I g
E
N
W O
)
8
3
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- of 20nM In contrast, at |east 300-fold nore desipram ne, an
or o am ne transporter or noradrenergi c neuronSpcrfidoamrgssed to
dffbé%m’r@gupt ake in their cultures. These val ues ar ePﬁg.,SSéﬁt hat have.
ported for the nonoam ne transportger, dopam nergi ¢ neurons.
pr epar af nZ'Brior to bei ng assaye%/fgpdopam ner gi ¢ neurotrophic
' Jic cell cultures, all the sanples generated from
to step 3Jof purififgation (see Section C below) were desalted as
of the medium 10/10 (as a carrier) was added to .
d allowed to skt £or 10 _minutes. Aligyots of the

sa to be assgyed re pdded to the n AMGA-,ERM | owed by 1|m of

380" s high glucose Mdified Eagle medi um w thout bicarbongte, B
cont aili ng 10 nM|HEPEY, pH 7.2 (solution A), and centrifuged at __Swol'xg
for 74m nutes. The rgtenthte -

i con-10 (Am con

5

7 +60 N

%

~
e
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0.1 ml) was brought back to 1.1 m with fresh solution A and
entrated twice. The sanple was filtered through a 0. 11[err]m

o8O R0t 8 i | e Durapore unit (MIlipore, Bedford MA) PETTHI2AG88%I ng
fo the culture well. 3H dopam ne uptake: Uptake of tritiated
e ([err]HDA) was perfornmed in cultures at day 6 or day 7 as

ped previously (Friedman and Mti I/ A€®@) (1987) Neurosci. Lett.

2) with mnor nodifications, and all the solutions were maintained
rr]C. Briefly, the culture nediumwas renoved, rinsed twice with

] of the uptake buffer which consists O Krebs-Ri nger's phosphate

. pH 7.4, containing 5.6 mM gl ucose, 1.3 nM EDTA, 0.1 nM ascorbic

cubated with 0.25 mM of 50 nM 3H DA

66 -

454 ..
36 -

29 -
24 -

KD

20 -

14 -

FIG.7

A

nd 0.5 mM pargyline, an inhibitor of npbnoam ne oxidase. The cultures
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|l
* New Engl and Nucl ear, Boston, MA sp. act 36- for 15 minutes at 1 I
] C. 3H DA uptake was stopped by renoving the incubatd-gp;gd4H188¢ and ' !
wa0d3{0§81 washed twice with 0.5 ml of the upt ake buffer. In order to
e 3H-DA fromthe cells, the cultures were incubated with 0.5 m of
hanol for 30 nmi[err] 37[err] C8 At hen added to 10 nl of EcoLite
Irvi[err] [err]A) and counted on a scintillation counter. Blank
wer e obtained by adding tq the uptake buffer [err] M GBR- 12909 (RBI),
ific inhibitor of the hig[®grr] afdinity Yiptake punp of the dopam ne

s (Heikk: et al. 1984 E_urdn\]. Phar macol . 103: 241-48) and were usual ly
han 5% of the 3H DA up‘__gkef-:i n untﬁeate 4y il

1

-G

ln—Ala~Ala—Ala—Ala—(Ser)—Pro—(Asp)—

(Arg)-Asn-( ) -G

(Ser)~Pro-Asp—Lys—Gln~Ala—Ala—Ala—Leu—Pro—Arg—Arg
no residue could pe unegquivocally identified in

Amino-terminal sequence of GDNF

FIGURE 8
amino acid residues in parenthesis are those ident

with less certainty

position
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cultures. The nunber of trophic units (TU GDNF activity was

d as the reciprocal of the dilution that gave 50% of maxi nal

at | 993@b1ishe 3H DA uptake of the culture. Specific aPETARSI2/wE88

j ned by dividing the nunber @O By the anp. of protein present in
pl €. C. Purification of GDNF. Startina material: B49

stoma cells_ obtained fromD. Schubert, Salk Institute, La Jolla,

e Schubert [ef al. 1974 Nature 249:224-27) we grown to confluence in
pdi um conmt aifnf ng 10% fe. calf _serum 4 nMglutam ne, 50 U n

l'in-G and [err]g/nx-ssl?fgﬁleﬁcin in cuhture flasks (225 cnferr],
Canbridge, M. The serumfree grow h-*ﬂonditioned medi um (CM was

g£d by waghi gl t he culture once Wth 10 f serumfree nmedi um and

g
acing the |Cells in 50 M per flask of gerymfriee nmediumfor 2
leo
.
N Q
Q.' 0 K
N g
o 40 8
A\
I\
L~
~
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10- d via Am con

10/
hne) and centrifuged at 40,000 xg for
Mhat ant was filtered through 0.2 [err]
i es)

(--)8 VU %4

CM was collected, and the cells were replenis
every 2 days thereafter wuntil day 6. The conbined CM of 3 harvests
f rorigeacwomar@hi®f cells was centrifuged at 5,000 xg for 20pQr/USaR/02888 t o
re e cells and debris. The supernatant concentrated approxi mately
concentrator (YMLO
20 mnutes at 4[err]C The t
Mcro Culture Capsul e (Cel man E
H

-48-

Wth fresh serumfree

HEET

FIG.IO
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Sd be stored at 4[err]C for up to one nonth. Step 1. HeDarin
Sephar G@e Chr raphy: The above preparation (200 ng of pr '
| oaded § ntg%a&g@%'ﬁﬁn (1 x 25 cn) of Heparin Sepharose CL-6B (%@H‘%Eﬁg&s
Pi scat afgay, NJ) equilibrated with 50 nM NaPi buffer, pH 8.0, containing
0.15 N %ad (buffer A). The col um wdsl ¥hE8Dwashed with the same buffer
unti| t4e optical density at 280 nm (O D err]) of the effluent returned to
basel i nfl and eluted with a 100 ml |inear gradient running frombuffer A
into 508mM NaPi, pH 8.0, containing 1.5 N NaCl (buffer B). Two m fractions
were cofl ected. Fractions were anal yzed for conductivity and the GDNF
activitg Figure 1 shows such a chromatography. The profile of eluted
proteing is plotted as O Dlerr]. Superinposed are plots of the conductivity
and CDN{ activity measured in each fraction. The fractions indicated by the
bar witi§ peak GDINE activity (around 0.6 - 0.8 N NaCl) were pool ed for
further §anal ysi s [ ]

and ¢og

53

Q0. z2/4

Exg;'é3

IS
YV

%

Lo

FIG.I
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FPLC Superose Chromatographv: The above pool was concentrated to

0. 47 Vi ¢ Qn concentrator (Am con, Beverly, MA YMLO Q
chrol-to@%égghgngn a fast protein Ilqglpegﬂronatography (Fgﬁg?h%%pgvggg 12
colur® (Pharmacia) in 50 nM NaPi buflf containing 0.5 N NaC wth

@ rate of 0.5 mM/mn. After 14 min of elution, fractions of 0.5 m
40| | ected into siliconized mcrofuge tubes containing 5 [err]l of 0.4%
#20. Aliquots fromeach fraction were anal yzed for GDNF activity

2 shows such a chromatography pith the protein profile traced ét

Bty | oaded on the Colum was recdvered in fract ons #12-15.

*Amino acid residues- placed in parentheses are one

identified with less certainty.

An internal sequence of the GDNF‘

(Arg) - (Arg) -Leu

FIGURE 12
Asp—(Lys/Gln)—Ile-Leu—Lys—Asn—Leu—(Gly)*~(Arg)—(Va
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- 49- 7 Step 3. RP-HPLC: Fraction #14 from above was acidified with
10 [err@l qf % trifluoroacetic acid (TFA). Half of the acid al
was Ioed&é}l@({%‘t'ﬁarrow bore Aquapore RP-300 C-8 reverse phag‘rj@&?%g#d
(Brownlge colum, Applied Biosystens, San Jose, CA), 2.1 x 220 mm and
eluted g th an H20/0. 1% TFA: 80% ac¢tdriB(Q | e/ 0. 085% TFA gradi ent. Protein.
contai "@ng fractions were collected manually into siliconized m crofu e
tubes bfsed on the WV absorption at 214 nm Aliquots fronThisiheet By Sé?@ a“d
g! yzed for GDNF activity. Fi gure 3 shows such a chr

gein profile traced at O Derr] and with the actiw

neI Fractions 5 and 6 contai ned about 90% of the activi ty

si. 8B, ¥B. %5, 85 3. BE.

i B, E. B. B. Bd B
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while fraction 7 accounted for the remaining 10% of the activity.

g e 4 shows a silver stained SDS- PAGE gel run of the fraction$ around

T{H%3/eembvi ty peak shown in Figure 3. Step 4'.’@'-&?3(‘5? e

PAGE: Fractions 5 and 6 cory ai hid@ the peak GDNF activity were pool ed

foncentrated to 20 [err]l in the presence of 10 [err]| of 0.4% between -

® a speed vac. Added to the sanple were 1 [err]l of 1 MTris hase and 5 i}

[errg] of 0.2 M Tris-HCL, pH 6.8, containing 40%glycerol—and 5% $BS, and )
®n non- reduced 15% SDS- PACE (Laemm i 1970 Nature 277:680- 684)Z sl ab of !

f i
% x 14 x 11.5 cm 20 wel | -conmb, 0.075Tks lpsBeen Rep eﬁrﬂsarrpIeQ/veII).
El ecyrophoresis was conducted at 10[err]C Ior 2 hourQThe gel
stri-: was sliced into 1.14 mmslices.

Each into 2 sryed | er
pi ecgs and eluted with 3 sequential :hanges of 25 [err]l 5 mM NaPi5—pH 6.7
%i ning 0.01% bet ween 20, over a 20 hour period with conti nuousg ocki ng
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coﬂned,‘ assayed for GDNF activity (Figure 5), and the eluate w th highest
actigity. | slice #16-23 cqr ding to 30-42 kD i i 395 H7888 Was
pool gd. %Ho*fgﬁ‘qgm strip (on topqo??qsv\%iqgh was | oaded only {QEI?L@;

-50- § SDS- PAGE sanpl e buffer prior to el ectrophoresis) was processed
simHarly as a control. w = Step & RP-HRACHThe pool ed gel eluent was
concantrat ed to about 150 [err]l on a speed vac, acidified
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mﬁth!TO [err]] of 25% TFA and run on RP-HPLC as described in step 3.
Proteln containing fractions were collected manually into sjlicapi

mi cr of ugsOtINE3 16 based on o. Dferr] A/ adéhyed for GDNF acté#/ﬁggié?%l?re 6
shows{the results of such chromat ography. As a control, the eluent from

simlarly sized blank gel

slices was also run on RP-HPLC. The only

si gni i cant CrBrerrT—peak—rﬁ—%he—sanp+e—abﬁve—%he—e0ﬁ%rggnprofiIe (Figure
6, papel A vs| B) F activity | oaded

is peak 3, which contains 70% of the

on the HPLC ¢
gel. The only
coi nciding w t
(Figute 5).
Am no

3in Figure 6

bl um. Figure 7 shows peak 3 run on a silver-
visible stain is a very broad band between 3
h the GDNF activity profile observed in prep
The sunmmary of a typica

acid sequence of purified GDNF.

purification is gijven
Ami no-terifi na

CONTROL

st ai ned SDS- PAGE
0-42 kD,
arative SDS- PAGE

in Table I. D.
| sequence: Peak
wn
O
.
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maé‘&equenced Wi th a gas phase protein sequencer (Applied Biosystens). The 4
sequgnce obtained is given in Figure 8.,Sequencing of fractions w he |
peaki CONWOX¥P8kiléy after step 3 of t‘hg Ibaéﬂ cation (fracti® l-§¥)\I]’a}r?28 in :
Fig.{3) also revealed a single sequence, identical to that in Figure 8,
obtafned with_the purified sanple.  The only material these different
fracgions have in conmon is the material running as a sne&r bet ween 30-42
kDa.iThereforge, the contam nating bands outside the 30-42{kD regi ons seen
in s§lver- stpined gel of fractions 5 and 6 in Figure 4 could a) be too
smal § in anobunpt (<1 piconoles) to be sequenced by the curifent technol ogy;

b) bg relatedjto the 30-42 kD snear band in sequence; or ¢) have a bl ocked
am ng- termnps.

CNTF

FIG.lo

GDNF

CONTROL
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I nt ergal sequence: GDNF preparation after step 3 of the purification
descrilbed above was used as the starting material to obtain internal
sequerice. W aaMbbies 5 and 6 in Figure 3 were pooled into a siPGTEERIZL$88
m croffuge tube containing 9 [err]l of 0.4% Tween and concentrated to 40
[err]I] on a speed vac. Added to the 3@l 80Qwre 160 [err]l of 1% NHHOC3
contaigning 2.5 M guani di ne hydrochloride and 1 [err]g of trypsin, and

i ncubag ed overnight at 37[err]C. The m xture was acidified with 20 [err]|
of 25% TFA, concentrated to about 150 [err]l on a speed vac, and peptides
wer e skparated on a narrow bore Aquapore RP-300 C8 reverse phase HPLC

col um

5 t
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S
< |01
N
Q
b <4
%
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2.1 x 220 mm and eluted with an Herr] O 0.1% TFA: 80%

(é"avnl ee colum),
acetpnitrile/0.085% TFA gradi ent.

Peptide containing fracti :
col | gct SHORBMEAIG y into siliconized mcrofuge tubes based Sﬁihﬁﬁssg?pti on

at 2

aci djresidues of the amno-term

peak}10 in Figure 9 was determ neﬁetgégé i denti cal
n e

in Fggure 8 (SEQ ID NG 1).

CNBr§ The sanple was concentrated to 20 [err]|

sanple was 70 [err]l
was §ncubated in the dark overni ght at

concéntr

20 [err]

ated to 20 [errll

roomt enperat ure.

i4 nm Figure 9 shows the results of such chromat ography. Sequence—of -

to the first 13 angBoced
nce of the untre cohp Wwn

Peak 37 in Figure 9 was further Mm ‘r
on a speed he

of 90% formc acid and 5 ng of CNBr, and the sanple

This m xture was

l{in the presence of 5 [err]l

on a speed vac, diluted with 100 [err]l of 0.1%
TFA @nd sgparated on reverse phase HPLC as descri bed above. Fijgure 10 shows

the fesults of such chromatography. Peak 1 in Figure 10 was cgncentrated to

1
T

CONTROL

of 0.4% Tween 20 on a
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and 5
-52-
ve an

dpfgt‘%&}mss%%

of 1% NH err] HCO err]
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on a speed vac and separated on reverse

%@n}’zgks 33 and 34 in Figure 11 ga

and the sanple was incubate
The m xture was acidified with 10
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(SEQ1I D NO 2). E. Characteristics of GDNF. Mobi lity on SDS- PAGE:
Wt hout &yokwsiist reatnent of the sanple and under non- redugm&wmmgggons
GDNF runs as a snear band between 31-42 kD on SDS- PAGE. Wen the sanple is
heated at 100[err]C for 3 mn in thz ?ﬁgmze of reduci ng agent (4%8-
rrercapt oet hanol ), GDNF runs as disc i pl e bands between 20-23 kD.

Si ncel about 50% of the bioactivity |oaded onto the gel could be recovered
under'Z the former (non-reducing) but not the latter (reducing) conditions,
GDNF Imay be a disul fide-bon@2d di meld and only active as a diner. Wile a

single am no-term nus suggegbs the CéDNF preparation i s honogeneous wth

respect to the core primary st&ucture, the snear or mnultiple banding
pattern is suggestive of a he groyeneousl y gl ycosyl ated protein.
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Soeqfi c activity: Purified GDNF had an estimated specific activity of

about 17 troph| c units/ng, which indicates that half-maxi mpcpiisonioassson of
dopam neW@B3aRd 18ccurs at the relatively | ow concentration of approximately
60 pg/m The specific activity nmeasured for purified GONF may be

underesti mat ed sonmewhat due to partéaé/iéacgti vation of GDNF during
purification by exposure to the acidi4ie rgani ¢ sol vents used in RP-HPLC
and to the denaturing Conditions in SDS-PAGE. Snecificitv of CGDNF:
GDNF |{was purified by its ability to enhance the uptake of dopamine in
dopari ne neurons (Fig. 20A). To determine whether GDNF al so upregul ated
anot her index of survival and/or maturati on O the dopam ne neurons,

tyros’;i ne hydroxylase (TH) innunoreactivity in the nesencephalic cultures
was al so neasured. TH is a marker specific to dopam ne neurons

_4)
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W

A DA UPTAKE

O

/DISH

o

8. TH™ CELL

TH "CELL NUMBER Xjz0

o

n

] ) 3

2 4 o 8

@

GDNF ADDED (pM)

This Sheet Has Been Replaced

\ IS SHEET HAS BEEN ]
REPLACED
SUBSTITUTE SHEET

B

A w2t omrmrtasr s




-53-] in the cultures. The upregul ation of imunoreactivity by GDNF coul d
be due taq, ' eased survival of dopam ne neurons and/ or Rab ase
in prioduc\bt(}%/%éﬁﬁﬂ per dopam ne neurons. Purified GDNF addeﬂ; a/'?g'?ﬁﬁg%(ﬁy of
pl atilng and cul tures exam ned eight days later resulted in a tenfold higher
number of TH neurons over controls WZ8oAGSCDNF. |f a second dose of CDNF
was added at day 9 and cul tures exam ned seven days |later (16 days In
vitro), a simlar dose-dependent increase over control could still be
obserived (Fig. 20B). Thus,

o A. DA Uptake I
=
| 57 ) =
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) B. GABA Uptake
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GDNF‘_couI d sustain survival of dopam
expr essi QRo Q;:%ééhi% TH gene in rresencep

denponstrate t

138

ns and/ or

i ncrease the

pam ne neur ons.PCT/US92/07888
at GDNF exerts a speC|f|c stl mul ating effect on the

mat uration and/ or survivaleof dopamni ne neurons and not a general

action on
all neurons, t¥e rlddponsi vene $Dto GDNF ©f rons c@n |‘=m ng
y-am pobutyrl c aci (%ABA) re alsb p % phal e
cultures, was anal e ([err] and [er BA upt ake
were preasured in sjgter cultur of nmesencepfp@ ic cells |ch had been
grown{ wi t h various|®@oncentratij@s of GDNF fof«l5 and 16 [days, respectively.
As dekcribed above|OGENF enhanid8d™t he 3H DA Lt Eke capaciﬁﬂyU'bf
mesentephal i ¢ dopapg,ne neurons, ;150% over coptyol wthout,, GONF (Fig. 21A).
However, GDNF had significajg, effect on t% capacity GABA neurons to
take up [err] C GABAusskfice the [toryd C- GABA upj@keyin the gpesence of GDNF
was only -20% hi gher than that,  of the contro|_ (Fig. 21B). This is al so
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il ust’rated by the increase in the [err]H DA/ [err] C GABA uptake ratio

cal cul at eqy& & 1C). These data indicate that dopam ne and \
masenceph§ él)(?bﬁyesllj%ons respond differently to the presence of P%Eés%ﬁmlsﬁe
stinmulating effect of GDNF on 3H DA uptake in nmesencephalic Cultures is
specific for dopam ne as contrasted t (peur ons

-54- - These observations further iTlum nate why GDNF nay be used to
treat Parkinson's di sease or other

pBSSK- N3Alu |

Alu/ Sma
~305bpD
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FIG.23
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di sor'ders i nvol vi ng dopam nergi c neurons. These results denonstrate that
GDNF upregul ates at |east two inportant pk r hirgs of dopam nergic ns:
dopani ne UMPMEAMI TH enzyme | evel s. The“gguﬁt(z al so denonsptqlgpégit}ﬁggs t he
effects of GONF are at |east partially specific for dopam nergic neurons,
since GABA neurons are not simlarlAy dhiettRUAKE In addition to

dopam nergi ¢ and GABAergi ¢ neurons, there is another neuronal popul ation,
serotonergic neurons, in th® rat enbryo mesencephalic cultures. Some
factors, such as epidermal growth factor (EGF) that increase dopam ne

upt ake by dopam nergi esneurong in nesencephalic ¢ultures, also increase
serot oni n uptake by tF@ serot pnergi ¢ neurons and|GABA upt ake by GABAergi c
neurons. See, Casper e al. 1991 J. Neurosci, 300372. This indicates that

these factors are not -gpeci fyi ¢ for dopam nergic In
contrast, CDNF fai I_:.g t i ncregase the uptake
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of serotonin by the serotonergic neurons. 3Hserotonin [err]ptake was
nmeasur ed_| e same manner as for [err]H DA [err]ptake as

Exanpl e P@%}({%&g’pt that the. [err]ptake buffer contained Sﬁﬁgééserotom n
(11 G/nole, [err]nersham Arlington Heights,. IL) instead of 3HDA. In :he
presence of 10[err]Mcital pram (obtained fromDr. C [err]ytilineou, Munt
Si nai School of Medicine), a known peprfg@@nt inhibitor of serotonin uptake
in serotonin eurons, the 3Hserotonin uptake was reduced to 15% control
values in the presence of cital pramwere ubtracted from experinental val ues
shown in Figure 24. In contrast to non-specific factors |ike EGF,
DNF fails to increase GABA uptake (Figure 21) and erotonin uptake (Figure

24) under conditions in which opam ne uptake is increased significantly.
These and he results described above indicate that GDNF is
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-55- specific for dopam nergic neurons in the nesencephalic cul tures when
conpared\,@(ggg}aglg.ABAergi c and serotonergi c neurons present ipCTYU8IXATHSS
cul tures. Such specificity enhances the useful ness of GDNF for treating
Par ki nson' s di sease, which is considered to be a disease specific to the
mesencephalic (nigral) dopam nergic neurons. Exanple 2. Coning of the
gene for GDNF. A Conina of a CDNA 2ogDy BfOthe Rat Gene that Encodes
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In order to clone the gene encoding GDNF, a cDNA |ibrary was constructed

from pol y \fbeBsFds1 [NA 1 sol ated from BAD Gef I@Q and this |ibrarpewesesgrssgned
with a degenerate oligonucleotide probe based on the anmi no acid sequence

determ ned, by DNA sequenci ng, to contain DNA sequencesrhi ot B | ocated 3'
to the sequences used in the degenerate oligonucleotide elé#?efbded
an am no acid sequence present in GDNF and | ocated carb t he.
am no aci d sequence upon which the screening oligo prob

Culture conditions for the B49 cell line are described in detail |n

Exanpl e 1 above. For RNA preparation, cells were grown to near confluence
in serum containing medium washed once in serumfree nmedium (DMEM and

grown for 4 days—ip-—DNMEM-W-th one
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medi um change after 2 days. The cells were then harvested and total RNA
extracted by the method of Chontzynski and Sacchi 1987 Analgey,¢3b2/07888
Bi ocheni st f3}°fékf.’ | 56-159. Poly a@;gy@@d RNA was prepared F)fer’r}o?f?' this
total RNA by passage over an oligo cellulose affinity colum as
described by Maniatis et al. 1989 Ml ecul ar €oning—2nd Edition, CSH

Pr ess. Synt hesis of cDNA was carri ed outThiggﬂégg{aMMyeplaE{maseH

reverse transcriptase (Bethesda Research Lab, |||||I|HIII|““||I l“
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'Gﬁithersb ccordlng to the. p(otocois descrlbed by nder r
flrst/stra on wes...pr i med vm‘th an ollgo dT[err] pr REPLAGEME%(S
and aI o) | &drﬁ‘ts‘%f RNasi n/ ( Pronega :yadu S W

pol y ‘A+ R S ﬂ(h_:st‘-?*“a‘ﬂd ,gyRtligsi s was d mc E‘

pol ymer asef” "E ol i PEHgase
Q_the vendorQ&%@ﬂoﬁE@@WED ﬁ@Uﬁ&ﬁ&q e Fdy
L0 h QT4 DNA pol ynerase (BRL) to produce flush end

accordi
treate

RNas . and E. Xoli

"1t b ERAR 57

and nethylated

|‘?iRn

O ol

ot »uallbc WLn

with E i casﬁ- Nv‘ﬁmmzsteps were perfornmed in
pr ot oco s uppli ed enzyme, vendor CDNA was_th

0. cted two
times with one vol uné %fp’éeie iRy RR e G ’b%e?ﬁ%?s ahd Ref rofoél?ﬁ?cand t he
agueous fractﬁamtqrrsetalrml gatied \dieri vEL?2 neclromeroph iE. SaMtidd AGDNE) 3nvol pf

ethanol al 1R lIRGLAL Ud < TIRAANAEHPLLRES pid ﬁlrseg%“’%(sﬁtqq%yﬁé?hed wi t'h

centrifugati Hin“at roomtenperatire
70% et hanol , pramesaed ifed gvd ifdsasionded ﬁ@N§0ﬂm9mqﬂhtwm@ nRCREESSHO

(7.6),; 10 rT1Vland processes for cloning rat and human genes encodlng
; GDNF,
and human genes that encode GDNF.

as well as the nucleic acid sequence of the ragi
The GDNF gene has ~
and the
express biologically active GDNF.

been subcloned into an expression vector,
In

invention includes the use of GDNF for

vector used to
this
preventing and

additioen,
treating nerve damage and nerve related
diseases such as Parkinson’s disease.
Antibodies to GDNF are disclosed,
methods for identifying members of the GDNF family of

as well as
neurotrophic factors. And finally, methods are
described for preventing or treating nerve damage by
implanting into patients cells that secrete GDNF.

BACKGROUND OF THE INVENTION
Neurotrophic factors are natural 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 and
Bunge 1979 Ann. Neuroscience 1:327;
Edgar 1985 Science 229:238).

physiclogical role,

Rev. Thoenen and

Because of this
neurcotrophic factors may be useful
in treating the degeneration of nerve cells and loss of
differentiated function that occurs in a variety of
neurodegenerative diseases.

~ 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 distinctly different classes
of nerve cells.

Therefore, it is advisable to have on



ENT SHEET|

“

EPLAGEN

MyC [err], 1 mMATP, 1 nM DTT, 5% PEG8000, cont ai ni ng 500 %‘
phosphoryl ated |inker (CCCGAATTCGGEG, Pharmacia) (SEQ | D NO
of T4 DNA ligase (BRL). Linker ligation was carried out a

overnight (- 16 h). The reaction m xture was extracted w {h :
phenol / chl or of orm and preci pitated as2above. The washed p¢llet was dried
and resuspended in 50 [err]|l EcoRI digestion buffer (100 RM TtiStHG—tF5)
5 M Mydl [ err] haggd mwrEERtIN@L0d0i5eFentt BAURCEDOPREE WAFERTH0B P units of

EcoRl (New EnghzadtBeakabss BavechussWh) otagandged. néheohsacha®Mmags

I ncubated at 37 C for 2 h._FoIIomnng 2%e0|§|tat|on (as above; t he pell et
was resuspende@CPHIENSRR GidEerras BOFPEr °Andig28880RE FBAHEYof EcoR

di gestion was perfor madewso thess i b efh abave . cabhimrateset | s paass iveeci pi t at ed

L e N

fracti onat ed bexespileif that nenrotropyica feephacngkvs- growth factor
(NGF) will rescue a significant portion of sensory
neurons from death caused by cutting their axonal
processes (Rich et _al. 1987 J. Neurocvtol 16:261; Otto
et al. 1987 J. Neurosci 83:156), from ontogenetic death
during embryonic development (Hamburger gt _al. 1984 J.
Neurosci 4:767), and from damage caused by
administration of taxol or cisplatin (Apfel et al. 1991
ann Neurol. 29: 87). This apparent generality of
protecticn has lesad to the concept that if a

neurotrophic factor protects responsive neurons against
experimental damage, it may be useful in treating
diseases that invoive damage to those neurons in
patients, even though the etiology may be unknown.

A given neurotrophic factor, in addition to
having the correct neuronal specificity, must be
available in sufficient quantity to be used as a
pharmaceutical treatment. Since neurotrophic factors
are typically present in vanishingly small amounts in
tissues (e.g., Hofer and Barde 1988 Nature 331:261; Lin
et al. 1989 Science 246:1023), it would be inconvenient
to prepare pharmaceutical quantities of neurotrophic
factors directly from animal tissues. As an
alternative, it would be desirable to locate the gene
for a neurotrophic factor and use that gene as the
basis for establishing a recombinant expression system
to produce potentially unlimited amounts of the
protein.

The inventors of this application describe a
method for screening biological samples for
neurotrophic activity on the embryonic precursors of

the substantia nigra dopaminergic neurons that
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-57- 300 (Pharmacia) spin colum at about 1100 g for 5 m .EFhA§HWENI SHEET
through fromthis colum was coll ected, ethanol precipitat as above, an
resuspended in 10 nM Tris-HO (8.0), 1 nmM EDTA at a concenfrit@ g MAR 1998u
0.1 [err]g/[err]l. A cDNA library was constructed iph fhe [err] Zapl
(stratagene, La Jolla, CA) cloning vgctor. Typically 1 [er|]yg o ‘
EcoRI - di gest ed and phosphat ased vector arns :

degenerate in Parkinson‘s disease. This biocassay for
identifying neurotrophic factors that may be useful in
treating Parkinson’s disease is based on an assay
' previously described (Friedman et al. 1987 Neuro. Sci.
Lett. 79:65-72, specifically incorporated herein by )
this reference) and implemented with modifications in

‘the present invention. This assay was used to
screen various potential sources for neurotrophic
activity directed to dopaminergic neurons. The present
invention describes the characterization of a new
neurotrophic factor that was purified from one such
source, the conditioned culture medium from a
glioblastoma cell line, B49 (Schubert et al. 1974
Nature 249:224-27, specifically incorporated herein by
_this reference). The conditioned medium from this cell
line was previously reported to contain dopaminergic
neurotrophic activi;y (Bohn et _al. 1989 Soc. Neurosci.

Abs. 15:277). 1In this previous report, the source of
the neurotrophic activity was not purified,
characterized chemically, or shown to be the
consequence of a single agent in the conditioned
medium. Nerve damage is caused by conditions that
compromise the survival aﬁd/or proper functiom of one
or more types of nerve cells. Such nerve damage may
occur from a wide variety of different causes, some of
which are indicated below.

Nerve damage may occur through physical injury,
which causes the degeneration of the axonal processes
and/or nerve cell bodies near the site of injury.

Nerve damage may also occur because of temporary or
permanent cessation of blood flow to parts of the
nervous system, as in stroke. Nerve damage may also
occur because of intentional or accidental exposure to
neurotoxins, such as the cancer and AIDS
chemotherapeutic agents cisplatinum and dideoxycytidine
(ddC), respectively. Nerve damage may also occur
because of chronic metabolic diseases, such as diabetes



(purchased from Stratagene) were ligated to 0.1 [err]g of REP&RCEMEN%SHEET
cDNA in a 5 [err]l ligation using about 3 Weiss units T4

in 50 MM Tris-HJ (7.6), 7 nMMC [err], 1 nMDTT, 5% PEQS o\clye %31

Li gations were carried out at 16[err]C overni ght. Ligatidn
I n G gapackl |l CGold packaging extracts (purchased from St nattagene) accefu np
to the protocol provided by the vendps. Libraries were pllated for titering
and screening on the XLI-Blue host provided by Stratagene: FronT one
such ligati om:amiaqnahldagémgic‘almut NAVE) @ grlagpu enafyoradis®g aggars wer e pl at ed

out on a total od fe: JEL |Jd cate

nitrocel | ul ose ‘?J\i\te 5%? S vvere prepélrv%d lrsoér%%i ﬂdz%tées after the
procedures deRarkinspmis Mbifende dlzileimpr |qlt$@ra§a/beraé‘%ybr| di zed to the
fol l owi ng [eri&fdtf%@%%@lﬂﬁﬁz@é1@”(%(‘1.5%“ hA8 BRSNSl (I =

I nosi ne) :

the degeneration of specific neuronal populations.

This application describes a novel neurotrophic
factor. Neurotrophic factors are natural proteins that
promote the normal functions of specific nerve cells
and/or protect the same cells against a variety of
different forms of damage. It is these properties that
suggest that GDNF may be useful in treating various
forms of nerve damage, including those forms indicated
specifically above.

Parkinson’s disease is identified by a unique
set of symptoms that include rigidity, bradykinesis,
seborrhea, festination gait, flexed posture,
salivation, and a "pill rolling®" tremor. The disease
is encountered in all races throughout the world, and
the average age of onset is 60 years.

After years of conflicting theories and
controvefsy, a biochemical basis for Parkinson’s
disease has emerged as the major cause. (See, e.g.,
Bergman, 1990 Drug Store News, 12:IP19.) Of
significant importance to an understanding of
Parkinson’s disease are the areas of the brain known as
the substantia nigra the basal ganglia, and
particularly, the corpus striatum. The substantia
nigra, a bilaterally paired layer of pigmented gray
matter in the mid-brain, is involved with dopamine
transmission, while the normal basal ganglia function
inveolves a series of interactions and feedback systems
which are associated with the substantia nigra and

mediated in part by dopamine, acetylcholine and other
substances.

In Parkinson’s disease, there is a dysfunction
in the dopaminergic activity of the substantia nigra
which is caused by neurcnal degeneration. This results
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is based on the anino acid sequence (Figure 8)(SEQ ID NO {l)[obtarned arogn

the am no- termnus of purified GONF (SEQ ID NO 10) as depcliggdm ﬁ§9

1 above: Pro- Asp-Lys-d n- Al a- Al a- Al a The o} i gonucl eot i de

| abeled with [err]P derived from [-ar] P- ATP (Amrersham Ar '

L) using T4 PA ynucl eoti de ki nase (Pharmacia or United
itate of ddépamine deficiency and a shift 1In

=2 of activity to a cholinergic predominance.
—=ore, although there is no increase in the
—=z=ration of acetylcholine, the excitatory effects
-= central nervous system (i.e., tremors) by this
_-~=2rgic mediator overwhelm the inhibiting effects
-z depleted dopamine.

The most effective treatment for Parkinson’s
-=2 to date is the oral administration of Levodopa.
:=pa penetrates the central nervous system and is
—<tically converted to dopamine in the basal
—z. It is believed that beneficial effects of
:=pa are, therefore, in increasing the
—rration of dopamine in the brain. Unfortunately,
—=r Levodopa or any of the less commonly utilized
:—tions actually stem the progression of the
—=2 which is caused by the degeneration of
—nergic neurons.

Other researchers have reported the existence
——aminergic activity in various biological sources.
.~ publication WO91/01739 of Springer et al., a
—nergic neurotrophic activity was identified in an
—=t derived from cells of the peripheral nervous |
==. The activity identified was not purified, but
ztributed to a factor having a molecular weight of
-znhan 10,000 daltons. The factor was isolated
-—at sciatic nerve but is apparently not CNTF,

— is also found in the nerve (Lin et al. 1989
== 246:1023).

In United States Patent No. 5,017,735 of Appel

.., dopaminergic activity was identified in an

i {

=== from caudate-putamen tissue. Again, no factors

.= rise to the activity were purified and the

—=nt molecular weight of the activity containing
—ons was relatively small. See also, Niijima et
..30 Brain Res. 528:151-154 (chemically

—=rented striatum of adult rat brain); lLo et al.
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pl aques whi ch hgbrotrophiic ofadeoxsrkaye nyglse been shown to have

dopaminergic activity, e.g., Brain derived neurotrophic
factor (BDNF), and acidic and basic Fibroblast Growth
Factors.

The GNDF of the present invention was isolated
based on its ability to promote the functional activity

and survival in cell culture of dopaminergic nerve

cells isolated from the rat embryc mesencephalon.

These dopaminergic nerve cells are the embryonic
precursor of the dopaminergic nerve cells in the adult
substantia nigra that degenerate in Parkinson’s
disease. Therefore, GDNF may be useful in reducing the
neuronal degeneration that causes the symptoms of
Parkinson‘’s disease.

Furthermore, GDNF may be useful in treating
other forms of damage to or improper function of
dopaminergic nerve cells in human patients. Such
damage or malfunction may occur in schizophrenia and
other forms of psychosis. Current treatments fér such,

conditions often require drugs active at dopamine

receptors, suggesting that improper function of the
dopaminergic neurons innervating these receptor-bearing
neuronal populations may be involved in the disease
process. '

Based on previous experience with other
neurotrophic factors, new forms of nerve démage that
may be treated with GDNF will emerge as more is learned
about the various types of nerve cells ihat are
responsive to this neurotrophic factor. For example,
nerve growth factor (NGF) only emerged as a potentially
useful treatment for Alzheimer’s disease when it was
recently discovered that NGF acts as a neurotrdphic
factor for the basal forebrain cholinergic neurons that
degenerate in Alzheimer’s disease. (Williams, et al.
1986 Proc. Natl. Acad. Sci. USA 83:9231). Methods are

I fy
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i tified. Areas of the library

2?5ﬁa:geaere exci sed, resuspended and replated for a secpngd rouPd of )

screening via the hybridization procedure detail ed above nptgh F

screen, 8 of the original 24 retested as positives, whil 16Agave negatijve

' iti . I fied througt—t—or—2
. These eight positives were _plaque. pur
QSZFLfina| roundsgof hybri di zati on and si x of these were| subsequently

anal yzed by DNAOEéQandhnghEOpéeEehﬁiBﬁvéﬁtEQRYfGPH&%#Qfﬂ%E$€§f%%%%?fes

F The agem d portion aptl
Eﬂggecoakgcﬁngggﬁgfﬁg Pﬁé”8|8%gagﬁngg? sMay sbe g Fedly ot mea sl ueisth i pt

' [ Zapl |
FgK- phageni d was excised fromeach of the [err]
S apE) uescrEBY SK it [ i d robe. The procedure
o e et e AR MBS O brdon e

[ [ cision of the reco ant” :
{girigag:Yovg P3russ ﬁ%véﬁmFHeﬁﬁ?%Plebylmwkammahﬁn membrane devices

that are useful as means for delivering drugs or
medicaments in certain circumstances. For example,
they have proposed the encapsulation of cells that
secrete neurotransmitter factors, and the implantation
of such devices into the brain of patients suffering
from Parkinson’s Disease. See, U.S. Patent No.

14

4,892,538 of Aebischer et _al.; U.S. Patent No.
5,011,472 of Aebischer et al.; U.S. Patent No.
5,106,627 of Aebisher et al.; PCT Application WO’
91/10425; PCT Application‘WO 91/10470; Winn et al. 1991
Exver. Neurol. 113:322-329; Aebischer et al. 1991

Expver. Neurol. 111:269-275; and Tresco et al. 1992
ASATO 38:17-23.

SUMMARY OF THE INVENTION

This invention relates to and claims
substantially purified glial derived neurotrophic
factor (GDNF). 1In one embodiment of this invention,
substantially purified GDNF is obtained having a
specific activity at least about 24,000 times greater
than the specific activity of B49 conditioned medium.

The substantially purified GDNF has a specific activity
3f at least about 12,000 TU/ug.

The substantially purified GDNF of the present
invention has an apparent molecular weight of about 31-
{2 kD on non-reducing SDS-PAGE, and about 20-23 kD on
‘educing SDS-PAGE. The substantially purified GDNF has
N amino terminal sequence comprised substantially of
he amino acigd Sequence (SEQ ID NO:1): '
Ser)-Pro—Asp-Lys-Gln-Ala-Ala-Ala—Leu—Pro-Arg-Arg-Glu-
Arg)-Asn-( )-Gln-Ala-Aia-Ala-A1a~(Ser)-Pro-(Asp)-
Asn).



protocols. Briefly, coinfection of [err]Zapll and an M3 REBL&GEMEN‘BG!SJ&EH

results in packaging of a single- stranded DNA copy of tHhe{reconbi nant

pBl uescript within an infectious ML3 virion. Wen such a virhpg Mnnqggp
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MAR 1997 - -59- sensitive cell, tHe!
DNA is converted to a doubl e-stranded_DNA and is propagatied vertically as

plasm d. Selection for this event i $83f f or ded by the
The amino acid sequence of mature and "pre-pro" forms
of rat GDNF is as set forth in Figs. 13 and 14 (SEQ ID
NO:3 and SEQ ID NO:4). The amino acid sequence of
mature human GDNF is as set forth in Fig. 19 (SEQ ID -
NO:5). The amino acid sequence of the pre-pro form of
human GDNF is set forth in Figures 19 (SEQ ID NO:5) and
22 (SEQ ID NO:8).

One aspect of the invention is a method for
obtaining purified GDNF comprising: 1) preparing a
serum-free growth conditioned medium of B49
glioblastoma cells; 2) concentrating the conditioned
medium; 3) performing heparin sepharose chromatography
on the concentrated conditioned medium; 4) performing
fast protain ligquid chromatography on fractions
obtained from said heparin sepharose chromatography:
and 5) performing reverse-phase high-performance liquid
chromatography on fractions obtained from said fast
protein liquid chromatography. In one embodiment, the
method of obtaining purified GDNF is further comprised
of the steps: 6) subjecting fractions obtained by
reverse-phase high pefformance liguid chromatography to
preparative SDS-PAGE; and 7) performing reverse-phase
high—performance liguid chromatography on factions
obtained by preparative SDS-PAGE.

Also described is the cloning of the rat GDNF
gene from a CDNA library prepared from the B49 cell
line. The nucleic acid sequence encoding mature and
pre-pro rat GDNF is set forth in Fig. 13 (SEQ ID NO:3).
The method for obtaining a human gene coding for GDNF
is also disclosed. The nucleic acid sequence encoding
mature human GDNF is as set forth in Fig. 19 (SEQ ID
NO:5). The nucleic acid sequence encoding the first 50
amino acids of the pre-pro segment of human GDNF is as
set forth in Fig. 22 (SEQ ID NO:8).

This invention alse includes pharmaceutical
compositions comprising an effective amount of purified
GDNF in a pharmaceutically suitable carrier. Also
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functioning dopaminergic nerve cells.

0)

In the preferred embodiment of this invention,
GDNF is produced by recombinant DNA methods, utilizing
the genes coding for GDNF as described herein. The
present invention includes a vector for use in |
producing biologically active GDNF comprised of
expression regulatory elements operatively linked to a
nucleic acid sequence coding for mature or pre-pro
GDNF, and a host cell transformed by such a vector.
Also included is a recombinant DNA method for the
production of GDNF comprising: subcloning a DNA
sequence coding for GDNF into an expression vector
which comprises the regulatory elements needed to
express the DNA sequence; transforming a host cell with
said expression vector; culturing the host cells under
conditions for amplification of the vector and
expression of GDNF; and harvesting the GDNF.

A recombinant DNA method is described for the
production of GDNF comprising: culturing the host cells
of this invention under conditions for amplification of
the vector and expression of GDNF; and harvesting the
GDNF.

This invention includes substantially purified
antibodies that recognize GDNF. Also included is a
method for preventing or treating nerve damage which
comprises implanting cells that secrete glial derived
neurotrophic factor into the body of patients in need
thereof. Finally, the present invention includes a
device for preventing or treating nerve damage by
implantation into a patient comprising a semipermeable
membrane, énd a cell that secretes GDNF encapsulated
within said membrane and said membrane being permeable
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DESCRIPTION OF THE DRAWINGS

; Figure 1 depicts the results of heparin sepharose
chromatography on a solution of concentrated B49
glioblastoma cells serum-free growth conditioned
medium. The results show the eluate 0.D.,, (—),
conductance (-A-), and GDNF activity in TU (-o-).

) Fractions marked by a bar were pooled for further
purification.

Figure 2 depicts the results of FPLC superose
chromatography from the pooled fractions of Fig. 1.

5 The results are shown of 0.D.,, (—), and GDNF activity
in TU (-o-).

Figure 3 depicts the results of RP-HPLC on fraction 14
from Fig. 2. The results are shown of 0.D.,,, with the
b GDNF activity in TU shown below.

Figure 4 depicts the results of analysis by silver-
stained SDS-PAGE of fractions 3-10 obtained from Fig. 3
above. Lane S contains meclecular weight standards.

w

Figure 5 depicts the results of preparative SDS-PAGE on
fractions 5 and 6 from Fig. 4. Gel slices were tested
for GDNF activity in TU. Gel slices were also
correlated to molecular weight by use of molecular

0 weight markers (Amersham).

Figure 6 depicts the results of the RP-HPLC on
fractions 16~-23 from Fig. 5. Chroﬁatogram A contains
the sample, and chromatogram B is a control (pooled gel
extract from corresponding slices of a blank lane).
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[err]Zapl176.1 that Includes the Codi ng Sequence pe+—ERNE: lthe
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The carboxyterm nal 134 ami no aci ds-predicted for this

open readi ng
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Figure 7 depicts the results of analysis by silver-
stained SDS-PAGE of peak 3 from Figure 6A (lane 1) and
a molecular weight control (lane S).

Figure 8 describes the amino-terminal amino acid
sequence obtained from purified GDNF. The empty
parenthesis indicates a position where the amino acid
could not be determined using the sequencing technique
employed. Where residues are given in parentheses,
there was some uncertainty as to the identification of
that residue. The complete correct amino-terminal
amino acid sequence is shown in Figure 19 below.

Figure 9 depicts the results of RP-KPLC on trypsin
digested purified GDNF. Chromatogram A contains the
sample, and chromatogram B is a control (containing
trypsin only).

Figure 10 depicts the results of the RP-HPLC of peak 37
from Fig. 9. following treatment with cyanogen bromide.

Figure 11 depicts the results of RP-HPLC on the
reduction product of peak 1 from Fig. 10.

Figure 12 describes an internal amino acid sequence
obtained from purified GDNF.

Figure 13 depicts the nucleic acid sequence obtained
for rat GDNF derived from a B49 cell library cDNA clone
AZapII76.1. Also depicted is the inferred amino acid
sequence for GDNF. The nucleic acid sequence coding
for mature GDNF is underlined. The amino-terﬁinal
sequence of the most preferred pre-pro form of GDNF is
marked with an *,.

Figure 14 depicts the inferred amino acid segquence of
mature GDNF.
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primers of 1

represents decreasing concentrations of each

neurotrophic factor. The curve labeled control is i
equal volumes of inactive HPLC fractions adjacent to

those containing the GDNF used to generate the curve

labeled GDNF.

Figure 16 depicts the results of purified B49 cell GDNF

and human recombinant CNTF to promote the survival of '
sympathetic neurons from chick embryo sympathetic chain
ganglia. Increasing optical density on the Y-axis

represents increasing neuronal survival. The X-axis

represents decreasing concentrations of each

neurotrophic factor. The curve labeled control is

equal volumes of inactive HPLC fractions adjacent to

those containing the GDNF used to generate the curve

labeled GDNF.

Figure 17 depicts the results of bioassay of COS cell

. conditioned media for ability to increase dopamine
uptake by mesencephalic dopaminergic neurons in
Cculture. The Y-axis presents the amount of
radiolabeled dopamine taken up versus increasing
amounts of concentrated COS cell culture medium on the
X-axis. The curve labeled B-1 represents the serum-
free conditioned medium from COS cells transfected with
the GDNF gene in the proper orientation for expression
of GDNF. The curve labeled C-1 represents the serum-
free conditioned medium from COS cells transfected with

~ the GDNF gene in the opposite orientation, which
prevents expression of GDNF.
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Figure 18 depicts the results of bioassay of COS cell

conditioned media for ability to increase survival in

culture of sympathetic neurons from the sympathetic

chain in chicken embryos.

The Y-axis presents the

amount of MTT dye reduced by the cultures and is

proportional to neuronal survival.

The X-axis

represents increasing dilution of concentrated COS cell

culture medium.

serum-free conditioned medium from COS cells

transfected with the GDNF gene in the proper

orientation for expression of GDNF.

The curve labeled GDNF represents the

The curve labeled

CONTROL represents the serum-free conditioned medium
from COS cells transfected with the GDNF gene in the

opposite orientation, which prevents expression of

GDNF.

Figure 19 depicts a portion of the nucleic acid

sequence obtained for human GDNF,
Example 2C below,
gene encoding for mature human GDNF.

as described in
including the entire portion of the
Also depicted is

the inferred amino acid sequence for mature human GDNF.

The amino acid sequence for mature human GDNF is

underlined.

-

Figure 20 depicts the ability of GDNF to stimulate
dopamine uptake and tyrosine hydroxylase (TH)

immunostaining in dopaminergic neurons.
established as described in Example 1B.
the day of
A.
B.
vitro with 4%
permeabilized

on
in vitro.

in vitro.

Cultures were
GDNF was added
plating and replenished after nine days
H-DA uptake was measured after 15 days
Cultures were fixed after 16 days in
paraformaldehyde, washed extensively,
with 0.2% Triton x~100 and stained with

polyclonal antibody to TH (Eugine Tech International,

Allendale, NJ).

Primary antibody binding was

visualized using a Vectastain ABC kit (Vector Labs,

Burlingame, CA).




The nucl eoti de sequence of the first 877 nucleotides of tHREPLACEMENT SHEET

cDNA clone [err]Zapll76.1, which contains the codi ng sequgn
purified mature GDNF proteln is shown in Figure 13 (SEQ I [
the inferred am no acid sequence of a 681 base pair open r
(ORF) that is found within this sequence The sequence cor
purified mature CDNF starts at posi t1l#T 281 with -a serine

eddi

75 kg

residue and is

A P~ A~ TP~ U 2

shown in Figure 14 (SEQ | D NGO 4). The DNA sequence obtai nee
predi cts an anf¥mresiadt e W P q‘d’

L' 1 ) ) Mo oTt

P e GONF Wid h t he first 23

resi dues of angspa meckqae;quﬁmmﬂ)sercmmeg heereTiesradleiigidaiasof purified

GDNF Ex l'e 1 I e as d pi ct ed
in Fi éa(rag 13an$)?se‘?%2t1eq<elln %’hﬁﬁlg%l\}gll 2%%%% acﬁ %sqrh?cg}f fs% re-pro
GDNF pol ypept |,_§tea'@n'dz t ha¥. ﬁﬁe@éohpttatepwasemsasgreﬁ alfitesi geaknséayence and
the "pro” port]on gf 4 hi s mokecuhgar Gsthte | Pad RULGILOD Pfter eignt

days in vitro. Cells were incubated and treated as for

34-pA uptake, except the uptake buffer. consists of

Kreb-Ringer’s phosphate buffer, pH 7.4, containing 5.6
mM glucose, 1.3 mM EDTA, 10 uM amino-oxyacetic acid (to
prevent GABA breakdown), 2 mM S-alanine (to inhibit
glia uptake of GABA) and 0.1 uM '“C-GABA (150 mC,/mmole,
New England Nuclear, Boston, MA). 1In the presence of

1 mM diamincbutyric acid (DABA), a potent inhibitor of
*c-GABA uptake into GABA neurons, the '“C-uptake was

reduced to 10%. Control values in the presence of DABA

were subtracted from experimental values.

Figure 22 depicts a portion of the nucleic acid
sequence obtained for human GDNF, as described in

Example 2D below, including the coding sequence of

amino acids 1-50 of human pre-pro GDNF. Also depicted
is the inferred amino acid sequence for the first 50
amino acids of human pre-pro GDNF. This information,
in conjunction with coding sequence information given
in Figure 19, provides the full coding sequence for
human pre-pro GDNF, and the inferred amino acid

sequence for the human pre-pro GDNF protein.

Figure 23 depicts a map of SacII and PstI sites within
the plasmid of pBSSK-A3Alul, as described in Example 2D

below.

Figure 24 depicts the specificity of GDNF to

dopaminergic neurons. Cultures were prepared as
described in Example 1B. GDNF was added on the day of

plating, and uptake was measured after 6 days jin vitro.




the formof GDNF that is purified fromB49 cell Ccondition
nmost likely site of translation initiation for such a pre
ATG codon that occurs at position 50 in the sequence of F
NO 3) . C. donina the Human Gene that Encodes GDNF
sequences of many neurotrophic factoegg-are highly conservéd across a
variety of mammal i an species (Hallbbok, et al. 1991 hburo£—6;845 858
McDonal d, et gl gep3etsBBApaiminer epthke AndaBcdeséqgusnserotohlia conservation
of the am no acid sequences there is considerable conservation of the
nucl eoti de se S of the genes that encode these proteins. Therefore, it
Is generally true that the gene encoding a neurotrophic factor in one
manmal i an speci.es _can<C Ry b di Glo &9 1,R0 a - | es,St randed
DRA hybr 1 ) wifi e 2ot oo e e 81u"5Eain3h3b8-HRKP) Crur

under reducing conditions, of fractions from

chromatography of a bacterial extract containing
| unrefolded GDNF on an S-Sepharose column prior to
refolding (see Example 6C). Lanes 2-8 represent
consecutive fractions from the column eluate.
.Fractions 3-5, enriched for GDNF, were pooled for
refolding. Lane 1 is molecular weight standards (SDS-
70L, Sigma).

Figure 26 depicts Coomassie Blue stained SDS-PAGE of
the GDNF solution; prior to refolding (lanes 6 & 13),
after refolding (lane 2), and after refolding and
subsequent back reduction with 150mM 2-mercaptoethanol
(lane 53). The material prior to refolding and after
back reduction runs as a monomer at about 16 kDa. GDNF
after successful refolding runs (without reduction) as
a dimer at about 30kDa (see Example 6C). Lane 15 is
molecular weight standards (SDS-70L, Sigma).

Figure 27 depicts the results of a bioassay using
refolded GDNF; measuring the ability to promote the
survival of chick embryo éympathetic neurons in
culture. The biocassay procedure is as described in
Example 4A. Optical density (proportional to the
number of surviving neurons) on the ¥Y-axis is plotted
against GDNF concentration on the X-axis (determined by
laser~-densitometry scanning of Codmassie Blue stained
SDS-PAGE gels). The calculated ED50 of refolded GDNF
for chick embryo sympathetic neuron survival is about 3
ng/ml.

Figure 28 depicts the results of a biocassay using
refolded GDNF; measuring the ability to increase



factor in other mammal i an speci es under appropriate
-62- pealing conditions. This property was used to
human DNA segnents that include the for GDNF

| ibrary constructed in the [err]ector [err]FIXIl was purg¢h s?psfﬂﬂmngg7
Strat agene (catal og

-16-

dopamine uptake by nigral dopaminergic neurons in
cultures of rat embryonic mesencephalon. The biocassay
procedure is as described in Example 1B. Dopamine
uptake on the Y-axis is plotted against GDNF
concentrations on the X-axis. The calculated ED50 of
refolded GDNF for increasing dopamine uptake in these
cultures is about 3pg/ml.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Reference will now be made in detail to the
presently preferred embodiments of the invention,
which, together with the following examples, serve to
explain the principles of the invention.

Prior to this invention, GDNF had not been
identified as a discrete biologically active substance
or existed in a substantially pure form. As described
herein, a detailed description of GDNF is provided,
along with a description of: its physical, chemical and
biological characteristics; its utility; how to make
it; useful compositions containing it; nucleic acid
sequences coding for it; vectors containing such
nucleic acid sequences; host cells transformed by such
vectors; recombinant techniques for its production; and
other aspects of the invention. .

GDNF is a protein that may be identified in or
obtained from glial cells and that exhibits
neuroctrophic activity. More specifically, GDNF is a
dopaminergic neurotrophic protein that is characterized
in part by its ability to incfease dopamine uptake on
the embryonic precursors of the substantia nigra
dopaminergic neurons, and further by its ability to
promote the survival of parasympathetic and sympathetic
nerve cells. Substantially purified GDNF is further
characterized in several ways:

1. It has a specific activity of at least

about 12,000 TU/nug.




REPLACEMENT St

1946203) and Screened using a 32P-1abel ed probe derived fir gmmtire—at
cl one of CGDNF (pBluescript SK-76.1) described above in E>anpﬂg Jﬁ TE
probe consi sted of about 250 bp of codi ng sequence from tfhe § AR
specific anplification using the polynerase chain reacti gni{Saikj et al.
1985 Sci ence 230:1350) and was produced as follows. A 50{[err]l or 100
[err]] PCR reaction was performed ughrg <Ing [err]Zapl| 76—-BiNAas~tenpl afie
and 10-20 pnol each of two oligonucleotide priners baseéd on sequence from
rat GDNF. One oligozwas thenascsaeeslegubii goéigatsont eededimiBosy

described in Exanple 2A a he,second oligo (DHD-26) (SEQ ID
BRYg: o%haégué g&ﬁ?@TQ&I

NG 13) had the sequence: AAI ATTTTATC > 3'

Zal
»‘—'I

by,

GG C G C G 3. It has a molecular weight on non-reducing
SDS~PAGE of about 31-42 kD.
4. It has a specific activity of at least

about 24,000 times greater than the
specific activity of B49-conditioned
medium.

5. It has the ability to upregulate tyrosine
hydroxylase immunoreactivity in
mesencephalic culture.

6. It has the amino terminal amino acid
sequence as shown in Figure 8 (SEQ ID
Nofl).

7. It has the internal amino acid sequence as

shown in Figure 12 (SEQ ID NO:2).

The GDNF of the present invention is more fully
described in detail below. It is to be understood that
this aspect of the invention covers any dopaminergic
neurotrophic protein having an amino terminal amino
acid sequence the same or substantially homologous to
that given in Figure 8 (SEQ ID NO:1). This invention
also includes any dopaminergic neurotrophic protein
having an internal amino acid seguence the same or
substantially homologous to that given in Figure 12
(SEQ ID NO:2).

This invention includes a novel dopaminergic
neurotrophic protein that is defined herein as glial-
derived neurotrophic factor (GDNF). GDNF has been
identified in and isolated from a serum~free growth
conditioned medium of B49 glioblastoma cells in a
substantially purified form.

GDNF has been purified and characterized, and
partial amino acid sequences of the purified material
have been obtained. Based on the partial amino acid
sequence obtained, DNA probes were designed for

cbtaining a rat cDNA clone that may be used in the



whi ch is based on the anmino acid sequence (Asp-Lys-II
(SEQ I D NGO 14) obtained frman internal peptide produfREX
(see Exanple 1). The reaction was carried out in 10
25[err]C), 50 MM KC1, 1.5 mMwC [err], 10 [err]g/m

. 2mM each dNTPs (Pharmacia), using 2.5-5 [err] of Pol
reaction consisted of 30 cycles gf._95 C for 1 m nutes

mnutes and 72 C for 1 1/2 m nutes. The product O thi Watet
observed by aga el_.el hate to a OaBRgwhi ch is
consi st ent vququ%%AQo F?Fgﬁg OP Q% gbﬁF r?ﬁgrggggegﬁea EDNA sequence

shown in Fi gaguent® Ofﬂﬂq§huﬁﬂﬁﬁélé&d FP&cﬁEﬁFrﬁég 8PiN8d2Fi8m t he gel by

centrifugation gl lofUrkatoore- e Giikear iHNFigeMibl i(seoeInBrdtoyd MA
and 14 (SEQ ID NO:4).
The amino-terminal amino acid seguence of GDNF
nas been determined, and is shown in Figure 8 (SEQ ID

NO:1). A portion of the internal amino acid sequence
of GDNF has also been determinied, and is shown in
Figure 12 (SEQ ID NO:2). The purified GDNF has an
apparent molecular weight of about 31-42 kD on SDS-PAGE
under non-reducing conditions, and about 20-23 kD on
SDS-PAGE under reducing conditions. Although not being
limited by such theory, it is postulated that this
information is ccnsistent with GDNF being a
glycosylated, disulfide-bonded dimer in its naturally
occurring state.

As described in more detail in Example 6C
below, expression of the human GDNF gene in a bacterial
expression system leads to the production of
recombinant human GDNF or rhGDNF. The material
"isolated after expression is essentially biologically
inactive, and exists as a monomer. Following
refolding, GDNF exists as a biologically active
disulfide~bonded dimer. GDNF, therefore, is a
disulfide-bonded dimer in its natural, biologically
active form. This invention, however, includes GDNF in
both its monomeric and dimeric, and biologically
inactive and biologically active forms.

Probes were prepared based on the nucleic acid
seguence of rat GDNF in order to clone the genomic DNA
gene coding for human GDNF. The human gene encoding
mature GDNF, and the amino acid sequence of human
mature GDNF are given in Figure 19 (SEQ ID NO:5).

GDNF may also be characterized by its ability
to increase dopamine uptake on the embryonic precursors
of the substantia nigra dopaminergic neurons, as
described in Example 1 below. GDNF may further be
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Subsequent PCR | abeling reactions enploying the sane two {olji go priners.
These reactions were perfornmed under identical conditiong ex@ebtm?mgjh
concentration of cold dCTP was reduced to 12.5 [err]Mang 2.5 [err
3000-5000 G /muol [err]P dCTP (AVERSHAM was added to th¢ reactrom J

~

Products of the |abeling reaction were passed over a Biogpin 6 spin colu
(Bi oRad, Richnmond, CA). e[l t g@§f 0, i WSEG AS The
probe to scre@mafﬁétﬁ%ﬁﬁéggggogﬁ% ?%ggar .£8n$£g$§ﬁ%e£*$1#%§§?\Mas p! at ed
out using thepgragghpathetlc and sympathetic nerve cells, as
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described in Example 4 below.

GDNF may be characterized additionally by its
ability to upregulate tyrosine hydroxylase B
immunoreactivity in mesencephalic cultures. An example
of this characteristic is described in Example 1E and
shown in Figure 20. 1In addition, GDNF has been shown
to have some specificity to dopaminergic neurons
relative to neurons generally.  For example,'this was
demonstrated by the limited effect on y-aminobutyric
acid (GABA) uptake in neurons containing GABA. This is
also described in Example 1E and shown in Figure 21.
GDNF has also been shown to have limited, if any,
effect on serotonin uptake in serotonergic neurons.
This is described in Example 1lE and shown in Figure 24.

Throughout this specification, any reference to
glial derived neurotrophic factor should be construed
to refer to neurotrophic factors of any origin which
are substantially homologous to and which are
biologically equivalent to the GDNF characterized and
described herein. The degree of homology between the
rat and human protein is about 93% and all mammalian
GDNF will have a similarly high degree of homology,
Such GDNFs may exist as dimers in their biologically
active form.

The present invention encompasses glycosylated
and non-glycosylated forms of GDNF as well as truncated
forms of the naturally-occurring and recombinant GDNF
a8s described herein. 1In a further embodiment, GDNF is
modified by attachment of one or more polyethylene
glycol (PEG) or other repeating polymeric moieties.

The present invention also encompasses GDNF
recombinantly produced in bacterial expression systems
Containing an'amino—terminal methionine residue.

By "biologically equivalent" as used throughout

the specification and claims, we mean compositions of




strai n PLK17 provi ded by STRATAGENE. Twenty-four 150 nm pekmt f}ﬁt
cont ai ni ng approxi mately 50, 000 pl aques were prepared. Dup}i ET
nitrocellulose filter lifts were prepared from each plate pcrording to thg
procedures described by Maniatis et al. sunra. These forty} e} ghtb MAR! 1997
were probed with 250 x 10[err] cpm of the PCR probe (denaturjed by treatmept
with 0.5 N NaCH) descri bed above in m 6x SSPE, 0.1@63D . Z2X Denfrardt’ s
reagent, 0.1 ng/m _t RNA apd 302 rnam.de (USB)_ at, 42 oviernight (-16h).
Filters were g‘-%énp\‘f\ﬁﬁl\ﬁ% tW' e "/it‘%gZ‘g%l?ﬂ aZée S’S%E%JOQ 1% sDs at room

t enper at ure ag@mbwsteatnng. $ome 0ot xa BSRE the %8RS rwtatrerhi® 50[err] C
The filters were d; £ 02 AL Y 8 2 £ O SR EMAlUN SR NEb AL A68% undey film
for 6 days atPF°9§%é?§?c}mj?h ¥%te%si€g%ng screens. FPﬂ%B wer e ggveloped

and scored. SithESﬁﬁBﬁgdGﬁFﬁ?c%%i%ep%@%/rfiJc%l%ﬁcb e bR B4% eas of the

library plates ga5tesREA0hE814R. t NBy POSkEEtEn 61 LIMB} Shos Podied 's ek

resuspended, and reglated for,_a second round o ,screeniqg via the above
used throughout the ensuing specification and claims,

"is meant a degree of homology to the GDNF isolated from
‘the B49 conditioned medium in excess of that displayed
by any previously reported GDNF. Preferably, the
degree of homology is in excess of 70%, most preferably
in excess of 80%, and even more preferably in excess of
90%, 95% or 99%. The percentage of homology as
described herein is calculated as the percentage of I
amino acid residues found in the smaller of the two
sequences which align with identical amino acid
residues in the sequence being compared when four gaps
in a length of 100 amino acids may be introduced to
assist in that alignment as set forth by Dayhoff, in
Atlas of Protein Seguence and Structure Vol. 5, p. 124
(1972), National Biochemical Research Foundation,
Washington, D.C., specifically incorporated herein by
reference. Also included as substantially homologous
is any GDNF which may be isolated by virtue of cross-
reactivity with antibodies to the GDNF described herein
or whose genes may be isolated through hybridization
with the gene or with segments of the gene for GDNF
described herein.

_ A preferred GDNF of the present invention has
been isoclated from B49 conditioned medium and has been
isolated in a substantially purified form. An
additional preferred GDNF is prepared by recombinant
DNA technology to yield GDNF in a substantially
purified form. For the purposes of the present
application, "pure form" or "substantially purified :
form," when used to refer to the GDNF disclosed herein,
shall mean a preparation which is substantially free of
other proteins which are not GDNF. Preferably, the
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GDNF of the present invention is at least 50% percent
pure, preferably 75% pure and more preferably 80%, 95%
or 99% pure. In one embodiment of the present
invention, the GDNF protein preparation is of such
substantially purified form so as to enable one of
ordinary skill in the art to determine at least
portions of its amino acid sequence without first
'performing further purification steps.

In a preferred embodiment of this invention,
GDNF is purified from B49 bonditioned medium as
described in Example 1 below. Of course, given the
information set forth herein, it will be apparent to
those skilled in the art that other sources of GDNF may
be identified, and that the purification of GDNF from
such sources can be accomplished generally according to
the method of purification presented here.

The dopaminergic activity of the GDNF is used
to facilitate the purification process. The bioassay
for dopaminergic neurotrophic activities is described
in Example 1B below. Briefly, cultures of dissociated
mesencephalic cells are prepared, either in serum rich
or serum free environments. Samples to be tested for
dopaminergic activity are desalted and serially added
to the cell cultures and the dishes are incubated for 6.
days at 37°C in a humidified atmosphere containing 6.5%
CO,. The cultures, in the presence of the testing
material, are then incubated at 37°C with tritiated
dopamine (*H-DA). The dopamine uptake is halted, the
cells washed, and the dopamine uptake analyzed by
scintillation counting of retained tritium in the
cultures.

The purification of GDNF is described below in
detail in Example 1C. The process of purification is
detailed in Table I. The conditioned medium starting
material is prepared from B49 glioblastoma cells by
placing the cells in serum free medium for 2 days, when
the conditioned medium is collected and replenished.



these clones, it is also a routine matter to "wal k" along th
cl one overl appi ng Segnents of DNA around this region to obtsg and sequence
any remaining portion of the gene. The above noted prjo edllﬁeMAﬂqggp
variety of others that would be<ﬂn%§u5 to one skilled in tBefart could be
applied to screen other human gene |1 braries. For exanple uging the apove
descri bed pr?PPsaaﬁcﬁybIédféﬁ@éééﬁFEé“f&édd A HubEds P | i brary_was
screened that was constructed f on1€%err] RNA exiracted from the human

put anen. Thi §oPRhFEPT2C BT ’a‘i“ﬁe%r?’?l R RS LV RIDCTE T ot 1§, was

pur chased frgshdiviveed &dian Als occer3yifupddlag HdrikdORaatdedt #1561).. This

i brary was d, £ 0. qgﬁg§e- coli LE392 (maniatis
et al. supra$£§§€a;%eﬁé{%y3€$g%b§€tfggg%%% p aqdﬁ%ﬂﬁg%ﬁblate and screened,
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medium of B49 glioblastoma, is introducing the

human gene for GDNF. If the entire human GDNF géne is not re
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conditioned medium onto a Heparin Sepharose column
equilibrated with 50 mM NaPi buffers, pH 8.0,
containing 0.15 N NaCl. A gradient buffer solution
made up of SOmM NaPi, pH 8.0 containing 1.5 N NaCl is
introduced to the column after elution is stabilized.
Fractions from this chromatography are measured for
GDNF activity, and those fractions containing the GDNF
activity are poocled for further purification.

The pooled fractions are subjected to fast
protein ligquid chromatography (FPLC) on a Superose
column, with a solvent buffer of 50mM NaPi buffer, pH
7.4, containing 0.5 N NaCl. Again, the GDNF activity
of fractions obtained is determined. A single fraction
from this procedure is then acidified and loaded onto a
C-8 reverse phase high performance liquid
chromatography (HPLC) column. Fractions identified

. containing GDNF activity are combined for further
purification and for protein sequencing. As shown in
Table 1 below, the GDNF obtained at this.point has a
specific activity about 24,000 fold in excess of
conditioned medium. 2Amino terminal sequencing of the
protein cbtained at this point gives the amino terminal
sequence as shown in Figure 8 (SEQ ID NO:1).

Further purification of the GDNF obtained from
HPLC can be accomplished by performing preparative SDS-
PAGE on the fractions containing the GDNF activity.
Added to the protein containing fractions are buffer
containing glycerol and SDS, and the solution is run on
non-reduced 15% SDS-PAGE, with electrophoresis
conducted at 10°C at 40 mA/gel for 2 hours. The



tenperature in 0.2x SSPE, 0.1% SDS and twice in 0.1x SSPE, 0.1% SDS
preheated to 50[err]C. Filters were air- dried at roomtenperature and
pl aced under film After 3 days exposure at 70[err]C withp Ao
screens, filnms were devel oped and 8 duplicate positives aEPﬁNQiN&%ﬂhSHEET
Six [err]FIX 11 clone froma human genom c library were |dent|f|ed
hybri di zation with a rat GDNF probe and pl aque-purified tjo gMﬂEFéS?(
above). Lysates of each phage were prepared by the netho cf Sanbr ook et
al. (Mol ecular doning: A Laboratory Manual; 1989). DNA wWas prepared from
t hese clones by the follow ng procedure: DNAase | (Phar i
(Sigm) was added to 5 ml of each culture to give a final concentration of
1 [err]g/mM. The solution was incubated at 37[err]C for 1 hour. Then 5 mi
of 20% Pol yet hyl ene gl ycol (Sigma) ,2M NaCl, was added and the
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porticn of the gel corresponding to a mcolecular weight
of about 30-42 kD has been found to contain the GDNF
activity by bicassay. A second HPLC chromatography of
the material isolated from SDS-PAGE yields a single
peak of GDNF, as shown in Figure 6.



-65- Solution was incubated at O[err]C for 1 hodur. TheR MEM\EEM% l
pelleted by centrifugation at 12,000 x g for 10 m n. The phage pellet Wwas
resuspended in 250 [err]l of TE (10mM TRI'S, pH 7.4, 1nM EPT@R)E MR 1397
sequentially extracted with an equal volunme of: a. chlofoform b. phengl;
c. a 1:1 mxture of chloroformand phenol; and d. ChlorB{J[”l Ao am

acetate was added to give a final concentration of .25 and t he DNA was
precipitated by the addition of 2 volunes of ethanol and centrifugation at

10,000 x g. The DNA pellet was
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resuspended in TE. DNA from each of the S&ix
digested with various restriction endonucl eases an REFLACEHEMﬁnSHEEE
by el ectrophoresis through an agarose gel (Sanbroo THe
fragments were transferred to two identical nylon @pemagg? c
Schuel 1) and hybridized with radi ol abel ed probes frijom r
GDNF, there is an Eco Rl site betwegr_nucl eotides and 357 (faollo
t he nunbering of Figure 13). This cleaves within the codi ng sequence
mat ure GDNF. To determ ne whether the human genonic
at an honol ogous position, Eco Rl was_ used as one 2f thg restriction
a
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YRofPabel ed probes

were made for r@ggﬂﬂﬁe@fféﬁeﬂgenﬁaﬁﬁm ﬁmﬁﬁﬁ&m (4 fdae Ynddrafteanst r eam

(probe 2) o Ehe By e bl 2 AR g 100 R g, 0

codi ng obtaining amino acid sequences of purified GDNF are
given in Example 1D. Amino-terminal sequence was
obtained with a gas phase protein sequencer. Internal
sequences were obtained from the material obtained by
HPLC that had not been further purified by preparative
sDS-PAGE. 1Internal amino acid sequence was obtained by
jpcubating the purified GDNF with trypsin. The trypsin
fragments obtained were separated by HPLC. One
fragment was found to contain the first 13 amino acid
residues of the aminc-terminal sequence of the
untreated protein. A second fragment was treated with
CNBr, purified by HPLC, reduced, and again purified on
HPLC. The amino acid sequence obtained is shown in

Figure 12 (SEQ ID NO:2). Those sequences given-in
parentheses were determined to a small degree of
confidence,

This invention includes the method for cloning
the gene for GDNF, and the gene that was identified
that encodes GDNF. A detailed procedure for the '

" €loning of rat and human genes for GDNF is given below
in Example 2. Again, those skilled in the art will
appreciate that other methods for cloning such a gene
are obvious in light of the disclosure herein. In
Particular, the cloning of genes from other species
encoding GDNF will be obvious in view of the
disclosures and procedures described herein.

The rat GDNF gene described herein was obtained
from a cpNa library constructed from poly A+ RNA
Isolated from B49 cells, which was screened with a
degenerate oligonucleotide probe based on the amino
3cid sequence obtained from the purified GDNF. The
CDNA was obtained according to standard procedures,

treated to contain EcoRI-digested linkers, and inserted

of



sequence (am no acids 1 through 85). It was prepdared | Al HEED|
[err]Zap I176.:1 DNA using the Polynerase chain reacti C#EPMCEMEN; §

ol i gonucl eotide Priners PD ( GACGGGACTCTAAGATG (SEQ IID NﬁtéSé ﬁqgﬁgH323
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" into the AZap II cloning vector. The hybridization

probe used was *?pP-labeled, and consisted of the
following degenerate oligonucleotide (SEQ ID NO:7):

5/ > CCIGATAAACAAGCIGCIGC>3

C G G

several positive clones were obtained, and one clone
(AZapII76.1) was positively identified by DNA
sequencing as encoding a portion of GDNF that was not
used in designing the degenerate probe.

The procedure for obtaining the nucleotide
sequence of the cDNA clone contained in AZapII76.1 is
given in Example 2B. below. The nucleotide sequence of
the first 877 base pairs of the 5 end of the cDNA
clone was determined, and is shown in Figure 13 (SEQ ID
NO:2). 1In Figure 13, the clone shown contains an open
reading frame (ORF) of 227 amino acids that includes
the amino-terminus of purified GDNF and is consistent
with the seguence for an internal peptide obtained by
cleavage of purified GDNF.

The inferred amino acid sequence given in
Figure 14 (SEQ ID NO:4) shows the amino acid sequence
for the "mature GDNF". By "mature GDNF", is meant the
sequence of the purified GDNF obtained from the B49
conditioned medium. Of course, the purified GDNF may
exist as a dimer or other multimer and may be
glycosylated or chemically modified in other ways.
Mature GDNT may be truncated at the carboxyl terminus,
in particular by proteolytic processing of the lys-arg
residues 6 and 5 residues from the carboxyl terminal
end. Examination of the nucleic acid sequence of the
AZapII76.1 rat clone as shown in Fig. 13 (SEQ ID NO:2)
suggests that GDNF 1is initially translated as a pre-
pro-GDNF polypeptide and that proteolytic processing of
the signal sequence and the "“pro" portion of this
molecule result in purified GDNF having the same mature
sequence as that obtained from B49 conditioned medium.
It is postulated, that the pre-pro-GDNF polypeptide
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consi sted of 17 nucl eotides of 3' untranslated sequence |off™Ta(" CONF and| 1
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NG 18) and [err]ZAPI176.1 as the DNAZBeanate The reactli on conditions we
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tO an approxi mate
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the gene shown in Figure 13, as well as any and all
pre-pro GDNF polypeptides translated from a more
complete clone that may be easily obtained by one of
skill in the art using standard laboratory procedures
and the clone described herein.

Review of the rat nucleic acid sequence given
in Fig. 13 (SEQ ID NO:2) shows that the predicted amino
acid sequence located between positions 518 and 538 is
Asp~-Lys-Ile-Leu-Lys-Asn-Leu which is consistent with
the amino acid sequence determined for a peptide
derived from purified mature GDNF by the process
described in the section on internal sequence in
Example 1 below. A TGA stop codon at position 706
terminates the ORF. The predicted length of the
purified GDNF is thus 134 amino acid residues, and the
predicted molecular weight of this polypeptide is
14,931. Two-ﬁotential'N—linked glycosylation sites
occur at positions 425 and 533. Glycosylation at
either or both of these sites Qould increase the
molecular weight of the molecule.

The serine residue at position 281, which
corresponds to the start of the sequence of purified
mature GDNF, is preceded by the sequence Lys-Arg which
provides a potential proteolytic cleavage site for
processing of a putative precursor form of GDNF to
produce the form of the molecule that is purified from
B49 cells. A potential translational initiation codon
(ATG) occurs at position 50 in the segquence and is
Closely followed by a potential secretory signal
sequence. The seguences flanking this ATG show
sufficient similarity to the Kozak consensus seguence
(Kozak 1987 Nucleic Acids Res. 15:125-48) to indicate
that this ATG could be utilized as a translational



Nucl eoti de -sequences of these two fragnents were det EPUAQENﬁ5ﬂ65H£EI
Exanpl e 2B. The sequence of these DNA fragnents is sho ' ure 19
ID NO5). Fromthe sequence it is clear that there

am no acid 52 of pre-proCGDNF. There is no intron in th
that codes for mature human CGDNF. The predicted amn d..segueree—of

ped 1 n
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mat ure human GDNF i s 93% honol ogous to nature rat F. This is
approxi mately the sane degree of aniTFacid sequence

honol ogy bet wednira2tia®® Firan CRAFEPEEB3050 M |4f P %I™moHs 91)
press). Am noN$%i dnheegugiencdond| tyy dENAeesonal diittese nfaciNGsUgyed5%

is 100% and 31s 100g/gn€?$ib teple gg@ltmdf%rﬁ%@@f 5)

obtai n the conpltef& AuRRR pre-pro sequence a ra
probe may be | ggechased Hermher se@ience of human GDNF al ready

These above noted features of the nucleotide
sequence of the rat cDNA clone suggest the possibility
that GDNF is initially translated as a pre-pro-GDNF
polypeptide and that proteolytic processing of the
signal seguence and the "pro" portion of this molecule
result in production of the form of GDNF that is
purified from B49 cell conditioned medium. However,
the occurrence of other forms of GDNF is also
consistent with the sequence data. For example, two
other potential ATG translational starts occur within
the 681 bp ORF: one at position 206 and one at 242.
These ATG’s are located upstream of the start of the
amino-terminal sequence of purified GDNF. Although, in
eukaryoﬁes, translational initiation generally occurs
at the 5'-most ATG of the mRNA (Kozak, supra,) there
are instances in which a proportion of the
translational initiations occur at a downstream ATG.
Thus, alternative precursor forms of GDNF could
conceivably arise by translational initiation at these
ATG codons. Proteolytic processing of these
polypeptides could result in production of the same
form of purified GDNF observed in B49 cell conditioned
medium. Moreover, the open reading frame extends
*hrough the 5' end of the sequence of the cDNA clone.
‘t is therefore possible that the initiation of
‘ranslation occurs at an upstream ATG not present in
‘he cDNA clone. 1In this eventuality, GDNF would be
Tanslated as an even larger precursor containing the
mino acid sequence described here and additional
®Quence upstream. Processing of such a hypothetical
teCursor form could also lead to production of the

irified form of GDNF reported here. It would be
Ssible to detect potential upstream ATG starts by

anong
rat and human proteins for, other_neurotrophic f ors (Am no_.acj d .sequence
%'(fg 1

(in
GDNF
To

abel ed hybri di zati on
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sequencing the S5' end of the mRNA containing the GDNF
gene via primer extension with reverse transcriptase
(Maniatis et al. supra). Additionally, other cDNA
clones could be obtained from B49 libraries and the 5'
ends of these clones could be sequenced. The size of
the 5' mMRNA located upstream of the first ATG could be
more roughly determined by the techniques of "Sl
mapping" (Maniatis et al. supra) and/or simple sizing

of primer extension products of the reverse
transcriptase reaction. While a variety of putative
forms of the primary translational product that
contains the sequences encoding purified GDNF can be
postulated, the partial DNA sequence presented here for
the cDNA clone carried in the recombinant phage
AzapII76.1 clearly defines the coding sequence that
constitutes the purified GDNF polypeptide isolated from
the B49 cell conditioned medium.

In Example 2C below, the cloning of the human
gene that encodes GDNF, is described. A human genomic
library was screened with a probe derived from the rat
cDNA clone described in Example 2B. A genomic DNA
clone of the human GDNF gene was identified and the
sequence of the gene coding for mature human GDNF is
given in Fig. 19 (SEQ ID NO:5). '

The sequence given in Figure 19 for the gene
for human GDNF does not give the entire coding sequence
for the pre-pro portion of GDNF. The process for
obtaining the coding sequence for the first 50 amino
acids of human pre-pro GDNF is described below in
Example 2D. The sequence obtained is given in Figure
22 (SEQ ID NO:8). The map of plasmid pB55K-A3Alul used
to obtain the sequence is as shown in Figure 23.

This invention includes nucleic acid sequences
eéncoding GDNF. Relatively highly homologous sequences
Coding for rat (Fig. 13) (SEQ ID NO:3) and human (Fig.
1) (SEQ ID NO:5) GDNF are given herein. Also included
“ithin the scope of this -invention are substantially
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clone and this probe can be used to screen a genonmic lip fror—ctrones

that contain the 5 exon(s). D, Nucl eoti de Sequence Encod %gvy@ewgz gt |50
Am no Acids of Human Pre-proGDNF As detailed in Exh n% nelis
an intron that splits the nucl eoti de sequence corresponjlhg_La—an+ﬂe—aﬁ|c

51 of human pre-proGDNF. In order to obtain the sequencg of this portion {of
the nol ecul e, a human genom c |i brapy was screened with probe-dert ved
fromthe am no-term nal codi ng sequence of rat pre-proGDNF and one
hybri di zi ng éimﬂkanMﬂncmaﬁmaaniﬁ sequencas tthadoogien fiolre thedisagesequence of
am no acids t.hr I I F WN igure 22 (SEQ ID
10: 8) rﬁ Q‘brgﬁr&lﬁsrggr%ggﬁ%agcq@u q%%nv%\%% Syrﬁarim z\%céi as
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mature GDNF in a bacterial expression system such as E.

coli, certain codons in the nucleic acid sequence given
in Fig. 19 (SEQ ID NO:5) may be substituted with codons
more readily expressed in E. coli according to well
known and standard procedures. Such modified nucleic
acid sequences would be included within the scope of
this invention.

Specific nucleic acid sequences can be modified
by those of skill in the art. Therefore, this
invention also includes all nucleic acid sequences
which encode for the amino acid sequences for mature
rat and mature human GDNF as set forth in Figures 14
(SEQ ID NO:4) and 19 (SEQ ID NO:5), and pre-pro rat
GDNF as set forth in Figure 13 (SEQ ID NO:3) and for
pre-pro human GDNF as set forth in Figures 19 (SEQ ID
NO:5) and 22 (SEQ ID NO:8). The present invention also
incorporates nucleic acid segquences which will
hybridize with all such nucleic acid sequences -- or
the compliments of the nucleic acid sequences where
appropriate -- and encode for a polypeptide having
dopaminergic activity. The present invention also
includes nucleic acid sequences which encode for
polypeptides that have dopaminergic activity and that
are recognized by antibodies that bind to GDNF.

The present invention alsoc encompasses vectors
comprising expression regulatory elements operatively
linked to any of the nucleic acid sequences included
within the scope of the invention. This invention also
incorporates host cells -- of any variety -- that have
been transformed with vectors comprising expression
Fegulatory elements operatively linked to any of the

Nucleic acid sequences included within the scope of
this invention.
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PD1 = 5' > CCCGAATTCGACGGGACTCTAAGATG > 3' (SEQ tD NO: 19) ety
CCGTGGECCGAGGGAGTGGTCTTC > 3' (SEQ I D NO 20) Conditions fori tihe Cﬁéﬁb‘ggf
"cold" and [err]P-labelling) reactions were as described iin B 2
except that the reaction consisted of 25 or 30 cycles of: Py err]C for 1
mn., 50[err]Cfor 1 [err] mn., and 72[err]C for 1 mn. The Product of
this reaction contains the first 1221$bp of rat pre- pr oGONE-codi-Ag
sequence and 14 base pair 5 to the putative initiator ATG (see Figure 13
and SEQ I D No: 3). Gasdiexpoessiion ofr &ONFngnt §8Shgeand sgé&ifoni ¢

described below in Example 5. The gene encoding GDNF

depicted in Figure 13 was subcloned into the plasmid

vector pSGS, a vector designed for the transient

expression of cloned gene cells such as C0OS cells.

Plasmids containing the GDNF gene in the proper and
improper orientation were selected and the DNA
transfected into COS-7 cells. Following cultivation,
the transformed cells were harvested. The C05-7
conditioned medium was tested for biocactivity in both
the dopaminergic assay and the sympathetic ganglia
neuron assay. The conditioned medium from the cells
containing the gene for GDNF in the proper orientation
was found to have biological activity in both such
assays, indicating that biologically active GDNF had
been successfully produced via recombinant DNA
processes.

In & preferred embodiment of the present
invention, human mature GDNF is prepared by recombinant
DNA technology in a bacterial expression system. '

The expression of human GDNF in E. coli is
described below in Example 6. The portion of the human
GDNF gene that codes for hature human GDNF as shown in
Figure 19, was used to prepare a human GDNF construct.
Such construct was ligated into a plasmid vector, which
was transformed into E. coli strain IJM107. After
culturing of the transformed host cells, the GDNF
produced was harvested. A protein of the expected
molecular weight for mature human GDNF (about 15,000
daltons) was obtained, and amino terminal sequencing
confirmed that the protein obtained was mature human
GDNF.

The refolding and naturation of human GDNF
expressed in E. coli is described below in Example 6C.
In the embodiment of the invention described, the
expressed protein-containing extract obtained was

partially purified prior to refolding by ion exchancs
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filter lifts used to identify clones carrying sequences fo ure human
CDNF were washed twice for 15 min. in deionized-distilled K2 fmeathﬂRﬂBg']
boi i ng, probed overnight, and washed according to the protijoqol descri bed
in Exanpl e 2C. The filters were exposed to filmfor 3 days lat
with intensifying screens. Wien devd&2oped, nunerous duplicafe positives
varying intensities were observed. Twelve relatively strong=p0Sitives were
pi cked and 10cpfondadrARIe P JRERRATI I AR SUCeFESA& r ounds of
hybri di zat i on Upgded i AdierEs raefomel tshul thyonrtiding: firkte cl oned DNAs of

Ned ned v
these recombi REnt, phianes wer & anel y76e by SRR RLOLSNEr igigaion. An

refold buffer to the GDNF-containing extract. The

refolded rhGDNF was substantially fully biologically
active, and existed as a disulfide-bonded dimer in its
piologically active form. The GDNF prior to refolding
-- and after reduction of the refolded material --
existed in a monomeric state and was substantially
pbiologically inactive.

GDNF may also be produced by expression in
other expression systems. For example, with the
nucleic écid sequence coding'for mature human GDNF as
shown in Figure'19, one skilled in the art could
produce GDNF in other expression systems. Vectors
containing the nucleic acid sequence coding for GDNF
operatively linked to expression regulatory elements
may be transformed into other microcorganism host cells
including Bacillus, Pseudomonas and yeast. Baculovirus
expression systems may also be employed. .

As noted above, the present invention relates
to methods for treating nerve damage in patients
suffering therefrom. These methods comprise the
administration of a therapeutically effective amount of
2 human protein glial-derived neurotfophic factor
(GDNF) to a patient suffering from nerve damage.

A disease or medical indication is to be
considered to be nerve damage if the survival or
function of nerve cells and/or their axonal processes
is compromised. 1In a preferred embodiment, such nerve
damage occurs as the result of one of the following
conditions: 1) Physical injury, which causes the
degeneration of the axonal processes and/or nerve cell
bodies near the site of injury: 2) Ischemia, as in
Stroke; 3) Exposure to neurotoxins, such as the cancer
and AIDS chemotherapeutic agents cisplatinum and
dideoxycytidine (ddC), respectively; 4) Chronic



approximately 1000 bp Alul fragment was found to~hybri di QEPBAGHEEgzr%ﬁEETg
probe and was subcl oned into Snal -di gested pBl uescript SK-{to produce
pBSSK-[err]3Alul. This cloned Alul fragment was further gubbcigofedar 4397
facilitate sequencing of the relevant DNA segnent. Purifije
pBSSK-[err] 3Al ul DNA was di gested_ y@th a series.of restrifc
cl eave the vector only once (within the polylinker regionp) and the

di gestion produ§é§§§2?#¥éggegy @ﬁo g gg% %g% gpp€£§§|s Two restriction

enzynes (Pstretd wer e us i entl eaved once within the
cl oned DNA. ? gunet2onshangd. a4 apNeRredegenanat Pee| diseases Seaehern bl ot s

reveal ed that L, srgbAR<Ok;Lo8sE] OREdnaLaEPNL dhababubrpdazed to the
screeni ng predb ocate bet ween the Sacll and Pstl sites of the cl oned

Al ul segnenmmyﬁnﬁpéhéFeLaFSFaéeaﬁéﬁﬁ?ﬁbs {dbSYel ¥RiGR BRRFGatR®es of
PBBSK- [ err] 3AluhewaEgonOBSt Byatedic| NeanenaDspapakathbensual A, naout 300bp,

Pstl fragmem was;Jg! 189 8% Lhh¥SondNEnbbiSlhg HE2vd' dgRled W th Pstl
includes Parkinson’s disease, Alzheimer’s disease,
amyotrophic Lateral Sclerosis, Stroke, Diabetic
polyneuropathy, Toxic Neuropathy caused by the cancer
chemotherapeutic agents taxol or cisplatin or
vincristine, Toxic Neuropathy cauéed by the AIDS
Ehemotherapeutic agents ddI or d4dC, and physical damage
to the nervous system such as that caused by physical
injury of the brain and spinal cord or crush or cut
injuries to the arm and hand.

Methods for producing GDNF are also disclosed
herein. One disclosed method consists of isolating
GDNF from various sources, such as glial cell line
conditioned medium. A second method involves isolating
the genes responsible for coding GDNF, cloning the gene
in suitable vectors and cell types, and expressing the
gene in order to produce ﬁhe GDNF. The latter method,
which is exemplary of recombinant DNA methods in
general, is a preferred method of the present
invention. Recombinant DNA methods are preferred in

. part because they are capable of achieving
Comparatively higher amounts of protein at greater
Purity. Recombinant human GDNF is the most preferred
protein for the preparation of therapeutic compositions
and for the treatment of nerve damage.

This invention includes means for identifying
and cloning genes that encode proteins that share amino
acid sequence homology with GDNF, as well as all such
identified proteins.

A mammalian gene family comprised of three
Neurotrophic factors has been described (Leibrock et
al. 1989 Nature 341:149-152, Maisonpierre et a2l. 1990
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fragnent was simlarly deleted from pBSSK-[err]3Alu .Qgﬁ- I‘?AR 19
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science 247:1446-1451.) The mature forms of the three
proteins comprising this family (nerve growth factor
(NGF) . brain derived neurotrophic factor (BDNF), and
neurotrophin-z (NT-3)] share ~50% amino acid identity
with each other. The positions of the six cysteine
residues present in each of these proteins are
precisely conserved. Although structurally similar,
these three proteins display different tissue
distributions (Ernfors et al. 1990 Neurcn 5:511-526,
Maisonpierre et al. 1990 Neuron 5:501-509, and Phillips
et al. 1990 Science 250:290-294) and different in vitro
activities (Rosenthal et al. 1990 Neuron 4:767-773,
whittemore et al. 1987 Brain Res Rev 12:439).

GDNF displays no significant homology to any
previously described protein but unidentified genes may
exist that encode proteins that have substantial amino
acid sequence homology to GDNF and which could function
in vivo as neurotrophic féctors with different tissue
specific distribution patterns and/or different spectra
of activities. Such proteins would constitute members
of the GDNF family of neurotrophic factors. The DNA
sequences for the rat and human GDNF genes, presented.
in Figures 13 (SEQ ID NO:3) and 19 (SEQ ID NO:5) and 22

(SEQ ID NO:8) respectively, could be used to identify

new members of such a putative "GDNF gene family".

As a consequence of the conservation of amino
acid sequence among the protein products of the members
of a gene family such as the "NGF gene family" noted
above or the "GDNF gene family," there is considerable
Conservation of sequence at the DNA level. Therefore,
under appropriate hybridization conditions, nucleic
acid "cross-hybridization" can occur between genes
Within the family, i.e., a nucleic acid probe derived
from the sequence of one of the family members will
form a stable hybrid duplex molecule with nucleic acid
Molecules from different members of the family which
have Seéquences related, but not identical, to the probe
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- sequence thus obtained. This sequence contains a regiorf 4¢f 151 bp that
exhibits a very high degree of honmology with the first }151 (o MARAQ9SZ n

sequence for rat pre-proCDNF; 88% identity at the am nq gqcid | evel and| 9%

identity at the DNA |level. Therefore, it is concluded tjhat—tThi s TEgIom i

part of the exon that carries the coding sequence of thHe am no-term nal pO

resi dues of the human pre-proCGDNF and the first nucl eotide of the codon for

resi due 51. The Seque”C%re@%%%g%@e&ig ah@ t:@aﬁs%% Bgtsegugege i's

honol ogous to the consensus seduence for the 5 end of manmalian introns

[ Shapi ro and Senapat hy BS®PPONkcl . Acids Res. 15:7155-7174]. The sequence

immedi ately 5 to the pufjati weaishialsl @le@krAbeds iows tehr @rgabewel ogy to the

rat sequence for 28 bp; 27 of 28 re%idu S 258 L%%ngL%al.dA% this point the
upst ream sequence di ver §&& SKRIFSF. *° © phoresis and tran

a solid support for Northern blot analy
Such RNAs could include total cellular
fractionated, poly A" RNA.

Q

5) Products of polymerase chain react

(PCR) which employ ocligonucleotide prim

based on sequences 6ccurring in GDNF an

employing as templates any of the nucle.

sources described in items #1 through 4

Any nucleic acid sequehce which is demol
to hybridize to a GDNF based probe under some
empirically determined set of hybridization con
may be cloned and segquenced by any of a variety
techniques well known to one skilled in the art
degree of sequence homology may be directly det.
to identify members of a GDNF gene family. Suc
hybridization approach was used to clone NT-3 b
screening with a probe based on NGF sequence (K:
al. 1990 FEBS Letters 266:187-191).

An alternative method for identifying GD
family members involves use of the polymerase cl
reaction (PCR) to amplify sequences from GDNF f:
members followed by cloning and analysis of amp]
Sequences. Degenerate (or nondegenerate)
oligonucleotide primers for PCR may be synthesi:
based on the sequence of GDNF. Given the conse:
of cysteine location and the conservation of ami
Sequences in the immediate vicinity of the cyste
Tesidues that is observed for the NGF family, tk
regions around the cysteines in mature GDNF repr
Obvious candidates for primer synthesis but a va
of other primers could also be chosen from both
Mature and pre-pro-portions of the protein. PCR
Feactions may be performed under conditions of r
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t he consensus sequence- for the 3 end of manmali an i nt r JREPL Q
Senapat hy, supra.) Thus, it seens likely that this is a gplffice site

al though there is no direct evidence for this. The open r 06 MARMS97
cont ai ni ng hurman pre-proCGDNF extends at | east 27 base pails} upstream of ftih
initiator ATG As discussed in the9&tailed Description o '
Enbodi nents above, it is Possible that other forms of a pt e- pr oCDNE could
be Produced tmaelmbuﬁﬂ 2bnt B9 §3 drEhodsmaln Enavmolagyyilig . ese forms
m ght al so begR&Péﬁéﬁ@d éRe Hﬂ&ﬂ@@:éé&e m et Do 1 T Wye delilerizas been

purified and Sequenced (see The nugcl eoti d § ences
&g

present ed her BoBAHOFH EXFE Eﬁlp{ﬁﬁ%§ﬁ99t9ﬂ§?Hﬁ|QHaqﬁﬁﬁ ce for a

(or RNA) probes based on the sequence of GDNF from the
rat, human or any other species and performing
nybridization experiments with a variety of target DNas
(or RNAs) under conditions that will allow stable
formation of imperfectly paired nucleic acid duplexes.
such hybridization conditions, often termed
nreduced stringency” are well described in the
1iterature (Beltz et al. supra, Sambrook et al. 1989
Molecular Cloning, 2nd edition, Cold Spring Harbor
Press) and most frequently involve reduction in
temperature of the hybridization reaction when carried
out in agueous solution and/or reduction in
concentration of formamide in hybridization systems
normally employing solutions containing 50% formamide.
Other means of reducing hybridization stringency have
also been described and could be employed (Sambrook et
al.,.supra). The nucleic acid targets in these
hybridization experiments could include:
1) genomic DNA libraries containing human,
rat, or any mammalian species, or any other
species DNA cloned into any convenient vector
including bacteriophages, plasmids, cosmids,
yeast artificial chromosomes, or any other type
of vector:
2) cDNA libraries generated from RNA from any
tissue type obtained from any of the above
noted organisms or obtained from culture of any
type of primary cell cbtained from any of the
above noted organisms, or from any type of
stable cell line currently existing or produced
from any primary cell cultufe:
3) genomic DNAs as described in item #1 above
which are digested with restriction enzymes and
prepared for Southern blot analysis by gel
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annealing temperature which would allow amplification
of not only the GDNF sequence but the sequences of any
GDNF family members. See, Innis et al. 1990 PCR

protocals: A Guide to Methods and Applications,
Academic Press. The products of such PCR reactions may
pe size selected by gel electrophoresis, cloned into an
appropriate vector and the cloned DNA sequenced to
jdentify GDNF family members. Alternatively, the
clones may first be screened by hybridization to a
probe specific for GDNF under conditions of high
stringency to identify GDNF clones. Any clones that
fail to hybridize to GDNF under high stringency would
then be sequenced or such clones could be hybridized to
3 GDNF probe under conditions of reducéd stringency and
any clones that did hybridize to the GDNF probe under
these conditions would then be sequenced.

A second approach using PCR for cloning GDNF
lamily members would be to label the products of the
CR reaction described above and use those products as
: probe to screen nucleic targets enumerated above
nder conditions of high and/or low stringency.
ybridizing clones or nucleic segments could be
nalyzed as detailed above to identify GDNF clones and
amily members. Such an approach has been used to
lone NT-3 based on the sequences of NGF and BDNF
Maisonpierre et al. 1990 Science 247:1446-1451).

In a preferred embodiment of the present
vention, a therapeutic or pharmaceutical composition
‘mprising GDNF is administered in an effective amount
> patients suffering from nerve damage. 1In a
‘eferred embodiment of thé present invention, GDNF is
’ed therapeutically to treat patients suffering from

trkinson’s disease. Those skilled in the art are

miliar with the variety of assays available for
dicating which neurons would be responsive to
‘eatment with GDNF, and the determination of other

Ceptive neurons receptive to GDNF could be performed
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par ki nsofi sm Thi s exanpl e descri bes nethods for cjegt++hg
experinmental Parkinsonismin nonkeys by appropriate adm ngst rﬁté on to thg
ani mal s of the neurotoxin MPTP (1-nethyl-4-phenyl-1,2,3,6 MAR 1337
tetrahydro-pyridine). It al so desciighes net hods for adm n§stering CGDNF t
ani mal s exposed to MPTP in order to alleviate the devel opgent of
Parkinsonisnmifhdumﬁuuﬁuenﬁxperimentatidn /kﬂﬁaﬂskikmédnﬁn

treated with NPT s ’Fﬁﬂ@zaé tﬁ?é‘%\ékﬁ%ﬂ;{ £ss-steel
cannul a may B% |$})é§é¥§?ﬁ nto the ri Iateral Vertricl e an annected to
a subcut aneoaswgfesﬁ?ﬁalfé?ﬁ%&ﬁ%t? (Rtettiogvelhedri ni punp
contains GCONEn@d pedtois DaNCRNtdadh WS ﬂ{oéé &?@ S &?néi dieldd/ €

control. The pu dellver\%e %}é I/hfor tj!} s ater t he
cannul a- punpip nptaf=® i terne)the Df 0.6
sites for GDNF throuqhout the nervous system. Thls
information would allow one skilled in the art to
determine the neuronal types likely to be responsive to
GDNF, which would in turn suggest the appropriate
clinical indications for this protein. Suitable cell

culture and animal experiments could then be run to
determine the likelihood that GDNF would be useful in
treating such indications.

Purified GDNF isolated from B49 conditioned
medium has also been shown to promote the survival of
parasympathetic and sympathetic nerve cells in
cultures. These results are described in detail in
Example 4.

Because it is possible that the neurotrophic
function of GDNF is imparted by one or more discrete
and separable portions, it is also envisioned that the
method of the present invention could be practiced by
administering a therapeutic composition whose-active
ingredient consists of that portion (or those portions)
of GDNF which controls (or control) GDNF neurotrophic
function.

The therapeutic or pharmaceutical composition
of the present invention is preferably administered
Parenterally by injection or directly into the cerebral
spinal fluid (CSF) by continuous infusion from an
implanted pump. Also, other effective administration
forms, such as parenteral slow-release formulations,
inhalant mists, orally active formulations, or
Suppositories, are also envisioned. Also,
administration in connection with one or more agents
Capable of promoting penetration of GDNF across the
blood-brain barrier is envisioned. One preferred
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inplant, aninmals are perfused with saline and the brain rjapidly renovef.

The brain is dissected on ice and punches of tissue ar ezp)ﬁeMARrﬁg’it ne

caudat e nucl eus and putanmen. The subggantia nigra is pliaded in fixative.

The caudat e-putanen tissue is analyzed by HPLC- EC for nTTTe TheE
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i mrunor eactivity, 4 Ea ELLEcaCﬁ of GE%E. gigeneratlon of nigral
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caudat e/ put anparecdese,egpshi aenkatiPackahsO8Fsmmay also be used. In
one preferred embodiment it is envisioned that the
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carrier and the GDNF constitute a physiologically-
compatible, slow-release formulation. The primary
solvent in such a carrier may be either agqueous or non-
aqueous in nature. 1In addition, the carrier may
contain other pharmacologically-acceptable excipients
for modifying or maintaining the pH, osmolarity,
viscosity, clarity, color; sterility, stability, rate
of dissolution, or odor of the formulation. Similarly,
the carrier may contain still other pharmacologically-
acceptable excipients for modifying or maintaining the
stability, rate of dissolution, release, or absorption
or penetration across- the blood-brain barrier of the
GDNF. Such excipients are those substances usually and
customarily employed to formulate dosages for
pérenteral administration in either unit dose or multi-
dose .form or for direct infusion into the CSF by

- continuous or periodic infusion from an implanted pump.

Once the therapeutic composition has been
formulated, it may be stored in sterile vials as a
sclution, suspension, gel, emulsion, solid, or
dehydrated or lyophilized powder. Such formulations
may be stored either in a ready to use form or
requiring reconstitution immediately prior to
administration. The preferred storage of such
formulations is at temperatures at least as low as 4 C
and preferably at -70C.

Preferably, the manner of parenterally
administering the formulations containing GDNF is via a
Subcutaneous, intramuscular, intrathecal or
intracerebral route. To achieve the desired dose of
GDNF, repeated daily or less freguent subcutaneous or
intramuscular injections- may be administered, or GDNF
May be infused continuously or periodically from an.
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-71- in this nonkey nodel. There are several experinentgl{indications
that GDNF may prevent or reduce the severity of this neuronalﬂdﬁ@ﬂﬂbﬂ!ﬂidn.
For exanple, GDNF may prevent the | oss of TH positive neryejcell bodies ifn
the substantia nigra. This indicates Sparing by GDNF of njgral dopam nerg 3

fOMPTP. ~ GDNF may al sh_prevent the |.0sd

nerve cells fromthe toxic effects ©

of TH positive fibers g e c / T dj e |

GDNF of the a}X@RAR™ EFOchbpons%gg %ﬁ%eﬁ%§§§|°ﬁog%%%h§ g?gin§ﬁ§§ﬁ% on1the
toxic effectsp@brﬁﬁtﬁkIGBNFCWeraMQGEEEeoén?DHﬁelhotbeofOUEphntn@ncontent
in the caudate/ putaaea. oFNhamiRdse2hesonPaLLAY

To achieve the desired dose of GDNF to

dopaminergic and other damaged nerve cells whose cell
podies are within the brain and spinal cord, it is
contemplated that GDNF will be administered into the
prain or spinal cord subarachnoid space or
intracerebroventricularly. Administration can be
continuous or periocdic and be accomplished by a
constant- or programmable-flow implantable pump or by
periodic injections. Administration can also cccur in
conjunction with agents that allow GDNF to penetrate
the blood-brain barrier.

It is also contemplated that certain
formulations containing GDNF are to be administered
orally. Preferably, GDNF which is administered in this
fashion is encapsulated. The encapsulated GDNF may be
formulated with or without those carriers customarily
used in the compounding of solid dosage forms.

" Preferably, the capsule is designed so that the active
portion of the formulation is released at that point in
the gastro-intestinal tract when biocavailability is

"maximized and pre-systemic degradation is minimized;
Additional excipients may be included to facilitate
absorption of GDNF. Diluents, flavorings, low melting
point waxes, vegetable oils, lubricants, suspending
agents, tablet disintegrating agents, and binders may
also be employed.

Regardless of the manner of administration, the
Specific dose is calculated according to the
approximate body weight or body surface area of the
Patient. Further refinement of the calculations
Necessary to determine the appropriate dosage for
treatment involving each of the above mentiocned
formulations is routinely made by those of ordinary
Skill in the art and is within the ambit of tasks
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with appropriate dose-response data.

In one embodiment of this invention, GDNF may
se therapeutically administered by implanting into
satients cells capable of synthesizing and secreting a
siologically-active form of GDNF. Such GDNF-producing
-ells may be cells that are natural producers of GDNF
(analogous to B49 cells) or they could be cells whose
ability to produce GDNF has been augmented by
:ransformation with the GDNF gene in a form suitable
for promoting its expression and secretion. In order
:o minimize a potential immunological reaction in
’>atients from administering GDNF of a foreign species,
it is preferred that the natural-GDNF-producer cells be
°>f human origin and produce human GDNF. Likewise, one
vould transform cells to express human GDNF using an
:xpression construct coding for human GDNF by methods
inalogous to those used in Examples 5 and 6 below.

Cells capable of naturally secreting human GbNF
xay be identified using the following tools: (1)
Jligonucleotides representing a portion of the
lessenger RNA for human GDNF or complementary to a
ortion of the messenger RNA for human GDNF may be used
:0 discover cell lines producing the human GDNF message
Y Northern blot analysis, RNase protection, in situ
lybridization, the Polymerase Chain Reaction, or other
‘'elated methods; or (2) Polyclonal or monceclonal
Intibodies that recognize human GDNF may be used to
liscover cell lines whose extracts or conditioned
‘ulture medium contain GDNF protein by Western blot
thalysis, ELISA assay, radioimmunological assay, or
'ther related methods. A preferred strategy is to.
‘Creen the conditioned culture medium from a series of



nerve cells
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A. Purified GDNF oronotes the survival of parasynpathetic lagd synpathetic
in culture: 1. Assay for neuronal survijval g g
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cells of human origin with antibodies to human GDRF Dy
the methods of (2) above to discover cells secreting
GDNF into their culture medium. Confirmation of the
GDNF so produced would come from purification and émino
acid seguence analysis, as performed with the GDNF
produced by B49 cells and secreted into their culture
medium. Example 7 below describes the production and
jsolation of antibodies to human recombinant GDNF.

Cells naturally secreting or cells transformed
to secrete human GDNF may be used to treat patients.
Human or non-~-human animal cells may be implanted in
patients in semi-permeable polymeric enclosures to
allow release of GDNF, but prevent destruction of the
cells by the paﬁient's immune system. Alternatively,
the patient’s own cells, transformed to produce GDNF ex
vivo, could be implanted directly into the patient
without such encapsulation.

The methodology for the membrane encapsulation
of living cells is familiar to those of ordinary skill
in the art,. and the preparation of the encapsulated
cells and their implantation in patients may be
accomplished without undue experimentation. See, U.S.
Patent Numbers 4,892,538; 5,011,472; and 5,106,627,
each of which is specifically incorporated herein by
reference. A system for encapsulating living cells is
described in PCT Application WO 91/10425 of Aebischer
et al., specifically incorporated herein by reference.
See also, PCT Application WO 91/10470 of Aebischer et
2l.; Winn et al 1991 Exper. Neurol. 113:322-329;
Aebischer et al. 1991 Exper. Neurol. 111:269-275;
Tresco et al. 1992 ASAIO 38:17-23, each of which is
Specifically incorporated herein by reference.

In particular, cells secreting GDNF may be
implanted in Parkinson’s disease patients in the
Striatum to provide GDNF to the terminal fields of
nigral dopaminergic neurons and into the nigra to
Provide GDNF to the dopaminergic cell bodies. Such
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pat hogen-free fertile chick enbryo eggs were obtained fr¢m ;
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days, respectiygiywoalid prevent or slow the further degeneration of
the dopaminergic nerve cells.

The present invention includes, therefore, a
method for preventing or treating nerve damage by
implanting cells into the body of a patient in need
thereof; such cells either selected for their natural
ability to generate GDNF or engineered to secrete GDNF.
preferably, the secreted GDNF being human mature GDNF
when the patient is human.

It should be noted that the GDNF formulations
described herein may be used for veterinary as well as
human applications and that the term "patient" should
not be construed in a limiting manner. In the case of
veterinary applications, the dosage ranges should be
the same as specified above. '

It is understood that the application of
teachings of the present invention to a specific
problem or environment will be within the capabilities
of one having ordinary skill in the art in light of the
teachings contained herein. Examples of representative

"uses of the present invention appear in the following
examples. .

EXAMPLES

Example 1: Purification and seguencing of GDNF.

This example describes methods for the biocassay
and purification of GDNF. It also describes methods
for preparing the B49 cell line conditioned medium that
is the starting material for purification. Methods for
Obtaining amino acid sequence of purified GDNF and
bPartial amino acid sequences obtained from the purified
Protein are also described.
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38C in a humdified atnosphere. The ganglia were chem cal lly @g+sseet+atet
exposure first to Hanks' Bal anced Salt Sol ution w thout dlvalﬁgb ﬁ@h‘@
cont ai ni ng 10mM HEPES buffer pH 7.2 for 10 mn at 37[err] @, gf
exposure to a solution of O. 125@6ba§totryp3|n 1: 250 (Difcqg, Detroit,..
M chi gan) in Hanks' Bal anced Salt S8fGtion nodified as abdve for 12 mn at
37[err]C TryES| maztzgrllcaqgvas TSP @ 0 a‘?-ﬂ:ﬂ'rta't%nw%f o iy SAReser o8
final concent on o0 Af t'e is treatment, ganglla wer e
transferred twlldefoli@d 'ori*lddﬁsqrbtpaﬁd‘rofmml Pedesss shes fjiasoosd Ivbdi f i ed
Eagl e Medi um witddts hierdd Haat & iemal aibenidalo%d et @ Calduiser we.and 10nM
HEPES, pH 7.2 and were nechanically di ssoci at ed by trituration
approximately 10 tinmes through a glass Past eur plpet mhose openi ng had been
fire polishedg andsicoste ] 200 i) pice meSireit idyii d tadtdold tdeseconds to

fill the pipet. The di ssoci at ed ganglla were then plated in culture
medi um (Dul becco's Modified Eagl e Medi um
Culture conditions: Dissociated mesencephalic

Eell cultures were prepared as previously described
(Friedman and Mytilineou 1987 Neurosci. Lett. 79:65-

72), with minor modifications. Briefly, rostral
mesencephalic tegmentum from brains of Sprague-Dawley
rat embryos, at the 16th day of gestation, were
dissected under the microscope in sterile conditions,
collected in ca?- and Mgb- free Dulbecco’s phosphate
buffered saline (Gibco, Gaithersburg, MD) and
dissociated mechanically by mild trituration. The
cells were plated in 100 pl per well onto 16-mm
diameter tissue culture wells (Falcon, Lincoln Park,
NJ, 24-well plate) containing 400 ul medium to give a
density of 2.5-3.5 x 10° cells per well. The culture
wells had been previously exposed to 0.1 mg/ml solution
of poly L-ornithine in 10 mM sodium borate, pH 8.4, for
3 hours at 37°C, washed 3 times in milli-Q H,0 and.once
in Earle’s balanced salt solution (Gibco). The feeding
medium (10/10) consisted of minimal essential medium
(MEM, Gibco) supplemented with glucose (33 mM), sodium
bicarbonate (24.5 mM), glutamine (2 mM), HEPES (15 mM),
Penicillin G (5 U/ml), streptomycin (5 ug/ml), 10%
heat-inactivated fetal calf serum (Gibco) and 10% heat
inactivated horse serum (Gibco). The cultures were
kept at 37°C in a water-saturated atmosphere containing
6.5% CO,. After 3 hours, when most of the cells had
adhered to the bottom of the well, the medium was
replaced with 500 pl of fresh medium. At this time, a
Serial dilution of the sample to be assayed for GDNF
iIctivity was added to each well in duplicate and the.
>lates were incubated in the 37°C incubator. After a



Suppl enmented with 10%fetal calf serum 4mM gl utam ne, 60 REMEMEIN“ SHE:ET
25mM HEPES, pH 7.2) in 100 mm -73-

di aneter tissue culture dishes (40 dissociated ganglia per dis HP ??e
hours. This preplating was done in ofder to separate the ngn eurona ce
whi ch adhere to the dish, fromthe netve cells, which do nqt

three hours, LQEKUOEﬁQh%h‘iEhr@ErMérﬁekkéa\é@&efor 24 hours wWith
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gluorodeoxyuridine (13 pg/ml) and uridine (33 pg/ml) to
prevent excessive glial proliferation and subsequently
fed with the above medium without fetal calf serum.

The feeding medium was changed weekly.

.~ Alternatively, chemically defined serum-free
medium was used in which serum was replaced by a
mixture of proteins; hormones and salts. The defined
medium (DM) consisted of a mixture of MEM and F1l2
nutrient mixture (both Gibeco, 1:1; vol/vol) with
glucose (33 mM), glutamine (2 mM) NaHCO; (24.5 mM),
HEPES (15 mM), supplemented with transferrin (100
pg/ml), insulin (25 pg/ml), putrescine (60 uM),
progesterone (20 nM), sodium selenite (30 nM),
penicillin G (5 U/ml) and streptomycin (5 pg/ml). The
osmolarity of the DM was adjusted to 325 by the
addition of milli-Q H,0. (110-125 ml H,0/1). Using
DM, few nonneurcnal cells were evident, by morphology
or by staining for glial fibrillary acidic protein
(GFAP), which is an astrocyte-specific cytoskeletal
protein.' GDNF is active in stimulating dopamine uptake
in both serum-containing and defined media. All assays
reached in the following examples were done in serum-
containing medium.

The functional status of the dopaminergic
neurons may be assayed in these cultures.by measuring
lopamine uptake through specific "scavenger"
-ransporters in the dopaminergic neurons and by
‘ounting the number of neurons positive for the
‘°pamine synthetic enzyme tyrosine hydroxylase using
mmunochistochemistry. The possibility of significant
Ontamination of the cultures with the noradrenergic
furons, which can also transport dopamine and also
°ntain tyrosine hydroxylase, was ruled out by careful
issection and by demonstrating that the dopamine
‘ansporters have the pharmacological profile
\aracteristic of dompainergic, rather than
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col l ection by centrifugation, resuspended in culture medium gng—pratee—++
50 [err]l per well onto half area 96 well mcrotiter tissue CLIture p@g&ﬁg
at a density of 1500 nerve cells per well. The mcrotiter well|s héhs 97
previously exposed to a 1 ng/m solt%on of poly- L-ornithineli ilQoM .
sodi um borate, pH 8.4 overnight at C,.washed in distilldd water and
air dried. noradTéﬁefng]lgﬁ?rﬁn§er|B?kﬂ?fﬁ?lﬂﬁF%ﬁet+ﬁeEﬁﬁﬁﬁb +-o—be
assayed for neurephis aohibitgdway GHEERS 0D, emehinteiditeoe dhectd shes
mere |ncubate for 20_h n h a|n|ng
5% CJerr]. 85 ﬁgéﬁg %rézrlc?#a?&nggg%%)é%ours o'?g’sﬁ"rrjie)tl} he
ganglla 15 [qmjglo;péﬁnwellIﬁfcanirssﬁg/ﬁﬁ ééhatléﬁOUfOLﬂemceerazol|un1dye
MIT in Dul beCCOSE ghﬂhnal UEQSQnNDHi{:b?doEaﬁbﬁ‘o%ﬂhé'”%:‘.‘!ﬂﬁ%’zlt ¢ bonate -
cont ai ni ng 104G E , was added and the cultur aced In the
37[err] C i nculraredreBRriRoNPYrORfenlS 75SERIFEE &P %P%%P%ﬁl@ﬁp%ﬂlﬂF'7 n  of
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triturated soh;vge%e%n reported for the monoamine transporter in

dooanlnerglc neurons.

Sample nrenaratlon' Prior to being assayed for

dopaminergic neurotrophic activity in the mesencephalic
cell cultures, all the samples generated from Step 1Ito
step 3 of purification (see Section C below) were
desalted as follows. One hundred pl of the medium
10/10 (as a carrier) was added to a Centricon-10
(Amicon) and allowed to sit for 10 minutes. Aliguots
of the sample to be assayed were added to the
Centricon, followed by 1 ml of Dulbecco’s high glucose
Mddified Eagle medium, without bicarbonate, but
containing 10 mM HEPES, pH 7.2 (solution A), and
centrifuged at 5,000 Xg for 70 minutes. The retentate
{about 0.1 ml) was brought back to 1.1 ml with fresh
solution A and reconcentrated twice. The sample was
filtered through a 0.11lum Ultrafree-MC sterile Durapore
unit (Millipore, Bedford MA) prior to being added to
the culture well.

>H-dopamine uptake: Uptake of tritiated
dopamine (’H-DA) was performed in cultures at day 6 or
day 7 as described previously (Friedman and Mytilineou
(1987) Neurosci. Lett. 79:65-72) with minor
modifications, and all the solutions were maintained at
37°C. Briefly, the culture medium was removed, rinsed
twice with 0.25 ml of the uptake buffer which consists
of Krebs-Ringer’s phosphate buffer, pH 7.4, containing
5.6 mM glucose, 1.3 mM EDTA, 0.1 mM ascorbic acid and
0.5 mM pargyline, an inhibitor of monocamine oxidase.

The cultures were incubated with 0.25 ml of 50 nM ’H-D2
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break open the cells and suspend the dye. The absorbance of $7Pnm was
determned relative to a 690nmreference for each well usingfa alﬁwltﬁo
mcrotiter plate reader (Dynatech, Chan +Ily, Virginia). Thej apsorbance o?

wel I's whi ch had not received any neurottophic agent (negative Controls) was-

subtracted fromthe a b a t ng wells ﬂ esultin
agsorbance i s prdﬂéVtEBﬂ;?g ﬁ?%& %ﬁggbgsegg q@?hdgce7$g 1% %gE%:aETT%“g”‘*”W'
defined as those sger y®@ méhhitesaptbbe”6f riﬁhﬂﬁnﬂpﬂﬂh@ e, th@pm@nber of
trophic units of nggggﬁéoggéclﬁg%bgtggan Qﬁféngﬁhaée$?§ §@ﬁj of the

dilution that gavé& f maxi m surV|va of nerve ce eC|
activity was ¢ashed twice with 0.5 ml of the uptake buffer In

,rder to release *H-DA from the cells, the cultures
sere incubated with 0.5 ml of 95% ethanol for 30 mi
37;c, and then added to 10 ml of EcolLite (ICN, Irvii
-p) and counted on a scintillation counter. Blank

salues were obtained by adding to the uptake buffer
aM GBR-12909 (RBI), a specific inhibitor of the higi
affinity uptake pump of the dopamine neurons (Heikk:
et al. 1984 Euro J. Pharmacol. 103:241-48) and were
usually less than 5% of the 3H-DA uptake in untreate

control cultures. The number of trophic units (TU)
GDNF activity was defined as the reciprocal of the
dilution that gave 50% of maximal stimulation of the
34-Da uptake of the culture. Specific activity was
determined by dividing the number of TUs by the amoul
of protein present in the sample.

C. Purification of GDNF.

Starting material: B49 glioblastoma cells
obtained from D. Schubert, Salk Institute, La Jolla,
CA. (See Schubert et al. 1974 Nature 249:224-27) we
grown to confluence in DMEM medium containing 10% fe
calf serum, 4 mM glutamine, 50 U/ml penicillin-G and
BKg/ml streptomycin in culture flasks (225 cm?, Costa:

Cambridge, MA).  The serum-free growth-conditioned
medium (CM) was prepared by washing the culture once
With 10 ml of serum~free medium and then placing the
Cells in 50 ml per flask of serum-free medium for 2
days. cM was collected, and the cells were replenis
With fresh serum-free medium every 2 days thereafter
uUntil day 6. The combined CM of 3 harvests from eac
bateh of cells was centrifuged at 5,000 xg for 20 mi
8T 4°C to remove cells and debris. The supernatant
Concentrated approximately 10-fold via Amicon
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-74 - determ ned by dividing the nunber of trophic units

protein present in the sanple. Results As |IIu tr |
Figure 15, purified GDNF pronotes the survival in culture ¢f lf’éeﬂ”& %97
par asynpat heti c nerve cells from claigek enbryo ciliary gangl}i &...As

illustrated in Figure 16, purified GDONF al so pronotes the
cul ture of symmammefml%ewrmbn‘arm @Anc ke earthr iy gmdpett

gangli a. é§ dj cat e fhatg L@g\iﬁ.‘ r?t f%?aé" redgy factor

for parasyrrpé‘ihfecflc a synp at etlc neur ons. , may be useful in
treating var¢gtsudlor®e? of ¥EFre b t%ﬂ%%&qﬁﬂdﬂm Y¢ignces)

and could be stored at 4°C for up to one month.
Step 1. Heparin Sepharose Chromatogravhy: The

above preparation (200 mg of protein) was loaded onto a
column (1 x 25 cm) of Heparin Sepharose CL-6B
(Pharmacia, Piscataway, NJ) equilibrated with 50 mM
NaPi buffer, pH 8.0, containing 0.15 N NaCl (buffer A).
The column was then washed with the same buffer until
the optical density at 280 nm (0.D,,) of the effluent
returned to baseline and eluted with a 100 ml linear
gradient running from buffer A into 50 mM NaPi, pH 8.0,
containing 1.5 N NaCl (buffer B). Two ml fractions
were ‘collected. Fractions were analyzed for
conductivity and the GDNF activity. Figure 1 shows
such a chromatography. The profile of eluted proteins
is plotted as 0.D,,. Superimposed are plots of the
conductivity and GDNF activity measured in each
fraction. The fractions indicated by the bar with peak
GDNF activity (around 0.6 - 0.8 N NaCl) were pooled for
further analysis. '

Step 2. FPLC Superose Chromatographv: The
above pool was concentrated to 0.4 ml via Amicon
concentrater (Amicon, Beverly, MA, YM10 membrane) and
chromatographed on a fast protein ligquid chromatography
(FPLC) Superose 12 column (Pharmacia) in 50 mM NaPi
buffer, pH 7.4, containing 0.5 N NaCl with a flow rate
©f 0.5 ml/min.. After 14 min of elutieon, fractions of
0.5 ml were collected into siliconized microfuge tubes
containing 5 pul of 0.4% Tween 20. Aligquots from each
fraction were analyzed for GDNF activity. Figure 2
shows such a chromatography with the protein profile
traced at 0.D,5 a@nd with the GDNF activity pattern
SUperimposed. 85% of the GDNF activity loaded on the
Column was recovered in fractions #12-15.
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Ha d § sy Cbnstrggtlon ﬁ reconbi nant pl asmi ds
for COS cell exph&sSfohn® 2CiAILARABAFBRLARL BRY 1°39RE 2WEP 2 rBYTENY of
pBl uescri pt SK g@elAqbaporenRarmsotaesen2veEs€DNEasedHPDcsequemne was

subcl oned |nto(gggwgaasnld ﬁtOAPPIIed Biosystems, San Jose, Ca),

2.1 x 220 mm, and eluted with an H,0/0.1% TFA: 80%

acetonitrile/0.085% TFA gradient. Protein containing
fractions were collected manually into siliconized
microfuge tubes based on the UV absorption at 214 nm.
Aliquots from each fraction were analyzed for GDNF
activity. Figure 3 shows such a chromatography with
the protein profile traced at 0.D,,, and with the
activity pattern in the lower panel. Fractions 5 and 6
contained about 90% of the activity recovered in RP-
HPLC, while fraction 7 accounted for the remaining 10%
of the activity. Figure 4 shows a silver stained SDS-
PAGE gel run of the fractions around the GDNF activity
peak shown in Figure 3.

' Step 4. Preparative SDS-PAGE: Fractions 5 and
§ containing the peak GDNF activity were pooled and -
concentrated to 20 pl in the presence of 10 pl of 0.4%
T'ween 20 on a speed vac. Added to the sample were 1 pl
°>f 1 M Tris base and 5 pl of 0.2 M Tris-HCl, pH 6.8,
sontaining 40% glycerocl and 5% SDS, and run on non-
reduced 15% SDS~PAGE (Laemmli 1970 Nature 277:680-684)
(slab of 0.075 x 14 x 11.5 cm, 20 well-comb, 0.075 X
J.4 x 2.8 cm/sample well). Electrophoresis was
*onducted at 10°C at 40 mA/gel for 2 hours. The gel
5trip was sliced into 1.14 mm slices. Each slice was
Ut into 2 smaller pieces and eluted with 3 seguential
*hanges of 25 p1 5 mM NaPi, pH 6.7 containing 0.01%
(ween 20, over a 20 hour period with continuous rocking
1T 4°C. The 3 aliquots of eluted material were
*Ombined, assayed for GDNF activity (Figure 5), and the
*luate with highest activity (from gel slice £16-23
“Orresponding to 30-42 kD in Figure 5) was pooled. A
’lank gel strip (on top of which was loaded only the
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transi ent expression of cloned genes in cells expressing SVv4D T anti gen,
such as COS cells. The DNA sequence of the GDNF cDNA | F)duMARLI8S7
(SEQ ID NO 3) and restriction endonucl ease mapping identified a Sma

fragnent delineated by one Snal site™30-
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Step 5. RP-HPLC: The pooled gel eluent was
concentrated to about 150 pl on a speed vac, acidified
with 20 gl of 25% TFA and run on RP-HPLC as described
in Step 3. Protein containing fractions were collected
manually into siliconized microfuge tubes, based on
0.D,, and assayed for GDNF activity. Figure 6 shows
the results of such chromatography. As a control, the
eluent from similarly sized blank gel slices was also
run on RP-HPLC. The only significant 0.D

5, Peak in the
sample above the control profile (Figure 6, panel A vs.
B) is peak 3, which contains 70% of the GDNF activity
loaded on the HPLC column. Figure 7 shows peak 3 run
on a silver-stained SDS-PAGE gel. The only visible
stain is a very -broad band between 30-42 kD, coinciding
with the GDNF activity profile observed in preparative
SDS-PAGE (Figure 5). The summary of a typical

purification is given in Table I.

D. Amino acid sequence of purified GDNF.
Amino-terminal seguence: Peak 3 in Figure 6
was sequenced with a gas phase protein segquencer )

- (Applied Biosystems). The sequence obtained is givén
in Figure 8. Sequencing of fractions with the peak
GDNF activity after step 3 of the purification
(fractions 5 and 6 in Fig. 3) also revealed a single
Sequence, identical to that in Figure 8, obtained with
the purified sample. The only material these different
fractions have in common is the material running as a
Smear between 30-42 kDa. Therefore, the contaminating
bands ocutside the 30-42 kD regions seen in silver-
Stained gel of fractions 5 and 6 in Figure 4 could a)
be too small in amount (<1 picomoles) to be sequenced
DY the current technology; b) be related to the 30-42

kD smear band in seguence; or c¢) have a blocked amino-
terminus.
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P distant) |located within the cDNA cl one. approximately 04 Hp 3' to the epd
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Ampicillin- reeentad TIRFRIFHEEA St Kl V1R FRERF afff vz
to the sample were 160 pl of 1% NHHCO; containing 2.5

M guanidine hydrochloride and 1 pg of trypsin, and
incubated overnight at 37°C. The mixture was acidified
with 20 pl of 25% TFA, concentrated to about 150 pl on
a speed vac, and peptides were separated on a narrow
pore Aquapore RP-300 C8 reverse phase HPLC column
(Brownlee column), 2.1 x 220 mm, and eluted'with an
H,0/0.1% TFA:80% acetonitrile/0.085% TFA gradient.
Peptide containing fractions were collected manually
into siliconized microfuge tubes based on the
absorption at 214 nm. Figure 9 shows the results of
such chromatography. Sequence of peak 10 in Figure 9
was determined to be identical to the first 13 amino
acid residues of the amino-terminal sequence of the
untreated protein shown in Figure 8 (SEQ ID NO:1).
Peak 37 in Figure 9 was further treated with CNBr. The
sample was concentrated to 20 pul on a speed vac. Added
to the sample was 70 pl of 90% formic acid and 5 mg of
CNBr, and the sample was incubated in the dark

© overnight at room temperature. This mixture was
concentrateé to 20 pl on a speed vac, diluted with 100
Ll of 0.1% TFA and separated on reverse phase HPLC as
described above. Figure 10 shows the results of such
Chromatography. Peak 1 in Figure 10 was concentrated
to 20 pul in the presence of 5 ul of 0.4% Tween 20 on a
Speed vac. Added to the sample was 100 pl of 1%
NH HCO, and 5 pl of 50 mM dithiothreitol and the sample
Was incubated at room temperature for an hour. The
Mixture was acidified with 10 ul of 25% TFA,
Concentrated to 100 pl on a speed vac and separated on
Teverse phase KPLC as above. Figure 11 shows the
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reconbi nant plasm ds by restriction endonucl ease digestion
el ectrophoresis. Digestion wth EcoRl indicated that nost q§%ppggnﬁm7
contained plasmds carrying the desired insert. D gestion h™ Ba
identified the orientation of the ct®ded GDNF gene relativ 4O
pronoter present in the vector (note the BanH site at position 15 in the
sequence i n FigaudtE3PL SHCR GPFORELPEEABNYer eBESRaPREYS 33-and-
transformants merqquiesan avefl unt hgenanahyskegueneecqeptigupedia) pl asm d,
ternmed pSGh::r F1D7Nﬁ&25rying the GDNF gene in the proper orientation for
It to be expre@%%ﬁ ' NA't'ranscripts initiated at the SV40 pronoter, while
the second contained a plasmd, terned pSGh::rCGDNF-4, carrying the CGDNF

gene in the opEosgﬂgfg%EQQQQEggg;okncyhggh RNA transcripts

Mobilitv on SDS—-PAGE: Withoutlany heat

r

treatment of the sample and under non-reducing
conditions, GDNF runs as a smear band between 31-42 XD
on SDS-PAGE. When the sample is heated at 100°C for 3
min in the presence of reducing agent (4%8-
mercaptoethanol), GDNF runs as discrete multiple bands
petween 20-23 kD. Since about 50% of the biocactivity
joaded onto the gel could be recovered under the former
(non-reducing) but not the latter (reducing)
conditions, GDNF may be a disulfide-bonded dimer and
only active as a dimer. While a single amino-terminus
suggests the GDNF preparation is homogeneous with
respect to the core primary structufe, the smear or
multiple banding pattern is suggestive of a
heterogeneously glycosylated protein.

Specific activity: Purified GDNF had an
estimated specific activity of about 17 trophic
units/ng, which indicates that half—maxiﬁal stimulation
of dopamine uptake occurs at the relatively low
concentration of approximately 60 pg/ml. The specific
activity measured for purified GDNF may be
underestimated somewhat due to partial inactivation of
GDNF during purification by exposure to the acidified
Organic solvents used in RP-HPLC and to the denaturing
conditions in SDS-PAGE.

Specificity of GDNF: GDNF was purified by its

ability to enhance the uptake of dopamine in dopamine
Neurons (Fig. 20A). To determine whether GDNF also
UPregulated another index of survival and/or maturation
°f the dopamine neurons, tyrosine hydroxylase (TH)
immunoreactivity in the mesencephalic cultures was also

Measured. TH is a marker specific to dopamine neurons
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Expression of GDNF in COS-7 cells. Plasm d DNA fr t hese gns?ruct‘
was prepared by the nethod of MIgggpe | ysis foll owed by

.0

in the cultures. The upfegulation of immunofeéctivity
py GDNF could be due to the increased survival of |
dopamine neurons and/or to an increase in production of
TH per dopamine neurons. Purified GDNF added at the
day of plating and cultures examined eight days later
resulted in a tenfold higher number of TH' neurons over
controls without GDNF. If a second dose of GDNF was
added at day 9 and cultures examined seven days later
(16 days in vitro), a similar dose-dependent increase
over control could still be observed (Fig. 20B). Thus,
GDNF could sustain survival of dopamine neurons and/or

increase the expression of the TH gene in mesencephalic
dopamine neurons.

To demonstrate that GDNF exerts a specific
stimulating effect on the maturation and/or survival of
dopamine neurons and not a general action on all
neurons, the responsiveness to GDNF of neurons
containing y-aminobutyric acid (GABA), which are also
present in mesencephalic cultures, was analyzed. H-
dopamine (*H-DA) and "“C-GABA uptake were measured in
sister cultures of mesencephalic cells which had been
grown with various concentrations of GDNF for 15 and 16
days, respectively. As described above, GDNF enhanced
the 3H-Da uptake capacity of mesencephalic dopamine
neurons ~150% over control without GDNF (Fig. 21A4).
However, GDNF had no significant effect on the capacity
of GABA neurons to take up “C-GABA since the “C-GABA
Uptake in the presence of GDNF was only ~-20% higher
than that of the control (Fig. 21B). This is also
illustrated by the increase in the >H-DA/'“C-GABA uptake
fatio calculated (Fig. 21C). These data indicate that
dopamine and GABA mesencephalic neurons respond
differently to the presence of GDNF and the stimulating
effect of GDNF on ’H-DA uptake in mesencephalic

Cultures is specific for dopamine as contrasted to GABA
Neurons.
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density centrifugation (Maniatis et al., supra). This DNA TTanstected”
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demonstrate that the effects of GDNF are at least

partlally specific for dopaminergic neurons, since GABA
neurons are not similarly affected.

In addition to dopaminergic and GABAergic
neurons, there is another neuronal population,
serotonergic neurons, in the rat embryo mesencephalic
cultures. Some factors, such as epidermal growth
factor (EGF) that increase dopamine uptake by

"dopaminergic neurons in mesencephalic cultures, also
increase serotonin uptake by the serotonergic neurons
and GABA uptake by GABAergic neurens. See, Casper et
al. 1991 J. Neurosci, 30:372. This indicates that
these factors are not specific for dopaminergic
jeurons. |

In contrast, GDNF fails to increase the uptake
>f serotonin by the serctonergic neurons. S>H-serotonin
ptake was measured in the same manner as for SH-DA
Iptake as described in Example 1B, except that tﬁa
\ptake buffer contained 50nM 3H-serotonin (11 Ci/mole,
mersham, Arlington Heights, IL) instead of 3H-DA. 1In
‘he presence of 10uM citalpram (obtained from Dr. C.
lytilineou, Mount Sinai School of Medicine), a known
wotent inhibitor’of serotonin uptake in serotonin
-eurons, the 3H-serotonin uptake was reduced to 15%.

©ntrol values in the presence of citalpram were
ubtracted from experimental values shown in Figure 24.

In contrast to non-specific factors like EGF,

DNF fails to increase GABA uptake (Figure 21) and
€rotonin uptake (Figure 24) under conditions in which
Opamine uptake is increased significantly. These and
he results described above indicate that GDNF is



AEFLAVEMENT oRECT

i

supernatant was renoved and the cell pellets wer e st

rgd at
-80[err]C The CM was concentrated 30-fold on Centri
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concentrators and assayed for bioactivity. The cell pellets mergpsomﬁga?gd

erT vt PVBE— 1
| ysates were centrifuggqd at 14, 000 xg

Ln 500 [err]l 10 mM EDTA, pH 7.0, p$ss 1 mM benzam di ne, 10
mM E-am no-N- caproic acid. The cel

for 5 m nutegpapdfibefsupavpahanesgassagetonsr ibi bhet mesepcephallic
cultures when compared to the GABAergic and
serotonergic neurons present in the same cultures.
such specificity enhances the usefulness of GDNF for
treating Parkinson’s disease, which is considered to be
a disease specific to the mesencephalic (nigral)
dopaminergic neurons.

Example 2. Cloning of the gene for GDNF.
A. Cloning of a cDNA Copy of the Rat Gene that Encodes
GDNF .

p—2

In order to clone the gene encoding GDNF, a
cDNA library was constructed from poly A" RNA isolated
from B49 cells, and this library was screened with a
degenerate oligonucleotide probe based on the amino
acid sequence obtained from purified GDNF. A cDNA
clone that hybridized to this probe was determined, by
DNA sequencing, to contain DNA sequences that are
located 3' to the sequences used in the degenerate
oligonucleotide probe, that encoded an amino acid
sequence present in GDNF and located carboxyterminal to
the amino acid sequence upon which the screening oligo
probe was based. .

Culture conditions for the B49 cell line are
described in detail in Example 1 above. For RNA
preparation, cells were grown to near confluence in
serum containing medium, washed once in serum-free
medium (DMEM) and grown for 4 days in DMEM with one
medium change after 2 days. The cells were then
harvested and total RNA extracted by the method of
Chomczynski and Sacchi 1987 Analytical Biochemistrv
162:156-159. Poly adenylated RNA was prepared from
this total RNA by passage over an oligo dT cellulose
affinity column as described by Maniatis et al. 1989
dolecular Cloning 2nd Edition, CSH Press.

Synthesis of cDNA was carried out using M-MLV
WaseH reverse transcriptase (Bethesda Research Lab,
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poly A+ RNA. 5Second strand synthesis was directed by
£, coli DNA polymerasel, E. ccli RNaseH, and E. coli
DNA Ligase (all from BRL) according to the vendor’s
protocol. To facilitate cloning, the cDNA was treated
with T4 DNA polymerase (BRL) to produce flush ends and
methylated with EcoRI methylase (BRL). These steps
were performed in accordance with protocols supplied by
the enzyme vendor. The cDNA was then extracted two
times with one volume of a 1:1 mixture of phenol and
chloroform and the aqueous fraction precipitated with
1/2 volume of 7.5 M NH,Ac and 3 vol of ethanol at room
temperature. The precipitate was recovered by
centrifugation for 15 min at room temperature, at
16,000 xg, washed with 70% ethanol, vacuum dried and
resuspended in 50 pl, 50 mM Tris-HCl (7.6), 10 mM
MgClz, 1 mM ATP, 1 mM DTT, 5% PEG8000, containing 500
picoimole phosphorylated linker (CCCGAATTCGGG,
Pharmacia) (SEQ ID NO:9) and 3 units of T4 DNA ligase
(BRL). Linker ligation was carried out at 16°C '
overnight (~ 16 h). The reaction mixture was extracted
with phenol/chloroform and precipitated as above. The
washed pellet was dried and resuspended in 50 pl EcoRI
digestion buffer (100 mM Tris-HCl (7.5), 5 mM MgClz, 50
mM NaCl and 0.025% Triton X~-100) to which 400 units of
ECORI (New England Biolabs, Beverly, MA) was added.
The reaction was incubated at 37°C for 2 h. Following
Precipitation (as above) the pellet was resuspended in
EcoRI digestion buffer and a second round of EcoRI
digestion was performed as described above. This
Feaction was precipitated and resuspended in 40 gl 10
MM Tris-HCl (8.0), 1 mM EDTA, 100 mM NacCl. This cDNA,
Which now contained EcoRI-digested linkers, was size

fractionated by centrifugation through a sephacryl S-

e




of the GDNF gene in an animal cell results in tHé product
with the biological activities denonstrated for purified

Expression of Human GDNF in E. coli A Construction of al|p aﬁrﬁ (M&Rﬂ
codes for human GDNF Usi ng the sequence i nfor mati n{of the human

GDNF gene (Exanple 2C), synthetic oligonucl eotides PD3 ahd PD4 were nade g
prinmers for the anplification of tdsg-human GDNF gene andlils_ expression

froma plasmd expression vector in E coli. The sequences of

ol i gonucl eot j ges( AL ) BND 2991 wmrd RDANEEQ IIDNG Z)r & exin. PD3: 5'

CGCGGATCCAAT %%T@%%T%%Ea% collected,

ethanol precipitated as above, .and resuspended in 10 mM
Tris-dHCl (8.0), 1 mM EDTA at a concentration of about
0.1 ug/pl.

A cDNA library was constructed in the AZapIl
(stratagene, La Jolla, CA) cloning vector. Typically 1
pg of EcoRI-digested and phosphatased vector arms
(purchased from Stratagene) were ligated to 0.1 ug of
EcoRI linkered cDNA in a S5 pl ligation using about 3
weiss units T4 DNA ligase (NEB) in 50 mM Tris-HCl
(7.6), 7 mM MgCl,, 1 mM DTT, 5% PEG800O0 and 1 mM ATP.
Ligations were carried out at 16°'C overnight.

Ligations were packaged in GigapackII Gold packaging
extracts (purchased from Stratagene) according to the
protocol provided by the vendor. Libraries were plated
for titering and screening on the XLl-Blue host
provided by Stratagene. '

From one such ligation and packaging, about
270,000 plague forming units were plated out on a total
of 12, 150 mm diameter, petri plates. Duplicate
nitrocellulose filter lifts were prepared from these
plates after the ﬁrocedures described by Maniatis et
al. The filters were hybridized to the following 3%p-
labeled degenerate oligonucleotide (SEQ ID NO:7) (I =
inosine):

5' > CCIGATAMACAAGCIGCIGC > 3!
cC G G
This sequence is based on the amino acid sequence
(Figure 8) (SEQ ID NO:1) obtained around the amino-
terminus of purified GDNF (SEQ ID NO:10) as described
in Example 1 above:
Pro~-Asp-Lys-Gln-Ala-Ala-Ala

The oligonucleotide was labeled with 32p derived from
2B-ATP (Amershan, Arlington Heights, IL) using T4
Polynucleotide kinase (Pharmacia or United States
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t he human GDNF gene in the region that .codes for the N
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CGCGGTACCCAGICTCTGGAGCCGA 3! a’i gonucl | Wﬂr
nucl eotides |l ong. The 17 nucleotides at the 3' end are a r
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Biochemical, Cleveland, OH). Hybridization reactions
were carried out in 6X SSPE, 0.1% SDS, 0.1 mg/ml tRNA
(SIGMA, St. Louis, MO), and 2X Denhardt’s (.4 mg/ml
each: ficoll, polyvinylpyrrolidine, BSA fraction V)
reagent, at 50°C overnight (about 16 h). The
nybridization solution contained 2-3 x 10® cpm of
labeled oligo per ml of solution. Following
ﬁybridization, filters were washed twice at room
temperature in 2X SSPE, 0.1% SDS and twice in the same
solution pre-heated to 50°C. The filters were allowed
to air dry and exposed to film for 7 days at -70°C
using intensifying screens.

The developed films were examined to identify
plaques which hybridized to the screening
oligonucleotide. In this primary screen, 24 putative
duplicate positives were identified. Areas of the
library plates corresponding to the positive signals
were excised, resuspended and replated for a second
round of screening via the hybridization procedure
detailed above. In this second screen, 8 of the
original 24 retested as positives, while 16 gave
negative results. These eight positives were plaque
purified through 1 or 2 additional rounds of
hybridization and six of these were subsequently
analyzed by DNA sequencing to determine if they
contained DNA sequences that could encode GDNF.

The phagemid portion of the AZapII phage, which
contains the cloned inserts, is referred to as
pBluescript SK-. pBluescript SK- phagemid was excised
from each of the AZapII recombinants that hybridized to
the oligonucleotide probe. The procedure for in vivo
excision of the recombinant pBluescript SK- plasmid
from the AZapII vector is given in detail by the vendor

‘protocols. Briefly, coinfection of AZapII and an M13

"helper” phage results in packaging of a single-
stranded DNA copy of the recombinant pBluescript within
an infectious M13 virion. When such a virion infects a
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translation initiation codon, ATG so that synthesis of tjure human GDN
will start at the correct amno acid in E. coli The other} nud} §oMAREISIAr
designed to provide other signals deened necessary for g expressi on
E. coli as well as a BanHl endonucl ease restriction site phe y Tor
construction of the GDNF expressi oggpl asm d. A igonucl eotide PDA_|

26 nucl eotides long. The 17 nucleotides at the 3" end are a perfect natch
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1 ng of a [ one cont ai ni pnol es each of
PD3 Thus E. coli XLl-Blue derlvatlves contalnlng the

srescued" recombinant pBluescript SK- plasmid from each
of the eight positive AZapII clones were readily
obtained following the protocols described by
stratagene and employing the "helper" phage provided
along with the AZaplI vector.

For DNA sequencing, double-stranded plasmid DNA
was prepared from six of these recombinant plasmids by
a "mini-prep" procedure based on Birnboim and Doily
1979 NAR 7:1513-1523. DNA sequencing reactions using
the dideoxy-chain terminating method were performed
using these templates and thé screening cligo as the
primer. Reagents for sequencing were obtained from
United States Biochemical as a kit (Sequenase Version
2.0) and sequencing procedures were carried out
according to the protocols provided by the vendor. One
clone, pBluescript SK-76.1, derived from the clone
AZapIl76.1 gave the following sequence (SEQ .ID NO:11):
5' > GAG AGG AAC CGG CAA GCT GCA GCT GCC AGC cca > 3!

- T AA TA T A T

This sequence can be translated to give the following
amino acid sequence (SEQ ID NO:12):

Glu-Arg-Asn-Arg-Gln-Ala-Ala-Ala-Ala-Ser-Pro
which matches the amino acid sequence determined for a
region of the amino-terminus of GDNF commencing 5 amino
acid residues carboxyterminal to the end of the amino
acid sequence used to generate the screening
‘0ligo/sequencing primer. This result demonstrated that
the cDNA clone contained in AZapII76.1 must encode a
Portion of, or all of, the GDNF protein purified from
the B49 cell conditioned medium.

B. Nucleotide Sequence of the Region of the cDNA Clong.




and PD4, 20 mM Tris-HO pH8.8, 10 nM KO, 6 nNI(NH[err],'crf‘°"°fr -

mM MgQ [err], and 0.1% Triton X-100. The reaction nixtdﬂ tEﬁtﬁﬁé«HEBT 5
C for 5 minutes, cooled to 44[err]C, and 2 units of Pfy POl yTTEr ase
(Stratagene) was added. The reaction consisted of 30 CYC|eﬁ)BfMﬂ3%h§7r
for 1 mnutes, 95 err]C for 1 ninute and 44 C for 1 mjnygtes T

of the reaction, MgCJ[err] was ad to a final concentjr d&+ef--0f -10—rM
units of DNA pol ymerase | large (1 nowb f ragment (ProAEga) was added an

the reaction, i ncpbat [ &/ T T of "3V
NaAc and 226R8REHTSoE tfé%racéééam#?%ﬁ%mesﬁéﬂ& SHES G Nged at . 12, 000
x g for 15 m nut es The pusdeptidee seHueDRA. théhprécrpttaﬂédbinm‘was

resuspended 00f etpd |5 0fep® M td el ) q,10 mM
MCl [err], éﬂﬁ%lts of BarrHe and 20 units oflmgléglwassgil ncﬁlglat ed at 37[err]C

for 1 hour. Tmﬁ)me‘i%%nﬁﬁ %?“'i‘q\et%cﬁqré‘i?cl%laz’b REN i TRAVINY SoFade er
el ectrophor egkp) t&f o2gh i RgadObds gelafinthdiuiddd ethe amino acid

sequence obtained for the amino-terminus of purified
GDNF and a sequence that is consistent with the
internal peptide derived by cleavage of purified GDNF.
The carboxyterminal 134 amino acids pfedicted for this
ORF comprise the predicted amino acid sequence of the

EN

purified mature GDNF protein. The preceding 93 amino
acids include a potential initiating ATG codon followed
by a putative secretion signal segquence and contain
potential proteolytic processing sites for cleavage of
a precursor or 'pre-pro" form of the protein to
generate the mature, purified form of GDNF described
above in Example 1.

Template DNA for sequencing reactions included
single-stranded and double-stranded versions of the
plasmid pBluescript SK-~76.1 DNA. Double-stranded DNA -
was prepared from cultures of XLl~Blue (pBluescript SK-
76.1) by a "boiling prep" procedure (Anal. Biochem
114:193:97) and band&d in a CsCl density gradient.
Single-stranded template was produced by infection of
XLi~-Blue (pBluescript SK-76.1) with a "helper™ M13
phage supplied by the vendor (Stratagene) using the
relevant protocols supplied along with the phage.
Single~stranded oligonuclectide primers of 15 to 23
Mucleotides in length were synthesized on an Applied
3iosystems (Foster City, CA) DNA Synthesizer, model
3J80A synthesizer and generally used without
Purification. The sequence determination was performed
ising the dideoxy-chain termination method. Reagents
Ised were included in the Sequenase Version 2.0 kit
United States Biochemical) and used in accordance with
‘he protocols supplied by the vendor.



-79- wusing an Utrafree-MC Filter Unit (MIIipore). Thi RE
ligated into an E. coli expression vector, pT3Xl -2 (descrj
Ligation conditions were as follows: the total reaction oluggﬁrﬁiﬁ

rr

and contained 10 ng of pT3XI-2 DNA linearized with Kpnl gn
the human GDNF DNA fragnent as deggELbed above, 50 MM Trigs-
mM Mgl 2, 1 mM ATP, g

#

B s o

The nucleotide sequence of the first 877
nucleotides of the 5' end of the cDNA clone AZapII76.1,
which contains the coding sequence for the purified
mature GDNF protein is shown in Figure 13 (SEQ ID NO:3)
along with the inferred amino acid sequence of a 681

B s

pase pair open reading frame (ORF) that is found within
this sequence. The sequence corresponding to purified
mature GDNF starts at position 281 with a serine
residue, and is shown in Figure 14 (SEQ ID NO:4). The
DNA sequence obtained for this region predicts an amino
acid sequence which agrees perfectly with the first 23
residues of amino acid sequence observed at the amino-
terminus of purified GDNF (see Example 1).

Based on an analysis of the gene as depicted in
Figure 13, it is likely that GDNF is initially
translated as a pre-pro GDNF polypeptide and that
proteolytic processing of the signal segquence and the
"pro" portion of this molecule result in production of
the form of GDNF that is purified from B49 cell
conditioned medium. The most likely site of
translation initiation for such a pre-pro form is the
ATG codon that occurs at position 50 in the sequence of
Figure 13 (SEQ ID NO:3).

€. Cloning the Human Gene that Encodes GDNF.

The amino acid sequences of many neurotrophic
factors are highly conserved across a variety of
mammalian species (Hallbddk, et al. 1991 Neuron 6:845-
858; McDonald, et al. 1991 BBA (in press)). As a
consequence of the conservation of the amino acid
Sequences there is considerable conservation of the
Nucleotide seguences of the genes that encode these
Proteins. Therefore, it is generally true that the
gene encoding a neurotrophic factor in one mammalian
Species can cross-hybridize (i.e. form a stable double-
Stranded DNA hybrid) with the genes encoding that
factor in other mammalian species under appropriate



lnNIDTT, 5% pol yet hl ene gl ycol -8000, and 1 unit of T4 DWA_ﬂ
Research Laboratories). The reaction was incubated at 14[er
The vector pT3XlI-2 was constructed in the foll ow ng nmanner}

plasmd for

this construction was plasm d pKK223-3 (Brosi us

purchased from Pharmacia. Plasm d pKK223-3 carries a partjigl gene for

tetracycline resistance. This nondéareti onal gene was repl gced by a comnptete
tetracycline resistance gene carried on plasm d pBR322. P

was di gested cQ npliagetyndithoSphl Bnilspproperty washuBedtto A 4.4 kil obase

he starting

ar 6HMAR. 199284)

s d pKK223- 3

pair fragnment™ mas

| D NO: 23) :
ATCTTAACAGT
d al

o 47 BT s AT RO Lhp SYBLRL! gngdopter (S50

ESGSTCPHATAGTAGC 5 Bgl |
A human genomic library constructed in the

sector AFIXII was purchased from Stratagene (catalog
§946203) and screened using a 3?p-labeled probe derived
grom the rat cDNA clone of GDNF (pBluescript SK-76.1)
jescribed above in Example 2B. The probe consisted of
about 230 bp of coding sequence from the mature GDNF by
gpecific amplification using the polymerase chain
reaction (Saiki et al. 1985 Science 230:1350) and was
produced as follows. A 50 ul or 100 ul PCR reaction
was performed using <lng AZapII76.1 DNA as template and
10-20 pmol each of two oligonucleotide primers based on
sequence from rat GDNF. One oligo was the "screening
oligo" (also termed DHD-21) described in Exanple 2a
above, while the second oligo (DHD-26) (SEQ ID NO:13)
had the sequence:

5' > AAATTTTTIAAIATTTTATC > 3!
GG C G- C G

which is based on the amino acid sequence (Asp-Lys-Ile-
Leu-Lys-Asn-Leu) (SEQ ID NO:14) obtained fro= an
internal peptide product of cleavage of GDNT {see
Example 1). The reaction was carried out in 19 mM
Tris-HCl (pH 8.3 at 25°'C), 50 mM KCl, 1.5 ¥ ¥gCl,, 10
kg/ml BSA (Promega R3961), .2mM each ANTPs (Fzzrmacia),
using 2.5-5 p of Polymerase (USB). The reazz:izn

Consisted of 30 cycles of: 95°C for 1 minuzzs, 23'C for
1 1/2 minutes and 72°C for 1 1/2 minutes. Tiz zrzduct
°f this reaction was observed by agarose gz_
electrophoresis to be about 250 bp which is zzzsiszent
¥ith the positions of the two primers in thz zo¥:
Sequence shown in Figure 13. This unlabelzs frz=—sn=

¥as eluted from the gel by centrifugation w.zz z-
Ultraf_ree-MC Filter Unit (Millipore, Bedfcr:i ¥



-and a 539 base pair fragment of DNA froma d al, Sphl digestREBUMmﬂMENT SHEET

tetracycline resistance gene of pBR322 (PL Bi ochem cals, 27
resulting plasm d was designated pCll. . Next, a Xhol {i
from New Engl and Bi ol abs was inserted into plasmd pCJl's Pvull site to
formplasmd pCIX-1. This insertion disrupts the roD gene wh

91-01). The
k@6 MARCISSZe

contrors -

plasm d copy number. Next, an EcoRl fragment containing theilacl gene was

purified from 9?(%5?‘ goPMR9 (ERbos @fc@&celé%ﬁa am d9sEdPhddt o the

Xhol site WE t o EcoRl daPters g ylinker region in plasmd
pKK223- 3 wam ﬁé?ﬁeﬁﬁﬁFﬁcgﬁR labeling reactl ns employlng the same

¢wo 0ligo primers. These reactions were performed
under identical conditions except that the
concentration of cold dCTP was reduced to 12.5 uM and
5.5 M 3000-5000 Ci/mmol @-3%p dCTP (AMERSHAM) was
added to the reaction. Products of the labeling
reaction were passed over a BioSpin 6 spin column
(BioRad, Richmond, CA). The flow-through from this
column was used as the probe to screen the human
genomic library.

The library was plated out using the E. coli
strain PLK17 provided by STRATAGENE. Twenty-four 150
mm petri plates each containing approximately 50,000
plaques were prepared. Duplicate nitrocellulose filter
lifts were prepared from each plate according to the
procedures described by Maniatis et al. supra. These
forty-eight filters were probed with 250 x 10° cpm of
the PCR probe (denatured by treatment with 0.5 N NaOH)
described above in 250 ml 6x SSPE, 0.1% SDS, 2x
Denhardt‘s reagent, 0.1 mg/ml tRNA and 30% formamide
(USB) at 42°C overnight (~16h). Filters were then
washed twice in 250 ml 2x SSPE, 0.1% SDS at room
temperature and twice in 1.6 1 0.1x SSPE, 0.1% SDS
Preheated to 50°C. The filters were allowed to dry at
room temperature and placed under film for 6 days at -
70°C with intensifying screens. Films were developed
and scored. Six strong duplicating positives were
Observed. Areas of the library plates corresponding to
the positive signals were excised, resuspended, and
Teplated for a second round of screening via the above
detailed hybridization procedure. All six retested as
Positive and were plagque-purified via one additional
Tound of plating and hybridization.

It is a matter of routine operations for one
Skilled in the art to subclone and sequence the segment
°f DNA around the region that hybridizes to the probe,



-80- wth a polylinker contalnlng additional sTttes by c EPLASEN“@H'SHEET
and Pstl (SEQ I D NG 24): AATTCCCGGG TACCAGAT

GITCTGCA3' 3" GEECCC ATGEWCTAGA CTCGAGTGAT
vector so obtained is designated pCIXl -|I. Finally
resi stance gene was replaced with a simlar gene which h
sites for restriction enzynes HAAri 1, BanH , and Sall d stroyed by
bi sul fite mutagenes The fal.l,owi_ng _proc e was used ‘*gEfﬁfE'THE““"
tetracycllaadr t%%ceer“ﬁé'ﬁe et R%? ﬁ%agfh sﬁﬁ%?fe\mﬁg B with

Hondl 1, ngﬁhﬁngqunﬁquﬁuNHI1 §ddeﬁ|bmsurélhameShGDNFegand Bet st ei n,
1983) . The"mit ageni zed INA s, dJeahiRheko har TkChigyl ar BYRsabhen cut with

H ndl 1| tono*
matter to “walk" along the genome and clone overlapping

cegments of DNA around this region to obtain and
csequence any remaining portion of the gene.

The above noted procedures and a variety of
others that would be obvious to one skilled in the art
could be applied to screen other human gene libraries.
For example using the above described probe and
hybridization protoceol, a human cDNA library was
screened that was constructed from A" RNA extracted
from the human putamen. This library, contained in the
cloning vector Agtl0, was purchased from Clontech (Palo
Alto, CA) (catalog #HL1092a, Lot #1561). This library
was plated (£ about 250,000 plagues) on E. coli LE382
(Maniatis et al. supra) at a density of about 20,000
plagues per plate and screened by hybridization under
the conditions described above. Following
hybridization, filters were washed twice at room
temperature in 0.2x SSPE, 0.1% SDS and twice in 0.1x
SSPE, 0.1% SDS preheated to 50°C. Filters were air- .
dried at room temperature and placed under film. After
3 days exposure at 70°C with intensifying screens,
films were developed and 8 duplicate positives were
identified. .

Six AFIX II clone from a human genomic library
were identified by hybridization with a rat GDNF probe
and plagque-purified to homogeneity (see above).

Lysates of each phage were prepared by the method of
Sambrook et al. (Molecular Cloning: A Laboratory
Manual; 1989). DNA was prepared from these clones by
the following procedure: DNAase I (Pharmacia) and
RNAase A (Sigma) was added to 5 ml of each culture to
9ive a final concentration of 1 ug/ml. The solution
Was incubated at 37°C for 1 hour. Then 5 ml of 20%
Polyethylene glycol (Sigma) ,2M NaCl, was added and the
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| i nearize any plasm d that escaped nutagenesis. "E. coli J (ESLACEMENT SHEET
(Yani sch-Perron et al., 1985). Tetracycline-resistant plasm{d re

i sol ated and checked for loss of the Hndlll site in the fe rﬁ%tﬁﬂ'négw
resi stance gene. Successfully nutated .plasm d was designajel.pIl. A siml{an
pr-ocedure was followed to nmutagenigge the BanH site in pT|, yielding
plasmd pT2. Plasmd pT2 in turn was nutageni zed to renpve: |

form ng pl asgri Sk o3 wals Ciredub%tyéd far@gﬂentfoef 1piﬁauc~arrrhegxphegaut at ed
tetracyclin S tlarlcfc ene %s ted a L5s1eq$ to repgﬁ t he

horol ogous ﬁea%qrfé%t e ® futht €t racycline
resi st ance gdene Sthéd Ipreaqmcmuex vad umﬁuspm'ldqsﬂ direi2f0 RAawest MEam of t he
tac pronoter [ lyljn nt ntai ns, anong

ot her &tes“@%qlq{]zasn’d pnl Ares |c§ Ar? '{'ﬁg e&ﬂ“%%l spcl oni ng genes for
expressi on ppefacwed iwith an eﬂu@r e iy |4 gashilorafonme beect or with
the hurman rrgt Y& GRNF £onst rptkaurd &8¢ ldn ¥ rd £ @atd Ifdknol; and -

d. chloroform. Ammonium acetate was added to give a
final concentration of .25 M and the DNA was

precipitated by the addition of 2 volumes of ethanol
and centrifugation at 10,000 x g. The DNA pellet was
resuspended in TE.

DNA from each of the six lisolates was digested
with various restriction endonucleases and the
fragments separated by electrophoresis throﬁgh an
agarose gel (Sambrook et al.). The DNA fraéments were
transferred to two identical nylon membranes
(Schleicher and Schuell) and hybridized with
radiolabeled probes from rat GDNF. In rat GDNF, there
is an Eco Rl site between nucleotides 356 and 357
(following the numbering of Figure 13). This cleaves
within the coding sequence of mature GDNF. To
determine whether the human genomic GDNF clones have a
site at an homologous position, Eco R1 was used as one
of the restriction endonucleases for digesting the
human clones. Specific radiolabeled probes were made
for regions of the gene either upstream (probe 1) or
downstream (probe 2) of the Eco Rl site in rat GDNF.
Probe 1 was 268 bp long and consisted of 14 bp of 5’
Untranslated sequence of rat GDNF and 254 bp of coding
Sequence (amino acids 1 through 85). It was prepared
by amplification of AZap II76.1 DNA using the
Polymerase chain reaction and the oligonucleotide
Primers Ppp1 (GACGGGACTCTAAGATG) (SEQ ID NO:15) and
DHD23 (GCIGCIGC(C/T)TG(T/C)TT(A/G)TCIGG) (SEQ ID
NO:16). The reaction conditions for preparing the
Probe are as described above except that the reaction
Consisted of 30 cycles of: 95C for 1 minute, 50'C for



1
m x was used to transform Epicurian Coli SURE[err] supercoerat amR ?ﬁ?i
cells (Statagene) according to the manufacturer's instructﬂons.
sequence of one of the reconbi nant plasm ds was determ nedjas._descrihbed

t he conpl ete codi ng sequence of the human GDNF gene codi ng -f of—rattH

Tl df IWAIFiIwIR T AT T

Exanpl e 2B. The sequence confirnmed that this plasm d contained
-56~=

; 1/2 minutes and 72°Cc for 1 1/2 minutes. Probe 2 was
195 bp long and consisted of 17 nucleotides of 3’
untranslated sequence of rat GDNF and 178 bp of coding
sequence (amino acids 153 through 211). It was
prepared using the polymerase chain reaction and
oligonucleotide primers LF2 (CGAGACAATGTACGACA) (SEQ ID
NO:l?)and PD2 (CTCTGGAGCCAGGGTCA) (SEQ ID NO:18) and
AZAPII76.1 as the DNA template. The reaction
conditions were the same as for probe 1.

Five of the six Aclones gave identical
hybridization patterns. Probe 1 hybridized to an
approximately 700 bp Eco R1 fragment and probe 2
hybridized to an approximately 2.8 Kb Eco Rl fragment.
The fact that the two probes hybridized to two
different Eco Rl DNA fragments strongly suggested that
the human GDNF gene contains an homologous Eco Rl site.
The 700 bp and the 1.8 Kb Eco Rl fragments were
subcloned separately into Bluescript SK- (Strategene).
Nucleotide sequences of these two fragments were
determined as described in Example 2B. The seguence of
these DNA fragments is shown in Figure 193 (SEQ ID
NO:53). From the sequence it is clear that there is an
intron preceding amino acid 52 of pre-proGDNF..hThere
is no intron in the portion of the gene that codes for
Mature human GDNF. The predicted amino acid sequence
°f mature human GDNF is 93% homologous to mature rat
SDNF. This is approximately the same degree of amino
icid sequence homology found among rat and human
°roteins for other neurotrophic factors (Amino acid
3équence homology between rat and human CNTF is 83%;
icDonald et al. BBA (1991) (in press). Amino acid
’équence homology between rat and human NGF is 95%,
3DNF is 100%, and NT-3 is 100%; Hallbook et al. 1991
leuron 6:845-853).

‘ To obtain the complete human pre-proGDNF
‘®Quence, a radiolabeled hybridization probe may be

'ade based on the sequence of human GDNF already
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B. Expression of human GDNF in E. coli The r econbi ngn
cont ai ni ng DNA sequences encodi ng human GDNF was transfor '
strain JMLO7[err]rMCBOOO5, a T1 resistant variant of JMLO7; (
et al. (1985)), using the CaC[err] nethod described in Sapbrook et al.
(1989). One of the reconbinants_was grown in 50 m of LB nédla ( Sanbr ook et
al.) with 100 [err]g/m anmpicillirn (Sigm) w th shaking at- 37[err\].C

overni ght. The nex a h | tur d d 0 dia with 100
[err]g/n Jopaind % E“nqaﬁﬁk Engd! BT ect@EnthLihAlcBiA) Il%ﬁ:k?; 7{err]C. 20 n
of cells Wﬁﬁg@&gﬁﬂﬂ@ﬁﬁéda5§ EeRrtrFf B§aFPBNPEPCESE86 BRYA; ofheen ninutes. The
pel l et was resusso%r}@eeloltnpéegien@f ahd I&NEEDIAuchZ éf the cells were

di srupt ed ﬂBFﬁﬂ1a gnch Press_Pressur re L& SLgllnstrunents) at 18, 000
psig. The pyspteran&S9¢EHt FPARGEGal2127608 8“? r 15 minutes at 4 [err]C.
The peIIetsqﬁg%ﬂggiu&ngndadw|mna@ nhveEPdAititnhag beenihawnd that rel atively
nor e GDNF

golatlve e coding sequence is known, a
pybrldlzatlon probe that is specific for sequences

pscream of the intron can be made from the rat cDNA
clone and this probe can be used to screen a genomic

3ibrary for clones that contain the 5/ exon(s).

Nucleotide Seguence Encoding the First 50 Amino
Acids of Human Pre-proGDNF

As detailed in Example 2C, there is an intron
that splits the nucleotide sequence corresponding to
amino acid 51 of human pre-proGDNF. In order to obtain
the sequence of this portion of the molecule, a human
.benomic library was screened with a probe derived from
the amino-terminal coding sequence of rat pre-proGDNF
and cne hybridizing clone was sequenced and shown to
contain the coding sequence of - amino acids 1 through 50
of human pre~proGDNF as shown in Figure 22 (SEQ ID
10:8)

For this library screen a PCR probe was
synthesized as described in Example 2C. The
oligonucleotide primers employed were:

PD1 = 5/ > CCCGAATTCGACGGGACTCTAAGATG > 37 (SEQ ID
NO:19)

LFA = 5/ > CGGTGGCCGAGGGAGTGGTCTTC > 3’/ (SEQ ID NO:20)
Conditions for the PCR (both "cold" and 32P-labelling)
Teactions were as described in Example 2B except that
the reaction consisted of 25 or 30 cycles of: 95°C for
1 min., 50°c for 1 % min., and 72°'C for 1 min. The
Product of this reaction contains the first 122 bp of

ratc Pre-prOCDNF coding sequence and 14 base pair 5‘ to
the putative initiator ATG (see Figure 13 'and SEQ ID
NO;v)_

-

Conditions for screening the human genomic



fernmentation is allowed to take place at 42[err]Crather th O,
30[err]C The presently preferred method for obtaini gfﬂhﬁm M SHEET
of GDNF expression in E. coli using the reconbi nant plasmd}d scrlbed in
Exanpl e 6A (in which the coding sequence for human mature dﬂARléSB?l N
the expression vector pT3XI-2) is as _follows. For a 10 1 fe ntatlon a 500
m inoculumis grown in LB nedium (pH 7) containing 15 [errjo/m :
tetracycline at 37[er 2 ff tlcal density
([err]) of betM@éﬁLg MghBQh‘?'ﬁ ggop?t uérlgéjl%13&3%20"1'1%Jﬁ§ nocula%f iF 1 of
growt h nedlun1 ntahﬁlﬁgmelﬁléﬁﬁrtlyﬁE%NM§eQ4£©/id%nkmee&1¢mms 25 g/ |
gl ycerol, é%/%gfégrékﬁﬁgﬁééé]f9r4m£%&ré&ﬂéﬁiﬂFﬁ%ﬁ¥rJeré)Jﬁ%ﬁ of 4:1

[

m xture of Nh gerr]0, and ng/l tetracycline HCL S culture is
grown for ewice for 15 min. in deionized-distilled H,0 heated to

poiling, probed overnight, and washed according to the -
protocol described in Example 2C. The filters were

exposed to film for 3 days at -70°C with intensifying

screens. When developed, numerous duplicate positives

of varying intensities were observed. Twelve

relatively strong positives were picked and 10 of these

were plaque purified by successive rounds of

hybridization under the screening conditions.

The cloned DNAs of these recombinant phages
were analyzed by Southern blot hybridization. Aan
approximately 1000 bp Alul fragment was found to
hybridize to the screening probe and was subcloned into
Smal-digested pBluescript SK~ to produce pBSSK-A3Alul.
This cloned Alul fragment was further subcloned to
facilitate sequencing of the relevant DNA segment.
Purified pBSSK-A3Alul DNA was digested with a series of
restriction enzymes that cleave the vector only once
(within the polylinker region) and the digestion
products analyzed by agarose gel electrophoresis. Two
restriction enzymes (Pstl and SaclI) were thus '
identified that cleaved once within the cloned DNA.
Figure 22 shows a map of SacII and.g§;I sites.

Southern blots revealed that the region of the cloned
Segment that hybridized to the screening probe was
located between the SacII and PstI sites of the cloned
Alul segment. Therefore, for sequencing, two deletion
derivatives of PBBSK-A3Alul were constructed. 1In one
instance the small, about 300bp, Pstl fragment was
deleted as follows: The plasmid was digested with PstI
and the digest was ligated and transformed into E.
€oli. Transformants were screened for those lacking
the small PstI fragment. In parallel, the 300 bp SacIl
fragment was similarly deleted from pBSSK-A3AluI to .



-8 2- approximately 12 to 18 hours at 42[err]C’to optical densities of
approximately 12 to 20 (Alerr]). The pH of the fernentation _ned

at 7.0 and the dissolved oxygen is maintained at 30% of sat REPL sﬂfffh
fermentation, the culture is chilled at 4 C and cells are har
centrifugation. The production of human GDNF fromt hijs pgﬂ "@ﬂﬂ'ms7

descri bed above is not specific t&9this strain of E. coli but jc

produced in any suitable strain. The plasm d has _been trangf to two
ot her strai QEa(ﬁﬂqO“QJﬂ@@8t6?§nF§EHVP§FV8n efNgFe t¥984) and éb%ﬁf@??T

(Stratagene), éﬂl&ﬂﬁﬁld&mﬂhﬁ&&t&th&bﬂsaa ReWpR&@ksi for sequehEiTy

reactlons. Sequencing was carried out as described in

Figure 22 (SEQ ID NC:8) presents 233 base pairs

of the seguence thus obtained. This sequence contains
a region of 151 bp that exhibits a very high degree of
nomology with the first 151 bp of coding sequence for
rat pre-proGDNF; 88% identity at the amino acid level
and 95% identity at the DNA level. Therefore, it is
concluded that this region is part of the exon that
carries the coding sequence of the amino-terminal 50
residues of the human pre~proGDNF and the first
nucleotide of the codon for residue 51. The sequence
immediately 3/ to this 151 bp sequence is homologous to
the consensus sequence for the 5’ end of mammalian
introns ([Shapiro and Senapathy 1987 Nucl. Acids Res.
15:7155~7174]. The sequence immediately 5/ to the
putative initiator ATG shows strong homology to the rat
sequence for 28 bp; 27 of 28 residues are identical.
At this point the upstream sequence diverges sharply.
The sequence around the point of divergence shows
considerable homology ‘to the consensus sequenée.for'thé
3’ end of mammalian introns. (Shapiro and Senapathy,
Supra.) Thus, it seems likely that this is a splice
site although there is no direct evidence for this.
The open reading frame containing human pre-proGDNF
eéXtends at least 27 base pairs upstream of the
initiator ATG. As discussed in the Detailed
Description of Preferred Embodiments above, it is
Possible that other forms of a pre-proGDNF could be
Produced that would contain additional upstream amino
3Cids. These forms might alsc be processed to produce
the mature GDNF molecule that has been purified and
Sequenced (see Example 1).

The nucleotide sequences presented here and in
Example 2C, contain the entire coding sequence for a



band of the correct nol ecul ar weight has been visualized by Coonassie Blue .
staining after el ectrophoresis through a pol yacryl am de gel}. ACEM

al i quot of the resuspended naterial was el ectr.ophoresed thr A-aﬁ“ SHEET
pol yacryl am de gel. The gel was stained with Coomassi e Bludg. {A protein of

t he expected nol ecul ar wei ght for GDNF (15,000 dal tons) wa dbﬁnvﬂunby7| {
the cultures that contained the r20enbi nant human GDNF pl agm;d but not in | f
the cultures that contained vector pT3Xl-2 alone. The recovered proteln masi
subj ected t pyfdraprer®reFONG toag sxhibdggeseitegspvecbomrdsgyatd the first
22 am no aC|ds é? ésﬂgaay@@nwg&@hlgg@tb@@h ggckggs@gu aci d sequence of
human GDNF 8% showd i.n 19, conflrn1ng t hat human F i s _being
correctly exppeassed iip E;%ﬂﬂllan cellref(5i§i Fefa@iRd ehrdalti PrOFUGE

reconbinantag%quglﬂQ@VEDWEQduced in bacteria

xample 3: Use of GDNF to prevent experimental

Earkinsonism.
This example describes methods for creating

experimental Parkinsonism in monkeys by appropriate
administration to the animals of the neurotoxin MPTP
(1-methyl~4~-phenyl-~1,2,3,6 tetrahydro-pyridine). It
also describes methods for administering GDNF to
animals exposed to MPTP in order to alleviate the
development of Parkinsonism in such animals.

A. Administration of GONF in monkevs treated
with MPTP to produce experimental Parkinsonism. A
stainless-steel cannula may be implanted into the right
lateral ventricle and connected to a subcutanecusly-
implanted ‘osmotic minipump (Alzet 2002). The minipump
contains GDNF at various concentrations or its diluent
as a negative control. The pump delivers 0.5 pl/h for
14 days. Two days after the cannula-pump implant,
monkeys (Cebus apella) receive an injectioh of 0.6
mg/Kg of MPTP into the right carotid artery. Six weeks
after the initial implant, animals are perfused with
saline and the brain rapidly removed. The brain is
dissected on ice and punches of tissue are removed from
the caudate nucleus and putamen. The substantia nigra
is placed in fixative. The caudate-putamen tissue is
analyzed by HPLC~EC for dopamine, the substantia nigra
is processed for tyrosine hydroxylase (TH)
immunoreactivity.

B. Efficacy of GDNF. Degeneration of nigral
dopaminergic nerve cells and their axonal projections
Lo the caudate/putamen cause experimental Parkinsonism



Preparation of material for refolding. The E. col transforji
(pT3Xl 2:: huGDNF) was grown to stationary phase at 37[err]C

extract (#0127-01 Difco Laboratories, Detroit, M) and trypt
Difco Laboratories, Detroit, M) based conpl ex nmedium (24
extract, 12 g/L tryptone, 5 g/L glycerol, 1.3 g/L Klerr]HP
KHl err]POJerr], 0.1 m /L Macol 197 0

jn this monkey model. There are several experimental et

indications that GDNF may prevent or reduce the

geverity of this neuronal degeneration. For example,
¢DNF may prevent the loss of TH positive nerve cell
podies in the substantia nigra. This indicates sparing
py GDNF of nigral dopaminergic nerve cells from the
toxic effects of MPTP. GDNF may also prevent the loss
of TH positive fibers in the caudate/putamen. This
indicates sparing by GDNF of the axonal projections of
the nigral dopaminergic neurons from the toxic effects
of MPTP. GDNF may also prevent the loss of dopamine
content in the caudate/putamen. This indicates sparing
from the toxic effects of MPTP by GDNF of the axons and
their dopamine content extending from the nigral
dopaminergic neurons to the caudate/putamen}

Example 4: Biological Activities and Potential Clinical
Indications for GDNF

Purified GDNF increases dopamine uptake by

dopaminergic neurons present in cultures of embryonic
mesencephalic nerve cells in both enriched and defined
culture media, as demonstrated in Example 1. This
indicates that GDNF is a neurotrophic factor for these
dopaminergic nerve cells.. As such, GDNF may prove '
useful in treating the degeneration of these neurons
that occurs in Parkinson’s disease. In addition, GDNF
may prove useful in treating improper functioning of
other brain dopaminergic neurons. Such improper
functioning may occur in schizophrenia and other
disorders requiring treatment with neuroleptics.
A. Purified GDNF promotes the survival of
Barasvmpathetic and svmpathetic nerve cells in culture:

1. Assay for neuronal survival:

Materials

3-[{4,5-dimethylthiazol-2 yl)-2,5~diphenyl-
tetrazolium bromide (MTT) was obtained from Sigma



(4:1), 15 ng/L tetracycline) w thout |PTG inducti®n The cel | g—wese
centrifuged at 16,000xg in a JALO rotor at 4[err]C for 20 m rtRfPMGEMENFfeSHEET
cell paste stored at - 20[err]C The cells were procegsdd as
follows: 5 gmof cell paste was honobgeni zed with 40 ml of 10
7.0 on ice using an OCl Instrunents honogenizer. The slurry Wa IEDBFAM‘W%W
French-pressed three tines at 20,000 jpsi then centrifuged at |36-868xg-in _a
JA 20 rotor for 10 mnutes at 4 C. The supernatant was di scagded and the

pel | et was honogeni zg? gpd ceptriduged wpssahove. h 4%% rﬁﬂm tie

pel l et from t hephesi&Rtract{ on was honbgeni zed Wit
7.4, centrifuged, Apuabbeeed aREPR &Y SkRHER MeRRATA R EEH ddeIarhe Yah et vvas

honmogeni zed wi t 20@% Q£d§9n%a'r$§1t pé‘bﬁdt@lor@rﬁéﬁéqldlg:ﬁﬂ\éd—”ﬁ%xﬂ’“th or
wi t hout additi ofs*30mv

{cap, oeth nol | ed as above and the
super nat ant retpivied. s?h%”sggb?na% 'efcéar%r’ls{i’ gaa*s tHE ¥ %extract. In
the preferred ,qnﬁggnwafe dheained from Costar, Cambridge,

sachusetts. Utility grade pathogen-free fertile

Mas
chick embryo eggs were obtained from Spafas, Roanoke,
fllinois.

Assay

Cultures of primary chick embryo ciliary

ganglia and sympathetic chain ganglia were prepared as
previously described (Collins 1978 Develop. Biol.

§5:50; Manthorpe et al. 1986 Develop. Brain Res.
25:191). Briefly, ciliary or sympathetic ganglia were

removed from fertile, pathogen free chicken eggs that
had been incubated for 8 and 10 days, respectively, at
38°C in a humidified atmosphere. The ganglia were
chemically dissociated by exposure first to Hanks’
Balanced Salt Sclution without divalent cations,
containing 10mM HEPES buffer pH 7.2 for 10 min at 37°C,
and then by exposure to a solution of 0.125%
bactotrypsin 1:250 (Difco, Detroit, Michigan) in Hanks’
Balanced Salt Solution modified as above for 12 min at
37°C. Trypsinization was stopped by addition of fetal
calf serum to a final concentration of 10%.

After this treatment, ganglia were transferred
to a solution consisting of Dulbecco’s high glucose
Modified Eagle Medium without bicarbonate containing
10% fetal calf serum and 10mM HEPES, pﬁ 7.2 and were
Mmechanically dissociated by trituration approximately
10 times through a glass Pasteur pipet whose opening
had been fire polished and constricted to a diameter
Such that it took 2 seconds to fill the pipet.

The dissociated ganglia were then plated in
Sulture medium (Dulbecco’s Modified Eagle Medium
Supplemented with 10% fetal calf serum, 4mM glutamine,
80mg/L penicillin-G, 25mM HEPES, pH 7.2) in 100 mm




‘pel | et was honogeni zed in 40m of 10nM Tris, pH 8. 0, contai §Ep HEET
1% NP- 40, centrifuged as above, and the supernatant discard :
was sol ubilized by sulfonylation as follows: The pellet wap ho eni zed in
ofrid b MAR-1997
|lowed to

25m of 20mM sodi um phosphate, pH 7.4 containing 8murea, 1
sulfite and 10mM sodi um tetrathi onate. The sul fonyl ation wa

proceed at 4[err] C overnight with sl$¥1ing and then centrifuged at 16, 000
Xg, 4[err] C, for 10 mnutes to clarify the sol ution. ePafediad

ooty

purification of Tl g¥t£aekubr bQLtheer @i ohdingso THEsIbkxteackangsipartially
purified by i Gt exchange chr omat ogr aph S Sggharose Fast Fl.ow resin
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) y on -
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A fter 1 oading, Lhe SRIPLe ANINASHL08 Wi D DULLSEn ul 0nBRSShALE 0P 02
after three hours, the nonadherent nerve cells were
collection by centrifugation, resuspended in culture
medium, and plated in 50 pl per well onto half area 96
well microtiter tissue culture plates at a density of
1500 nerve cells per well. The microtiter wells had
peen previously exposed to a 1 mg/ml solution of poly-
L-ornithine in 10mM sodium borate, pH 8.4 overnight at
4°c, washed in distilled water and air dried.

Ten pl of a serial dilution of the sample to be
assayed for neurotrophic activity was added to each
well and the dishes were incubated for 20 hours at 37°C
in a humidified atmosphere containing 7.5% CO,. After
18 hours for ciliary and 40 hours for sympathetic
ganglia, 15 pl per well of a 1.5 mg/ml solution of the
tetrazolium dye MTT in Dulbecco’s high glucose Modified
Eagle Medium .without bicarbonate containing 10mM HEPES,
pPH 7.2, was added and the cultures placed in the 37°C
incubator for 4 hours. Then, 75 pl of a solution of
6.7 ml of 12 M HCl per liter of iscopropanol was added
and the contents of each well triturated 30 times to
break open the cells and suspend.the dye. The
absorbance of 570nm was determined relative to a 690nm
reference for each well using anxadtomatic microtiter
plate reader (Dynatech, Chantilly, Virginia). The
absorbance of wells which had not received any
heurotrophic agent (negative controls) was subtracted
from the absorbance of sample-containing wells. The
resulting absorbance is proportional to the number of
living cells in each well, defined as those nerve cells
Capable of reducing the dye. The number of trophic
units of neurotrophic activity was defined as the
reciprocal of the dilution that gave 50% of maximal

survival of nerve cells. Specific activity was
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the gradient. Fractions enriched in GONF were pool ed for réf &ei-re—F+g-
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determined by dividing the number of trophic units by
che amount of protein present in the sample.

Results

As illustrated in Figure 13, purified GDNF
promotes the survival in culture of parasympathetic
nerve cells from chick embryo ciliary ganglia. As
jllustrated in Figure 16, purified GDNF also promotes
the survival in culture of sympathetic nerve cells from
chick embryo sympathetic chain ganglia.

These results indicate that GDNF acts as a
survival factor for parasympathetic and sympathetic
neurons. As such, it may be useful in treating various
forms of nerve damage to the autoncmic (i.e.,
parasympathetic and sympathetic) nervous system. Such
damage may occur from metabolic conditions, such as
diabetes or renal dysfunction. Such damage may also
occur from treatment of patients with various
chemotherapeutic agents, such as the cancer
chemotherapeutic agents cisplafin and vincristine, or
the AIDS chemotherapeutic agents, ddI and ddC. Such
damage may also occur from genetic conditions, such as
dysautonomia. Such damage may also occur from
traumatic injury.

Example 5: Expression of Recombinant GDNF in Animal

Cells

A. Construction of recombinant plasmids for C0OS cell

exnression.

An approximately 1.5 kb Smal fragment. of
PBluescript SK-76.1 that contains the entire GDNF
Coding seguence was subcloned into the plasmid vector
PSG5 (Green et al. 1988 Nucl. Acids. Res. 16:369) which
is designed for transient expression of cloned genes in
Cells expressing SV40 T antigen, such as COS cells.

The DNA sequence of the GDNF cDNA (Figure 13)
(SEQ ID NO:3) and restriction endonuclease mapping
identifigd a Smal fragment delineated by one Smal site




pri or to refoldi ng. The sulfonylated extract was partially purified by ion
exchange chromat ography on Q Sepharose Fast Flow resin (
colum was equilibrated and run at 4[err]Cin 10mM Tri s,
AM urea (buffer A). After |oading the sanple and washing
basel ine optical density, the col ygm was eluted as 5% col
mnute with 5 col um vol umes each’df buffer A and 1omw'n
cont ai ni ng 4M urea and 500 byf.f B TS heTre
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GDNF, partl&ﬂl%} as descrlbed above, was refo ows: To 4

m of pool edycaipudri EPUENE EHAt BEnFAGLIRONEEGNERBRr ERF nBRERFRL g/ i

di t hi ot hrei tp%g wagnha@dsaalio fraghentheabubionea cappegses as to excl ude air
[

and held at olla?;r]c forflednbgggeglasmld DNA (Stratagene) was

llgested with EcoRI and treated with calf intestinal

\lkaline phosphatase (CIAP), (Promega) according to the
;endor protocols. Subsequently the vector was
:lectrophoresed and eluted from an agarose gel.
surified pBluescript SK-76.1 plasmid DNA was methylated
vith EcoRI methylase, digested with SmaI and ligated
#ith the EcoRI linker molecule described in Example 2A.
Following EcoRI digestion and agarose gel
electrophoresis, the approximately 1.5 Kb Smal fragment
of interest (now EcoRI methylated and linked) was
eluted and ligated to the EcoRI digested and
phosphatased pSGS vector. Ligation products were used
to transform competent E. coli XLl-Blue using the CacCl,
procedure (Maniatis gt al. supra). Ampicillin-
resistant transformants were selected and analyzed for

recombinant plasmids by restriction endonuclease
digestion and agarose gel electrophoresis. Digestion
with EcoRI indicated that most transformants contained
plasmids carrying the desired insert. Digestion with
BamHI identified the orientation of the cloned GDNF
gene relative to the SV40 promoter present in the
vector (note the BamHI site at position 15 in the
sequence in Figure 13). Both orientations were
obtained.

Two transformants were chosen for further
analysis: one contained a plasmid, termed pSGS::rGDNF-
7, carrying the GDNF gene in the proper orientation for
it to be expressed in RNA transcripts initiated at the
SV4O promoter, while the second contained a plasmid,
termed pSGS5::rGDNF-4, carrying the GDNF gene in the
opposite orientation: in which RNA transcripts



Next, oxidized gl utathione disodiumsalt was added to 15 RE

capped again so as to exclude air, and held at 25 C for 15 'mmﬂagﬂgaﬂ;§__57
solution was then diluted with 14 volunmes of refold buffer {10 '
Na[err]HPQ err]), 10 mM et hanol amine, pH 8.3, containing 4 M ?%%1997
pol yet hyl ene gl ycol 300; and 2 nM cysteine) and hel d under aAgon_aL_g er_J:
for 3 days. Ref ol di ng of parmt-ially purified sulfonylated extracat.
GDNF, partially purified as descri bed above, was refol ded as fot+ews. |
Pool ed Colugpi@&amﬂﬂg at the SV40 promoter will not express GDNF.

purified preparations of both of these plasmids were

prepared by CsCl density gradient centrifugation for
use in COS cell expression experiments.

g, Expression of GDNF in COS-7 cells.

Plasmid DNA from these constructs was prepared
bf the method of alkaline lysis followed by CsCl
density centrifugation (Maniatis'et al., supra). This
DNA was transfected into COS-7 cells by the method of

sompayrac and Danna (1981 Proc. Natl. Acad. Sci. USA
28:7575-7578). As a control, equivalent COS cell
cultures were transfected with plasmid vector DNA
containing the GDNF insert in the opposite orientation,
which would not allow expression of the GDNF protein.
Per 100 mm culture dish, 30 pg lipofectin and 0.3-1 ug
plasmid DNA were used.

After transfecting for 24 hours, the medium was
aspirated off and replaced with OptiMEM I * 3% FCS.
Cultures were incubated for 48 hours and harvested as
follows:

a) the medium (conditioned medium or CM)
was drawn off and stored at -80°C;

b) 5 ml of PBS + 2.5 mM EDTA was added to
the cell lawn and held at 25°C for 3 minutes:
and, then the cells were pipetted off the dish
and centrifuged at 1000 xg for 5 minutes. The
supernatant was removed and the cell pellets
were stored at -80°C.

The CM was concentrated 30-fold on Centricon 10
concentrators and assayed for biocactivity. The cell
pellets were sonicated in 500 pl 10 mM EDTA, pH 7.0,
plus 1 mM benzamidine, 100 uM PMSF, 1 mM E-amino-N-
_caproic acid. The cell lysates were centrifuged at
14,000 xg for 5 minutes and the supernatants assayed

for biocactivity.
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of refold buffer (100nmM Na[err]HPO err] Tris, pH 8.3, conf®i MENI@}E{T

5% pol yet hyl ene gl ycol 300; and 3mM cysteine) and hel d unflef ar gonm at—5—¢

for 3 days. Anal ysi s of Refol ded GDNF by SDS- PAGE. I d
of o & M 7
b

frombacteria without prior exposure to reducing agents
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C
nol ecul ar me;?asmlgs (with the GDNF coding sequence in the

jncorrect orientation) were assayed for both the

apility to increase dopamine uptake in cultures of
mesencephalic neurons (see Example 1) and for the
ability to increase the survival of sympathetic ganglia
neurons (see Example 4). The COS cell culture medium
(Figure 17) and cell lysate.(data not shown) increased
dopamine uptake, as expected of GDNF. As shown in
Figure 18, the COS cell culture medium and cell lysate
increased the survival of sympathetic chain neurons, as
expected of GDNF.

These results-clearly indicate that expression
of the GDNF gene in an animal cell results in the
production of a protein with the bioiogical activities
demonstrated for purified GDNF.

Example 6: Expression of Human GDNF in E. coli
A. Construction of a plasmid which codes for human

GDNF

Using the sequence information of the human
GDNF gene (Example 2C), synthetic oligonucleotides PD3
and PD4 were made as primers for the amplification of
the human GDNF gene and its expression from a plasmid
expression vector in E. coli. The sequences of
oligonucleotides PD3 (SEQ ID NO:21) and PD4 (SEQ ID
NQO:22) are:

PD3: 5‘ CGCGGATCCAATAAGGAGGAAAAAAAATGTCACCAGATAAACAAAT
3[
PD4: 5’ CGCGGTACCCAGTCTCTGGAGCCGGA 3/

Oligonucleotide PD3 is 46 nucleotides long.
The 17 nucleotides at the 3’ end are a perfect match to
the human GDNF gene in the region that codes for the N-



about 16 kDa (Fig. 26, lanes 6 & 13). This indicates that I
fromthe bacterial cells is not dinerized prior to refoldi EﬁﬁiﬁﬁSHEET
refol ding as above, nobst of the bacterially-produced recorbijnant CGDNF
m grates on non- reducing SDS-PAGE as an apparent dimer atf 4p@ 5xMaRtgey BO
kDa (Fig>26, lane 2). Reduction of the refolded GDNF with 150 mM
2-mer capt oet hanol prior to SDS-BAGE causes it to again ni%rate at_tne
position of the nononer at approximtely 16 kDa (Fig. 23, tlLLane_5). These
resul ts indicates thatedefalding Hod@MF cayses hhe iaiRitided become a
di sul fi de*Bonded di mer. SDS- PAGE of refol ded GONF was run W t hout
reduct i onaraneF $FRASRIP%13 P Q% LG o FodR@ s 1A4TCes Sfssayed for
_tIJ_ihoact : Vi Exaﬁ Nsith sy/ig ad hedd waganglnan EDNFOR QU Weedlt adsanhe( see bel ow) .
e only de

tectabl e. bioactivity S .at e pQsition af the dimner,
i ndi cati ngeFRat™ tHL r’%cr‘mli s“bi%’l\ﬁvécg?-lgial It'{}’ea&%%\?é'. nucleot] A ysis of
Ref ol ded ChhRdesidreacbrisedofhaigte other signals deemed necessary
for good expression in E. coli as well as a BamHl

endonuclease restriction site necessary for
construction of the GDNF expression plasmid.

Oligonucleotide PD4 is 26 nucleotides long.

The 17 nucleotides at the 3’ end are a perfect match to
17 nucleotides of the human GDNF gene 3/ of the stop
codon. This oligonucleotide also provides seguences
necessary to reconstruct a Kpnl restriction
endonuclease site for construction of the GDNF
expression plasmid.

The reaction conditions for the amplification
of the human GDNF are as follows: the total reaction
volume was 100zl and contained 1 ng of a ADNA clone
containing the human GDNF gene, 20 pmoles each 6f PD3
and PD4, 20 mM Tris-HCl pHg8.8, 10 mM KCl, 6 mM
(NHJZSO‘, 1.5 mM MgClz, and 0.1% Triton X-100. The
reaction mixture was heated to 95°C for 5 minutes,
cooled to 44°C, and 2 units of Pfu DNA polymerase

(Stratagene) was added. The reaction consisted of 30
cycles of: 72°C for 1% minutes, 95°'C for 1 minute, and
44°C for 1% minutes. At the end of the reaction, MgCl,
was added to a final concentration of 10 mM. 5 units
of DNA polymerase I large (Klenow) fragment (Promedga)
was added and the reaction incubated at 37 °*C for 10
minutes. Then 10ul of 3M NaAc and 220xl of EtOH was
added and the solution centrifuged at 12,000 x g for 15
minutes to precipitate the DNA. The precipitated DNA
was resuspended in 100ul of 50 mM Tris-HCl (pH 8), 50
mM NaCl, 10 mM MgCl,, 20 units of BamHl and 20 units of
KpnI and incubated at 37°C for 1 hour. A DNA fragment
of the correct size was identified after
electrophoresis through an agarose gel and purified



HPLC (RP-HPLC). CGDNF partially purified by S Sepharose or

chrom(at ographgl, but prior to refolding, mrmmENT SHEET
-86- mgrated on RP-HPLC, performed as indicated below, wighf a retention
time of about 21 mnutes. CGDNF after refolding mgrated under iﬂi&nMAﬂa]QQ?
conditions with a retention tine of about 15 minutes. A shifftiin retention
tinme is expected for successful ngglding of :

using an Ultrafree-MC Filter Unit (Millipore). This

fragment was ligated into an E._coli expression vector,

pT3XI-2, (described below). Ligation conditions were

as follows: the total reaction volume was Sgl and -
contained 10 ng of pT3XI-2 DNA linearized with KpnI and

pamHI, 5 ng of the human GDNF DNA fragment as described

above, 50 mM Tris-HCl (pH 7.6), 10 mM MgCl,, 1 mM ATP,

imM DTT, 5% polyethlene glycol-8000, and 1 unit of T4

DNA ligase (Bethesda Research Laboratories). The

reaction was incubated at 14°C for 2 hours.

The vector pT3XI-2 was constructed in the
following manner. The starting plasmid for this
construction was plasmid pKK223-3 (Brosius and Holy,
1984) purchased from Pharmacia. Plasmid pKK223-3
carries a partial gene for tetracycline resistance.
This nonfunctional gene was replaced by a complete
tetracycline resistance gene carried on plasmid pBR322.
Plasmid pKK223-3 was digested completely with SphI and
partially with BamHl. A 4.4 kilobase pair fragment was
gel purified and combined with a synthetic adapter (SEQ

ID NO:23):
5/  GATCTAGAATTGTCATGTTTGACAGCTTATCAT 3’
37 ATCTTAACAGTACAAACTGTCGAATAGTAGC 57

Bglll Clal

and a 5339 base pair fragment of DNA from a Clal, SphI
digest of the tetracycline resistance gene of pBR322
(PL Biochemicals, 27-4891-01). The resulting plasmid
was designated pCJl.

Next, a Xhol linker purchased from New England
3iclabs was inserted into plasmid pCJl’s PvuIl site to
form plasmid pCJIX-1. This insertion disrupts the rop
gene which controls plasmid copy number. Next, an
ZcoRI fragment“contaihing the lacI gene was purified
firom plasmid pMC9® (Calos et al., 1983), then inserted
into the Xhol site with Xhol to EcoRI adapters. The
Polylinker region in plasmid pKK223-3 was next replaced




GDNF. It is often seen that a shift in retention tTinmes on

RP-HPLC i s

observed after refolding of proteins. RP- HPLC of t
performed as follows: at a flowrate of .1 m/mnute: A 0.4
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trifluoracetic acid (TFA) in water; Solvent B = 0.1% TFA i
FromO0.5 to 1.5 mnutes, B is ingoeased from5%to 25% Fr
mnutes, Bis increased from25%to 55% Anal ysi s d

by Bi oassaygthRef pbeli GOMN- mdﬁirdaszsaaphﬂ‘dﬁmrtadl fs ittess ddyi

Zﬁ?ﬂ@ EMENT S

EET

= 0.1%

n
omml.5to 31.5
f

aqps OMART1397%;

et ol detGDNF
ck enbryo (E10)

and the rat

synpat heti c ur r Oﬁ'sg?@\ e 4A)
enbryo (ElG)‘ggegénce al ?%O%%Iét/ﬂu%/?sﬁ am ne upta nﬁt}l oassay (Exarrpl e 1B).
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and greatlyh?eﬁhééﬂlﬁlﬁ%i¥?§li? B4 is designated pCJXI-1.

Finally, the tetracycline resistance gene was

replaced with a similar gene which had the recognition

sites for restriction enzymes HindIII, BamHl, and Sall

jestroyed by bisulfite mutagenesis. The following

orocedure was used to mutate the tetracycline

resistance gene of pBR322. Plasmid pBR322 was cut with

HindIII, then mutagenized with sodium bisulfite

(Shortle and Botstein, 1983). The mutagenized DNA was
ligated to form circular DNA, then cut with HindIII to

linearize any plasmid that escaped mutageneéis.
coli JM109 (Yanisch-Perron et al., 1985).

E.

Tetracycline-resistant plasmids were isolated and

checked for loss of the HindIII site in the

tetracycline resistance gene. Successfully mutated

plasmid was designated pTl. A similar procedure

was

followed to mutagenize the BamHl site in pT1, yielding

plasmid pT2. Plasmid pT2 in turn was mutagenized to

remove the Sall site, forming plasmid pT3. A ClaI-StyIl

fragment of pT3 carrying the mutated tetracycline

resistance gene was isoclated and used to replace

homologous fragment of pCIXI-1 to form pT3XI-2.

the
The

mutated tetracycline resistance gene still encodes for

a functional protein. Downstream of the tac promoter

region, a polylinker was introduced which contains,

among other sites, BamHl and Kpnl restriction sites

useful for cloning genes for expression in E. coli

After the 2 hour ligation of the vector with

the human mature GDNF construct, 2xl of the reaction

mix was used to transform Epicurian Coli SURE®

supercompetant E. coli cells (Statagene) according to

the manufacturer’s instructions. DNA sequence of one

of the recombinant plasmids was determined as described
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puman GDNF gene coding for mature human GDNF.
B Expression of human GDNF in E. coli
B

The recombinant plasmid containing DNA
coli strain JM107¢rMCBO005, a Tl resistant variant of
JM107 (Yanisch-Perron et al. (1985)), using the CacCl,
method described in Sambrook et al. (1989). One of the
recombinants was grown in 50 ml of LB media (Sambrook

sequences encoding human GDNF was transformed into E.

et 2l.) with 100 pgg/ml ampicillin (Sigma) with shaking
at 37°C overnight. The next day the culture was
diluted 1:70 in LB media with 100 pg/ml ampicillin and
grown for 5 hours with shaking at 37°C. 20 ml of cells
were harvested by centrifugation at 8,000 x g for ten
minutes. The pellet was resuspended in 4 ml of 10 mM
EDTA pH 7.4. The cells were disrupted using a French
Press Pressure Cell (SLM Instruments) at 18,000 psig.
The lysate was centrifuged at 12,000 x g for 15 minutes
at 4 *C. The pellet was resuspended in 10 mM EDTA. It
has been found that relatively more GDNF accumulates if
fermentation is allowed to take place at 42°C rather
than 37°C or 30°C.

The presently preferred method for obtaining
high levels of GDNF expression in E. coli using the
recombinant plasmid described in Example 6A (in which
the coding sequence for human mature GDNF is cloned in
the expression vector pT3XI-2) is as follows. For a 10
1l fermentation a 500 ml inoculum is grown in LB medium
(PH 7) containing 15 pg/ml tetracycline at 37°C in a 2
1l baffled shake flask to an optical density (Ag) ©F
between 2 and 3. This culture is used to inoculate 10
1 of growth medium containing: 12 g/l tryptone, 24 g/1
yeast extract, 25 g/l glycerol, 1.3 g/l K,HPO,, 0.4 g/1
KH,PO,, 0.1 ml/1l of 4:1 mixture of Macoll9:GE60, and 15
mg/l tetracycline HCl. This culture is grown for
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biOlOgicaltg;E¥§éﬁg%tation is maintained at 7.0 and the dissolved
oxygen is maintained at 30% of saturation. Post-
fermentation, the culture is chilled at 4°C and cells
are harvested by centrifugation.

The production of human GDNF from this plasmid
described above is not specific to this strain of E.
coli but can be produced in any suitable strain. The
plasmid has been transformed into two other strains of
E. coli, JM108 (Yanisch Perron et al., 1985) and SURE®
(Stratagene). In both of these strains a new protein
band of the correct molecular weight has been
visualized by Coomassie Blue staining after
electrophoresis through a polyacrylamide gel.

An aliquot of the resuspended material was
electrophoresed through a polyacrylamide gel. The gel
was stained with Coomassie Blue. A protein of the
expected molecular weight for GDNF (15,000 daltons) was
present only in the cultures that contained the
recombinant human GDNF plasmid but not in the cultures
that contained vector pT3XI-2 alone. The recovered
protein was subjected to standard amino terminal
sequencing procedures, and the first 22 amino acidé.of
this protein are identical to the amino acid sequence
of human GDNF as shown in Fig. 19, confirming that
human GDNF is being correctly expressed in E. coli.

C. Refolding and bicactivity of recombinant human GDNF
produced in bacteria

Preparation of material for refolding. The E.
coli transformant JM107 (pT3X12::huGDNF) was grown to

stationary phase at 37 C in a yeast extract (#0127-01
Difco Laboratories, Detroit, MI) and tryptone (#0123-05

Difco Laboratories, Detroit, MI) based complex medium
(24 g/L yeast extract, 12 g/L tryptone, 5 g/L glycerol,
1.3 g/L K,HPO,, 0.4 g/L KH,PO,, 0.1 ml/L Macol 19/GE60



O

Exanpl e 7: Production and Isolation of Antibodies to CDNF ' '
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to the immunizing The cells were processed as follows: 5 gm of
cell paste was homogenized with 40 ml of 10 mM EDTA, pH
7.0 on ice using an OCI Instruments homogenizer. The
slurry was French-pressed three times at 20,000 psi

. then centrifuged at 30,000xg in a JA 20 rotor for 10
minutes at 4°C. The supernatant was discarded and the
pellet was homogenized and centrifuged as above. In
one embodiment, the pellet from the re-extraction was
homogenized with 40mL of 25 mM Tris, pH 7.4,
centrifuged as above, and the supernatant discarded.
The pellet was homogenized with 20mL of 50mM Tris, pH
8.0, containing 8 M urea with or without addition of
30mM 2-mercaptoethanol, centrifuged as above and the
supernatant retained. The supernatant is referred to
as the TU extract. In the preferred embodiment, the
pellet was homogenized in 40ml of 10mM Tris, pH 8.0,
containing 1mM EDTA, 1% NP-40, centrifuged as above,
and the supernatant discarded. The pellet was
solubilized by sulfonylation as follows: The pellet
was homogenized in 25ml of 20mM sodium phosphate, pH
7.4 containing 8m urea, 100mM sodium sulfite and 1omM
sedium tetrathionate. The sulfonylation was allowed to
Proceed at 4°C overnight with stirring and then
centrifuged at 16,000 xg, 4° C, for 10 minutes to
clarify the solution.

Partial purification of TU extract prior to
refolding. The TU extract was partially purified by
ion exchange chromatography on S-Sepharose Fast Flow
resin (Pharmicia). The column was equilibrated and run
at room temperature in 25 mM Tris, pH 7.4, containing a
8 M urea and 30 mM 2-mercaptoethanol (buffer A). After
loading the sample and washing with buffer A to
baseline optical density, the column was eluted at 10%
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column volume per minute with 5 column volumes each of
puffer A and 100 mM Tris, pH 9.0, containing 8 M urea,
500 mM NaCl, and 30 mM 2-mercaptoethanocl (buffer B).
column fractions were monitored at 280 nM and analyzed
py SDS-PAGE. GDNF eluted as the major protein peak at
60-70% of the gradient. Fractions enriched in GDNF
were pooled for refolding (Fig. 25).

Partial purification of sulfonylated extract
prior to refolding. The sulfonylated extract was
partially purified by ion exchange chromatography on Q-
Sepharose Fast Flow resin (Pharmicia). The column was
equilibrated and run at 4°C in 10mM Tris, pH 8.0,
containing 4M urea (buffer A). After loading the
sample and washing with buffer A to baseline optical
density, the column was eluted as 5% column volume per
minute with 5 column volumes each of buffer A and 10mM
Tris, pH 8.0, containing 4M urea and 500mM NaCl (buffer
é). Column fractions were monitored at 280nM and
analyzed by SDS-PAGE. GDNF eluted at the major protein
peak at 50% of the gradient. Fractions enriched in
GDNF were pooled for refolding.

Refolding of partiallx purified TU extract
GDNF, partially purified as described above, was
refolded as follows: To 4 ml of pooled column eluate
containing GDNF at approximately 1 mg/ml,
dithiothreitol was added to 5 mM. The tube was capped
So as to exclude air and held at 25°C for 15 minutes.
Next, oxidized glutathione disodium salt was added to
15 mM, the.tube capped again so as to exclude air, and
held at 25°C for 15 minutes. This solution was then
diluted with 14 volumes of refold buffer (100 mM
Na,HPO,), 10 mM ethanolamine, pH 8.3, containing 4 M
urea; 5% polyethylene glycol 300; and 2 mM cysteine)
and held under argon at 5°C for 3 days.

Refolding of partially purified sulfonylated
&xtract. GDNF, partially purified as described above,
was refolded as follows: Pooled column eluate
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Analysis of Refolded GDNF by SDS-PAGE. GDNF
extracted from bacteria without prior exposure to
reducing agents migrates as a monomer on SDS-PAGE, at
an apparent molecular weight of about 16 kDa compared
to the migration of molecular weight standard proteins.
There is no detectable GDNF at the position of a dimer.
GDNF, exposed to reducing agent (30~150 mM 2-
mercaptoethanol) either during extraction or just
pefore SDS-PAGE but prior to refolding, migrates at a
position indistinguishable from the non-reduced
bacterial protein, .with an apparent molecular weight of
about 16 kDa (Fig. 26, lanes 6 & 13). This indicates
that GDNF prepared from the bacterial cells is not
dimerized prior to refolding.

- After refolding as above, most of the
bacterially-produced recombinant GDNF migrates on non-
reducing SDS-PAGE as an apparent dimer at approximately
30 kDa (Fig. 26, lane 2). Reduction of the refolded
GDNF with 150 mM 2-mercaptoethanol prior to SDS-PAGE
causes it to again migrate at the position of the
monomer at approximately 16 kDa (Fig. 23, lane 5).
These results indicate that refolding of GDNF causes
the protein to become a disulfide-bonded dimer. SDS-
PAGE of refolded GDNF was run without reduction, and
the gel sliced along its length and the slices assayed
for bicactivity in the sympathetic ganglia neuron
survival assay (seé below). The only detectable
bicactivity was at the position of the dimer,
indicating that the dimer is bioloéically active.

Analysis of Refolded GDNF on Reversed-Phase
HPLC (RP-HPLC). GDNF partially purified by S-Sepharose
or Q-Sepharose chromatography, but prior to refolding,
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retention time is expected for successful refolding of
GDNF. It is often seen that a shift in retention times
on RP-HPLC is observed after refolding of proteins.

RP-HPLC of these samples was performed as
follows: at a flow rate of 1 ml/minute: A 0.46X25 cm
c-4 column (VyDac #214TP54) was developed as follows:
Solvent A = 0.1% trifluoracetic acid (TFA) in water;
Solvent B = 0.1% TFA in acetonitrile; From 0.5 to 1.5
minutes, B is increased from 5% to 25%; From 1.5 to
31.5 minutes, B is increased from 25% to 55%.

Analysis of Refolded GDNF by Bioassays.
Refolded GDNF was bioassayed in both the chick embryo
(E10) sympathetic ganglia neuron survival bioassay
(Example 4A) and the rat embryo (E1l6) mesencephalic
culture dopamine uptake bioassay (Example 1B). Prior
to refolding, GDNF, exposed to 30 mM 2-mercaptoethanol
and purified by S-Sepharose or Q-Sepharose
chromatography as above, exhibited no detectable
bicactivity in the mesencephalic culture dopamine
uptake assay and greatly reduced biocactivity in the
sympathetic neuron survival biocassay. The apparent
ED50 in the sympathetic neuron survival bioassay of S-
Sepharose chromatographed material was about lpg/ml,
which is about 333-fold lower than refolded rhGDNF (see
below). For Q-Sepharose chromatographed material the
apparent ED50 in the sympathetic neuron survival
bioassay was about 3pg/ml, which is about 100-fold
lower than refolded rhGDNF (see below). After
refolding, GDNF, with or without prior exposure to 2-
mercaptoethanol, was apparently fully active in both
biocassays (Figs. 27-28). This result indicates that
GDNF acquired significant bioactivity upon refolding
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and also that the reduced or absent bioactivity before

refolding was not due to exposure to 2-mercaptoethanol.

| The ED50 of refolded recombinant human GDNF
(rhGDNF) in these bioassays was similar to that
observed previously for rat GDNF purified from B49-cell
conditioned medium. In the sympathetic neuron survival
bioassay the EDS0 for rhGDNF was about 3 ng/ml (Fig.
27) and the ED50 for rat GDNF was about 5 ng/ml. In
the mesencephalic culture dopamine uptake assay, the
ED50 for rhGDNF was about 30 pg/ml (Fig. 28) and for
rat GDNF about 50 pg/ml. These results indicate that a
substantial proportion of rhGDNF was successfully
refolded and fully biologically active.

Example 7: Production and Isolation of Antibodies to
GDNF

Antibodies to rhGDNF were generated by the
.following procedure. This procedure is seen to include
but not be limited to this adjuvant, immunization.
protocol, and species of animal. Also, antibodies to
GDNF may be raised using the refolded, native protein
or the denatured, inactive protein as in the procedure
given below or with contiguous peptides of the..GDNF
sequence from human or other animal species.

Monoclonal antibodies may be generated by one
of many standard procedures (see Antibodies, a
laboratory manual:; Cold Spring Harbor Laboratory 1988
ISBN 087969-314-2 editor Ed Harlow and David Lane). 1In
brief, such a procedure for generating monoclonal
antibodies typically but not exclusively involves
immunizing the appropriate animals and monitoring the
antibody response of these animals to the immunizing
protocol, isolating antibody producing cells such as
from a lymphoid organ of one or more responsive
animals, fusing these cells with an appropriate cell
line such as myeloma cells to produce hybridomas that
are antibody secreting immortal cells, and screening to
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al bumn in pﬁﬁgﬁﬁ%%ééﬁifferéh ph?%iologiéﬁl saline, pH7.2. The plates were
washed agai n awtiP®B and serum sanples to be titered (100[err]l diluted in

20% nor mal goat serupocagdlBWB) adtédofibeshén rabbits were raised as
follows: Two milliters of sterile saline containing
0.005~-0.25mg rhGDNF were injected into a vial of the
RIBI adjuvant MPL-TDM-CWS emulsion (RIBI ImmunoChem
Research, Inc.) and vortexed to form an emulsion as per

the manufacturer’s instructions. Anesthetized female
New Zealand white rabbits were injected following the
suggested immunization protocol from RIBI. One
milliliter of adjuvant antigen emulsion was
administered as follows:

0.30ml intradermal (0.05ml in each of six
sites)

0.40ml intramuscular (0.20ml into each
hind legq)

0.10ml subcutaneous (neck region)

0.20ml intraperitoneal

The animals were injected again (boosted) every
4~6 weeks by the same protocol. Blood was drawn from
the animals before the first injection and at 10-14
days after each boost to test for antibody production
with a neutralization assay or a standard ELISA.

The neutralization assay was carried out as
follows using the rat E16 mesencephalic culture assay.
Rabbit test serum was diluted into Dulbecco’s minimal
essential medium buffered with 25mM HEPES to pH7.4
containing 5mg/ml of bovine sefum albumin (referred to
as BSAS5). This in turn was added to the assay wells
(25ul1 of diluted test serum into 500pl of tissue
culture solution) and allowed teo incubate at 37° for 30
minutes. Next rhGDNF was added as 25ul of a stock
diluted solution in BSA5 containing rhGDNF at
6.32ngm/ml for a final rhGDNF concentration of 0.316
ngm/ml in the assay. Dopamine uptake was measured
after eight days in culture by the previously described
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(Refer to Table 2 below).

Table 2 A
Rabbit Number Antigen *Neut. EC,, +Elisa EC,,
1604 refolded rhGDNF 20x103 25x103
2257 refolded rhGDNF 12x103 7%10°
2506 refolded rhGDNF 2x10° 3x10°
9380 denatured rhGDNF 2x10° 2x10°

* antiserum dilution for 50% neutralization of GDNF
stimulated dopamine uptake

+ antiserum dilution for 50% of the maximum (plateau)
signal in ELISA

The antisera were also titered for GDNF
antibodies in a standard ELISA by the following
procedure: Microtiter plates (96 well, Nunc maxisorp)
were coated with 100ul per well of rhGDNF at 1.0ugm/ml
in 50mM sodium bicarbonate, pH9.6 coating buffer
overnight at 4°C. The plates were washed four times
with plate wash buffer'(PWB: phosphate buffered
physiological saline, pH7.2 containing 0.5% Tween 20)
and then blocked for 2 hours at 25°C with 200pl per
well of 2% bovine serum albumin in phosphate buffered
physiological saline, pH7.2. The plates were washed

- again with PWB and serum samples to be titered (100nl
diluted in 20% normal goat serum and PWB) added to the
wells. Plates were incubated for 1.5 hours at 35°C and
washed again with PWB. Alkaline phosphatase conjugated
goat anti-rabbit IgG (Jackson Immunochemicals) at a
1:2500 dilution in PWB was added to each well (100ul)
and incubated for 1.5 hours at 35°C. The plates were
washed with PWB as before. Next p-NPP substrate
(disodium p-nitrophenyl phosphate; Sigma Cat. No.
MP389) was added to each well (100ul at 1.0 mg/ml p-NPP
in 10% diethanolamine, pH9.8) and the plate incubated
at 25°C. Color development was followed by reading the
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p1ates at 405-490nm on a plate reader (Molecular
pevices Enax).

Antisera were also used to detect and -
quantitate GDNF on Western Blots as follows: Sodium
dodecyl sulfate polyacrylamide gel electrophoresis (SDS
pAGE) was performed by the basic procedure first
described by U.K. Laemmli (Nature 227:680-685 (1970))
using a 12 1/2% acrylamide resolving gel and 4 1/2%
acrylamide stacking gel. Gels (16X14X0.15 cm) were
electrophoresed at 40m amp constant current for 3
hours. For reduction/denaturation, samples were heated
at 100°C for 10 minutes in sample buffer containing 1%
sps and 150 mM 2-mercaptoethanol.

For Western blotting, the gel was then
transblotted onto Immobilon-P membrane (Millipore Cat.
No. IPVH 151 50) at 80m amp constant current for 16
hours in 25 mM Trisbase, 192mM glycine, 0.1% SDS, and
20% methanol and processed as follows:

1) The membrane was blocked for one hour at

25°C in blocking buffer (l1O0mM Tris, pH 7.4
containing 150mM NaCl; 0.05% Tween 20; 4%
skim milk; and 0.02% sodium azide) with
gentle rocking. '

2) The membrane was next incubated at 25°C
for 2 hours with gentle rocking in
blocking buffer containing diluted primary
antisera to GDNF.

3) The membrane was washed (4 5-minute
washes) in blocking buffer.

4) The membrane was next incubated at 25°C
for 2 hours with gentle rocking in
blocking buffer containing diluted
secondary antibody (alkaline phosphatase
conjugated affinity purified goat anti-
rabbit IgG; Cappel Cat. No. 59299).
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Example 8: ?renaration of Membrane Encapsulated Cells

that Secrete GDNF, and Implantation into Patient.
Cells that secrete GDNF may be encapsulated

into semipermeable membranes for implantation into
patients suffering from nerve damage. In a. preferred
embodiment, the patient is suffering from Parkinson’s
disease, and the encapsulated cells that secrete GDNF
are implanted into the striatum of the patient to
provide GDNF to the dopaminergic cell bodies.

in one embodiment of the invention, cells that
have been engineered to secrete GDNF -- such as those
prepared and described in Examples 5 and 6 above -- are
incorporated into biocompatible, implantable, and
retrievable polymeric inserts. The inserts may be
designed so as to permit the secreted GDNF to enter
into the tissue surrounding the implanted cells, while
preventing factors from the surrounding tissue that
would be detrimental to the cells from access to the
cells.

The cells that have been engineered to secrete
GDNF may be encapsulated into such semipermeable
membranes according to the method described in
published PCT application WO 91/10425, entitled Cell
Capsule Extrusion Systems. The membrane encapsulated
cells may be implanted into the striatum pursuant to
standard surgical procedures.
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(F) zip: 80237
{v) COMPUTER READABLE FORM:
(A) MEDIUM TYPE; Oiskette, 5.25 inch, 360 Kb storage
(8) COMPUTER: [BM compatible
(c) OPERATING SYSTEM: MS 00S
(D) SOFTWARE: Wordperfect 5.1

(vi) CURRENT APPLICATION DATA: NONE

{vii) PRIOR APPLICATION DATA: :
{A) APPLICATION NUMBER: 07/788,423, 07/774,109, 07/764,685

{8) FILING DATE: 06-NOV-1991, DB-0CT-1991, 20-SEP-1991
(viii) ATTORNEY/AGENT INFORMATION:

(A) NAME: Barry J. Swanson

(4:9) REGISTRATION NUMBER: 33,215

(C) REFERENCE/DOCKET NUMBER: SYNE-225C3

(ix) TELECOMMUNICATION [NFORMATION:
(3) TELEPHONE: (303) 850-9900
) TSLEFAX: (303) 850-9401

(2) INFORMATION FOR SEQ ID NO:1

(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 25 amino acids
(B) TYPE: amino acid
{0) TOPOLOGY: linear

(v} " FRAGMENT TYPE: N-terminal fragment

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:
Ser Pro Asp Lys Gln Ata Ata Ala Leu Pro Arg Arg Glu Arg Asn Xaa
5 10 15

Gln Ala Ala Ala Ala Ser Pro Asp Asn
20 25

(3) INFORMATION FOR SEQ [D NO:2

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 13 amino acids
(8) TYPE: amino acid
[49] TOPOLOGY: linear

{v) FRAGMENT TYPE: internal fragment

{ix) FEATURE: Xaa is either Lys or Gln
{xi) SEQUENCE DESCRIPTION: SEQ 1D NO:2:
Asp Xaa lle Leu Lys Asn Leu Gly Arg Val Arg Arg Leu

(4) INFORMATION FOR SEO 1D NO:3

(i) SEQUENCE CHARACTERISTICS:
(A) LENGIn: 890 pase pairy
(8) TYPE: nucleic acid

(C) STRANDEDNESS: single
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6) The nenbrane was devel oped in 50m of
(100nMM Tris, pH 9.5
165 [err]l of NBT and 83[err]l of BCI P (Promega
P3771) at 25 Cwith gentle rocking until the
S achi eved. Exanple 8: Preparation of M
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i npl antation into @ati eatsesuffering fromnerve danage.

In a preferred

embodi ment, the patientt*l s SHEMFERITHEeF PO PEPKkFNSoON' S dlzsease——mﬂrd—{-he—-—
encapsul ated cel | s(,t,hatsg@g.egﬁt@,pm\lﬁgaroenokﬂpl anted into the striatum of the

patient to provide CGDNF to_the dopam ner ic cell bodies.

enbodi ment of t ﬁ%CCF%VeGﬁtGFAé'H'C G%&ﬁ C TA& gfe ~CGG ATC CGA GGT GCC GCC

ASp Arg Ile Arg Gly Ata Ala
-90 -85

GCC GGA CGG GAC TCT AAG ATG AAG TTA TGG GAT GTC GTG GCT GTC TGC
Ala Gly Arg Asp Ser Lys Met Lys Leu Trp Asp Val val Ala val Cys
-80 -75 -70

CT6 GTG TTG CTG CAC ACC GCG TCT GCC TTC CCG CTG CCC GCC GGT AAG
Leu Val Leu Leu His Thr Ala Ser Ala Phe Pro Leu Pro Ala Gly Lys
-65 -60 -55

AGG CTT CTC GAA GCG CCC GCC GAA GAC CAC TCC CTC GGC CAC CGC CGC
Arg Leu Leu Glu Ala Pro Ata Glu Asp His Ser Leu Gly His Arg Arg
-50 -43 -&0

GTG CCC TTC GCG CTG ACC  AGT GAC TCC AAT ATG CCC GAA GAT TAT CCT

val Pro Phe Ala Leu Thr Ser Asp Ser Asn Met Pro Glu Asp Tyr Pro

-35 -30 =25 : -20

GAC CAG TTT GAT GAC GTC ATG GAT TTT ATT CAA GCC ACC ATC AAA AGA

Asp Gin Phe Asp Asp Val Met Asp Phe lle Gin Ala Thr lie Lys Arg
-15 -10 -5

CTG AAA AGG TCA CCA GAT AAA CAA GCG GCG GCA CTT CCT CGA AGA GAG
Leu Lys Arg Ser Pro Asp Lys Gln Ala Ata Ala Leu Pro Arg Arg Glu
] 5 10

AGG AAC CGG CAA GCT GCA GCT GCC AGC CCA GAG AAT TCC AGA GGG AAA
Arg Asn Arg Gln Ala Ala Ala Ala Ser Pro Glu Asn Ser Arg Gly Lys
15 20 25

GGT CGC AGA GGC CAG AGG GGC AAA AAT CGG GGG TGC GTC TTA ACT GCA
Gly Arg Arg Gly Gln Arg Gly Lys Asn Arg Gly Cys val Leu Thr Ala
30 35 40 45

ATA CAC TTA AAT GTC ACT GAC TTG GGT TTG GGC TAC GAA ACC AAG GAG
Ile His Leu Asn Val Thr Asp Leu Gly Leu Gly Tyr Glu Thr Lys Glu
. 50 S5 - 60

GAA CTG ATC TTT CGA TAT TGT AGC GGT TCC TGT GAA GCG GCC GAG ACA
Glu Leu Itle Phe Arg Tyr Cys Ser Gly Ser Cys Glu Ala Ala Glu Thr
65 70 75

ATG TAC GAC AAA ATACTA AAA AAT CTG TCT CGA AGT AGA AGG CTA ACA
Met Tyr Asp Lys lle Leu Lys Asn Leu Ser Arg Ser Arg Arg Leu Thr
80 85 90

AGT GAC AAG GTA GGC CAG GCA TGT TGC AGG CCG GTC GCC TTC GAC GAC
Ser Asp Lys val Gty Gln Ala Cys Cys Arg Pro vVal Ala Phe Asp Asp

95 100 105
GAC CTG TCG TTT TTA GAC GAC AGC CTG GTT TAC CAT ATC CTA AGA AAG
Asp Leu Ser Phe Leu Asp Asp Ser Leu Val Tyr His Ile Leuy Arg Lys
10 115 120 125
CAT TCC GCT AAA CGG TGT GGA TGT ATC TGA CCCTGGCTCC AGAGACTGCT
His Ser Ala Lys Arg Cys Gly Cys lle

130

GTGTATTGCA TTCCTGCTAC ACTGCGAAGA AAGGGACCAA GGTTCCCAGG AAATATTIGC
CCAGAAAGGA AGATAAGGAL CAAGAAGGCA GAGGCAGAGG CGGAAGAAGA AGAAGAAAAG

AAGGACGAAG GCAGCCATCT GTGGGAGCCT GTAGAAGGAG GCCCAGCTAC AG

{5) INFORMATION FOR SEQ ID NO:&

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 134 amino acid residues
(8) TYPE: amino acid

54

92

140

188

236

284

332

380

428

&76

524

S72

620

668

718

778

838
890

In one




have been engi neered to secrete GDNF -- such as those pre
described in Exanples 5 and 6 above --

i mpl ant abl e,

are incorporated
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Ser

Gln

Gly

Asn

Phe

&5

Lys

val

Phe

Lys

. (&)

ATTTTCTCTT TTCTTITTGA ACAGCA AAT ATG CCA GAG GAT TAT CCT GAT CAG
Asn Met Pro Glu Asp Tyr Pro Asp Gin

T1C
Phe

AGG
Arg

CGG
Arg

AGA
Arg

TTA
Leu

ATY
lle

GAC
Asp
&0

AAA

Ala

Gin

val

50

Arg

Ile

Gly

Leu

i nse
i nto t|hg
whi |l e preventing factors {ffo
to the cellsiflomaccess.to
The cells that have been engi neered to secrete GDNF may

abl e nmenbr anes accordi

Ala Ala Ala Ser Pro Glu Asn Ser

Arg

35
Thr
Tyr
Leu

Gin

ASp

115

Arg
130

20

Gly

Asp

Cys

Lys

Ala

100

Asp

Lys

Leu

Ser

Asn

85

Cys

Ser

Cys Gly Cys

Asn
Gly

Gly

70

Leu

Cys

Leu

Ite

Arg Gly Cys

Leu Gly

85

40

Ser Cys

Ser
Arg

val

Arg

Pro

Tyr

- 120

INFORMATION FOR SEQ ID NO:5

ti)

Giz)

(xi)

GAT
Asp

TCA
Ser
1

CAG
Gin

GGC
Gly

AAT
Asn

171
Phe
65

AAA
Lys

GTA

GaT
Asp

CCA
Pro

GCT
Ala

CAG
Gla

GIC
val
50

AGS

Arg

ATA
Ile

Tyr:

Glu

Ser

val
105

His

val

Glu

Ala

Arg
90

Ala

SEQUENCZ CHARACTERISTICS:
LENGTH: 562 base pairs
TYPE: nucleic acid
STRANDEDNESS: single
TOPOLOGY :

(A)
(8)
C)
(o)

FEATURE

(A)

linear

Arg

Leu

Thr

Ala

75

Arg

Phe

Lteu

Gly Lys Gly Arg
30

The Ala lle His

Lys Glu Glu Leu

40

&5

Glu Thr Met Tyr

Leu Thr Ser Asp

Asp Asp Asp Leu

110

95

Arg Lys His Ser

125

Arg

Leu

Ile

Asp

80

Lys

Ser

Ala

NRAME/KEY: nucleic acid sequence for human GDNF

SEQUENCE DESCRIPTION: SEQ 1D NO:S:

(1
val

GAT
Asp

GCA
Ala

AGG
Arg
35

ACT
Thr

TAC
Tyr

116
Leu

CAG

ATG
Met

AAA
Lys

GCT

‘Ala

20

GGC
Gly

GAC
Asp

16GC
Cys

AAA
Lys

GCA

GAT
Asp

CAA
Gln
5

GCC
Ala

AAA
Lys

116
Leu

AGC
Ser

AAC
Asn
85

TGY

77
Phe

ATG
Met

AAC
Asn

AAC
Asn

GGT
Gly

GGC
Gly
70

TTA
Leu

TGC

ATT
Ie

GCA
Ala

CCA
Pro

€GG
Arg

C1G
Leu
55

1CT
Ser
Tce

Ser

AGA

CaA
Gln

GTG
vatl

GAG
Glu

GGT
Gly
&0

GGC
Gly

T6C
Cys

AGA
Arg

cce

Gce
Ala

crY
Leu

AAT
Asn
25

16T
Cys

TAT
Tyr

GAT
Asp

AAT
Asn

ATC

ACC
Thr

cer
Pro
10

TCC
Ser

GT¢
val

GAA
Glu

GCA
Ala

AGA
Arg
90

Gee

ATT
Ite

AGA
Arg

AGA
Arg

TTA
Leu

ACC
Thr

GCT
Ala
75

AGG
Arg

717

AAA
Lys

AGA
Arg

GGA
Gly

ACT
Thr

AAG
Lys
60

GAG
Glu

(41
Leu

GAT

AGA
Arg

GAG
Glu

AAA
Lys

GCA
Ala
45

GAG
Glu

ACA
Thr

GIG
val

GAT

ci6
Leu

CGG
Arg

GGT
Gly
30

ATA
Ite

GAA
Glu

ACG
Thr

ACT
Ser

GAC

AAA
Lys

AAT
Asn
15

CGG
Arg

CAT
His

cic
Leu

TAC
Tyr

GAC
Asp
95

C16

53
101

149
197
s
293
341
389

437
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(i)

(1) GENERAL | NFORMATI ON i )
| NVENTI ON:

TI TLE OF

APPLI CANT:

dial Derived Neuk

~95~

1CG TTT TTA GAT GAT AAC CTG GTT TAC CAT ATT CTA AGA AAG CAT TCC 485
Ser Phe Leu Asp Asp Asn Leu val Tyr His Ile Leu Arg Lys His Ser

15 120 125

GCT AAA AGG TGT GGA TGT ATC TGA CTCCGGCTCC AGAGACTGCT GTGTATTGCA 539
Ala Lys Arg Cys Gly Cys lle

130

TTCCTGCTAC AGTGCAAAGA AAG 562

(7) INFORMATION FOR SEQ 1D NO:6

Ser

Gln

Gly

Asn

Phe

(i)

{ix)

(xi)

Pro

Ala

Gln

val

50

Arg

&5 °

Lys

vat

Phe

Lys

(8)

fte

Gly

Leu

Arg
130

Asp
Ala
Arg

35
Thr
Tyr
Lteu
Gln
Asp

115

Cys

SEQUENCE CHARACTERISTICS:

Lin et al

albs-ankd I &
et

REPLACEMENT

EET

06 MAR 1997

(A) LENGTH; 134 amino acid residues

(8) TYPE: aminc agid

(D) TOPOLOGY: linear

FEATURE:

(A) NAME/KEY: inferred amino acid sequence for mature human GDNF

SEQUENCE DESCRIPTION: 520 1D NO:6:

Lys Gln Met Ala Val Leu Pro Arg Arg Glu Arg Asn Arg
5 10 . 15

Ata Ala Asn Pro Glu Asn Ser Arg Gly Lys Gly Arg Arg
20 25 30

Gly Lys Asn Arg Gly Cys vVal Leu Thr Ala Jle His Leu
40 4

Asp Leu Gly Leu Gly Tyr Glu Thr Lys Glu Glu Leu lle
S5 60

Cys Ser Gly Ser Cys Asp Ala Ala Glu Thr The Tyr Asp
70 75 80

Lys Asn Leu Ser Arg Asa Arg Arg Leu Val Ser Asp Lys
85 90 o5

Ala Cys Cys Arg Pro 1le Ala Phe Asp Asp Asp Leu Ser
100 105 110

Asp Asn Leu Val Tyr His lle Leu Arg Lys His Ser Ala
120 125

Gly Cys Jle

INFORMATION FOR SEQ 1D NO:7

(i)

(ix)

(xi)

SEQUENCE CHARACTERISTICS:

(A) LENGTH: 20 base pairs

(8) TYPE: nucleic acid

(C) STRANDEDNESS: single

(0) TOPOLOGY: Llinear

FEATURE:

(A} NAME/KEY: oligonucleotide probe

) OTHER [MFORMATION: N at ‘positions 3, 15, and 18 is inosine

SEQUENCE DESCRIPTION: SEQ 1D NQ:7:

CCNGAYAARC ARGCNGCNGC

(?) INFORMATION FOR SEQ ID NO:8

(i)

tix)

SEQUENCE CHARACTERISTICS:

(A} LENGTH: 223 base pairs
(8) TYPE: nucleic acid

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
FEATURE:

(A) NAME/XKEY: nuclerc acid sequence for human GDNF




(iii)NUMBER OF SEQUENCES: 24 (iv) CORRESPONDENCE

(A - ADDRESSEE: Beat on & Swanson, P.C. (B)

South U ster Street Parkway, Suite #403 (O :

(D) STATE:  Col or ado (E) COUNTRY: ¢/SAMAR 1987
(F) ZIl P; 80237 (v) COVPUTER READABLE FORM o

(A MEDI UM TYPE: Diskette, 5.25 inchaé360 Kb storage : (B)

COVPUTER: | BM conpati bl e (O OPERATI NG SY
(D) SCFTWARE: WBFESeFFEEe=sie== * {3 I SRR Mot

AAG ATG AAG TTA TGG GAT GIC GIC GCT GTC TGC CTG GTG CTG CTC CAC 103
Lys Met Lys Leu Trp Asp Val val Ala val Cys Leu val Leu Leu His
1 S 10 15

ACC GCG TCC GCC TTC CCG CTG CCC GCC GGT AAG AGG CCY CCC GAG GCG 151
Thr Ala Ser Ala Phe Pro Leu Pro Ala Gly Lys Arg Pro Pro Glu Ala
20 25 30

CCC GCC GAA GAC CGC TCC CTC GGC CGC CGC CGC GCG CCC TTC GCG CT6 199
Pro Ala Glu Asp Arg Ser Leu Gly Arg Arg Arg Ala Pro Phe Ala Leu
40

35 45
AGC AGT GAC TGTAAGAACC GTTCC 223
Ser Ser Asp -
50
(§14)] lNFORH@TlON FOR SEQ 1D NO:%
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH; 12 base pairs
(8) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ix) FEATURE:
(A) NAME/KEY: linker

(xi) SEQUENCE DESCRIPTION: SEOQ 1D NO:9:
CCCGAATTCG GG
an INFORMATION FOR SEO (D NO:10
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 7 amino acid residues
(8) TYPE: amino acid
(D) TOPOLOGY: {inear
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10:

Pro Asp Lys Gln Ala Ala Ala

(12) " INFORMATION FOR SEQ ID NO:11
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 33 base pairs
(8) TYPE: nucleic acid
(C) STRANDEDNESS: singtle
(0) TOPOLOGY: (inear

tix) FEATURE:
(A) NAME/XEY: nucleic acid sequence from pBluescript SK-76.1

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:11:
GAG AGG AAC CGG CAA GCT GCW GMW GYM WGM CCw 33
(13) INFORMATION FOR SEC 1D NO:12
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 11 amino acid residues
{8) TYPE: amino acid
(D) TOPOLOGY: linear
(xi) SEQUENCE DESCRIPTION: SEQ 1D NO:12:
Glu Arg Asn Arg Gln Ala Ala Ala Ala Ser Pro

(16) INFORMATION FOR SEO 1D NO:13

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 pase pairs




(vii) PRI OR APPLI CATI ON DATA: (A APPLI CATI ON NU

07/ 788, 423, 07/774,109, 07/764, 685 (B) T

06- NOV- 1991, 08- OCT- 1991, 20- SEP- 1991 (viii) ATTORRERUMENG

| NFORMATI ON: (A NAMVE: Barry J. Swansén

REG STRATI ON NUMBER 33, 215 (O REFER

SYNE- 225C3 (i x) TELECOVMUNI CAT! O 7I-NFORMATI ON:

TELEPHONE: (303) 850- 9900 v tineal B TELEFAX:

| NFORMATI ON FOR SEQ | D NOf®  T%P%f4"§ """ 'SEQUENCE CHARACTERI STICS, .
(A) LENGTH. 25 amiwo amiws -~ YO TYPE==mTTiG aci d

( D) TOPOLOGY: | i near ::; OTHER ;N;D:Ha‘l?‘;g::lr;:d:og?zions 9 and 12 are inosine

{xi) SEQUENCE DESCRIPTION: SEOQ 1D NO:13:
ARRTTYTTHA RNATYTTRTC 20
[&1))] INFORMATION FOR SEQ 1D NO: 14
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 7 amino acid residues
(8) TYPE: amino acid
(D) TOPOLOGY: (inear
{(xi) SEOUENCE DESCRIPTION: SEQ 1D NO:14:

Asp Lys Ile Leu Lys Asn Leu

(16) INFORMATION FOR SEQ ID NO:1S
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 17 base pairs
(B) TYPE: nucleic acid
(C) STRANODEONESS: single
(D) TOPOLOGY: linear

tix) FEATURE:
(A) NAME/KEY: oligonucleotide primer PO1

(xi) SEGUENCE DESCRIPTION: SEC ID NO:15:

GACGGGACTC TAAGATG

(17) INFORMATION FOR SEQ ID KO:16

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDMESS: single
D) TOPOLOGY: linear

(ix) FEATURE: -
(A) NAME/KEY: oligonucleatide primer DHD23
(D) OTHER INFORMATION: N at positions 3, 6, and 18 is inosine

(xi) SEQUENCE DESCRIPTION: SEQ {D NO:14:

GCNGENGCYT GYTTRTCNGG

(18) INFORMATION FOR SEQ 1D NO:17
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 17 base pairs
(8) TYPE: nucteic acid
() STRANDEDNESS: single
(0) TOPOLOGY: linear

{in) FEATURE:
(A) NAME/KEY: oligonucleotide primer LF2

{xi) SEQUENCE DESCRIPTION: SEQ 1D NO:17:

CGAGACAATG TACGACA

(19) INFORMATION FOR SEQ 1D NO:18
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 17 base pairs
(8) TYPE: nucleic acid
(c) STRANDEDNESS: single
(D) TOPOLOGY: linear

{ix} FEATURE:



(v) FRAGVENT TYPE: N-term nal fragnent (xi) SEC}JENC":
DESCRIPTION: SEQ ID NO:1: Ser Pro Asp Lys GLn Ala Al a Al d RERLAPEMFNTSHEET
GLu Arg Asn Xaa 5 10 e T
15 d@n Ala Ala Ala Ala Ser Pro Asp Asn 20 199723
(3) INFORMATION FOR SEQ ID NO.2 _c(i) SEQUENCE cHarACTEA BTMAR.
(A LENGTH: 13 ami no acids (B) TYPE: am no acid
(O TOPOLOGY¢i9 | NQ&Yence oescription: sea [0 no:1a:
CTCTGGAGCC AGGGTCA
(20) INFORMATION FOR SEQ 1D NO:19
Ci) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 26 base pairs
(8) TYPE: nucleic acid
({°9] STRANDEDNESS: single
) TOPOLOGY: linear

(ix) FEATURE:
(A) NAME/XEY: oligonucleotide primer PD1

(xi) SEQUENCE OESCRIPTION: SEQ [D NO:19:

CCCGAATTCG ACGGGACTCT AAGATG 26
(21) [NFORMATION FOR SEQ ID NO:20
(i SEQUENCE CHARACTERISTICS:
(A) LENGTH: 24 base pairs
(B) TYPE: nucleic acid
(48] STRANDEDNESS: single
(D) TOPOLOGY: linear

tix) FEATURE;
(A) NAME/XEY: oligonucleotide primer LFA

(xi) SEQUENCE DESCRIPTION: SEQ 1D KO:20:

CGGTGGCCAG AGGGAGIGGT CTTC 24
(22) [NFORMATION FOR SEQ ID NO:21
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 46 base pairs
(8) . TYPE: nucleic acid
(] STRANDEDNESS: single
(D) TOPOLOGY: |inear

(ix) FEATURE:
(A) NAME/XSY: oligonucleotide primer PD3

(i) SEQUENCE DESCRIPTION: SEQ 1D NO:21:

CGCGGATCCA ATAAGGAGGA AAAAAAATGT CACCAGATAA ACAAAT Ls
(23 INFORMATION FOR SEQ 1D NO:22
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 26 base pairs
(8) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ix) FEATURE:
(A) NAME/KEY: oligonucleotide primer PD4

(xi) SEQUENCE OESCRIPTION: SEOQ ID NO:22:

CGCGGTACCC AGTCTCTGGA GCCGGA 26
(24) INFORMATION FOR SEO 1D ND:23
(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 33 base pairs
(B) TYPE: nucleic acid
(4] STRANDEDNESS: double
(D) TOPOLOGY: Linear

(ix) FEATURE :
(A) NAME/KEY: adapter fragment for plasmid pCJ1

(x1) SEQUENCE DESCRIPTION: SEQ ID NQ:23:



(v) FRAGVENT TYPE: internal fragnent (i x) FEATURE: Xaa is

either Lys or Gn (xi) SEQUENCE DESCRI PTION: SEQ I D NO 2: Asp Xaa
lie Leu Lys Asn Leu Ay Arg Vat Arg Arg Leu (4) |INFOR :
No: 3 (1) SEQUENCE CHARACTERI STI CS: /hf @tmfm
890 case pairs (a) TYPE: nucleic acid (d
STRANDEONESS: si ngl e 06 MAR 1997
-.99_
25 INFORMATION FOR SEQ ID NO:2&
(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 37 base pairs

(8) TYPE: nucleic scid

(C) STRANDEDRESS: double

(D) TOPOLOGY: tinear

{ix) FEATURE:
{(A) NAME/KEY: polylinker sequence for plasmid pCJX1-1

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:24

AATTCCCGGG TACCAGATCT GAGCTCACTA GTCTGCA
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rat GDNF™

il (e | M8 FERRREEUERESAEE
M WWEQJENCE DESCRI PTI ON:  SEQ | D NO 3:

Vat

GGA GAC CGG ATC CGA GGT GCC GCC

Arg Gy Ala Ala 0 6 MAR 1397
~100-
CLAIMS
1. Substantially purified glial derived

neurotrophic factor.

2. The substantially purified glial derived
neurotrophic factor of claim 1 having a
specific activity of at least about 12,000
TU/ug.

3. The substantially purified glial derived
neurotrophic factor of claim 1 having a
specific activity at least about 24,000 times
greater than the specific activity of B49
conditioned medium.

4. The substantially purified glial derived
neurotrophic factor of claim 1 having a
molecular weight of about 31-42 kD on non-
reducing SDS-PAGE.

5. The substantially purified glial derived
neurotrophic factor of claim 4 comprising a
dimeric polypeptide species haviné a specific
activity of at least about 12,000 TU/ug.

6. The substantially purified glial derived
neurotrophic factor of claim 1 having a
molecular weight of about 20-23 kD on reducing
SDS~PAGE.

7. The substantially purified glial derived
neurotrophic factor of claim 6 comprising a
monomeric polypeptide sequence.

8. The substantially purified glial derived
neurotrophic factor of claim 1 comprising an
amino acid sequence as follows:

N

eet Has Been Replaced

\\ll\l\\ I




- 90 -85 GOC GGA CGG GAC TCT AAG ATG AAG TTAREW PLACEMENT SHEET

e e ARl A AS‘HIHHHHHYHII&TFHIIHII? P T Mol 18y,

CTG GTG TTG CTG CAC ACC GCG TCT acc TTC obG &1 3
140 Leu Vat Leu Leu H's Thr Ala Ser Al a Phe Pro Leu Pro Ala Gy Lys

- 65 - 60 ‘101' -55 AGG CIT CTC CAA~ece—€EEee—ee
GAA GAC CAC TCC CIC GC 88 Arg Leu Leu Gu Ala Pro
Ala GLu Asp(ﬁP-§)58F°Eéapa1~ySHP%nAP¢aA%a‘Ala ‘seu Pro-Arg-Arg-Glu=4s

-40 GIG CCEALg§-£em-CTG) AGCnART aCACa T a AT a ATSe £5CESA Ls %IAT CCT

236 val Pro he Ala Leu Thr Ser Asp Ser Asn Met Pro GLu Pro -35
-30 (asn) -25 -20 GAC CAG TTT GAT GAC GTIC ATG
GAT TTT ATT CAA CCC ACC ATC AAA ACA 284 Asp A n Phe Asp Asp Vat

Met Asp Pheglle G npfi & MUedd€id S Aified glial derived
neurotrophic factor of claim 1 comprising the
amino acid sequence of mature rat glial derived
neurotrophic factor as set forth in Fig. 14
(SEQ ID NO:4).

10. The substantially purified glial derived
neurotrophic factor of claim 1 comprising the
amino acid sequence of mature human glial
derived néurotrophic factor as set forth in
Fig. 19 (SEQ ID NO:5).

11. A substantially purified glial derived
neurctrophic factor characterized by the
following:

-{a) an apparent molecular weight of about
31-42 kD on non-reducing SDS~PAGE:;

(p) an apparent molecular weight of about
20-23 kD on reducing SDS-PAGE; and

(c) a specific activity of at least about
12,000 TU/mg.

l12. The substantially purified protein glial
derived neurotrophic factor of claim 11 further
characterized by comprising the amino acid
sequence of mature rat glial derived
neurctrophic factor as set forth in Fié. 14
(SEQ ID NO:4)

13, The substantially purified protein glial
derived neurotrophic factor of claim 11 further
characterized by comprising the amino acid
sequence of mature human glial derived
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-15

Lys
10
380
20
TTA
Leu
45
476
50
AGC

o06 o aca v ons ood TN HRHIINII ~255" o0, 25, [REREAREMENT SHECT

An Ala Ala Ala Leu Pro Ardg Atg B v * 1

AGG AAC CGG CAA CCT GCA GCT GCC AGC CCA GAG AAT TCC AGA

Arg Asn Arg Gn Ala Ala Ala A Ser Pro Gu Asn Ser Arg
25 GGT CocC AGR?GeC CAG AGG GGC AAA AAT

ACT COA 28 QAR ARG 8 L BBk b R8T
ATA CAC TTA AATISERLC JACINGAD -TTG GGT TTG GEC TAC GAA ACC AAG GAG

lle His Leu Asn vat Thr Asp Leu Ay Leu Ay Tyr Qu Thr Lys GQu

60 . GAA CTG ATC TTT CGA TAT TGT
GGT TCCl¥er MY&G%@GW purified g3jial derived

neurotrophic factor of claim 11 produced by
recombinant DNA technology.

15. The substantially purified glial derived
neurotrophic factor of claim 1 produced by
recombinant DNA technology

16. The substantially purified glial derived
neurotrophic factor of claim 15 comprising the
amino acid sequence of mature rat glial derived
neurotrophic factor as set forth in Fig. 14
(SEQ ID NO:4).

17. The substantially purified glial derived
' neurotrophic factor of claim 15 comprising the
amino acid segquence of mature human glial
derived neurotrophic factor as set forth in
Fig. 19 (SEQ ID NO:35). '

18. A pharmaceutical composition comprising an
effective amount of substantially purified
glial derived neurotrophic factor in a
pharmaceutically suitable carrier.

19. The pharmaceutical composition of claim 18
wherein said factor is comprised of the amino
acid segquence of mature rat glial derived
neurotrophic factor as set forth in Fig. 14
(SEQ ID NO:4).

20. The pharmaceutical composition of claim 18
wherein said factor is comprised of the amino

acid sequence of mature human gllal derlved
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Gu Leu IIe Phe Arg Tyr Q/s Ser Ay Ser Cys Au Ala Ala G u

65 R 75 ATG TAC GAC AAA Rﬁmmpﬂ‘m{g"{'
CTG TCT gmimm A ACA 572 Met Tyr Asp Lygtte—teu—tys
Asn Leu I " " , 9 Leu Thr 80 gig

AGT GAC AAG-GIA GG TGT TGC AGG COG GTC Goc TTC faf Bt MAR ’997
620 Ser Asp Lys Vat &Cy d n Ala Cys Arg Pro Val Al a Phe PAsp-Asp
100

ATC CTA AGA AAG

neurd¥iopill %9% LR e AN ??.T

His Ile Leu Arg LYSEQIBD NO:3). 115 : 120
125 CAT TCC GCT AAA CGG TGI GGA TGT ATC TGA CCCTGECTCC AGAGACTGCT

718 Hs Ser Ata L

21.

22.

23,

24.

s Arg Cys Ay Cys Ile L 130
he pharmaceutical composition of claim 18

wherein said factor is produced by recombinant
DNA technology.

The pharmaceutical composition of claim 21
wherein said factor is comprised of the amino
acid sequence of mature rat glial derived
neurotrophic factor as set forth in Fig. 14
(SEQ ID NO:4).

The pharmaceutical composition of claim 21
wherein said factor is comprised of the amino
acid segquence of mature human glial derived
neurotrophic factor as set forth in Fig. 19
(SEQ ID NO:5).

A method for obtaining substantially purified
glial derived neurotrophic factor comprising:
preparing a serum-free growﬁh-conditioned
medium of B49 glioblastoma cells;
concentrating the conditioned medium;
performing heparin sepharose
chromatography on the concentrated conditioned
medium;
performing fast protein liquid
chromatography or fractions obtained from said
heparin sepharose chromatography; and
performing reverse-phase high-performance
liquid chromatography or fractions obtained
from said fast protein liquid_chromatography.

The method of claim 24 further comprising:
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GNGNATTGCA TTCCTGCTAC ACTGCGAAGA AAGGGACCAA GGTTCCCAGG AAAT. T -

e (RN AT%&EQ FEka)4 GWAGAAGTr 890
am no acid residues Il"l "lﬂﬁ“ﬂEﬂﬂHWW\qrEgl GST'gAr?J\%W

104

subjecting fractions obtained by reverse-
phase high performance liquid chromatography tc
preparative SDS-PAGE; and

performing reverse-phase high-performance
liguid chromatography on fractions obtained by
preparative SDS-PAGE.

26. A purified and isolated nucleic acid sequence
encoding glial derived neurotrophic factor.

27. The nucleic acid sequence of claim 26 comprised
of the rat nucleic acid sequence encoding
mature rat glial derived neurotrophic factor as
set forth in Fig. 13 (SEQ ID NO:3).

28. The nucleic acid sequence of claim 26 comprised
of the human nucleic acid sequence encoding
mature human glial derived neurotrophic factor
as set forth in Fig. 19 (SEQ ID NO:5).

29. A purified and isolated nucleic acid sequence
encoding pre-pro glial derived neurotrophic
factor.

30. The nucleic acid sequence of claim 28 comprised
of the human nucleic acid sequence encoding
pre-pro rat glial derived neurotrophic factor
as set forth in Fig. 13 (SEQ ID NO:3).

31. The nucleic acid sequence of claim 28 comprised
of the human nucleic acid sequence encoding
pre-pro human glial derived neurotrophic factor
as set forth in Figures 19 (SEQ ID NO:5) and 22
(S5EQ ID NO:8).

32. The nucleic acid sequence of claim 26 encoding
mature rat glial derived neurotrophic factor.



-94- - (1x)
aci d sequence for
NG 4:  Ser
5

Asn Ser Arg Ay Lys Gly Arg Arg-10s- 20

30
33.

34.

35.

36.

FEAT NANE/KEY

mat ur gﬂfﬁﬂ Mﬂﬂl{ "Ll Iy SEQUENCE DESCRH%—-
Pro ASp Lys u Pro Arg Arg Gu Ar

Q 10

Asn L Ar
15 dn Ala Ala Ala A a é&ﬁ.H381E$L
25

The nucleic acid sequence of claim 32 encoding

b

the amino acid segquence of mature rat glial
derived neurotrophic factor as set forth in
Fig. 14 (SEQ ID NO:4).

The nucleic acid sequence of claim 26 encoding
mature human glial derived neurotrophic factor.

The nucleic acid sequence of claim 34 encoding
the amino acid sequénce of mature human glial
derived neurotrophic factor as set forth in
Fig. 19 (SEQ ID NO:5).

The nucleic acid sequence of claim 26 encoding
GDNF selected from the group consisting of:

(a) a nucleic acid sequence which encodes
the amino acid sequence for pre-pro rat GDNF
set forth in Figure 13 (SEQ ID NO:3):

(b) a nucleic acid
the amino acid sequence
forth in Figure 13 (SEQ

(c) a nucleic acid
the amino acid sequence
set forth in Figures 19
(SEQ ID NO:8);

sequence which encodes

for mature rat GDNF set
ID NO:3):

sequence which encodes

for pre-pro human GDNF

(SEQ ID NO:5) and 22

(d) a nucleic acid sequence which encodes

the amino acid sequence
set forth in Figure 19

(e) a nucleic acid sequence which encodes

for mature human GDNF
(SEQ ID NO:5);

an amino acid sequence with dopaminergic

activity, and said amino acid sequence is

recognized by an antibody which binds to a

portion of GDNF; and

(f) a nucleic acid sequence which (1)

hybridizes to the complementary sequence of

(a), (b),

(c) or (d) and (2) encodes an amino

acid seguence with dopaminergic activity.
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Gly Gn Ag Gly Lys Asn Arg Ay Cys Val

GLu
Cys
75

Thr
Val
100
Tyr
125

Leu
Ser

Ser

Hi s

Leu Thr Ala Ile H s.leu

e 45 —~AsA Val Thr Asp Leu GLy Leu Ay Ty

NG o 2 o 75 e 1 sep o

Asp Lys

Il e Leu

38.

39.

4Q.

4%.

42.

43.

44.

s 80 Ly gg Lys Asn Leu Ser Arg Sgr A

90

35
ACEMENTSSHEET
05 A 1957 |

CysegggdA%grPro Val Al a Phe Asp Asp Asp Leg§ Ser

ay qp Aa Qs

preventing ?{OtrPﬁElEEunﬂéﬁe
Asgakps whiishSeomprdses adminidtlring to a

patient in need thereof a therapeutically
effective amount of glial derived neurotrophic
factor.

The method of claim 37 wherein said nerve
damage is Parkinson‘’s disease.

A pharmaceutical composition for preventing or
treating Parkinson’s disease comprising an

effective amount of glial derived neurotrophic
factor in a pharmaceutically suitable carrier.

A pharmaceutical composition for preventing or
treating damaged or improperly functioning
dopaminergic nerve cells comprising an
effective amount of glial derived neurotrophic
factor in a pharmaceutically suitable carrier.

A method for preventing damage tc or treating
damaged or improperly functioning dopaminergic
nerve cells which comprises administering to a
patient in need thereof a therapeutically .
effective amount of glial derived neurotrophic
factor.

A recombinant DNA molecule comprising
expression regulatory elements operatively
linked to a nucleic acid seguence encoding
glial derived neurotrophic factor.

A host cell transformed with the vector of
claim 42.

A recombinant DNA method for production of
glial derived neurotrophic factor comprising:

This Sheet Has Been Replaced

AT

120



Lys-Arg Cys Q. cys |le 1130 (6) | NFORMATI ON FOR SE

S | STI CS: (A LENGTH: 56

(E el eic acid (O STRANDEDNESE: si ngl e

(D* ° 'TOPOLOGY: i near (i x) FEATURE: (2)5 l‘%AR 1997
NAVE/ KEY: nucl ei ¢ aci d sequence for human GDNF (xi) 4 EQUENCE
DESCRI PTION: SEQ 10 NO 5:  ATTTTCTCIT TTCTTTTTGA ACAGCA PAFATEECCA—CAG G4
TAT CCT GAT CAG 53 -107- Asn Met Pro du Asp Tyr

Pro Asp @n .
P (a) subcloning a DNA sequence encoding fo:

glial derived neurotrophic factor into an
expression vector which comprises the
regulatory elements needed to express the DNA
seguence;

(b) transforming a host cell with saiad
expression vector:;

(¢) culturing the host cells under
conditions for amplification of the vector and
expression of glial derived neurotrophic
factor; and

(d) harvesting the glial derived
neurotrophic factor from the hést cell culture.

45. The recombinant DNA method of claim 44 wherein
said host cell is an animal cell.

46. The recombinant DNA method of claim 45 wherein
said host cell is C0OS-7 cells.

47. The recombinant DNA method of claim 44 wherein
said host cell is a bacterial cell.

48, The recombinant DNA method of claim 47 wherein
said host cell is E. coli.

49. The recombinant DNA method of claim 48 further
comprising the step of refolding the harvested
glial derived neurotrophic factor.

50. A recombinant DNA method for production of
glial derived neurotrophic factor comprising:
(a) culturing the host cell of claim 43
under conditions for amplification of the
vector and expression of glial derived
neurotrophic factor; and
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TTC GAT GAT GTC ATG_GAT_TTT _ATT CAA GCC ACC ATT AAA AGA CF

Asp Asp Val Ala Thr |le Lys Arg Leu L

GAT AAA CAA A | I " AGA AGA GAG CGG AAT 149 |Arfg Ser
Lys @ n Met AI Arg Gu Arg Asn 1 _

10

.06 7
15 CGG CAG GCT GCA GCT GCC AAC CCA (A AAJ}TCQAKAQ?GGA
AAA GGT CGG 197 Arg G n Ala Ala Ala Ala Asn Pro G u Asn

Pro Asp

er'—Arg—ay—tys

G—y Arg——— 20 25 30 AGA
heta AAAAACCGGGGTTGTU@I"CTTAACTGCAATA CAT 245 Afg QY
n Arg g Cys Val Leu Thr Ala lle H's 35

I l 45 TTA hAThETCESE MG 19 B8 G @t TAT GAA ACC AAG
LeUnéaaoVaprIne Asetbﬁuzfﬁxy tiee! Kbyt Te{élﬁ sulirdys Gu

G u Leu

51. The recombinant DNA method of claim 50 wherein
said host cell is an animal cell.

52. . The recombinant DNA method of claim 51 wherein
said host cell is C0S-~7 cells.

53. The recombinant DNA method of claim 50 wherein
said host cell is a bacterial cell.

54. The recombinant DNA method of claim 53 wherein
said host cell is E. coli.

55. The recombinant DNA method of claim 54 further
comprising the step of refolding the harvested
glial derived neurotrophic factor.

56. Substantially purified glial derived
neurotrophic factor prepared accordihg to the
method of claim 24.

57. Substantially purified glial derived
neurotrophic factor prepared acéording to the
method of claim 55.

58. Substantially purified glial derived
neurotrophic factor prepared according to the
method of claim 44.

59. Substantially purified glial derived
neurotrophic factor prepared according to the
method of claim 50.

60. Substantially purified antibodies that
recognize glial derived neurotrophic factor.



ATT TTT AGG TAC TGC AGC G&C TCT T ' GAG ACA ACG
Phe Arg Tyr Cys Ser @y Ser l I l iThr Thr Tyr
70 75 GAC AAA TTA TCC AGA

RRELAGEMENT SHEET
AAT M&W

GIG ACT GAC 389 Asp Lys IIe Leu Lys Asn Leu Ser Arg Asn Ard Arg Leu Val
Ser Asp 80 95 AAA
GTA GGG CAG GCA TGT TGC AGA ccc AT TTT GAT GAT GAC CT¢ 437
REPLACEMENT SEEET The antibodies of claim 60 wherein said
antibodies are monoclonal.
62. The antibodies of claim 60 wherein said
antibodies are polyclonal.
63. A method for preventing or treating nerve
damage which comprises implanting cells that

secrete glial derived neurotrophic factor into

the body of patients in need thereof.

64. The method of claim 63 wherein said patient is

suffering from Parkinson’s disease.

65. The method of claim 63 wherein said cells are

the cells of claim 42.

66. The method of claim 63 wherein said cells are
naturally occurring cells that secrete glial

derived neurotrophic factor.

67. The method of claim 63 wherein said cells are

maintained within a biocompatible,
semipermeable membrane.

68. The method of claim 63 wherein said glial

derived neurotrophic factor is comprised of the

amino acid sequence of mature human glial
derived neurotrophic factor as set forth in

Fig. 19 (SEQ ID NO:5).

69. The method of claim 63 wherein said glial

derived neurotrophic factor is comprised of the

amino acid sequence of mature rat glial

neurotrophic factor as set forth in Fig.

(SEQ ID NO:4).
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| CG TTT TTA GAT GAT AAC CTG CIT TAC CAT ATT CTA AGA AAG CAT TCC 485 ser
Phe Leu Asp Asp Asn Leu Val Tyr His Ile Leu Arg Lys Hi s Ser

115

70.

71.

72.

73.

74.

120 125 GCT AAA AGG-FCF—SeA—F ;
CREPAAGBMENT SHEE]

TGA CTCCGGECTCC AGAGACTGCT GIGTATTGCA 539 Al a LyS Arg Cy
130 TTCCTGCTAC AGTGCAAAGA AAG
(7) INFORVATI ON FOR SEQ 1

IIIIIiIl i IIIII IIIIWIIII

CHARAG T6- AR 1957

\

462

-110-

A device for preventing or treating nerve

damage by implantation in a patient comprising:

a semipermeable membrane; and

a cell that secretes glial derived

neurotrophic factor encapsulated within said

membrane,

said membrane being pefmeable to said

glial derived neurotrophic factor, and
impermeable to factors from said patents
detrimental to said cells.

The device of claim 70 wherein said cells are

the cells of claim 42.

.The device of claim 70 wherein said cells are

naturally occurring cells that secrete glial

derived neurotrophic factor.

The device of claim 70 wherein said glial

derived neurotrophic factor is comprised

of the

amino acid sequence of mature human glial

derived neurotrophic factor as set forth
Fig. 19 (SEQ ID NO:5).

in

The device of claim 70 wherein said glial

derived neurotrophic factor is comprised of the

amino acid sequence of mature rat glial derived

‘neurotrophic factor as set forth in Fig.

(SEQ ID NO:4).
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(A LENGTH: 134 am no acid residues (B) TYPE: am no

aci d (D) TOPOLOGY: Li near (ix) EEATURE

(A NAME/ KEY: inferred am no acid sequence for natu[REP FS EET
(xi) SEQUENCE DESCRI PTION: SEQ ID NO 6: Ser Pro AspjLys

Leu Pro Arg Arg GLu Arg Asn Arg 1 5 1
15 dn Ala Ala Ala Ala Asn Pro Gu Asp Ser Arg Ay Lys Gynﬁ’d"‘w&g?
20 25 30 dy Gn Arp vy Lys Asn Ang
Gy Cys Val Leu Thr Ala lle H's Leu 35 40

45 Asn Vat Thr Asp Lé&LIGLy DERIVEDyNEYROTROPHIC FAGTOR U -Ct—totttb8—

ABSTRACT

A novel neurotrophic factor referred to as glial
derived neurotrophic factor (GNDF) has been identified

" and isolated from serum free growth conditioned medium
of B49 glioblastoma cells. Rat and. human genes
encoding GNDF have been cloned and sequenced. A gene
encoding GNDF has been subcloned into a vector, and
the vector has been used to transform a host ce}l in
order to produce biologically active GNDF in a

recombinant DNA process.
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50 -~ 55 60 Phe Arg Tyr Cys Ser _dy Ser Cys

Asp Al a AIa—G u Fhr--Thr--Tyr Asp 65 70 _ : '
80 Lys Ilen“u “ nﬁ t Ser Arg Asn Arg Arg Leu Val Ser As REESACEMENT SﬁET
85 II l [m Iﬂ"l 95 Val Gy dn ALa|Cys (Xs Ar
Prolle Ala Leu 100 1 ?997
110 Phe Leu Asp Asp Asn Leu Val Tyr ﬁ}% Ile Leu Arg Lys HisiS¢r Al a

115 120 125 Lys Arg Cys Ay Cys Ile

130 (8) I NFORMATION FOR SEQ ID NO 7

75. A neurotrophic protein comprising an amino acid sequence as
set forth in SEQ ID NO:4 or SEQ ID NO:6 or a portion
thereof, or homologs thereof which are in excess of 70%
identical to the sequence set forth in SEQ ID NO:4 or SEQ
ID NO:6, wherein said protein is able to increase dopamine

uptake in dopaminergic neurons.

76. The protein of claim 75, wherein the amino acid sequence is
in excess of 80% identical to the sequence set forth in SEQ

ID NO:4 or SEQ ID NO:6.
77. The protein of claims 75 or 76 which is glycosylated.
78. The protein of claims 75 or 76 which is non-glycosylated.

79. The protein of claim 78, wherein the amino acid sequence has.

a methionine residue at the amino terminal.

80. ‘The protein of claim 75, comprising the amino acid sequence

set forth in SEQ ID NO:6.

81. The protein of any of claims 75 to 80 which is produced by

recombinant technology or chemical synthesis.

82. The protein of any of claims 75 to 81 which is modified by

attachment of one or more polymeric moieties.
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b s R CNCTER IPE nuc ei ¢ gt I AL IUL LR () FEPLAGEMERT SHeT
S TRANDEDNESS! si ngl e (D mummmuw 1 ™

FEATURE: (A NAMVE/ KEY: ol1 génuél ebtide *prob 18 JUN 1997
(D) OTHER | NFORVATI ON: N at posit}xg 3, 15, and 18 is inosjne

(xi) SEQUENCE DESCRI PTI ON: SEQ 10 NGO: CCNGAYAARC ARGCN 95

| NFORMATI ON FOR SEQ 10 NO 8 (i) SEQUENCE CHARACTERI 9TI CS

(A LENGTH: 223 base pairs (B) TYPE: nucTertacid

83. The protein of claim 82, wherein the polymeric moiety is

polyethylene glycol.

84. A nucleic acid sequence encoding a neurotrophic protein as

defined in any of claims 75 to 80.

85. A nucleic acid sequence comprising:
a) a sequence set forth iﬁ SEQ ID NOS: 3 or 5 encoding
glial cell line-derived neurotrophic factor;
b) a combination of SEQ ID NOS: 5 and 8 encoding a full
length human pre-pro form of glial cell line-derived
~neurotrophic factor;
c) a nucleic acid sequence encoding an amino acid sequence
which increases dopamine uptake in dopaminergic neurons,
wherein said amino acid sequence is recognized by an
antibody which binds to a portion of the sequence set forth
in SEQ ID NO:4 or SEQ ID NO:6; or
d) a nucleic acid sequence which (1) hybridizes to the
-complementary sequence of (a), (b) or (c) and (2) encodes
an amino acid sequence which increases dopamine uptake in

dopaminergic neurons.

86. A vector comprising expression regulatory elements
operatively linked to a nucleic acid sequence according to

claim 84 or 85.

This Sheet Has Been Replaced




() EmEerEss: single WIIIHHIHMM*TPP?OGY o TR ACEMe, SHEET |

human GDNF

87.

88.

89.

90.

91-

92.

93.

94.

18 JUN 197

113

A host cell transformed or transfected with the vector of

claim 86.

The host cell of 87, which is a eukaryotic or prokaryotic

cell.

The host cell of 87 or 88 selected from the group consisting

of mammalian cells and bacterial cells.

The host cell of claim 89 which is a CO0OS-7 cell or E. coli

cell.

The host cell of any of claims 87 to 90, wherein said cell
is suitable for human implantation and wherein said cell
expresses and secretes glial cell line-derived: neurotrophic

factor.

The host cell of claim 21, wherein said cell is transformed

‘'or transfected ex vivo.

The host cell of claim 91, wherein said cell is enclosed in

a semipermeable membrane suitable for human implantation.

A cell transformed or transfected to express the protein of

any of claims 75 to 79.

This Sheet Has Been Replaced

AEARAR

R e b vt s e - i



-96-" TTCTCTCCCC CACCTCCCGEC CTGCCCCCGC A GGTIT GCC GCC GCC GCA GG GAC TTT

Ay Ala Ala Ala Ay Arg Asp Phe
.5  AAG ATG AAG TTA TGG GAT-GFE-6TG GCT GIC TGC CTG GIG CTG REPLACEMENT SHEET

s 5 RN ™ % 5
r

CCCGCCGGTAAGA &cT"ccE @G aoc 11451 Thr Ala Ser Ala Phé Bro Leu Pro
Ala Ay Lys Arg Pro Pro GLu Al a 20 | 25

30 CCCGCCGAAGACCGCTCCCTCGGCCGCCGCCGCGCGCCCTTC -GHes 198

Pro Ala U gpy {:Hgg‘erfoli‘eutl%yp Egué‘ﬂoﬁ‘r %Ei%.ggzg‘l erived

AAGAACC GITCC
223

neurotrophic factor comprising the steps of:

a) maintaining a host cell comprising a cell according to
any of claims 87 to 90 under conditions suitable for the
expression of glial cell line-derived neurotrophic factor
by said host cell; and

b) optionally, isolating the glial cell line-derived

neurotrophic factor expressed by said host cell.

96. The method of claim 95, further comprising the step of
refolding the isolated glial cell line-derived neurotrophic

factor.

97. A substantially ©purified glial cell line-derived
neurotrophic factor prepared according to the method of

claims 95 or 96.

98. A pharmaceutical composition comprising a neurotrophic
-protein as claimed in any one of claims 75 to 82 or 97, or

produced according to claims 95 or 96.

99. A pharmaceutical composition according to claim 98 for use
in preventing or treating nerve cell damage or disease or

improperly functioning nerve cells.
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Ser Ser Asp 50 (10) FOR SEQ I D N9 (i) -
SEQUENCE CHARACTERI STI CS: : ”!II"CI ”ll}ﬁ@ﬁmj " @NGT H 12 base‘tipEEgL?CEMENT SHEET
* R TYTr <

(B) TYPE: nucleic acid TRANDEDNESS:

(D) TOPOLOGY: | i near (1x) FEATURE: (A

NAVE/ KEY: ti nker (xi) SEQUEN SCRI PTION: SEQ I D Nojo] 18 JUN 1997
CCCGAATTCG GG (11) | NFORVATI ONIPOR SEQ 1 D NO. 10

100. A pharmaceutical composition according to claim 98 for use

in preventing or treating Parkinson’s disease.

101. An antibody that binds the neurotrophic protein of any of

claims 75 to 80 or 97.

102. The antibody of claim 101, wherein said antibody is a

monoclonal antibody.

103. The antibody of claim 101, wherein said antibody is a

polyclonal antibody.

104. A device for treating nerve damage, comprising:
a) a semipermeable membrane suitable for implantation; and
b) cells encapsulated within said membrane, wherein said
cells secrete a neurotrophic factor according to any of-
claims 75 to 80 or 97;
said membrane being permeable to the neurotrophic factor and

‘impermeable to materials detrimental to said cells.

105. The device of claim 104, wherein said cells are naturally

occurring cells that secrete said neurotrophic factor.

106. The device of claim 104, wherein said cells have been
modified to secrete said neurotrophic factor by means of a

nucleic acid sequence as defined in claims 84 or 85.
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(i)

resi dues
| i near
Ala Ala Al a

CHARACTERI STI CS
nucl eic acid
| i near

TYPE:
TOPOLOGY:

SEQUENCE CHARACTERI STI CS:
(xi)

(A LENGTH:
(B) TYPE: am no acid (D)
"SEQUENCE DESCRI PTION: SEQ I D NG 10: Pro Asp
| NFORMATI ON FOR SEQ I D NO 11 (i)
(A LENGTH: 33 base pairs
(O - IIT&RANDEDNESS: singl e

(12)

REPTATEMERBYSHEET
tys—GTT

1830k 97

(D)

(i x) FEATURE

GLIAL DERIVED NEUROTROPHIC FACTOR

ABSTRACT

A novel neurotrophic factor referred to as glial
derived neurotrophic factor (GNDF) has been identified

" and isolated from serum free growth conditioned medium
of B49 glioblastoma cells. Rat and- human genes
encoding GNDF have been cloned and sequenced. A gene
encoding GNDF has been subcloned into a vector, and
the vector has been used to tranéform a host cell in

order to produce biologically active GNDF in a

recombinant DNA process.
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(A)  :-NAME/ KEY: nucleic acid sequence fron1pBIuescr|pt SK-76. 1 (xi)
SEGUENCE DESCRI PTION: SEQ I D NO 11:  GAG AGG AAC CGG CAA GCT GCW GW G{
)

WGM CCW 33 (13) | NFORMATI ON FOR_S ~ cNTQ
SEQUENCE CHARACTERI STI CS: (A LENGTHREPEAE Sq
resi dues _ (B) TYPE: am no acid
| i near - (xi) SEQUENCE DESCRI PTILGM:- SEQ | D NO{13: g e ﬂﬁfn Arg
G@n Ala Ala Ala Al.La Ser Pro (14) | NFORMATI O RO E&” ﬂg 13
CLATMS
1. A purified and isolated glial cell line-derived neurotrophic
factor protein comprising an amino acid sequence as set
forth in SEQ ID NO:4 or SEQ ID NO:6 or a biologically equi-
valent protein with a degree of homology in excess of 70%
with the sequences set forth in SEQ ID NO:4 or SEQ ID NO:6.
2. The protein of claim 1, wherein the amino acid sequence is
in excess of 80% homologous to the sequences set forth in
SEQ ID NO: 4 or SEQ ID NO: 6.
L=
3. The protein of claim 1, comprising the amino acid sequence
set forth in SEQ ID NO: 6.
4. The protein of claims 1 to 3 which is glycosylated.
5. The protein of claims 1 to 3 which is non-glycosylated.
6. The protein of claims 1 to 3 or 5, wherein the amino acid
sequence has a methionine residue at the amino terminal.
7. The protein of claims 1 to 6 which is produced by recombi-
nant technology.
—
8. The protein of claims 1 to 7 which is modified by attachment
of one or more polymeric moieties.
9. fThe protein of claim 8, wherein the polymeric moiety is
polyethylene glycol.
10. A nucleic acid sequence encoding a glial cell line-derived
neurotrophic factor protein as defined in any of claims 1 to
6.
11. A purified and isolated nucleic acid sequence encoding a

glial cell line-derived neurotrophic factor protein, wherein

* [ L M 5 *

said nucleic acid sequence:




W

SEQUENCE CHARACTERI STI CS: ) | (A LENGTH. 20 base pairs

12.

13.

14.

15.

16.

17.

REPLACEMENT pBHERE§MENT SHEET
- 101 - 0 6 AUG 1897
(a) comprises nucleotides 304 thruogh 705 of SEQ 1D NO:3 or

nucleotides 105 through 506 of SEQ ID NO:5; or

(b) encodes a protein comprising an amino acid sequence set
forth in SEQ ID NO:4 or SEQ ID NO:6; or

(c¢) encodes a biologically equivalent protein comprising an
amino acid sequehce with a degree of homology in excess
of 70% with an amino acid sequence set forth in SEQ ip
NO: 4 or SEQ ID NO: 6; or

(d) hybridizes to a nucleic acid sequence complementary to
an oligonucleotide probe encoding an amino acid sequen-
ce of SEQ ID NO:10, SEQ ID NO:4 or SEQ ID NO:6;

and wherein said protein has the capability to promote dopa-

mine uptake in dopominergic neurons.

A vector comprising expression regulatory elements
operatively linked to a nucleic acid sequence according to
claims 10 or 11.

A transformed or transfected host cell comprising the vector
of claim 12.

The host cell of claim 13 selected from the group consisting
of mammalian cells and microorganisms.

The host cell of claim 14 which is a C0S-7 cell or an E.
coli cell.

The host cell of any of claims 13 to 15, wherein said cell
is suitable for human implantation and wherein said cell
expresses and secretes glial cell line-derived neurotrophic
factor.

The host cell of claim 16, wherein said cell is transformed
or transfected ex vivo.




(D) .~ TOPOLOGY: |i near (1x) FEATURE: (A

NAME/ KEY: ol i gonucl eotide DHD- 26 ' - (D) OTHER | NE T . “h‘ HEET
at positions 9 and 12 are inosine (xi) S = ﬁg&J :Aéﬁﬁﬁ [§

NG 13: ARRTTYTTHA RNATYTTRTC wet-NF

FOR SEQ 10 NO 14 (i) SEQUENCE CHARACTER!

LENGTH: 7 amino acid residues - 102(8B)

(D) TOPQLOGY: .Linear (xi) SEQUENCE DE

L1
18. The host cell of claim 16 or 17, whér i
closed in a semipermeable membrane suitable for human im-
plantation.

cell is en-

19. A host cell transformed or transfected to express the pro-
tein of any of claims 1 to 6. .

20. A method for the production of glial cell line-derived neu-

rotrophic factor comprising the steps of:

(a) culturing a host cell according to any of claims 13 to
15 under conditions suitable for the expression of
glial cell line-derived neurotrophic factor by said
host cell; and

(b) optionally, isolating the glial cell line-derived neu-
rotrophic factor expressed by said host cell.

21. The method of claim 20, further comprising the step of re-
folding the isolated glial cell line~derived neurotrophic
factor.

22. A purified glial cell line-derived neurotrophic factor pre-
pared according to the method of claims 20 or 21.

23. A pharmaceutical' composition comprising a neurotrophic
protein as claimed in any one of claims 1 to 9 and 22, or
produced according to claims 21 or 22.

24, A pharmaceutical composition according to claim 23 for use
in preventing or treating nerve cell damage or disease or
improperly functioning nerve cells.

25. A pharmaceutical composition according to claim 24 for use
in preventing or treating Parkinson’s disease.

26. A pharmaceutical composition according to claim 24 for use
in preventing or treating Alzheimer’s disease.

MU




Asp Lys lie Leu Lys Asn Leu (16) . | NFORMIG o EE“%3 15
(iF SEQUENCE CHARACTERI STI CS: : f 5 RESREWREHEET
ngl e

(B) TYPE: nucleic acid (O

(D) TOPOLOGY: Li near (1x) FEATURE

NAME/ KEY: ol i gonucl eetide primer PD1 (xi) Rl PTI ON:  SEQ
ON FOR SEQ I DI NG 16

I D NO 15: GACGGGACTC TAAGATG (17) - 103 -1 NFOR

27. A pharmaceutical composition according to claim 24 for use
in preventing or treating amyotrophic lateral sclerosis.

28. A pharmaceutical composition according to claim 24 for use
in preventing or treating nerve cell damage or disease due
to physical injury, ischemia, exposure to neurotoxins{
chronic metabolic diseases, or neurodegenerative disease. °*

29. A pharmaceutical composition according to claim 28 for use

in treating nerve cell damage due to stroke, diabetic poly-

«’ neuropathy, or toxic neuropathy caused by a therapeutic
agent.

30. an antibody produced by immunizing an animal with a glial
cell line-derived neurotrophic factor protein comprising an
amino acid sequence as set forth in SEQ ID NO:4 or SEQ ID
NO:6.

31. The antibody of claim 30, wherein said antibody is a mono-
clonal antibody.

32. The antibody of claim 30, wherein said antibody is a poly-
clonal antibody.

33. A device for treating nerve damage, comprising:

(a) a membrane suitable for implantation; and

(b) cells recombinantly modified to express and secrete
glial cell 1line-derived nurotrophic factor protein
encapsulated within said membrane;

said membrane being permeable to the glial cell line-derived

neurotrophic factor protein and impermeable to materials

detrimental to said cells,

wherein sain glial cell line-derived neurotrophic factor

protein comprises the amino acid sequence set forth in SEQ

ID NO:4 or SEQ ID NO:6 or a biologically equivalent protein

with a degree of homology in excess of 70% with the sequence

set forth in SEQ ID NO:4 or SEQ ID NO:6. o -
MR8 ) 0D AU T
* [ L M S *




(i)  + SEQUENCE CHARACTERI STI CS:

paits (B) TYPE: nucleic acid
STRANDEDNESS: si ngl e (D) TOPOL(R
FEATURE: (A NAME/ KEY: ol i gonu

(D) OTHER | NFORVATION: N at positions 3. 6, jamnd
SEQUENCE DESCRI PTION: SEO I D NGO 16: GCONAIMCGEYT G

| NFORVMATI ON FOR SEQ I D NO 17 (1) SEQUE

(A LENGTH: 17 base pairs (B)

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

The device of claim 33, wherein said glial cell line-derived
neurotrophic factor comprises the amino acid sequence of SEQ
ID NO:6.

The device of claim 33, wherein said cells have been modi-
fied to secrete said glial cell line-derived neurotrophic
factor by means of a nucleic acid sequence as defined iﬁ
claims 10 or 11.

A hybridoma that produces a monoclonal antibody that binds
to a glial cell line-derived neurotrophic factor comprising
an amino acid sequence as set forth in SEQ ID NO:4 or SEQ ID
NO:6.

A process for detecting or quantitating glial line cell
line-derived neurotrophic factor by contacting said factor
with an antibody that binds to an amino acid sequence of SEQ
ID NO:4 or SEQ ID NO:6.

The process of claim 37 wherein said antibody is a monoclo-
nal antibody.

The process of claim 37 wherein said antibody is a polyclo-
nal antibody.

A process for isolating glial cell line-~-deriwved neurotrophic
factor by contacting said factor with an antibody that binds
to an amino acid sequence of SEQ ID NO:4 or SEQ ID NO:6.

The process of claim 40 wherein said antibody is a monoclo-
nal antibody.

The process of claim 40 wherein said antibody is a polyclo-
nal antibody.

A device for implantation in a patient, comprising:
a membrane; and

HII!III mlll ] HIJI ll lII!



(C©) + STRANDEDNESS: single ( £Tki near

(i %) FEATURE: (A~ NAMVE tijde prinmer LF2
(xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 17: ACEMENT SHEET
| NFORVMATI ON FOR SEQ I D NO 18 (i) S CS

(A LENGTH: 17 base pairs , clleic acid

(O STRANDEDNESS: si ngl e - 105 -(D) TOPOLOGY: Ly near

(1x) FEATURE: ‘

44.

45,

46.

cells contained within said membrane,
wherein said cells express and secrete a glial cell line-
derived neurotrophic factor comprising the amino acid se-
quence set forth in SEQ ID NO:6, provided however, said
cells are not B49 glicblastome cells, and
said membrane is permiable to said glial cell line-derived

neurotrophic factor.

A method for the production of glial cell line-derived neu-

rotrophic factor comprising the steps of:

(a) culturing a transformed or transfected host cell com-
prising a nucleic acid sequence encoding a glial cell
line-derived neurotrophic factor protein under condi-
tione suitable for the expression of said protein,
wherein said nucleic acid sequence is operatively lin-
ked to a non-native promoter; and
wherein said nucleic acid sequence encodes a protein
comprising an amino acid sequence set forth in SEQ ID
NO:4 or SEQ ID NO:6; and

(b) isolating said expressed protein in a substantially
purified form from said host cell culture,

wherein said protein has the capability to promote dopamine

uptake in dopaminergic neurons.

The method according of claim 44, further comprising refol-
ding expressed glial cell line-derived neurotrophic factor
protein to form a disulfide-bonded dimer.

A transformed or transfected host cell which expresses a
nucleic acid sequence encoding a glial cell line-derived
neurotrophic factor protein, wherein said nucleic acid se-
quence encodes a protein comprising an amino acid sequence
set forth in SEQ ID NO:4 or SEQ ID NO:§6,

wherein said nucleic acid sequence is operatively linked to
a non-native promoter, and

wherein said protein has the capability to promote dopamine
uptake in dopaminergic neurons.

i

M



-98 - «

(xi) SEQUENCE DESCRI PTI ON' SEQ 1D NO.18. - CFSFGGAGCC AGGGTCA

REPLACEMEN* s‘

0 6 AUG 1987 REPLACEMENT &'~

- 106 -

47. A transformed or transfected host cell which expresses a
nucleic acid sequence encoding a glial cell line-derived
neurotrophic factor protein, wherein said nucleic acid se-
quence encodes a protein comprising an amino acid sequence
which is in exess of 70% identical to an amino acid sequence
set forth in SEQ ID NO:4 or SEQ ID NO:6,
wherein said nucleic acid sequence is operatively linked to
a non-native promoter, and
wherein said protein has the capability to promote dopamine
uptake in dopaminergic neurons.
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(20) | NFORMATI ON FOR SEQ | D NO 19 (i) SEQUENCE

CHARACTERI STI CS: (A " LENGTH. 26 base pairs (B)
TYPE: nucleic acid (O STRA I EE (D)
TOPOLOGY: | i near (ix)  FEATURE: EFLAG s-._‘..ﬁggy,g/ éﬁ?ﬁ\! HEFT
ol i gonucl eoti de priner PDl (xi) SEQUENCE DESCRI PTI DN~ é E.LE219:
CCCGAATTCG ACGGGACTCT AAGATG - 107 - | 26 ) 62AYG 1997 - ) NFORMATI ON FOR
SEQID NO 20 - _(i) SEQUENCE CHARACTHRI}STI CS: ! '

GLIAL DERIVED NEUROTROPHIC FACTOR

ABSTRACT

A_ novel neurotrophic factor referred to as glial
derived neuro'trophic factor (GNDF) has been identified ‘
and isolated from serum free growth conditioned medium
of B49 glicblastoma. cells. Rat and- human genes
encoding GNDF have been cloned and sequenced. A gene
encoding GNDF has been subcloned inte a vector, and
the vector has been used to transform a host cell in
order to produc; biologically active GNDF in a

recombinant DNA process.



(A LENGTH: 24 base pairs

" TYPE: nucleic acid

(B)

(O STRANDEDNESS: si ngl e (D) TOPOL OG¥¢—+iTeaT (%)
FEATURE: (A NAME/ KEY: -ol i gonucl eoti de p'RB&AmAENT SHEET )
SEQUENCE DESCRI PTI ON: SEQ I D NO 20: CGGIGGCCAG AGGGAGTHSTICTTC
24 (22) | NFORVATI ON FOR SEQ | D NO 21 (1) SE@ﬂEIm
CHARACTERI STI CS: (A - LENGTH: 46 base pails 1937 B)
TYPE: nucleic acid (O STRANDEDNESS: si ngl & (D)
TOPOLOGY: Linear
(v-9) 700N N
0 AN by
~ ~ S O
[ ] ) } ]
8 KoL S

FIG.I
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(ix)
(xi)

AAAAAAATGT CACCAGATAA ACAAAT
| D NO 22

FEATURE: (A NAVE/ KEY: ol i gon
SEQUENCE DESCRI PTI ON: SEQ | D NO 21: CGCGGAT
46 (23)

(i) SEQUENCE CHARACTERI STI CS:

26 base pairs (B) TYPE: nucleic acid
STRANDEDNESS: si ngl e (D) TOPOLOGY: i
FEATURE: (A NAVE/ KEY: ol i gonucl eoti d
2
0w 47 4T
05T
05T

FRICTION Numae e
FIG.2

ucteotide priner. PD3

I YRta. 1 EQ
(A LENGTH:
0 6 MAR 189
grar (ix)
er PD4
2 D
T 500




(xi)

26 (24)

SEQUENCE DESCRI PTI ON: SEQ | D NO 22:
| NFORMATI ON FOR SEQ | D NO 23
LENGTH. 33 base pairs

CHARACTERI STI CS

TYPE:

nucl eic acid

TOPOLOGY: Linear
adapter fragnent for plasmd pCll

NO: 23:

61£3.9741

(A)
(9

(i x)

‘STRANDEDNESS: doubl
(T kv AR fah

PIION:._SEQ 1DV

FEATURE

(xi)

]

.

GONF ACTIVITY IN Tu

FIG.3

"SEQUENCE DESCR

(i) S

]

CGCGGTACCC AGTCTCTGGA GCCGGA

REPIACEMENT_ SHEET

\Nkad

2 1413,

I

100

80

F 10
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Tu X /0
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0 6 MAR 197

REPLACEMENT SHEET
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-99-  (25) | NFORMATI ON FOR SEQ | D NO. 24

REPLACEMENT SHEET

5 0 6 MAR 1997
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(1) SEQUENCE CHARACTERI STI CS: (A LENGTH: 37 base pairs
(B) TYPE: nucleic acid (O STRANDEDRESS: doubl e
(D) TOPOLOGY: Linear (1x) FEATURE: _ (A
NAME/ KEY: | ytink f I 1d pCIX1-1 - . [
DESCRI PT1 Che . SEQ 1D NG 94 ARTTO00B00 TACCAGATCT GAGCTCACT kAN OHEET
0 6 MAR 1397
0.0. 214 6 |
A- SameLER
h
-50\,_
{1 &
7 160 N
3 3
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N
+20
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- 100- 1. Apurified and isolated glial cell Iine-derived neurotrophic
factor protein conprising an amno acid sequence as set

forth in SEQ ID

NO. 4 or SEQID NGO 6 or a biologically equi- valent protein with a
degree of honol ogy in excess of 70% with the seql 3 ORLiP SEQ
ID NO4 or SEQ | D NO 6. 2. The protein of claim 1,% -ﬂtm.ega L
aci d sequence is i n-excess of 80% honol ogous to tjhg sequences sef forth
in SEQID NO 4 or SEQID NO 6. 0 6 MAR 1997

7
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36

29
24

KD

14 -

FIG.7




3. The protein of claim1, conprising the am no acid sequence set
forth in SEQ ID NO 6. 4. The protein of clains 1 to 3 which is

gl ycosyl at ed. 5. The protein of clains 1 to 3 which is non-gl ycosyl at ed.
6. The protein of clains 1 to 3 or 5 wherein the amno acid sequence
has a net hionine residue at the am no termnal. 7. Th i '
1 to 6 which is produced by reconbi - nant technol ogy
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8. The protein of clainms 1 to 7 which is nodified by attachnment of one

or nore polyneric noieties. 9. The protein of claim8, wherein the
polymeric noiety is pol yet hyl ene glycol. 10. A nucleic acid sequence
encoding a glial cell line-derived neur otrophic f
defined in any of clains 1 to 6. 11. A punhed%hmdsmﬂei c
aci d sequence encodi ng a glial cell line-derived nTedr otrophic facfo
protein, wherein sai d nucl eic aci {Qgequence: 0 & MAR 1997
B
A- SAMPLE
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N N
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N N
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-101- (a) conprises nucleotides 304 thruogh 705 of SEQ ID NGO 3 or
nucl eoti des 105 through 506 of SEQ ID NO 5; or (b) encodes a protein

conprising an am no acid sequence set forth in SEQ ID NG 4 or SEQ
I D NO 6; or (c) encodes a biologically equival ent protein conprising an
am no acid sequence with a degree of honol ogy i'n exc qW t h
an am no acid sequence set forth in SEQ ID NQ L&CEMBH ' | 6;
or (d) hybridizes to a nucleic acid sequence conp; grentary to
0 6. MAR 1997
)
O
=
O
L




an ol i gonucl eoti de probe encoding an am no aci d sequen- ce of SEQ

ID NO 10, SEQ ID NO 4 or SEQ I D NO 6; and wherein said protein has the
capability to pronote dopa- m ne uptake in dopom nergi c neurons. 12. A
vector conprising expression regulatory elenents operatively |inked
to a nucleic acid sequence according to clai-rns 10 or..11 33—/
transformed or transfected host cell conprising the YREPPACEMEN®DfSHERTiim 12.
14. The host cell of claim 13 selected fromthe group TSTSTT g af
rram‘rgl ian cells and m croorgani sns. rﬁ 6 MAR 1397
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15. The host cell of claim14 which is a COS-7 cell or
16. The host cell of any of clains 13 to 15, wherein said cel
suitable for human inplantation and wherein said cel

secretes glial cell l|ine-derived neurotrophic
I's transforned

cell of claim16, wherein said cel
Vi VO.

ternal seqgquence of the GDNF

in
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-102 - 18. The host cel

closed in a sem perneabl e nenbrane suitable for human im

19. A host cell transforned or transfected to express th
any of clains 1 to 6. 20. A nethod for the production o
| i ne-derived neu- rotrophic factor conprising the step

culturing a host cell according tofagy of claims 13 to

conditions suitable for the expression of
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of claim16 or 17, wherein said cell is en-

pl ant ati on.
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glial cell line-derived neurotrophic factor by said host cell; and

(b) optionally, isolating the glial cell line-derived neu- ;!
rotrophic factor expressed by said host cell. 21. TH
further conprising the step of re- folding the is
| i ne-derived neurotrophic factbd 22. A purifie

| i ne-derived neurotrophic factor pre- pared accordjn
claims 20 or 21. 23. A pharmaceutical conposition c
neur ot r ophi c . protein as claimed in any one of clai
produced according to clainms 21 or 22.

0
o
) QO I< o |0 T Q10 o~ O
Jgsa Lo ul JiSa E3k3<3 Eglégo Eglighq 0 <
< Q Q < Q £t NS
Eal Bel Esl Es Ba Bgl T8
& © ¢ O} < < o .
lt';:> = 2 2 £ [80 2 :
?2 O < 3 B < ‘
O 3 '
12 & ;s ;B S o Em 2o § ;
B 3 =
§<5 kDEJ S 2w = ﬁ%cﬁ 9 ¢
9 3} 3 < o S ¢
S| s 18<] 1B Ba Bl B O
& 0 < 3 £ ¢
Sz Bo| B Ba Ba B g2
< <: 3} O o
. Bal Be B B B, &
IU £ £ < 0 B = ;
Sol Bo| B B [Ba] EL &
I‘cg ’g 8 B~ o LDH 6 E
2ul Bu| Bul B Bo 8 ¢
Q9 &) £ << &) e £
5o Sa Bo| 1B B B. & ¢
B 3} e ' & =
ol Bel Bo| Ba B.] E. & ¢
< O & 3 ¢
5 &) 0 &
%m G5 Bol B. B. EB. & ¢
8 £ E B . b &
l}:m Ezl E.| 2 = B 5 5 3
£ < < O a <
Bo| .l B B Bo| B & &
< '3) E & p-
< = E & & -
'<:x IL): l. f Ejhn éac) §§:> %é g
B E. B. E. 5. Bl § ¢
<L’> < < l‘<|—| 8< Ech 8 §
T S 9
LT-D—’- ,8< ’%q Ig.\:. !60 Iém A§ %



24. A pharmaceutical conposition according to claim23 for use I n

preventing or treating nerve cell

damage or di sease or

functioning nerve cells. 25. A pharmaceuti cal

claim?24 for use

or treating Al zhei ner's disease.
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-103- 27. A pharmaceutical conposition according to claim24 for use

in preventing or treating amyotrophic |lateral sclerosis.

pharmaceutical conposition according to claim 24 for use REP{XBE&EMVSHEFFI
or treating nerve cell danage or di sease due to phygidal injury,

i schem a, exposure to neurotoxins, chronic nmetaboliq di {eGsMAR 1997
neur odegener ati ve di sease. 29. A pharnmaceutical conpodit]i on accordlng t

claim 28 for use in treating nerve ¢@ | damage due tjo StTOKe, drabet i

)

pol y- neur opat hy, or toxic neuropathy caused by a tHerapeutic
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agent . 30. An antibody produced by immunizing an animal with a glial
cell line-derived neurotrophic factor protein conprising. 2l —am-ho—aets
sequence as set forth in SEQID NGO 4 or SEQ ID NO: 6] REPEKEENENH'SHEET'
anti body of claim 30, wherein said antibody is a nono-

32. The antibody of claim 30, wherein said antibody is a} pp

ant i body. 33. A device for treating nerve damage, conpf
menbrane suitable for inplantation; and

cromar dlitl D
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(b) cells reconmbinantly nodified to express and secrete - glial cell

| i ne-derived nurotrophic factor protein encapsul ated within said
menbr ane; sai d nenbrane being perneable to the glial cell l|ine-derived
neurotrophic factor protein and i nperneable to materi r Al to
said cells, wherein sain glial cell |ine-derived -PL&GEMEﬁﬁrS or
protein conprises the am no acid sequence set forth ijn |{SEQ | D 4 or
SEQ ID NO 6 or a biologically equivajgnt protein wilt I 6 MARr1897 of
honol ogy in excéss of 70% w th the sequence set fiforith in SEQ ID 4 or
SEQ I D NO 6.

At




- 104- 34. The device of claim33, wherein said glial cell |ine-derived
neur otrophic factor conprises the am no acid sequence of o'

secrete said glial cell line-derived neurotrophic
nucl eic acid sequence as defined in clainms 10 or .
t hat produces a nonocl onal antibody that binds toj a gﬂ'
| i ne-derived neurotrophic factor t&wprising an a |
set forth in SEQID NG 4 or SEQID
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a

wth an
NOERRENT, SHEETY
tibody is

a) 6 MAR 1997

4

line cell

e

agctor with an

|

di an

I sol ati ng

y contacting said

2C

by contacting said factor

40. A process for
factor b

39. The process of claim37 wherein sai

ant i body.
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to an am no acid sequence of SEQID NO 4 or SEQID NO 6. 41. The process
of claim40 wherein said antibody is a nonocl o- nal anti body. 42. The
process of claim40 wherein said antibody is a polycl o- nal anti body.
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cells contained within said nenbrane, wherein said cells express and

secrete a glial cell line- derived neurotrophic factor conprising the
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prising a nucleic acid sequence encoding a glial cel
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46. A transforned or transfected host cell which expresse
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aci d sequence encoding a glial cell line-derived neurEﬁEM"Eﬂ/!EMI:tSHEET
protein, wherein said nucleic acid se- guence encodes| af protei-m
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NC. 6, wherein said nucleic acid sequence is operatively] |
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pronot e dopam ne upt ake i n dopam nergi ¢ neurons.
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