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RELATED TO NERVE GROWMH FACTOR 7 AND BRAIN DERIVED NEUROTROPHI C
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factor which is a menber of the BDNF/NGF gene faniiyl TheR§8rd-Fhcodihg
NT-%Nhas been cloned and sequenced, and-}econbi nant NT-3 has been

 NEUROTROPHIN-3, A NOVEL NEUROTROPHIC
FACTOR RELATED TO NERVE GROWTH FACTOR
AND BRAIN DERIVED NEUROTROPHIC FACTOR

1. INTRODUCTION
The present invention relates to neurotfophin-&‘ SRR
(NT-3), a newly discovered neurotrophic factor which is a
menber of the BDNF/NGF géne family. The gene encoding NT-3
has ﬁéenyéloned and sequenced, and recombinant NT-3 has been
expressed in mammalian cells. Recombinant NT-3 has been
_ shown to have a spectrum of biological activity which
differs from that of BONF and NGF. The present invention
provides for nucleic acid sequences encoding NT-3, to the
substantially pure NT-3 pfotein, peptide fragments or
derivatives produced in quantity therefrom, and to
antibodies directed toward NT-3 protein or peptides. The
NT-3 gene products gf the invention may be used in the
diagnosis and therapy of a variety of neurological disorders
including in particular, peripheral neuropathies,
Alzheimer’s disease and Parkinson’s disease.

2. BACKGROUND OF THE INVENTION

2.1. THE ROLE OF NEUROTROPHIC FACTORS
IN THE NERVOUS SYSTEM

The development and maintenance of the nervous
system depends on proteins known as neurotrophic factors.

" Widespread neurcnal cell death accompanies normal
developnent of the central and peripheral nervous systems,
and appa;\ntly plays a crucial role in regqulating the number
of neurons which project to a given target field (Berg, D.
K., 1982, Neuronal Development 297-331; Cowan et al., 1984,
225:1258~65) . Ablation and transplantation studies of
peripheral target tissues during development have shown. that
neuronal cell death results from the competition amdng
neurons for limiting amounts of.survival factors
("neurotrophic factors”) produced in their projection
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expressed in mammalian cells. Reconbi nant NT-3 has been shown to have a
spectrum of biological activity which diffeers fromthat of BDNF and NG-
The present invention provides for nucleic acid sequencefy I
the substantially pure NT-3 protein, peptide fragnments 'ﬂég

produced in quantity therefrom and to-artibodies direct'ed oWard M- 3
protein or peptides. The NT-3 gene products of the invention nmay be used in
the di agnosis_and therapy of a variety of neurological disorders including
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known as nkugelebbhi cPfadt pr968, Physiol. Rev. 4B:534-69; Thoenen, H.
and Barde, Y.-A., 1980, Rev. 60:1284-335). Understanding
the role and mechanism of action of NGF has been greatly
aided by the serendipitous discovery of a rich source of
this protein in male mouse submaxillary glands, which
allowed for the purification and cloning (Ullrich et al.,
1983, Nature 303:821-5: Scott et al., 1983, Nature 302:538-
40) of NGF, as well as the generation of neutralizing
antibodies. Because NGF only supports a limited set of
neurcnal populations, the existence of additional
neurotrophic factors has long been postulated (Varon, S. and
Adler, R. 1981, Adv. Cellular Neurcbiol. 2:115-63; Barde et
al., 1987, Prog Brain Res 71:185-~9; Snider, W. D. and
Johnson, E. M., 1989, Ann. Neurol. 26:489-506). While it is
now clear that such factors do exist, their extremely low
abundance has impeded their molecular’ characterization.
Nevertheless, purification of small amounts of two such
proteins, namely brain-derived neurotrophic factor (BDNF)
and ciliary neurotrophic factor (CNTF), has recently
permitted their partial nucleic acid sequencing (Leibrock et
al., 1989, Nature 341:149-52; Stockli et al., 1989, Nature
342:21-28 and Lin et al., 1989, Science 246:1023-25).
Despite specificities for distinct neuronal populatiens,
BDNF and NGF (but not CNTF) display sufficient structural
homology to be regarded as members of a gene family
(Leibrock et al., 1989, Nature 341:149-52).

2.2. OTHER NEUROTROPHIC FACTORS
In the past decade there have been numerous
reports of neurotrophic activity in extracts of a great
variety of tissues and in the conditioned culture medium of
many different cell types. In almost all cases, however,
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has been hampered by the fact that such activities are
present in extremely small amounts, in the range of
picograms to nanograms per gram of tissue.

Furthermore, whereas adequate biocassays have been
established for peripheral neurons, designing reliable,
reproducible and specific assays for central nervous system
neurons has proved problematic. While individual types of
peripheral neurons are found as discrete, easily dissectable
ganglia, central nervous system (CNS) neurons are invariably
highly heterogenous in their distribution. Thus, spe&ific
markers are required for either identification or enrichment
of particular classes of CNS neurons. Progress in producing
such markers, for example, antibodies directed toward cell
surface or cytoskeletal components, or specific histological
stains, has been very limited. Accordingly,
characterization of neurotrophic factors which are (i) not
as abundant as NGF, (ii) difficult to assay, and (iii) not
available in sufficient quantities to elicit antibedy
production, has proved to be an exceedingly difficult

| process.

2.2.1. COMPARISON OF BRAIN DERIVED GROWTH -
FACTOR AND NERVE GROWTH FACTOR

Neurotrophic activity capable of sustaining the
- survival of embryonic chick dorsal root ganglion neurons in
vitro was identified in the “conditioned medium” in which
rat C-6 glioma cells had been cultured (Barde et al., 1978,
Nature 274:818). The activity was not neutralized by
antibodies to mouse NGF, suggesting the presence of another
" neurotrophic factor in the conditioned medium. Similar
activities that could not be blocked by NGF antibodies were
subsequently reported in cultures of normal adult rat brain
astroglial cells (Lindsay, 1979, Nature 282:80-82; Lindsay
et al., 1982, Brain Res. 243:329-343) and in extracts of
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fields. These observations led to the identification of nerve growh factor
(NGF), which remains, by far, the best characterized neurotrophic nolecule
(Levi-Montalcini, and Angeletti, P. U, 1968, Physiolpr—Rev—48.534-69:
Thoénen, H. and Barde, Y.-A., 1980, Rev. 60:1284-335). T@ﬁd%%st&ﬁdrnﬁvt e
rol e and nechani sm of action of NGF has been greatly dedNB-ACHB
serendi pi tous di scovery of a rich soutd8 of this protein in mal e nouse
subWBX|IIary gl ands, which allowed for the purification and cloning
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factor(s) isolated or identified, and it remains
questionable as to whether the observed activities were due
to the same or different factor(s).

Using pig brain as a starting material, Barde et
al. (1982, EMBO J. 1:549-553) reported a factor, now termed
brain-derived neurotrophic factor (BDNF), which appeafed to
promote the survival of dorsal root ganglion neurons from
E10/Ell chick embryos. The neurotrophic activity was found
to reside in a highly basic protein (iscelectric point, pI >
10.1) which migrated during sodium dodecyl sulfate (SDS) gel

. electrophoresis as a single band of 12.3 kD molecular

' weight. The purification factor was estimated to be 1.4 x

106, but the yield was very low, with only approximately 1

ug of BDNF purified from 1.5 kg of pig brain. Furthermore,

because the last step in the purification process was
preparative gel electrophoresis, the activity of-BDNF could
not be fully renatured secondary to the presence of residual

SDS (Barde and Thoenen, 1985, in “Hormones and Cell

Regulation,” Vol. 9, Dumont et al., eds. Elsevier Science

Publishers, pp. 385-390). It was noted that the highly

basic nature and molecular size of BDNF were very similar to

the NGF monomer. However, BDNF appeared to have properties

that differed from the known properties of NGF in that (a)

in the chick dorsal root ganglion bioassay, antibodies to

NGF had no apparent effect on the biological activity of

BDNF: (b) in the same assay, the effects of BDNF and NGF

appeared to be additive; and (c) unlike NGF, BDNF was found

to have no effect on the survival of El12 chick sympathetic
neurons. In addition, during early studies with brain
extracts, it was cbserved that the neurotrophic activity in
these sources appeared to act upon sensory neurons at later
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numer ous c¢ent of E10~11 (embryonic day ten or eleven) dorsal root
ganglioﬁ neurons but seemed to have little effect on the
survival of the same neurons at E6 (Barde et al., 1980,
Proc. Natl. Acad. U.S.A. 77:1199-1203 supra). Under similar
conditions, NGF supported the survival of 30-40 percent of
E6 DRG neurons. Interestingly, it was later found that when
cultured on a substrate coated with the extracellular matrix
glycoprotein laminin, both NGF and BDNF supported the
survival of about 50 per cent of DRG neurons from chick
embrycs of ages E6-El2 (Lindsay et al., 1985, Develop. Biol.
112:319-328). In the latter study, the effects of NGF and -
BDNF were found to bd additive when both were present at
saturating concentrations.

Early studies by levi-Montalcini (1966, The

Harvey Lectures 60:217-259) on the neuronal specificity of
NGF suggested that NGF was not a ubiquitous neurotrophic
factor even for sensory neurons, as NGF appearéd to have no
effect upon neurons of certain cranial sensory ganglia of
the chick, especially the ncdose ganglion of the tenth
cranial nerve. Later in vivo studies (Johnson et al., 1980,
Science 210:916-918; Pearson et al., 1983 Develop. Biol.
96:32-36) showed that NGF deprivation during embryogenesis
had no effect on the survival of neurons in most cranial
sensory ganglia of the rat, while similar treatment greatly
depleted the neurcnal count in sensory ganglia derived from
the neural crest. More detailed in vitro studies (Lindsay
and Rohrer, 1985, Develop. Biol. 112:30-48; Davies and
Lindsay, 1985, Develop. Biol. 111:62-72; Lindsay et al.,
1985, J. Cell. Sci. Suppl. 3:115-129) clearly indicated that
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reports of neurotrophic activity in extracts of .a great variety of tissues
and in the conditioned culture mediumof many differept cell types. In
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sensory neurons but has no apparent effect on the survival
of cranial sensory neurons derived from neural placodes.

The first demonstration of a neuronal specificity
of BDNF distinct from that of NGF was the demonstration in
vitro that purified BDNF supports the survival of 40-50% of
sensory neurons dissociated from the neural placode-derived
nodose ganglion of the chick embryo at E6, E9 or El12
(Lindsay et al., 1985, J. Cell. Sci. Supp. 3:115-129). NGF
was without apparent effect on these neurons either by
itself or in conjunction with BDNF. It was later shown in
explant culture studies that BDNF appeared to support
survival and neurite outgrowth from other neural placode-
derived sensory ganglia, including the petrosal, geniculate
and ventrolateral trigeminal ganglia (Davies et al., 1986,
J. Neurosci. 6:1897-1904), none of which have been found to
be sensitive to NGF. 1In all of the above studies,
neutralizing antibodies to NGF had no effect upon the
observed activity of BDNF. 1In addition to its effects on
cultured neurons from peripheral ganglia, BDNF was found to
stimulate survival and neuronal differentiation of cells
cultured from quail neural crest (Kalcheim and Gendreau,
1988, Develop. Brain Res., 41:79-86).

Prior to the instant 1n¢ention.-the inability to
produce sufficient amounts of BDNF for immunization
prevented the production of anti-BONF antibodies for
comparison to anti-NGF antibodies in their effects on
neuronal populations, and precluded BDNF/NGF cross~
neutralization experiments. Two recent studies with BDNF
(Ralcheim et al., 1987, EMBO J. 6:2871-2873; Hofer and
Barde, 1988, Nature 331:261-262) have, however, indicated a
physiological role of BDNF in avian PNS development. If a
mechanical barrier was placed in ovo between E3/E4 DRG
(embryonic day 3 or 4 dorsal root ganglia) and their CNS
éarqet in the neural tube, many DRG neurons were observed to
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established for peripheral neurons, designing reliable, reproducible and
specific assays for central nervous system neurons has proved problematic.
Wi | e individual types of peripheral neurons are found as discrete, easily
di ssectabl e ganglia, central nervous syatem (CNS) neur OrSISISEREETNAS Bal
hi ghly heterogenous in their distribution. Thus, specific markecspare
required for either identification or enrichnment of particular clrasses of
CNS neur ondie RKadchedm andr adubDbugringchlese kebevelap. ebdanipl @l 6amtsilrodi es
directed t rd I u QY e I 8 IJd C
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prevent this cell death (Kalcheim et al., 1987, EMBO J.
6:2871-2873). Injections of BDNF into developing quail eggs
has been found to reduce naturally occurring cell death in
the nodose ganglia, an effect not seen with NGF (Hofer and
Barde, 1988, Nature 331:261-262). 1In addition to its effect
on peripheral sensory neurons of both neural crest and
neural placode origin, BDNF was found to support the
survival of developing CNS neurons. Johnson et al. (1986,
J. Neurosci. §:3031-3938)'presented data indicating
that BDNF supports the survival of retinal ganglion cells
cultured from E17 rat embryos. This extended previous
studies which showed that conditioned media and brain
extracts prepared from the target regions of retinal
" ganglion cells appeared to support the survival of these
neurons (McCaffery et al., 1982, Ex. Brain Res. 48:37-386;
Sarthy et al., 1983, J. Neurosci. 3:2532-2544; Turner et
al., 1983, Dev. Brain Res. 6:77-83).

In addition to its effects on the survival of
developing neurons in culture, BDNF has been shown to have
effects on cultured adult peripheral and central nervous
system neurons. BDNF, as well as NGF, has been shown to.
stimulate axonal regeneration from adult rat DRG neurons in
culture (Lindsay, 1988, J. Neurosci. 8:2394-2405) although
adult sensory neurons did not appear to require neurotrophic
factors for maintenance in vitro over 3 or 4 weeks.
Furthermore, in cultures of adult rat retina, BDNF was
observed to promote both survival and axonal elongation from
retinal ganglion cells (Thanos et al., 1989, Eur. J.
Neurosci. 1:19-26). A comparison of the -biological effects
of NGF and BDNF is presented in Table I.

.
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2.2.1. COWPARI SON OF BRAI N DERI'VED GROANTH FACTOR AND NERVE
GROMH FACTOR Neurotrophic activity capable of sustaining the
survival of enbryonic chick dorsal root ganglion neugons—inVitto-Wwas
ideritified in the "conditioned medi um' in which rat CBUyFFERaHALEFFY [had
been cultured (Barde et al., 1978, Nature 274:818). The adti¥Pt¥ was not
neutralized by antibodies to nouse NGF-85uggesting the presence of anot her
neurotrophic factor in the conditioned nmedium Simlar activities that
could not be bl ocked by NG- anti bodi es were subsequently reported in
cultures of normal adult rat brain astroglial cells (Lindsay, 1979, Nature
282: 80-82; Lindsay et al., 1982, BralABRESI 243:329-343) and in extracts of

COMPARISON OF BIOLOGICAL ACTIVITIES OF
BDNF AND NGF*

' SURVIVAL*®*

PERIPHERAL NERVOUS SYSTEM BDNF NGF
(1) E6 Chick DRG - ++

E10 Chick DRG + ++

El2 Chick Symp - ++

(Barde et al., 1980, supra)

(ii) E6 - E12 Chick DRG ++ +4

E6 - El12 Chick Nodose ++ -

El12 - Chick Sympathetic - ++

El2 - Chick ciliary - -
(Lindsay et al., 1985, supra)

(iii) E3 - E14 Chick:

Jugular +/ 4+ ++
DM-trigeminal +/++ ++
Petrosal +/++ -
Geniculate +/++ -
Vi-trigeminal ++ -
Vestibular - -
Mesencephalic ++ -

(Davies et al., 1986, supra). -
(Barde et al., 1987, Prog.
Brain Res., 71:185-189)

CENTRAL NERVOUS SYSTEM
(1) E17 Rat Retinal Ganglion Cells ++ -
' (Johnson et al., 1986,
J. Neurosci. €3031-3038)

* in chronological order according to publication date;
effects tested in vitro

*h no survival:(-):; moderate survival (+): good survival
(++)
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-4- developing and adult rat brain (Barde et al., 1980, Proc. Natl. Acad.
Sci. U S A 77:1199-1203) and devel opi ng and mature chi ¢t 4@1 Logo)
(Lindsay and Peters, 1984, Neurosci. 12:45-51). However 'ﬁ?ﬁ’ ég_gé tlhe
active factor(s) isolated or identifieg. and it remai nslquest abiepaswLo
whet her the observed activities were due to the same or different
factor(s). Using pig brain as a starting naterial, Barde et al
(1982, EMBO J. 1:549-553. z.epmnmm.ﬁ mas;rSnow BaAlmd brai n-derived
neur ot rophi ¢ factor (BDNF), P HEUR ABT®Re survival of

dorsal root gangllorsmwls\édmﬁw %ehﬁhh?hleabwesgai@mmwmrophlc

activity ggghff$uﬁé to arise from either of two distinct, transient
embryological structures, namely,the neural crest and neural
placodes. The neural crest appears to give rise to both
neurons and satellite cells of autonomic ganglia and spinal
nerve sensory ganglia, i.e. DRG. The contribution of the
neural crest and neural placodes to the formation of cranial
nerve sensory ganglia has been studied using the quail/chick
chimera transplantation system devised by Le Douarin (Le
Douarin,'1973, Develop. Biol. 20:217-222; Noden, 1978,
Develop. Biol. 67:313-329; Narayanan and Narayanan, 1980,
Anat. Rec. 196:71-82; Ayer-le Lievre and lLe Douarin, 1982,
Develop. Biol. 94:291-310; D’Amico-Martel and Noden, 1983,
Am. J. Anat. 166:445-468). As reviewed in Lindsay et al.
(1985, J. Cell. Sci. supp. 3:115-129), it is now believed,
at least for birds, that neurons of the distal ganglia of
the VIIth, IXth, and Xth cranial nerves (geniculate,
petrosal and ncdose ganglia, respectively) and neurons of
the vestibuloacoustic complex of the VIIIth cranial nerve
are exclusively of neural placode origin. The trigeminal
ganglion.of the Vth cranial nerve contains neurons of both
crest and placode origin (with the placode-derived neurons
predominant in the ventrolateral pole of the maxillo-
mandibular lobe) whereas the satellite cells of all cranial
ganglia have been found to be entirely of neural crest
origin.

From in vitro experiments using both explant and
dissociated, neurcn-enriched cultures of spinal and cranial
nerve sensory neurons, it has been found that sensory
neurons of neural crest origin are responsive to NGF: in.
contrast, neurons derived from neural placodes (including
neurons of the ventrolateral portion of the trigeminal
ganglion and the entire neurorial population of the '
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to reside in a highly basic protein (isoelectric point, pl > 10.1) which
m grated during sodi um dodecyl sulfate (SDS) gel electrophoresis as a
single band of 12.3 kD nol ecul ar weight. The purificatg I ggﬁﬁﬁw4Agmsjw
estirmated to be 1.4 x 106, but the yield was very |@W]?k

. V! h g@pd ACED ,
approximately 1 [err]g of BDNF purified from1.5 kg opr+g—bfarn“““”"

Furt hernore, because the |ast step in the purification process was
preparative gel glectrophoresis, the activity of-BDNF could not be fully

renatured sec to I ( nd enen,
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activity of BDNF (Lindsay et al., 1985, J. Cell. Sci. Supp.
3:115-129; Lindsay et al., 1985, Develop. Biol. 112:319-328
Kalcheim and Gendreau, 1988, Develop. Brain Res. 41:79-86).
Tebar and Barde (1988, J. Neurosci. 8:3337-3342) studied the
binding parameters of radicactively labeled BDNF to chick
embryo dorsal root ganglion neurons: their results are

consistent with the existence of two classes of BDNF
receptors, one with high affinity for BDNF, the other with
low affinity. No high affinity receptors were observed on
sympathetic neurons. ,

The known neuronal targets of BDNF were further
reviewed by Barde et al. (1987, Prog. Brain Res. 71:185-
189). Prior to the instant invention, identification of
cells synthesizing BDNF has not been feasible due to the
lack of nucleic acid or antibody probes specific for BDNF.
Attempts to prepare either polyclonal or monoclonal
antibodies to BDNF have been unsuccessful. This failure to
raise antibodies had hindered the molecular qloning of BDNF,

. determination of the physiological effect of depriving

developing neurons of BDNF in vivo, quantitation of BDNF in
tissues using an immunoassay, and localization of BDNF using
immunocytochemistry.
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appeared to be additive; and (c) unlike NG-, BDNF was found to have no
effect on the survival of E12 chick synpathetic neurons_—ln—addit+ef—
during early studies with brain extracts, it was observndfﬁ?ﬁﬁ‘”ﬂﬁﬁ°”EL\
neurotrophic activity in these sources appeared to act ppon FEREGFEP neurdns
at later st ages of developgint than were associated with NGF.
using dissociated cultures of chick en }70 neurons cultured on a

TABLE 1II

SUMMARY OF BDNF RESPONSIVE
AND NON-RESPONSIVE NEURONS*

A. Responsive Neurons

I. Chick sensory neurons of neural crest origin in:
(a) dorsal root ganglion
(b) jugular ganglion
(c) dorsomedial trigeminal ganglion
(d) mesencephalic trigeminal nucleus**

II. Chick sensory neurons of ectodermal placode
origin in:

(a) nodose ganglion

(b) vestibular ganglion

(c) petrosal ganglion

(d) geniculate ganglion

(e) ventrolateral trigeminal ganglion

III. Rat retinal ganglion cells
IV. Chick retinal ganglion cells###
B. Non-Responsive Neurons

I. Chick and rat sympathetic neurons
II. Chick parasympathetic ciliary neurons

* From Barde et al., 1987, Prog. Brain Res. 71:185-189
% See Davies et al., 1986, Nature 319:497-499

. *%% Rodriguez - Tebar et al., 1989, Dev. Biol. 136:296-303
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pol ycationic substrate such as polylysine or polyornithine, BDNF was found
to support the survival of nore than 30 per cent of E10-11 (enbryonic day
ten or el even) dorsal root ganglion neurons but s Qﬂﬁ93$qu .i* I
effect on the survival of the sanme neurons at E6 Bard%fét WE%P Proc.
Natl. Acad. U.S. A 77:1199-1203 supraji2-Under si nttar—eehd -f%ﬁnq GF
supported the survival of 30-40 percent of E6 DRG neurons. Interestingly,
it was |ater found that when cultured on a substrate ated with the

- =D supported the
survival of about 50 per centBRS 5 Dy HEURD FbFyos of ages

E6- E12 (Li ndsay et athe dmﬁﬁind}nﬁﬂunm Hme gehtzwa59f328; perfiormed| atter
study, the e é%%ﬁ%ég ¥y %Pd#£§§¥§€N§s%i&%%quhosQ%laidhhhserwhen both were

present dt- s gl I 'ng “‘concent |y studies g
Levi - antm'mcm HON06 6 i kit Avgusdy IoctlP8Ss ebigh7 issdncgrreRatREUPYNal

speci fi cifyr T SYUGESIGH {htly Naresds N®rikfuli, dwihage neurotrophic
quantities of BDNF protein were purified from pig brain,
allowing the determination of fragments of amino acid
sequence which could, in turn, be used to design
corresponding oligonucleotides. These synthetic

oligonucleotides were then used as primers in polymerase
chain reaction (PCR) with cDNA template prepared from BDNF
producing cells. The products of PCR were utilized as
probes to permit cloning of complete cDNA and/or qenopic
BDNF genes from a variety of species, including human, pig,
rat, and mouse and the sequences of these genes were
determined. Express{on of recombinant BDNF was achieved in
COS cells.

3. SUMMARY OF THE INVENTION
The present invention relates to neurotrophin-3
(NT-3), a newly discovered member of the BDNF gene family.
It is based, in part, on the identification of regions of
nucleic acid éequenbe homology aharéd by BDNF and NGF (U.S.
patent application Serial No. 07/400,591, filed August 30,
T 1989, incorpordted by reference herein). According to the
present invention, these regions of homology may be used to
identify new members of the BDNF/NGF gene family; such
methodology was used to identify NT-3. The present
_ invention provides for the genes and gene products of new
- BDNF/NGF related neurotrophic factors identified by.these'
methods. '

The present invention relates, in part to
recombinant DNA molecules which encode NT=-3. In particular
specific embodiments of the invention, the DNA encoding NT-3
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factor even for sensory neurons, as NG- appeared to have no effect upon
neurons of certain cranial sensory ganglia of the chick, especially the
nodose ganglion of the tenth cranial nerve. Later i hnson
et -al ., 1980, Science 210:916-918; Pearson et al., |1%83 SBEFEHAP BEBNO]| .
96: 32-36) showed that NGF deprivation dyying enbryqgenesk&LA&8Ino eff ect on
the survival of neurons in nost cranial sensory ganglia of the rat, while
simlar treatnment greatly depleted the neuronal count in sensory ganglia
derived fram tdexrived dro esinanVONR, dfb Al h€ DNA, \Bxt ertSquli esThki ndsay and

25l B et 18 gl gt digpd 5, Do

clearly |ruﬂ qqugpmpr sing at least a portion of the nuclelc acid
sequences substantially as depicted in Figure 2 (murine NT-
3), Figure 7 (rat NT-3), or Figure 11 (human NT-3). The
present invention also provides for recombinant DNA
expression vectors which may be used to produce recombinant
NT-3 protein and related peptides.

In alternate embodiments, the present invention
provides for NT-3 proteins and related peptides, and for
methods for producing and preparing such peptides and
.proteins. The present invention also relates to antibodies
directed toward NT-3 proteins and peptides.

. According to the invention, NT-3 may be used in
the diagnosis and/or treatment of neurologic disorders,
including, but not limited to, peripheral neuropathies such
as diabetic neuropathies, toxic and nutritional
neuropathies, hereditary neuropathies and AIDS related
neurcpathies and degenerative diseases such as Alzheimer’s
disease. It has been shown that NT-3 supports the survival
of dopaminergic ﬁhurons: accordingly, in preferred
embodiments of the invention, NT-3 may be used in the
treatment of Parkinson’s disease. Because NT-3 has been
cbserved to exhibit a spectrum of activity different from
the specificities of BDNPF or NGF, NT-3 provides new and

" valuable options for enducing regrowth and repair in the
central nervous systen.

4. DESCRIPTION OF THE FIGURES
FIGURE 1. Comparison of sequences of BDNF and
NGF from various species. Sequence analysis of the gene
encoding BDNF and deduction of its amino acid sequence
revealed that this protein has many structural similarities
to NGF. The primary sequence of mature BDNF, as well as the
general structure and probable mode of processing from a
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- 6- NGF supports the survival of nost neural crest-derived sensory
neurons but has no apparent effect on the survival of cranial sensory
neurons derived from neural placodes. T st BSt ?tion
of a neuronal specificity of BDNF distinct fromth EET S B
denonstration in vitro that purified BONE supports PUARER of 40- 50%
of sensory neurons dissociated fromthe neural placode-derived nodose
ganglion of the chick enbryo at E6, E9 or E12 (Lindsay et al., 1985, J.
Cel | . Sci PrSgypsoZ: protetp) snaFeshsstromply Hppfarthe NGF eod BONFhese

neurons eigehes R¥y haokf e%wadcwwn&twﬂnaﬁt&&?\i%aﬂ lgets | atiehighown in

expl ant C%L%u%%giggdb%s Bgaha ure p egéggiéggf f¥)on1y three gaps
are introduced in the NGF sequences to optimize matching, a
total of 51 amino acid identities are common to tﬁé
previously known NGFs from many species and to porcine and
human BDNF. These identities include all six cysteine
residues, suggesting that the NGFs and BDNF share very
similar secondary structure. Furthermore, four segments of
six or more amino acids can be seen in which NGFs from all
of the species listed above and from porcine BDNF are either
identical, or differ by no more than about one conservative
amino acid substitution. Thus, it is reasonable to conclude
that NGF and BDNF are closely related members of a gene
family.

FIGURE 2.l Genomic sequence and deduced amino
acid sequence of murine NT-3. The amino acid sequence
starts with the first ATG codon found after 3 in-frame stop
codons. The underlined sequences indicate the location of
the primers used in the first round of PCR. The only N-
glycosylation consensus sequence is doubly underlined, and
the arrow indicates the putative start of processed, mature
NT-3. _ .

FIGURE 3. Amino acid sequence comparison between

- mature mouse NT-3, NGF (Scott et al, 1983, Nature 302:538- '

' 540) and BDNF (Leibrock et al., 1989, Nature 341:149-152).
The mature mouse BDNF sequence shown here is 100% identical
with that of pig BDNF. Bold letters and shadowing indicate
anino acids found at identical positions in all 3 proteins
and the arrows point to all cystainé residues. Asterisks
indicate gaps introduced to optimize matching. Vi-v4
indicates the 4 variable domains consisting of more than 3
contiguous amino acids.
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survival and neurite outgrowth from other neural placode- derlved sensory
ganglia, including the petrosal, geniculate and ventrg ﬁﬁ F—t+

ganglia (Davies et al., 1986, J. Neurosci. 6:1897-1904) § f?
been found to be sensitive to NG-. In all of the abov, studt’ ﬁ“”“”
neutralizing antibodies to NGF had no ®f¥®ect upon the observed activity of
BDNF.; In addition to its effects on cultured neurons from peripheral -

ganglia, BDNF was fou sti ate su V|val nd _neuyr erentlatlon
of cells cul tured froﬁfﬁﬁ‘g’hlhﬁ’aﬁs‘b@r GRS g@é &F‘Iék N1988,
Devel op. BthenmRese.41TYOREH)ug of total RNWM@IS appiedi not aachi| h%’@ﬂt I on,
the inabilahy hppPiafyee §9€$'£'¥3¥ B! E?bd@@UFsEQEnHEHUDNKat'On

prevent ed the roduction of anti-BDNF antl |.es arison to anti-NGF
anti bodi esPFRPBhei fALiRcB1RILH FRTTeRRANGNG Fe. abe¥tpredl uded BDNF/ NGF
Cross- neuk&abbaeesOeaﬁXBersﬁemtSn &NI)EfﬁEﬂEs;ﬂhhﬂ teaketlt BRYhafKal chei m

et al., 19%31n§N§g§grv § 11&%2“%n&*§ﬁ¥ é%rongest in heart. Skeletal
muscle was taken from the thighs. (B) In brain the
strongest signal is obtained with the hippocampus and the
cerebellum.

FIGURE S. Survival of sensory neurons isclated
from nodose ganglia obtained from chick of 8-day of
embryonic age. 5,000 cells were plated on a polyornithine-
laminin substrate, and the surviving neurones counted after
24 hours. The concentration of BDNF used here is 3 times

have

the minimal concentration required to obtain maximal
survival. No neurons,were found to survive without
addition, or with conditioned medium used at a dilution 1:50
with non-transfected COS cells, or cells transfected with
control DNA.

FIGURE 6. (A) PCR product derived using
degenerate 1B and 2C primers (designated R1B/2C) detects a
novel gene, NT-3, as well as the NGF and BDNF genes in rat
genomic DNA. (B) Restriction map of a rat NT-3 genomic
clone. Two independent baterjophage clones specifically
hybridizing to the Ri1B/2C probe were isolated from a rat
‘genomic library. A schematic representation of the
restriction map of one of these clones, containing a 19.5 kb
insert, is depicted. The thickened line indicates the open
reading frame (ORF) of NT-3 (see FIG. 7A). The position of
- the R1B/2C probe is indicated.

FIGURE 7. Sequence of rat NT-3 and its homology
to rat NGF and rat BDNF. (A) Nucleotide and arino acid
sequence of NT-3. DNA sequence spanning ORF encoded by NT-3
gene, with amino acid translation indicated above DNA
sequence; asterisks mark beginning and end of openh reading
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Barde, 1988, Nature 331:261-262) have, however, |nd|cated a phy5|olog|cal

role of BDNF in avian PNS devel opnent. If a mechani ¢ brar+ ‘ -Iaced
in ovo between E3/E4 DRG (enbryonic day 3 or 4 dorsg i nd
their CNS target in the neural tube, many DRG neur ok YahRkvjs e?ved tjo

-7- di e (Kal chei mand Le Douarin, 1865; Devel op. Biol; 116:451-
It was postulated that this neuronal death may have been due to

deprivation froma CNS (neural tube) derjved
frame. Amino acids are numbered with position +1 assigned

to first residue of mature NT-3 (119 amino acids). The
cleavage site that is used to release mature NT-3 is boxed,
as is the conserved glycosylation site just upstream to this
cleavage site: another potential cleavage site, which is
similarly located to a proposed intermediate processing site
in NGF (Darling et al., 1987, Cold Spring Harb Symp Quant
Bicl 1:427-34) (but which is not conserved in BDNF), is boxed
and marked with a “?CLEAVE”. The six cysteines in mature
NT-3 are underlined. The methionine initiation codon for
the short precursor form of NT-3 (at position -139), which
marks start site “B” as discussed in the text, is also
underlined. The proposed splice acceptor site/intron
boundary upstream of the "B~ start site is indicated in the
figure. (B) Sequence alignments of rat NT-3 with rat NGF
and rat BDNF. The MacVector sequence analysis software
(purchased from International Bictechnologies, Inc}) was
used to generate a matrix alignment of the rat NT-3 ORF with
the ORFs of the NGF and BDNF genes (using a window size of
20 and a minimum.match of 20%). Significant matehes seen
along the diagonal of this matrix are represented underneath
a schematic representation of the NT-3 protein product: two
regions of homology upstream to the mature NT-3, which are
seen in comparison to both NGF and BDNF, are designated I

-~ and II. As is seen in the figure, region I extends upstream

~of the “B” start site used to generate the short precursor

form of NT-3, sdpporting the contention that a longer
precursor exists. (C) Sequence comparisons between NT-3, NGF
and BDNF in homology regions I and II. Sequences in these
regions are aligned to maximize homology, with gaps inserted
for alignment indicated by a #~-#*, Identities of either BDNF
or NGF with the NT-3 sequence are indicated by”+7, while -
identities of NGF with BDNF are indicated by 7.~ in the NGF
sequence. A “+7 on top of the sequence indicates residues
which are completely conserved between rat NT-3 and the NGF
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neurotrophic factor. It was subsequently observed that BDNF attached to a
| am ni n-coated sial astic nenbrane could prevent this cell death (Kal cheim

et al., 1987, EMBO J. 6:2871-2873). Injections ofdaﬁﬁﬁjk@gg gwgrﬁp ng
. Iﬂﬂ

qgquai |l eggs has been found to reduce naturally occ n the
nodose ganglia, an effect not seen with NGF (beer GFde—1+9868— Nat ur e
331:261-262). In addition to its effec®77-on peri pheral sensory neurons of
both neural crest and neural placode origin, BDNF was found to support the
survival of devel opi CNS neurons. .Johnson et al 98 SCi .

6: 3031- 393394 p‘?%%rﬁeégﬂ%fﬁ%s i T 2L tn§PeEhgE ml%‘%%po%hse °e1|\£§?u vidval of
retinal gagftédrdeeined for iNGFd piegdohilyr ptedittgdsfol BN AMshded
previous studies, 5 ed | g angh hrea glteextracts
pr epar ed f?ﬁ?\??% ertgée]tt%}g\gﬁgn Q@_-% E{B?QELFQJQ ang rgoﬁacer% ear ed to
support th@e%hquknﬁ kﬂlﬁiﬁﬁﬂ?n|ﬂ§@0§nstbﬁt€ﬁgﬂélyS%GU%ﬂce aﬁS( Brai n

Res. 48 37s§§§ (ERmddy & Aal., 15983, Mé1 deyloaeol &i 2580-0ba Tur ner et

proposed NGF intermediate cleavage site which is absent in

BDNF but is present in NT-3; ‘a glycosylation acceptor site:
the proteolytic cleavage site which releases the mature
factors. (b) Sequence comparisons of the mature forms of
NT-3, BDNF and NGF. Conserved cyste;nes are underscored
with bold diamonds. ~*7, # . # and "-* as in panel C. C-
terminal cleavage site, only present in NGF sequence, is
indicated. '

FIGURE 8. Comparison of NGF, BDNF and NT-3
activities as assayed on explanted embryonic (day 8) chick
ganglia. Photomicrographs of dorsal root ganglia (DRG)
(panels A-D), nodose ganglia (NG) (panels E-H), and
sympathetic chain ganglia (SG) (panels I-L) cultured for 24
hours (DRG and NG) or 48 hours (SG) either in the absence of
any neurotrophic_ factor (Control; A, E, I) or in the
presence of COS cell supernatants containing NGF (B, F, J),
or BDNF (C, G, K), or NT=3 (D, H, L). There is almost no
neurite outgrowth in control cultures (500 sl of COS cell
supernatant from mock transfected cells). NGF (10 pl of cos

. cell supernatant) produced profuse fiber outgrowth from DRG
and SG but not NG. Increasing the NGF COS cell supernatant
from 20 to 500 pl produced no effect on NG. BDNF (10 pl COS
cell supernatant) produced fiber outgrowth from DRG and NG
but not §G; higher amounts (20 to 500 pl) had no effect on
SG. NT=-3 (20 sl COS cell supernatant on DRG and NG, 200 sl
on SG) produced fiber outgrowth from all three types of
ganglia, although initiation of growth was slower and less
profuse from SG. Ganglia were cultured as explants in
collagen gel (Lindsay R. M. and Rohrer, H., 1985, Dev. Biol.
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al ., 1983, Dev. Brain Res. 6:77-83). In addition to its effects
on the survival of devel oping neurons in culture, BDNFTT pEe . SHoWT P
have effects on cultured adult peripheral and central nggééﬁggéigﬁéﬁfN
neurons. BDNF, as well as NGF, has been shown to sti mi-ate-axghal-
regeneration fromadult rat DRG neurons in culture (Lindsay, 1988, J.
Neur osci. 8:2394-2405) although adul r18ensory neurons did not appear to
require neurotrophic factors for naintenance in vitro over 3 or 4 weeks.

ot b survi 713 S 3 Cimstlin shBPIBREPERR (AT Chahg ROFSEATER THnos ot
al ., 198desgriben pawiensly (Ligdsey. ed edmpalP8Bn DéviBEobi ol ogi cal
ef fects of12NG1 od)BDNIsdal edATERt 9doi pmTabl e |.

FIGURE 9. NT-3 promotes survival and neurite
outgrowth in highly enriched cultures of DRG neurons.
Photomicrographs of neuron-enriched (>95% neurons) cultures
of dissociated chick embryonic (day 8) DRG treated for 48
hours with either: (A) supernatant (500 ul) from mock
transfected COS cells or (B, C) supernatant (50 sl) from
NT-3 transfected cells. A and B are darkfield micrographs:
in A (control culture)} fewer than 5% of the neurons plated

survived; in B the number of process-bearing neurons was
approximately 60% of the neurons plated. From a dose-
response curve this was found to be the maximal effect of
NT-3 on chick E8 DRG neurons. (C) A higher magnification
phase contrast micrograph of the same culturé as shown in B.
Note the large number of phase bright neurcocnal cell bodies
and the virtual absence of any non-neuronal cells. Cultures
were established as previously described (Lindsay et al.,
1985, Dev Biol 112:319-28). Scale bar = 150 xl (C).

FIGURE 10. Northern blot comparisons of NT-3,
NGF, and BDNF expression in rodent tissues. RNA wvas
prepared (Auffray, C. and Rougeon, F., 1980, Eur J. Biochem
107:303-14) from the indicated tissues of rat (left panels)
or mouse (right panels). Ten nictogrami of RNA from the
indicated sources was then fractionated on 1% formaldehyde-
agarose gels and transferred to nylon membranes in 10X SSC;
triplicate Northern blots were hybridized (Mahmoudi, M. and
Lin, V. K. 1989, Biotechniques 7:331-3) at 68°C with -2p-
labeled (Feinberg, A. P. and Vogelstein, B., 1984, Anal
Biochem 137:266-7) rat NT-3, rat BDNF, and rat NGF DNA
fragments, and then washed at 68°C in 2XSSC, 0.1% SDS. DNA '~
fragments for NT-3, NGF and BDNF were derived from the
expression constructs containing these genes in pCDM8; the
approximately 775 bp Xhol inserts in these constructs were.
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gel-purified prior to radiolabelling. A picture of the
ethidium bromide stained gel, allowing comparison of the
total amocunt of RNA per sample, is included.

FIGURE 11. Aligned DNA sequences of the rat and
human NT-3 genes. The predicted translation start site is
indicated by "PREPRO--"” and the predicted start of the
mature NT-3 is indicated by “MATURE--"*. The mature rat and
human NT-3 proteins have indentical amino acid sequences,
whereas their prepro regions differ at 11 positions, which
are underlined. ' .

FIGURE 12. Expression of human NT-3 polypeptide,
detected by metabolic labeling. 5 x 105 COS-M5 cells per
dish were seeded into 60 mm petri dishes, and grown
overnight at 37° in complete DMEM medium with 10% total
bovine serum (FBS). The cells were transfected (using the
CaPO4 method, as described by Chen and Okayama, 1987, Mol.
Cell. Biol. 7:2745-52) with 20 ug of plasmid pC8-hN3(Pl)
containing the human NT-3 gene under regulation of a
cytomegalovirﬁs promoter, or were mock-transfected (no

. plasmid DNA). Fprty-eight hours later, the cells vere

washed and incubated for 1 hour in 1 ml of methionine-free
and cysteine-free DMEM with 1§ FBS. A mixture of
[3581mathionine and [3551cysteina (100 uCi of each, from New
England Nuclear) was added to each culture, cells were
incubated further for 4 hours at 37°, and medium as
collected. Samples of 50 ul were mixed with 25 ul of
double-strength sample buffer containing Ka dodecyl sulfate
(SD8), boiled for 5. minutes, and subjected toc
electrophoresis on a 15% polyacrylamide gel in the presence
of SDS (Laemmli, 1970, Nature 227:680-685). The proteins
were transferred electrophoretically (3 hours, 100 mA) to a
nylon membrane (immobilon, from Millipore), using buffers
described by Towbin et al., 1979, Proc. Natl. Acad. Sci.
U.S.A. 76:4350-4354. The filters were air dried, and
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(i)

E6 Chick DRG ++ E10 Chick

DRG + ++ E12 LcK Synp

++ (Barde et al., 1980, supra) (i]i yrisESeeT Bld L Ck DRG
++ ++ E6 - E12 Chick Nodose | REBPLACED E12
- Chick Synpathetic - EIZ —TChitk—ctt++ary
(Lindsay et al., 1985, supra) (%?I) E3 - E14 Chick:

Jugul ar +/ ++ _ DMt ri gem nal

+++ labeledtproteins Viie detggéé@s@} autgﬁ?dlogrﬁ%ﬁx ﬁﬁt hours 4

Geni cul at
% ambient temperature, using Kodak X-AR fllm with an

enhancing screen - Cronex, DuPont).

FIGURE 13. Bar graph showing the number of
surviving tyrosine hydroxylase cells pér culture with no
NT-3 supernatant (0) or dilutions of 1:300, 1:100, 1:50, or
1:25 of NT-3 contiaining supernatant.

FIGURE 14. Bar graph as described in legend to.
Figure 13 (supra) except that cells were at a density of
960,000 cells per dish.

FIGURE 15. A. Comparison of NT-3, BDNF and NGF
synthetic transcripts. Dot-blot hybridization using a
radiclabelled oligonucleotide homologous to a shared
sequence at the 5’ end of a;l three transcripts verifies
that equal amounts (2 ng) of synthetic NT-3, BDNF and NGF
transcripts, initially quantitated spectrophotometrically,
are being used as defined standards. B. Determination of
NT-3, BDNF and NGF mRNA levels in total RNA prepared from
adult rat brain by comparison to defined synthetic RNA
standards. Ten micrograms of total RNA isolated-from adult
rat brain, and 4, 10 and 20 pg of synthetic transcripts
corresponding to each of the neurotrophins, were Northern-
blotted and hybridized to radiolabelled probes specific for
each of the neurotrophins.

FIGURE 16. NT-3, BDNF, NGF and NGFR gene
expression in total RNA (10 ug/lane) prepared from rat
embryos (A), developing rat brain (B) and in selected peri-
natal and adult tissues (C). Tissues: A.BR: adult brain
sample standardized in Figure 1B; PLAC: placenta; EMB: whole

. embryo; SP.C: spinal cord:; THY: thymus; LIV: liver:; HRT:
heart. BR: Brain. Transcript sizes indicated (in kilcbases
(kb)) at right. '

FIGURE 17. NT-3, BDNF, NGF and. NGFR gene
expression in total RNA (10 usg/lane) prepared from discrete
regions of the newborns (A) and adult (B) nervous systems.
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Vest i bul ar Mesencephal i c ++

(Davies et al., 1986, supra) (Barde et al.., 1987, Prog.
Brain Res., 71:185-189) CENTRAL NERVOUS SYSTEM ' 17 Rat Retinal
Ganglion Cells ++ - _sgdohnson et al| THPEIBHEET HAS BEEN

J. Neurosci. 63031-3038) * in chronol ogi cal order acéﬁf@%ﬁd’to

publication date: effects tested in vitro ** no survival:(-);
nodér at e magdons: ABR: geud tsbirdivakample §taddardized in Figure 1B:

CBL: cerebellum; HBR: Hindbrain; MBR: midbrain; DIEN:
diencephelon; STR: striatum; HIP: hippocampus; CTX:
neocortex: OLF: olfactory bulb; BR: whole brain without
cerebellum; ADR: adrenal; RET: retina; SC.N. Sciatic nerve:
SP.C: spinal cord:;

FIGURE 18. Quantitation of NT-3, BDNF and NGF
transcript levels in newborn and adult CNS regions and
peripheral tissues. Densitometric scanning of multiple
exposures of Northern blots including those depicted in
Figures 16, 17, 1% and Maisonpierre et al., (1990, Science
247:1446-1451) was used to obtain data. All levels are
standardized relative to neurotrophin levels in the adult
brain; levels in the adult brain, which are similar for the
three neurotrophins (see text) are set at 1 for each
neurotrophin. Off-scale values are included on top of
broken vertical bars. Neural and non-neural samples are
indicated in tigure. Samples: BRN: brain not including.
cerebellum; CBL: cerebellum; HBR: hindbrain; MBR: midbrain:
DIE: diencephalon; STR: striatum; HIP: hippocampus; CTX:
neocortex; OLF: 61factory bulb; SP.C.: spinal cord; SC.N.
sciatic nerve; RET: retina; ADR: adrenal; HRT: heart, LIV:
liver; THY: thymus, SKN: skin; MUS: skeletal muscle; LNG:
lung; INT: intestine; KID: kidney:; SPL: spleen.

FIGURE 19. NT-3, BDNF, NGF and NGFR gene
expression during development of the spinal cord (A,E),
cerebellun (B,F), and hippocampus (C,G). 10 gg of total RNA
prepared from the indicated developmental timepoints were
compared for their expression of the various transcripts.
Densitometric quantitation of neurctrophin transcript levels
depicted in E,F,G.
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-9 - 2.2.2. NEURONAL TARGETS OF BRAIN

DERI VED NEUROTROPHI C FACTOR Sensory neur ons of perlpheral nerve
ganglia have been found to arise fromeither of two my ;ﬂT c.t
enbryol ogi cal structures, namely,the neural crest an & é?

neural crest appears to give rise to both neurons anﬁ :

aut onom ¢ ganglia and spinal nerve sens®2y ganglia, i.e. DRG The

confribution of the neural crest and neural placodes to the formation of
crani al : .
S. DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to neurotrophin-3,
a new member of the BONF/NGF family of neurotrophic
molecules, as well as to other members of the BDNF/NGF
family which may be identified using similar methodology.
For clarity of disclosure, and not by way of limitation, the
detailed description of the invention will be divided into
the following sub-sections.
(1) identification of additional members of the
BDNF/NGF family;
{(ii) the cloning of neurotrophin-3;
(iii) expression of neurotrophin-3:
(iv) assay of the biological activity of
neurotroph;n-a:

(v) neurotrophin-3 genes and proteins;

(vi) generation of anti-neurotrophin-3
antibodies; and

(vii) utility of the invention.

5.1, IDENTIFICATION OF ADDITIONAL
MEMBERS OF THE BDNF/NGF FAMILY

NGF and BDNF are basic proteins of approximately

120 amino acids that share about 50% amino acid sequence

- identity, including absolute conservation of six cysteine
residues that, in active NGF, have been shown to form three
disulfide bridges (Bradshaw, A., 1978, Ann. Rev. Biochem.
47:191-216; Leibrock et al., 1989, Nature 341:149-52).
Comparison of the sequences of NGF from evolutionarily
divergent species has revealed that the amino acids flanking
these cysteine residues comprise the most highly conserved
regions of the molecule (Meier et al., 1986, EMBO J.
5:1489-93; Selby et al., 1987, J. Neurosci. Res. 18:293-8).
Strikingly, these are also the regions which are mest
gsimilar between BDNF and NGF (Leibrock et al., 1989, Nature
341:149-52).
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nerve sensory ganglia has been studied using the quail/chick chinera
transpl antation system devi sed by Le Douarin (Le Douarin, 1973, Devel op.
Bi ol . 20:217-222; Noden, 1978, Develop. Biol. 67:313-13281s dNazayadzaipan(
Narayanan, 1980, Anat. Rec. 196:71-82. _Ayer-Le Lievrd and kesDauarin, 01982,
Devel op. Biol. 94:291-310; D Am co- Nh??el and Noden, T983, AN ~J—Anat-
166: 445-468). As reviewed in Lindsay et al. (1985, J. Cell. Sci. Supp.

3:115-129), it is noyw halj &Veﬁd’sé%tréheg%tr faaalleuaﬂaz hbgbepeUs oNENOf 1 he
di st al gan |ia of the VIIth | Xt h crani al ,nerves éﬁenlculate

petrosal BRGFANEDsEeRANARL Y mash e c\?é]"})edaﬁﬁtnéﬁﬁ'ﬁﬁsaﬁfa poach
vestlbuIoenQuStaEescuﬂﬁ&nxadetdﬁaﬁﬁdIdMis&haneabfneheecenseexedus|ver of

neural plago. g Egl E%gga lgggygg 'QEFOEn hgoﬁgh cggpi al nerve

cont ai ns Near ons ori f he placode-deri ved
neur ons pe&d@mﬂarﬂddhtmf&al/mmhﬂra é’rfalt%IB@Ng" f gepe KARLAYoPa¥ah®i bul ar

lbgbgﬁtWZFBaﬁdﬁﬁﬁfﬁ‘?u”&@ﬂd s fHomflamotigaal Aivezedkiaokarachees found to
d sequences, éhose sequences that are homologous to BDNF

and NGF, and further identifying, from among the selected

sequences, those that also contain nucleic acid sequences

which are non-homologous to NGF and BDNF. The term “non-

homologous” may be construed to mean a region which contains

at least about 6 contiguous nucleotides in which at least
about two nucleotides differ from NGF and BDNF sequence.

‘ The present invention also relates to recombinant
DNA molecules which are homologous to BDNF and NT-3, or,
alternatively, to NGF and NT-3, but which also contain
regions non-homoloqops to BDNF and NT-3, or NGF and NT-3,
respectively. These additional members of the BDNF/NGF/NT-3
gene family may be identified using molecular probes which
correspond to regions of homology. Upon further analysis,
these members of the BDNF/NGF/NT-3 gene faﬁily are found to

. possess sequences which differ from sequences of known
members of the BDNF/NGF/NT-3 gene family.
For example, 2 prefarred specific embodiment of

. the invention provides the following method. Corresponding
to each of the four conserved segments (“boxes”) set forth
in Table III, infra, sets of degenerate oligonucieotide
probes of about 10-20 nucleotides may be synthesized,
representing all of the possible coding sequences for the
amino acids found in either NGF or BDNF for about three to
seven contiguous codons. Numbering with respect to the
amino terminus of the mature polypeptides (so that His134 of
preproBDNF is treated as Hisl in the mature protein), the
four boxas may be characterized as follows (numbered
relative to human mature proteins.
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origin. Fromin vitro experinents using both explant and

di ssoci ated, neuron-enriched cultures of spinal and cranial nerve sensory
neurons, it has been found that sensory neurons of neural A are
responsive to NGF, in. contrast, neurons derived fro 1mmusﬁﬂnb&h&88 ~
(i ncludi ng neurons of the ventrolateraT 24drtion of the trikpehraad g_nghlon
and ;the entire neuronal popul ation of the
10

TABLE III
Box 1t ' NGF Gly10 - serl9
BDNF Glys - Serl?
Box 2: NGF Lys50 - Cys58
" BDNF Lys50 - CysS8
Box 3: NGF Gly67 - aAsp72
BDNF Glyé67 - Asp72
Box 4: . NGF Trp99 - Cysllo

BDNF Trplo0 . - Cyslll

Synthetic oligonucleotides derived from sequence
pairs from the boxes set forth in Table III may be utilized
as primers to amplify by PCR sequences from a source (RNA or
DNA) of potential interest. This might include mRNA or cDNA
or genomic DNA from any eukaryotic species that could
express a polypeptide closely related to BDNF or NGF. By
carrying out as few as six PCR reacticns (namely: a primer
from Box 1 with a primer from Box 2; Box 1 with Box 3; Box 1
with Box 4; Box 2 with Box 3; Box 2 with Box 4; Box 3 with
Box 4), it may be possible to detect a gene or gene product
sharing any two of the four above segments of conserved
sequence between NGF and BDNF. If one chooses to synthesize
several different degenerate primers for each box, it may
still be possible to carry out a complete search with a
reasonably small number of PCR reactions. It is also
possible to vary the stringency of hybridization conditions
used in priming the PCR reactions, to allow for greater or
lesser degrees of nucleotide sequence similarity between the
unknown gene and NGF or BDNF. If a segment of a previously
unknown member of the BDNF/NGF gene family is amplified
successfully, that segment may be molecularly cloned and
sequenced, and utilized as a probe to isolate a complete
CDNA or genomic clone. This, in turn, will permit the
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vesti bul ar, genicul ate, petrosal and nodose ganglia) have been observed to
be | argely unresponsive to NG- t hroughout enbryonic devel opnent. In
contrast to differences in their requirenment and responsiveness to NG,
both pl acode and neural crest derived sensory neurons ound —
(Table 1) to be responsive to the survival and neurit J@ﬂ%ﬁ%@ﬂhﬂ-%ﬁﬁi%ity
of BDNF (Lindsay et al., 1985, J. Cell. Sci. Supp. 3:[115- 1RFi4¢FHsay 4t

al ., 1985, Devel op. Biol. 112:319-328%al chei m and Gendreau, 1988, Devel op.
Brain Res. 41:79-86). Tebar and Barde (1988, J. Neurosci. 8:3337-3342)

studied t bi ndi n ar ers_pf radioactively,l ahe o chick
enbryo dggggFmﬁBBFqﬁgnagrg engﬁg A ??ﬂﬁrsr%ﬁﬁ%%ﬁ?gabggégﬁgFg%ent with the
exi st enc seguenwe ,clthes8padys BONPE r beepexpressimn wiand khghPAPHMRELYNT or

BDNF, t he,e0tigr pWokl 1hoWrahlicei t¥r Mendk Obna fdriliysisecept ors were observed
on synpathetic heurg

LYY s
i 3

ashddition, the present invention provides for
the use of the BDNF/NGF sequence homologies in the design of
novel recombinant molecules which are members of the
BDNF/NGF gene family but which may not occur in nature. For
example, and not by way of limitation, a recombinant
molecule can be constructed according to the invention,
comprising portions of both NGF and BDNF genes. Such a
molecule could exhibit properties associated with both BDNF
and NGF and portray a novel profile of biclogical
activities, including agonists as well as antagonists.
Primary sequence of BDNF and NGF may also be used to predict
tertiary structure of the molecules using computer
simulation (Hopp and /Woods, 1981, Proc. Natl. Acad. Sci.
U.S.A. 15:3824-3328); BDNF/ NGF chimeric recombinant genes
could be designed in light of correlations between tertiary
structure and biological function. Likewise, chimeric genes
comprising portions of any one or more members of BDNF/NGF
gene family may be constructed.

5.2. THE CLONING OF NEUROTROPHIN-3

The NT-3 gene from any organism may be identified
using the regions of homolegy shared by BDNF and NGF using
the methods sat forth above. In two preferred, specific
embodiments of the invention, the gene may be. identified and
cloned as follows. ' _

In.one preferred embodiment, a sense (or 57)
primer, having the nucleotide sequence (using IUPAC
nomenclature) GGGGATCCGC GGI TGY MGI GGI ATH GA (primer 1,
which includes Bam HI and Sac II endonuclease cleavage
sites) and an antisense (or 3’) primer, having the
nucleotide sequence TCGAATTCTAG AT ICK IAT RAA ICK CCA
(primer 2, which includes Eco RI and ¥ba I sites), may be
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The known neuronal targets of BDNF were further reviewed by Barde et al.
(1987, Prog. Brain Res. 71:185- 189). Prior to the instant invention,
identification of cells synthesizing BDNF has not been feasible due-to.th
| ack” of nucleic acid or antibody probe speC|f|c for BDINFIHIASHERDHAS BEEN
prepare either polyclonal or nnnoclona? anti bodi es to BDNF_ha¥&LHEER
unsuccessful. This failure to raise antibodi es had hi ndered the nol ecul ar

cl oni ng of, RN, n RIGHEEAdL! Qhath s:lascetz%(ﬁ' Pe@0k e Sl EC11 s dopT | VI Ng

devel opi ng neuron in Vvivo i'n t1ssues usi ng
an |nnunog§§§wcea&&_loé&P°z&PF8h UFtBDNF°9§Fﬁ§°??&nﬁkﬁﬁ%%kﬁﬁ%ﬁ%ﬁ

(e.g. the Perkin-Elmer Cetus thermal cycler) and

thermostabile DNA polymerase from thermus aquaticus (Tagq
polymerase) polymerase. After about four cycles with an
annealing temperature of 45°C, the remaining 36 cycles may
be performed with annealings at 49°C. The resulting DNA
products of the amplification may then be separated by
polyacrylamide gel electrophoresis, and the product
corresponding to the expected size (about 137 base pairs)
way be eluted, reamplified, and then digested with two
restriction endonucleases, one of which cleaves the NGF gene
sequence of the organism within the segment amplified, the
other of which cleaves the BDNF gene sequence of the
organism within the amplified segment. The uncleaved DNA
(vhich presumably does not encode either NGF or BDNF, having
escaped restriction éndonuclease cleavage) may then be
separated from cleaved DNA by polyacrylamide gel
electrophoresis, eluted, and asymmetrically amplified (Innis
et al., 1988, Proc. Natl. Acad. Sci. U.S.A. 85:9436~9440)
and sequenced (s;nger et al., 1979, Proc. Natl. Acad. Sci.
U.S.A. 72:3918-3921) using, for example, primers 1 and 2.
Based on the sequence thereby cbtained, additional sense and -
antisense primers may be designed which more precisely
reflect the sequaence of the novel gene. For example,
additional sense primers such as GGGATTGATGAC AAA (primer 3)
and ACTCTCAGTGCAAAACTTCGC (primer 4), and antisense (5')
Primer CGGATCCGAATTCTGCAG (T),,V (primer S) may be used.
RNA, prepared from a tissue likely to produce neurotrophic
activity, such as brain (using any standard method, such as
that set forth in Okayama et al., 1987, Meth. Enzymol.
154:3-28), may be reverse transcribed using, for example,
primer 5, which ia designed to match 3’ poly (A) tails and
containg restriction endonucleagse cleavage sites for Bam HI,
EcoRI, and PstI (Leibrock et al., 1989, Nature 341: 149-
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-11- TABLE || SUMVARY OF BDNF

RESPONSI VE AND NON- RESPONSI VE NEURONS* A, Responsi ve
Neur ons . Chick sensory neurons of neural crest orig&ﬂggbﬁmrpéséuwﬁ
(a) dorsal root ganglion (b) Eugular gangl i on H *gggg;n'~”‘
dorsonedi al trigem nal ganglion =27=(d) mesencephal il e AT e
nucl eus**

152). The resulting cDNA may then be PCR-amplified using
primers 3 and 5, and then reamplified using primers 4 and 5.
A Southern blot may then be produced using the products of
the last reaction, and hybridized to a >2P-end-labeled
oligonucleotide probe corresponding to sequence downstream
of primer 3 and 4 sequences. The DNA fragments thus
identified may then be cloned into a suitable vector, and
the longest insert obtained may be used to screen a genomic
library produced from the organism of interest. Positive
clones identified in this manner may then be analyzed by
standard restriction mappiné and nucleotide sequencing
techniques.

In another preferred embodiment of the invention,
degenerate oligonucleotides corresponding to segments of
four protein sequences highiy conserved between NGF and BDNF
may be synthesized.  For example, these amino acid sequences
{(presented in Figure 7D) may be (1) Gly-Glu-(Tyr/éhe)-Ser-
Val-Cys-Asp-Ser: (2) L}s-Gen-Tyr-Phe-(Tyr/Phe)-Glu-Thr-Lys-
Cys:; (3) Gly-Cys-Arg-Ile-Asp:; and (4) Ttp-Arg-Phe-Ile-grg-
Ile~Asp~Thr-(Ser/Ala)-Cys-Val-Cys. A series of degenerate
sense and anti-s;nse oligonucleotides (containing a
degenerate portion 15-26 nucleotides long, corresponding to
5-9 amino acids of the above-mentioned protein sequences in
either the sense or anti-sense direction, as well as a non-
degenerate “tail” encoding restriction enzyme recognition
sites) may be used in PCR reactionas. Amplification
reactions between pairs of upstream sense and downstream
anti-sense primers may be performed under standard
conditions or, preferably, optimal conditions for each
prizmer pair may be experimentally determined. For example,
the sense primer (corresponding to amino acid sequence (1),
supra) 5/GACTCGAGTCGACATCG-GTN-TGY-GAY-WSN-RTN-WS-3’ and the
anti-sense primer (corresponding to amino acid sequence (2),
gupra), S5/=-CCAAGCTTCTAGAATTC-CA-YTT-NGT-YTC-RWA-RAA-RTA-
YTG-3’ may be used in the amplification reaction using
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1. Chick sensory neurons of ectodermal placode origin in:,

(a) nodose ganglion (b) vestibular ganglion {(c)...petrosal
gangl i on (d) genicul ate ganglion (e) Y&ty sitttien a8 BEEN
trigem nal ganglion I11. Rat retinal ganglion cells REPLACEIChI ck
retinal ganglion cells*** B. Non- Resp®nsi ve Neurons . Chick and rat

synpat heti c neurons

genomic DNA or cDNA derived from a suitable source as
template. The products of amplification reactions using
pairs of upstream sense and downstream anti-sense primers
may be used as hybridization probes on Southern blots of
genomic DNA to ldentify PCR product which hybridizes to
genomic DNA sequence which contains regions homologous to
the probes as well as regions non-homclogous to the probes
(for example, non-NGF, non-BDNF sequence). A PCR product
which identifies a novel genomic DNA sequence may be used to
screen genomic or cDNA libraries and thereby select clones
encoding novel members of the BDNF/NGF gene family.

$5.3. EXPRESSION OF NEUROTROPHIN-3

The nucleotide sequence coding for a NT-3 -
protein, or a portion thereof, can be inserted into an
appropriate expression vector, i.e., a vector which contains
the necessary elements for the transcription and translation
of the inserted protein-coding sequence. The necessary
transcriptional and translation signals can also be supplied
by the native NT-3 gene and/or its flanking regions. A
variety of host-vector systems may be utilized to express
the protein-coding sequence. These include but are not
limited to mammalian cell systems infected with virus (g;g;.
vaccinia virus, adenovirus, etc.):; insect cell systems
infected with virus (e.g., baculovirus):; microorganisms such
as yeast containing yeast vectors, or bacteria transformed
with bacteriophage DNA, plasmid DNA, or cosmid DNA. 1In
preferred embodiments of the invention, the expression
vector may comprisq the CMV promoter (Stephens and Cockett,
1989, Nucl. Acids Res. 17:7110) and SV40 origin of
replication. The expression elements of these vectors vary -
in their strengths and specificities. Depending on the
host-vector system utilized, any one of a number of suitable
trangscription and translation elements na& be used.
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1. Chick parasynpathetic ciliary neurons * From Barde et al., 1987,
Prog. Brain Res. 71:185-189 ** See Davies et al., 1986, Nature 319:497-499

*** Rodriguez - Tebar et al., 1989, Dev. Biol. 136:2?6}3?%§:§§T;§E§?§M
-12: THI IEET HAS BLUN
12 -29- REPLACED __J

Any of the methods previously described for the
insertion of DNA fragments into a vector may be used to
construct expression vectors containing a chimeric gene
consisting of appropriate transcriptional/translational
control signals and the protein coding sequences. These
methods may include in vitro recombinant DNA and synthetic
techniques and in vivo recombinations (genetic
recombination). Expression of nucleic acid sequence
encoding a NT-3 protein or peptide fragment may be regulated
by a second nucleic acid sequence so that NT-3 protein or
peptide is expressed in a host transformed with the
recombinant DNA molecule. For example, expression of NT-3
may be controlled by any promoter/enhancer element known in
the art. Promoters which may be used to control NT-3
expression include, but are not limited to, the SV40 early
promoter region (Bernoist and Chambon, 1981, Nature
290:304-310), the promoter contained in the 3/ long terminal
repeat of Rous sarcoma virus (Yamamoto, et al., 1980, Cell
22:787-797), the herpes thymidine kinase promoter (Wagner et
al., 1981, Proc. Natl. Acad. Sci. U.S.A. 78:144-1445), the
regulatory sequences of the metallothionine gene (Brinster
et al., 1982, Nature 325:35-42): prokaryotic expression
vectors such as the jg-lactamase promoter (Villa-Kamaroff, et
al., 1978, Proc. Natl. Acad. Sci. U.S.A. 75:3727-3731), or
the tac promoter (DeBoer, et al., 1983, Proc. Natl. Acad.
Sci. U.S.A. 80:21-25), see also “Useful proteins from
recombinant bacteria” in Scientific American, 1980, 242:74- -
S4; plant expression vectors comprising the nopaline
synthetase promoter region (Herrera-Estrella et al., Nature
303:209~-213) or the cauliflower mosaic virus 35S RNA
promoter (Gardner, et al., 1981, Nucl. Acids Res. 9:2871),
and the promoter for the photosynthetic enzyme ribulose
biphosphate carboxylase (Herrera-Estrella et al., 1984,.
Nature 310:115-120); promoter elements from yeast or other
fungi such as the Gal 4 promoter, the ADC (alcohol

—_— -
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2.2.3. THE CLONING OF THE GENE FOR BRAI N- DERI VED
NEUROTROPHI C FACTOR The cloning of the BDNF-qgﬂ€“¢4_ffﬁt§$EZ
performed as described in U S. patent application sericlIﬂﬁﬁ%fgiﬁﬁg4ﬁﬁi§%l,
filed August 30, 1989, which is incorporated by refererce inFis—entirety
herein. Briefly, mnute quantities of-BBNF protein were purified frompig
brain, allow ng the determ nation of fragments of am no acid sequence which
could, in turn, be used to design correspondi ng ol i gonucl eoti des. These

synt heti c BPNYBRASLRATEHRIMOEEE hAFKISRNEPHOGL¥ELE O nkABRFREr ase chain
reacti on (ptbhotet) aDRH imerpblatphatrannpathridten, BBNE phedfolihgwisll s. The
roducts o L1 t 1t eliaRi :¢0 cDNA
gnd/‘or gen%?nfﬁ%%%%ié??g%\rﬁg %rl e %ﬂgg\e@di é’g‘ﬁ?ng?ﬂghg EE%%%E pi g,
rat, and nBBeeifigitYieand faYR Leen qbréeéeijeri@s transagaisr APABELSEXpr essi on

of reconbi apast&EBFI Vgen@cboryesl iregion which is active in pancreatic
acinar Fells (Swift et al., 1984, Cell 38:639-646; Ornitz et
al., 1986, Cold Spring Harbor Symp. Quant. Biol. 50:399-409;
MacDonald, 1987, Hepatology 7:425-515); insulin gene control
region which is active in pancreatic beta cells (Hanahan,
1985, Nature 315:115-122), immuncglcbulin gene control
region which is active in lymphoid cells (Grosschedl et al.,
1984, Cell 38:647-658; Adames et al., 1985, Nature 318:533-
538; Alexander et al., 1987, Mol. Cell. Biol. 7:1436-1444),
mouse mammary tumor virus control region which is active in
testicular, breast, 1ymphoi& and mast cells (Leder et al.,
1986, Cell 45:485-495), albumin gene control region which is
active in liver (Pinkert et al., 1987, Genes and Devel.
1:268-276), alpha-fetoprotein gene control regicn which is
active in liver (XKrumlauf et al., 1985, Mol. Cell. Bicl.
- 5:1639-1648; Hammer et al., 1987, Science 235:53-58); alpha
) l-antitrypsin géne control region which is active in the
liver (Kelsey et al, 1987, Genes and Devel. 1:161-171),
beta-globin gena control region which is active in myeloid
cells (Mogram et al., 1985, Nature 315:338-340; Kollias et
al., 1986, Cell 46:89-94; myelin basic protein gene control
region which is active in oliéodendrocyte cells in the bran
(Readhead et al., 1987, Cell 48:703-712):; myosin light
chain-2 gene control region which is active in skeletal
muscle (Sani, 1985, Nature 314:283-286), and gonadotropic
releasing hormone gene control regicn which is active in the
hypothalamus (Mason et al., 1986, Science 234:1372-1378).
Expression vectors containing NT-3 gene inserts
can be identified by three general approaches: (a) DNA-DNA
hybridization, (b) presence or absance of “marker” gene
functions, and (c) expression of inserted sequences. 1In the
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CCS cell's. 3. SUNNARY OF THE | NVENTHON -
present invention relates to neurotrophin-3 (NT-3), 4 Héw I¢8F§ SVETEd
menber of the BDNF gene family. It is based, in part,lon t BE4&H i fichtion
of r‘egions of nucleic acid sequence hggglogy shared by BDNF and NGF (U. S.
pat ent application Serial No. 07/400 filed August 30, 1989,

i ncorporated by reference_herein). According to the present'invention,

tB Bﬁ;/eN;gcm& ]gaf ﬂwaamgxmaa)strbegu&edotoal dsa&u}a @eﬁ\énﬁmt f tf\ler);ut %

ene fam | net no (0} wa Ty e
present i ﬁﬁpﬁﬁfsﬂfgblﬁ QFbFaPhge g§§§°§ﬁ§ gﬁnéﬁﬁ Ucts of new BDNF/ NGF
rel ated rethmidigatiion asings probesi f:pearbymteseqmnmstbat are The

present inyRNdgdhe VAdS insrRlt Nraar geAEDi NeRt cbAss@bRg Ul es whi ch

encode NT-3. |n particul ar
approach, the recomblnant vector/host system can be

11

identified and selected based upon the presence or absence
of certain “"marker” gene functions (e.g., thymidine kinase
activity, resistance to antibiotics, transformation _
Pphenotype, occlusion body formation in baculovirus, etc.)
caused by the inserfiop of foreign genes in the vector. For
example, if the NT-3 gene is inserted within the marker gene
sequence of the vector, recombinants containing the NT-3
insert can be identified by the absence of the marker gene
function. In the third approach, recombinant expression
vectors can be identified by assaying the foreign gene
product expressed by the recombinant. Such assays can be
based, for example, on the physical or functional properties
of the NT-3 gene product in bioassay systenms.

Once a particular recombinant DNA molecule is
identified and isolated, several methods known in the art
may be used to p}opagate it. Once a suitable host system
and growth conditions are established, recombinant
expression vectors can be propagated and prepared in
quantity. As previbugly explained, the expression vectors
which can be used include, but are not limited to, the
following vectors or their derivatives: human or animal
viruses such as vaccinia virus or adenovirus: insect viruses
such as baculovirus; yeast vectors; bacteriophage vectors
(e.g., lambda), and plasmid and cosaid DNA vectors, to name
but a fewv.

In addition, a host cell strain may be chosen
which modulates the expression of the inserted sequences, or
rmodifies and processes the gene product in the specific
fashion desired. Expressioh from certain promoters can be
elevated in the presence of certain inducers:; thus,
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specific enbodi nents of the invention, the DNA encodi ng NT-3
-13- I's derived fromhuman DNA, nurine DNA, or rat_DNA__The present
i nvention al so provides for reconmbi nant DNA nol ecul eps TEIN$HHEST Y BEEN ¢ast a
port’i on of ‘the nucleic acid sequences substantially ps de@EetatEd n Fiﬁure 2
(murine NT- 3), Figure 7 (rat NT-3), orsfgigure 11 (human NI-3). The

expression of the genetically engineered NT-3 protein may be
controlled. Furthermore, different host cells have
characteristic and specific mechanisms for the translational
and post-translational processing and modification (e.q.,
glycosylation, cleavage) of proteins. Appropriate cell
lines or host systems can be chosen to ensure the desired
modification and processing of the foreign protein
expressed. For example, expression in a bacterial system
can be used to produce an unglycosylated core protein
product. Expression in yeast will produce a glycosylated
product. Expression in mammalian cells can be used to
ensure "native” glycosylation of the heterologous NT-3
protein. Furthermore, different vector/host expression
systems may effect processing reactions such as proteclytic
cleavages to different extents.

In a spec;fic embodiment of the invention, DNA
encoding preproNT-3 may be cloned into pCMV plasmid,
anplified, and then used to transfect COS cells by the
calcium phosphate method (Chen and Okayama, 1987, Mcl. Cell.
Biol. 7:2745-2752); NT-3 activity may then be collected from
cell culture medium (see Example Sections 6 and 7, iﬁfra).

It has been appreciated that NGF is synthesized
in two different precursor térms, a2 long form and a short
form (Darling et al., 1983, Cold Spring Rarbor Symp. Quant.
Biol. 48:427-483). The shorter form is substantially
analogous to the prepro forms of BONF and NT-3. According
to the invention, it may be desirable to utilize expression
systems comprising DNA encoding an analogous long form of
BDNF or NT-3. DNA encoding these long precursor forms may
be identified by sequencing cDNA or genomic DNA regions
upstream of the mature BDNF or NT=3 peptide encoding regions
and locating open translational resading frame. Alignment of
the NT-3 gene segquence with the sequences of NGF and BDNF
has allowed the prediction of long and short precursors for
NT-3 protein (Figure 7B). The effectiveness of mature BDNF
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present invention also provides for reconbi nant DNA expression vectors

whi ch may be used to produce reconbinant NT-3 protein and rel ated pepti des.
In alternate enbodi nents, the present invention prQui ~f-0r--NF-—-3-—prot ei ns
and rel ated peptides, and for nmethods for producin 'ﬂﬁ@Sﬁiﬁ%éﬁ?ﬁgég ch
pepti des and proteins. The present invweyd on al so el at SEAACER: | bodi es
directed toward NT-3 proteins and pepti des. ' According to the

i nvention, NT-3 may be used in the diagnosis and/or treatnent of neurol ogic
di sorders, oknTudi agpreasiont £1omileny taxy shertplpeesgursour 6pahsi sy such as

di abetic ngupeRpat Bheéhetessg{:seeafiomLwééhénpngedﬁe%ap?&a@i SaryNBEEH LRLY
neur opat hi es and _Al DS_r el at ed neur opat hi es’ and degenefative di seases such
as Al zhei mEYP€ 9fse8il. lipent® M ehown that NT-3 supports the survival

of dopani nergi c neurons; accordingly, in preferred enbodi ments of the

i nvention, NT-3 may be jised ifheiie rreRREBRANB! pEREKIORPIE i Sease.

Because NT-3 has been OF THE EXPRESSED GENE PRODUCT
- Once a recombinant which expresses the NT-3 gene
is identified, the -gene product may be analyzed. This can
be achieved by assays based on the physical or functional
properties of the product including radiocactive labelling of
the product followed by analysis by gel electrophoresis.
Once the NT-3 protein is identified, it may be
isolated and purified by standard methods including
chromatography (e.g., ion exchange, affinity, and sizing
colunn chromatography), centrifugation, differential
solubility, or by any other standard technique for the
purification of protéins. The functional properties may be
evaluated using any suitable assay, including, but not
limited to, chick embryo dorsal root ganglia, neural
placocde-derived or sympathetic ganglion neurons.

5.4. ASSAY OF BIOLOGICAL ACTIVITY OF NEUROTROPHIN-3
Any system which qualitatively or quantitatively

indicates NT-3 activity may be used according to the present
invention. Because NT-3, in contrast to BDNF and NGF,
promotes neurite outgrowth from both neural-placode derived
nodcse ganglion and sympathetic ganglia, either of these
systems, in addition to the dorsal root ganglion (DRG)
culture system, may be used as an NT-3 biocassay. The DRG
agsay may be performed as described in Barde et al. (1980,
Proc. Natl. Acad. Sci. U.S.A. 77:1199-1203). The nodose
ganglion assay system may be performed as described in
Lindsay et al. (1985, Dev. Biol. 112:319-328). The
sympathetic ganglion assay system may be performed as
described in Barde et al. (1982, EMBO J., 1:549-553).

This Sheet Has Been Repiaced

RDARWAY




observed to exhibit a spectrumof activity different fromthe specificities
of "BDNF or NG-, NT-3 provides new and val uabl e opti pRg;d efsENGdNe RGN
regrowth and repair in the central nervous system REPLACED
DESCRI PTI ON OF THE FI GURES -FJGURE 1. Co SO of sequences of
BDNF and NGF from vari ous species. Sequence anal ysis of the gene encoding
BDNF and deduction of its am no acid sequence revealed that this protein

has many structural sjsy | mﬂdﬁmmm@ﬁ s"éh@spkkﬁﬁéﬁo'ﬁﬁﬂﬂgnce of mature

EDNF, as well as theuggggrgkestrggog a0 PIo tgﬂﬂ;g mode o roc333|ng from

Sections 6 and 7, infra, the following nucleic acid
sequences were determined, and their corresponding amino
acid sequences deduced. The mouse genomic NT-3 sequence was
determined, and is depicted in Figure 2. The sequence of
rat NT-3 is presented in Figqure 7. The genomic human DNA
NT-3 sequence was determined, and is depicted in Figure 11
which also presents DNA sequences from rat. Each of these
sequences, or their functional equivalents, can be used in
accordance with the invention. Additionally, the invention
relates to NT-3 genes and proteins isolated from porcine,
bovine, feline, avian, equine, or canine, as well as primate
sources and any other species in which NT-3 activity exists.
The invention is further directed to subsequences of NT-3
nucleic acids comprising at least ten nucleotides, such
subsequences comprising hybridizable portions of the NT-3
sequence which have use, e.g., in nucleic acid hybridization
assays, Southern and Northern blot analyses, etc. The
invention also provides for NT-3 protein, and fragments and
derivatives theféof, according to the amino acid sequences
set forth in Figures 2, 7 and 11 or their functional
equivalents. The invention also provides fragments or
derivatives of NT-3 proteins which comprise antiqénic
determinant(s) or which are functionally active. As used
herein, functionally active shﬁll mean having positive
activity in assays for known NT-3 function, e.g. chick
embryo DRG, nodose ganglion and sympathetic ganglion assays.
For example, the nucleic acid sequences depicted
in Figures 2, 7 and 11 can be altered by substitutions,
additions or deletions that provide for functionally
equivalent molecules. Due to the degeneracy of nucleotide
coding sequences, other DNA sequences which encode
substantially the same amino acid sequence as depicted in
Figures 2, 7 and 11 may be used in the practice of the
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-1 4 - precursor protein, suggest strongly that the NG- and BDNF genes
may have evolved froma common ancestral gene. Wthin the region of the
mat ure pol ypeptides, if only three gaps are introducedTis $HBETNGIS BEEN
sequences to optimize matching, a total of 51 am no I d | deAtAdHDes ar
common to the previously known NGFs FrSem nmany speci es—and to porcine and

human BDNF. These identities include all six cysteine residues suggesti ng

that the EFf ?ou? &E&ﬁif&@re'fﬁﬁéé f%éﬂgﬁ%ebg C§§g2§¥a ﬁgure 2en in which

Furt her no segnents of  SIx “or
NGFs fronPdfleobide \geqipnses qompnisiasond lana PPG#ﬁpDScPﬁetEE»FTaﬁe ei t her

genes depicted in Figures 2, 7 and 11 which are altered by
the substitution of different codons that encode a
functionally equivalent amino acid residue within the
sequence, thus producing a silent change. Likewise, the
NT-3 proteins, or fragments or derivatives thereof, of the

invention include, but are not limited to, those containing,
as a primary amino acid sequence, all or part of the amino
acid sequence substantially as depicted in Figures 2, 7 and
11 including altered sequences in which functionally
equivalent amino acid residues are substituted for residues
within the sequence resulting in a silent change. For
example, one or more amino acid residues within the sequence
can be substituted by another amino acid of a similar
polarity which acts as a functional equivalent, resulting in
a silent alteration. Substitutes for an amino acid within
the sequence may be selected from other members of the class
to which the amino acid belongs. For example, the nonpoclar
(hydrophobic) amino acids include alanine, leucine,
isoleucine, valiﬁe, proline, phenylalanine, tryptophan and
methionine. The polar neutral amino acids include glycine,
serine, threonine, cysteine, tyrosine, asparagine, and
glutamine. The positively charged (basic) amino acids
include arginine, lysine and histidine. The negatively
charged (acidic) amino acids include agpartic acid and
glutamic acid. Also included within the scope of the
invention are NT-3 proteins or fragments or derivatives
thereof which are differentially modified during or after
translation, e.g., by glycosylation, proteolytic cleavage,
linkage to an antibody molecule or other cellular ligand,
etc.

Additionally, a given NT~3 can be mutated in
vitro or in vivo, to create and/or destroy translation,
initiation, and/or termination sequences, or to create
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i dentical, or differ by no nore than about one conservative amno acid
substitution. Thus, it is reasonable to conclude that NG and BDNF are
closely related nenbers of a gene famly. FIGQIRE 2. Genom c
sequence and deduced am no acid sequence of mnurine NT-3. THIE SEBENSAGKEEN
sequence. starts with the first ATG cggan found after 3{in-frigdrAskop
codgns. The underlined sequences indicate the |ocation of the priners used
in the first round of PCR The only N glycosylation consensus sequence is
doubl y uncerilatiechs dmd coldd ngr rewyiondi aatigsrt herpuhed i vestst mgttimf processed,
mat ur e : s o2l L,N ' e C ari son between
Rt ur e %ﬁé’"l{fnc}?f“ﬁcf 1t§§gf;?E gt%sé‘?gl’lg'égg&g%}?gﬁg a8 5° 540) and BDNF
(Lei br ocKagilditate) Sygthes inevitroimodigiratinn. nabny ctephriTEoNPLequence
shown hemfitayeh@@Ys tdwinCdn WhehatBatafif bei dsBPNFinSDhdi AfIHEE Snetnd
shadowiandlié%a%% a hpgf%%%d%i guagrggtigenthal 0 it}gns An all 3
pr ot ei ns : . in Vvitro - ed mutagenesis utchinson,

et al., 1978, J. Biol. Chem. 253:6551), use of TAB® linkers

(Pharmacia), etc.

‘5.6. GENERATION OF ANTI-NEUROTROPHIN-3 ANTIBODIES
According to the invention, NT-3 protein, or

fragments or derivatives thereof, may be used as immunogen
to generate anti-NT-3 antibodies.

To further improve the likelihoed of producing an
anti-NT-3 immune response, the amino acid sequence of NT-3
may be analyzed in order to identify portions of the
molecule which ma} be asscciated with increased .
immunogenicity. For example, the amino acid sequence may be
subjected to computer analysis to identify surface epitopes,
according to the method of Hopp and Woods (1981, Proc. Natl.
Acad. Sci. U.S.A. 78:3824-3828) which has been successfully
used to identify antigenic peptides of Hepatitis B surface
antigen. Alternatively, the deduced amino acid sequences of
NT~-3 from different species could be compatgd, and
relatively non-homologous regions identified; these non-
homologous regions would be nb:e_likely to be immunogenic
across various species. o

For preparation of monoclonal antibodies directed
toward NT-3, any technique which provides for the production
of antibody molecules by continuous cell lines in culture
may be used. For example, the hybridoma technique
originally developed by Kohler and Milstein (1975, Nature
256:495-497), as well as the trioma technique, the human B-
cell hybridoma technique (Kozbor et al., 1983, Immunology
Today 4:72), and the EBV-hybridoma technique to produce
human monoclonal antibodies (Cole et al., 1985, in
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and the arrows point to all cysteine residues. Asterisks indicate gaps
I ntroduced to optim ze matching. V1-V4 indicates the 4 variabl e donains
consisting of nore than 3 contiguous am no aci ds.

- 15- FIGURE 4. Tissue distribution of NT{3JHISERECT EAS BREN
- nouse. Twenty [err]g of total RNA was applied to eachjl ane REPLACED
' -37-

"“Monoclonal Antibodies and Cancer Therapy,” Alan R. Liss,
Inc. pp. 77-96) and the like are within the scope of the
present invention.

The monoclonal antibodies for therapeutic use may
be human monoclonal antibodies or chimeric human-mouse (or
other species) monoclonal antibodies. Human monoclonal
antibodies may be made by any of numerous techniques known
in the art (e.q., Teng et al,, 1983, Proc. Natl. Acad. Sci.
U.S.A. 80:7308-7312; Kozbor et al., 1983, Immunology Today
4:72-79; Olsson et al., 1982, Meth. Enzymol. 92:3-16).
Chimeric antibody molecules may be prepared containing a
mouse antigen-binding domain with human constant regions
(Morrison et al., 1984, Proc. Natl. Acad. Sci. U.S.A.
81:6851, Takeda et al., 1985, Nature 314:452).

Various procedures known in the art may be used
for the production of polyclonal-antibodies to epitopes of
NT-3. For the production of antibody, various host animals
can be immunized by injection with NT-3 protein, or fragment
or derivative thereof, including but not limited to rabbits,
mice, rats, etc. Various adjuvants may be used to increase
the immunological response, depending on the host species,
and including but not limited to Freund’s (complete and
incomplete), mineral geis such’ as aluminum hydroxide,
surface active substances such as lysolecithin, pluronic
polyols, polyanions, peptides, oil emulsions, keyhole limpet
hemocyanins, dinitrophenol, and potentially useful human '
adjuvants such as BCG (Bacille Calmette-Guerin) and,
Corynebacterium parvunm.

A molecular clone of an antibody to a NT-3

: epitopo can be prepared by known techniques. Recombinant
DNA methodology (see e.g., Maniatis et al., 1982, Molecular
Cloning, A Laboratory Manual, Cold Spring Harbor Laboratory,
Cold Spring Harbor, New York) may be used to construct
nucleic acid sequences which encode a monoclonal antibody
molecule, or antigen binding region thereof.
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and hybridized with a [err]p-Ilabelled double stranded DNA probe. (A A
singl e band corresponding to about 1.4 kil obases can be seen in al

ti ssues, the weakest signal being observed in |ung and ORIEST A,
heart. Skeletal nuscle was taken frona he thighs. (B) ?@m%ﬁiq? A8 )
strongest signal is obtained with the hippocanpus and the cercbc..uu.
FIGJRE 5. Survival of sensory neurons isolated from nodose ganglia obtained

from chick of 8- day st 188HLY 81 Ecafes o) f@}é&ﬂﬁf% Phékeh on a

polyornlthlne- | am nin subStrate, and Vi ng neurones counted after
24 hour s Fefh® GﬁﬁéenﬁngﬁvoﬁmBP“BERF°EEEH°%é?% #%PQP°QQ§ﬁ¥§ %he i ni ma
concent r ahiromateguapby , tonobmatngmphiml néthiods aduciNaséiprtans(higgte found to

survive i §i 0 pne, L a dilution
1: 50 wi t e%g%%??g%gfgé?géd PFSQPQ?ﬂ¥ Tlgkﬁfg% ecte éﬁtrlcontrol DNA
FI GURE 6.XheRpoferefFoduct derlved usi ng |

Antibody fragments which contain the idiotype of
the molecule can be generated by known techniques. For
example, such fragments include but are not limited to: the
F(ab')2 fragment which can be produced by pepsin digestion
of the antibody molecule; the Fab’ fragments which can be
generated by reducinq the disulfide bridges of the F(ab’
fragment, and the 2 Fab or Fab fragments which can be
generated by treating the antibody molecule with papain and
a reducing agent.

)2

5.7. ',UTILITY OF THE INVENTION

The present invention relates to the nucleic acid
sequence of NT-3 and to the substantially pure protein,
peptide fragments, or derivatives produced therefrom. NT-3
may be produced }n quantities sufficient for diagnostic and
therapeutic applications. Likewise, anti-NT-3 antibodies
and NT-3 nucleic acid probés may be utilized in diagnostic
and therapeutic applications. For most putposgs, it is
preferable tc use NT-3 genes or gene products from the same
species for diagnostic or therapeutic purposes, although
cross-species ut%}ipy of NT-3 may be useful in specific
exbodiments of the invention.

$.7.1. DIAGNOSTIC APPLICATIONS
The present invention, which relates to nucleic
acids encoding NT-3 and to proteins, peptide fragments, or
derivatives produced therefron, as well as antibodies
directed against NT-3 protein, peptides, or derivatives, may
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degenerate 1B and 2C priners (designated RLB/2C) detects a novel gene,
NT-3, as well as the NGF and BDNF genes in rat genomc_DNA.___(B) ...
Restriction map of a rat NT-3 genom c clone. Two indeoammESME&%ﬁﬁﬁﬁé%ﬁgge
cl orfes specifically hybridizing to the RLB/ 2C probe wgre i S6Phe€el f r omla
rat genomc library. A schematic repregdntation of therestriction map of
one of these clones, containing a 19.5 kb insert, is depicted. The
thi ckened line jndicates the open reading frame (ORF) of NT-3 (see FIG
7A). The pesittbhizad b REgnase ddiseasesi andcdisgrders of the | GURE 7.
ﬁeqrenced%efﬁéué\ﬂsy&w wH e oy ,%}y atsNgogah[t)éNl?:waaﬁ adteBobong Aw)rbRF

ucl eot i de_.an m no_ac s efu e of, NT- 3. sequence spanni ng
encoded bytmﬁieégﬁﬁﬁﬂ ﬁﬁﬁgﬂfﬁﬁﬁgfféopfanslation i ndi cat ed above DNA
sequence; asterisks iy Wasdgumienpodisgents of tpeninwedtign, NT-3

genes and related nucleic acid sequences and subsequences,

including complementary segquences, may be used in diagngstic
hybridization assays. The NT-3 nucleic acid sequences, or
subsequences thereof comprising about 15 nucleotides, can be
used as hybridization probes. Hybridization assays can be
used to detect, prognose, diagnose, or monitor conditicns,
disorders, or disease states associated with changes in NT-3
expression, including, in particular, conditions resulting
in sensory neuron damage. Such diseases and conditions
include but are not limited to CNS trauma, infarction,
infection, degenerative nerve disease, malignancy, or post-
operative chanées including but not limited to Alzheimer’s
Disease, Parkinson’s Disease, and Huntington’s Chorea. For
example, total RNA in a tissue sample from a patient can be
assayed for the presence of NT-3 mRNA, wherein a change in
the amount of NT~3 mRNA is indicative of neurcnal
degeneration. _
‘ In alternate embodiments of the invention,
antibodies directed toward NT-3 protein, peptide fragments,
or derivatives can be used to diagnose diseases and .
disorders of the nervous system, including, in particular,
sensory disorders and degenerative diseases of the retina,
as well as those disorders and diseases listed supra. The
antibodies of the invention can be used, for example, in in
gsitu hybridization techniques using tissue samples cbtained
from a patient in need of such evaluation. In a further
example, the antibodies of the invention can be used in
ELISA procedures to detect and/or measure amounts of NT-3
present in tissue or fluid samples; similarly, the
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~16- frame. Amino acids are numbered with position +1 assigned to first
resi due of mature NT-3 (119 am no acids). The cl eavage site that is used to

rel ease mature NT-3 is boxed, as is the conserved '"903'. j ust
upstreamto this cl eavage site; another potenti al cI@%@ |3§% %%@%h S
simlarly located to a proposed i nter iédiat e proces 'jx“‘

(Darling et al., 1987, Cold Spring Harb Synp Quant BIO| 1 427 34)(but whi ch

s not congee vt 2 BNRIne | AndREbAUL AR Gl i RestOERYFor The siX

cysteines i'n na
analysis to detect and/or measure NT-3 present in tissue or

fluid samples.

In further embodiments of the invention, NT-3
protein, peptide fragments or derivatives can be used to
diagnose diseases and disorders of the nervous system. In a
particular embodiment and not by way of limitation, labeled
NT-3 protein or peptide fragments can be used to identify
tissues or cells which express the NT-3 receptor in order to

identify aberrancies of NT-3 receptor expression and
consequently, potential abnormalities in the tissue or
cellular response to NT-3.

$.7.2. THERAPEUTIC APPLICATIONS

The present invention, which relates to nucleic
acids encoding NT-3, and to proteins, peptide fragments, or
derivatives produced!theretrom, as well as to antibodies
directed against NT-3 protein, peptides, or derivatives, may
be utilized to treat diseases and disorders of the nervous
system which may be associated with alterations in the
pattern of NT-3 ‘expression or which may benefit from
exposure to NT-3 or anti-NT-3 antibodies.

In various embodiments of the invention, NT-3
protein, peptide fragments or derivatives can be
administered to patients in whom the nervous system has been
damaged by trauma, surgery, ischemia, infection, metabolic
disease, nutritional deficiency, malignancy, or toxic
agents. In various specific embodiments of the invention,
NT=-3 can be locally administered to sensory neurons which
have beeri severed, including, but not limited to, neurons in
dorsal root ganglia or in any of the following tissues: the
geniculate, petrosal, and nodose ganglia; the
vestibuloacoustic complex of the VIIIth cranial nerve; the
ventrolateral pole of the maxillo-mandibular lobe of the
trigeminal ganglion, the mesencephalic trigeminal nucleus
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NT-3 are underlined. The nethionine initiation codon for the short

precursor formof NT-3 (at position -139), whjich mapks—st st

di scussed in the text, is also underlined. The proppse tept
site/intron boundary upstrean1of the "B'_start sitelli he
figure. (B) Sequence alignnments of rat -3 with rat NGF and rat BDNF. The

MacVect or sequence anal ysis software (purchased from International

Bi of echnolaagi E?mpkﬁﬁe):imaﬂ§ﬁﬂat 0 ﬂ@wgﬁt& ydWRirabl e2kb0BERAhi8Ee b e rat

QIdBaCEFnlnun1%a?cCRg$t§69€ep§# ??&% '%E?hn§F8ﬁ§%?ﬁgmé%§égngr o?

this matr 2xmemndbrapp; ceedt e Shilesthictherbruimntthat oowldsbet ati on of the
NT-3 prot C fo to mat ure NT- 3,
HP1BRERUCEn LHE PROXERPEPIoL IR Ui WAL O irhe

whi ch are seen in coggarlson to are deS|gnated | and |

As is seeRTERePheliRy Féonrsgno#web&aﬁgdmmniﬁ dfchagteningt site
used to geher geeovBEYSHEr bapiehts SOUEfFInPT el BiabeRde ting the

contentlogehggbaghkggger g. mononeurcpathy multiplex and diabetic
peripheral neuropathy.

In addition to diabetic neuropathy, NT-3 or NT-3
related peptides may also be used to treat other peripheral
neuropathies, including but not limited to the following:
virus-associated neuropathies, including acquired
immunodeficiency syndrome (AIDS) related neuropathy,
infectious mononucleosis with polyneuritis, viral hepatitis
with polyneuritis; Guillian-Barre syndrome; botulism-related
neuropathy; toxic polyneuropathies including lead and
alcohol-related neuropathies; nutritional neuropathies
including subacute combined degeneration:; angiopathic
neuropathies inéluding neuropathies associated with systemic
lupus erythematosis: sarcoid-associated neuropathy:;
carcinomatous neuropathy: compression’ neuropathy (e.g.
carpal tunnel syndrome) and hereditary neuropathies.
Hereditary neuropathies which may be treated using NT-3 or
NT=3 related proteins include peroneal muscular atrophy,
familial dysautomia and progressive hypertrophic neuropathy.

In further embodiments of the invention, NT-3
protein or peptide fragments or derivatives derived
therefrom, can be used to treat congenital conditions or
neurodegenerative disorders, including, but not limited to,
Alzheiner’s discise, Parkinson’s disease, multiple
sclerosis, amyotrophic lateral sclerosis, and Huntington’s
chorea.

In a specific embodiment of the invention,
gdministration of NT-3 protein, or peptide fragments or
derivatives derived therefrom, can be used in conjunction

B
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precursor exists. (C) Sequence conparisons between NT-3, NG and BDNF in
homol ogy regions | and Il. Sequences in these regions are aligned to
maxi m ze honol ogy, with gaps inserted for alignmdnfgingireated #BENal "-" .

I dentities of either BDNF or NG-F with the NT-3 sdquencezmaesbndi caf ed
by"*", while identities of NGF with B are indi'eated—by . In the NG
sequence. A "+" on top of the sequence indicates residues which are

compl et el ¥, 1GANSAYGdalei WBAntat 10T 3r2PPsL e NFthe treatment of
Alzheimer’s disease and/or Parkinson’s disease. As shown in
Section 11, infra, NT-3 promotes the survival of
dopaminergic neurons: as dopaminergic neurons are destroyed
in Parkinson’s disease, NT-3 may be used in methods of
treating Parkinson’s disease comprising administering an
effective amount of NT-3 to a patient in need of such
treatment. It has been shown that approximately 35 per cent
of patients with Parkinson’s disease suffer from Alzheimer-
type dementia; NT-3 produced according to the invention may

prove to be a useful single agent therapy for this disease
complex. Similarly, NT-3 produced. according to the
invention may be used therapeutically to treat Alzheimer’s
disease in conjunction with Down’s Syndrome. In addition,
as shown in Section 12, infra, NT-3 is expressed at high
levels Aduring déveloﬁment and differentiation of the nervous
system; accordingly, NT-3 may be used in the treatment of
developmental nervous system disorders, such as Down'’s
syndrome, and also in the treatment of discrders related to
de-differentiation of cells, such as malignancies, or in
disorders which may benefit from regeneration in the nervous
system. NT=-3 produced accordinq to the invention can be
used in the treatment of a variety of dementias as well as
congenital learning disorders.

In further embodiments of the invention, NT-3
protein, fragments or derivatives can be used in conjunction
with other cytokines to achieve a desired neurotrophic
effect. For example, and not by way of limitation,
according to the invention NT-3 can be used together with a
sacond agent, for example, NGF or BDNF, to achieve a
synergistic stimulatory effect on growth of neurons and/or
in maintaining survival and/or restoring or enhancing
function wherein synergistic is construed to mean that the
effect of the combination of NT-3 protein, peptide fragment,
or derivative and a second agent achieves an effect greater
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-17- and BDNF sequences fromall species exam ned. The follow ng sites
defined for NG, previously predicted for BDNF and proposed here for NT-3
are indicated: the "B" start site nethionine initiation codon; the signal
sequence cl eavage site (Edwards et al., 1988, Ml Cell Biol 8:2456-64); a
proposed NGF internediate cleavage site which is abse thgﬁaNFprgups
present in NT-3; a glycosylation acceptor site: the pfoteolpytsgcebeavage
site which rel eases the mature factorsg3(D) Sequence cefparisons of The
mature fornms of NT-3, BDNF and NG~ Conserved cystei nes are underscored
with bold dianonds. "*", ".", and "-" as in panel C. C term nal cleavage

site, onl yt*p:le;l@g:m m@m@?eitberi sdbstimce used indwxdiiﬂll?(i 8.

Conpar i Sonzef § NGy BlNnEN 135t bl EGAc@foRS h

?Egégonlc éékg}fgnéﬂy iJLJngpt1de fggﬁkgéogég toégggggqﬁ? "o ganglla
characterized, in the growth, development, maintenance of
differentiated function and survival of a wide array of
neuronal subpopulations in the central nervous systen.
Alternatively, the effects of NT-3 and a second neurotrophxc
agent may be additive.

It is further envisioned that, based on the full
characterization of the NT-3 molecule, novel peptide
fragments, derivatives, or mutants of NT-3 may be developed
which are capable of acting as aﬁtagonists of some, or all
of the biological functions of NT-3. Such NT-3 antagonists
may be useful in the selective ablation of sensory neurons,
for example, in the treatment of chronic pain syndromes.

In still gurther embodiments of the invention,
antibodies directed toward NT-3 protein, or peptide
fragments or derivatives thereof, can be administered to
patients suffering from a variety of neurologié disorders

.- and diseases and who are in need of such treatment. For
example, patiantb who suffer from excessive production of
NT-3 may be in need of such treatment. Anti-NT-3 antibodies
can be used in prevention of aberrant regeneration of
sensory heurons (e.g. post-operativel&),-or, as discussed
supra, in the treatment of chronic pain syndromes.

The tissue distribution of NT-3, as described in
Sections 6 and 7 infra, indicate that higher levels of NT-3
mRNA are expressed in brain, kidnoy, heart, and spleen,.
among other tissues. The NT-3 produced in non-neural
tissues may or may not be identical to NT-3 expressed in
brain. A single species of NT-3 may function in both neural
and non-neural tissues; disorders in the expression of NT-3
may underlie diseases which affect the nervous system as
well as other organ systems. Alternatively, a closely
related family of NT-3 molecules may subserve different

—
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(panel s A-D), nodose ganglia (NG (panels E-H), and synpathetic chain
SG (panels I-L) cultured for 24 hours (DRG and NG or 48 hours
(SG either in the absence of any neurotrophic factor (Control; A, E,

ganglia (
in the pr

(C G K),
ultures (500 [err]l of CGCS ceﬁ super nat ntq@n@anmw%1ﬂ¢§nsfected
cells). NGF (10 [err]l of COS cell supernatant) prioduced:prigFEilse fi ber

control c

outgrowt h £

super nat ant

CGCS cel

hi gher arrmﬂuaa:n(eaft tdf m&e[aerers] wWhibhdafifeetf aenron &6 welll 3ag Xhd err] |

cell supe
fromall

esence of COS cell supernatants containing NG (B, F, J), or
or NT-3 (D, H L). There ig,alnost no neurite outgrowth—n

Ofa%g.o%d nfé@i:laqt an@t nuﬁ-nhagsfaeweua' Nege Qi cel |

) or
BDNF

t o 500 rr roduced no effect. on NG JBONF (10 [err]]
d&@&“kﬁﬁg

u3Yr gFBRERIPFOmM BRASHI NG H RS0t SG

Cos

LA R0 NOncRlRahEhtl L188,56) Bresbissse iger outorouth

fhree gang)

wth was sl ower

and | ess mmmmﬂﬂyﬁﬁﬁnnﬂks hgmn@.|&hﬂeheméﬁppeﬁeaias éﬁ%ﬁhn%%dln col | agen ge

(Li ndsay

RetMoatbriddtii¥lial syk@as.Dev. Biol.

Furthermore, as exemplified in Section 6, infra,
NT-3 expression is increased in immature animals compared to
adult .animals. According to the invention, NT-3 may be
particularly useful in the treatment of developmental
disorders or, alternatively, in inducing renovation of the
nervous system following CNS injury.

5.8. PHARMACEUTICAL COMPOSITIONS

‘The active compoéitions of the invention, which
may comprise all or portions of the NT-3 gene product,
including protein, péptide fragments or derivatives produced
therefrom, or antibodies (or antibody fragments) directed
toward NT-3 protein, peptide fragmehts, or derivatives, or a
combination of NT-3 and at least one other agent, _such as
NGF or BDNF, may'be administered in any sterile
biocompatible pharmaéeutical carrier, including, but not
limited to, saline, buffered saline, dextrose, and water.

NT-3 protein, peptide fragment or derivative may
comprise an amino acid sequence or subsequence thereof
substantially as depicted in Figures 2, 7 or 11:; it may be
preferable to use NT-3 protein comprisiﬁq, in particular,
all or a portion of the amino acid sequence from about amino
acid 140 to about amino acid 258, as depicted in Figure 2,
from about amino acid 1 to about amino acid 119 in Figure 7,
or from the first amino acid labeled “mature”. in Figure 11,
to the end of the peptide sequence depicted therein, or a
tunctionallﬁ equivalent sequence, as this subsequence is -
believed to comprise the functional portion of the NT-3
molecule. NT-3 may be derived from sequences corresponding
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112: 30- 48)

[err]m

FI GURE 9. NT-3 pronptes surV|vaI'§ﬁ&3H€H¥ﬁﬁagdU

in Highly enriched cultures of DRG ney éons Photon1croqr%%h§fﬁ
neur on-enri ched (>95% neurons) cul tureé

2

to the NT-3 genes of any suitable species, including, but
not limited to, human, pig, rat, chicken, cow, dog, sheep,
goat, éat, rabbit, etc.

The amount of NT-3 protein, peptide fragment,
derivative, or antibody which will be effective in the
treatment of a particular disorder or condition will depend
on the nature of the disorder or condition, and can be
determined by standard clinical techniques. Where possible,
it is desirable to determine the dose-response curve anq—the
pharmaceutical compositions of the invention first in vitro,
e.g. in the NT-3 biocassay systems described supra, and then
in useful animal model systems prior to testing in humans.
Based on in vitro data, in a specific embodiment of the
invention, a pharmaceutical composition éffective in
promocting the survival of sensory neurons may provide a
local NT-3 protein concentration of between about 0.1-10
sg/ml.

Methods of introduction include but are not’
limitgd to intradermal, intramuscular, intraperitoneal,
intravenous, subgcutaneous, oral, and intranasal. - In
addition, it may be desirable to introduce the
pharmaceutical compositions of the invention into the
central nervous system by any suitable route, including
intraventricular and intrathecal injection: intraventricular
injection may be facilitated by an intraventricular
catheter, for example, attached to a reservoir, such as an
Ommaya reservoir. '

Further, it may be desirable to administer the
pharmaceutical compositions of the invention locally to the
area in need of treatment; this may be achieved by, for
example, and not by way of limitation, local infusion during
surgery, by injection, by means of a catheter, or by means
of an implant, said implant being of a porous, non-porous,
or gelatinous haterial, including membranes, such as
sialastic merbranes, or fibers.

—
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of dissociated chick enbryonic (day 8 DRG treated for 48 hours with
either: (A supernatant (500 [err]l) fromnock transfected COS cells or (B,
C) supernatant (50 [err]l) fromNT-3 transfected cells. A and B are
darkfield mcrographs; in A (control culture) fewer than 5% of the neurons
pl ated survived; in B the nunber of process-bearing neFé, SRS HAS BEEN

appr.oxi mately 60% of the neurons plated, Froma dose- onge: cunye thiis
was found to be the maxi mal effect of T#€3 on chick E8 DRG-neur ons™ (0" A
hi gher nagni fication phase contrast nicrograph of t he sane culture as shown

in B Note the large qybar.,aheBlase: byl bl N Al ditd il aigsadnd the

virtual absence qf any non-neuronal ures e est i shed as
preV|ouslyC@@?@PPG&&“FLFH&?&}séﬂgaVT'3lkﬁﬁﬁeiﬁﬁlERQﬂtl EXRgmeMts . SOF) e bar

= 150 [errHer(®htives adminiskbCbBREvid. 1 Nosddmwed), hdropaptidlssns caf NT- 3,

and Rﬁﬂgeﬁﬁ”ﬁﬁwé‘éﬁ'&&? 1y ORFSbue SRS ACRE, F SIS, 4 ©

ti ssues ofmaatbelgsgfpanabspse such compositions to achleve sustalned
release of NT-3 and NT-3-related products.

It is envisioned that it may be possible to
introduce cells actively producing NT-3, NT-3 related
substances, NT-3 antagonists, or anti-NT-3 antibodies into
areas in need of increased or decreased concentrations of
NT-3.

6. EXAMPLE: THE CLONING AND CHARACTERIZATION
OF THE MOUSE NEUROTROPHIN-3 GENE

6.1. MATERIALS AND METHODS
6.1.1. POLYMERASE CHAIN REACTION

TwWO oligoﬁucleotide primers were synthesized on
the basis of 2 amino acid sequences conserved in BDNF and
all known NGFs (Leibrock et al. 1989, Nature 341:149-152).
The sequence of the sense (or 5’) primer was GGGGATCCGC GGI
TGY MGI GGI ATH 'GA (primer 1, IUPAC nomenclature,
I=inosine), and includes BamHI and SacII sites, and that of
the antisense (or 3’) primer TCGAATTCTAG AT ICK IAT RAA ICK
CCA, and includes EcoRI and Xbal sites (primer 2). PCR
{saiki et al., 1985, Science 230: 1350-1354) was performed
with 1 pg of mouse genomic DNA using a Perkin-Elmer Cetus
thermal cycler and Taq polymerase (Gene AmpTx). After 4
cycles with an annealing temperature of 45°C, the remaining
36 cycles were performed with annealings at 4%9°C. The
resulting amplified DNA products corresponding to the
expected size (137 base pairs) were eluted from an
acrylamide gel, reamplified and digested with HindII and
Apal, the former cleaving mouse NGP, the latter mouse BDNF.
The uncleaved DNA was eluted and asymmetrically amplified
(Innis et al, 1988, Proc. Natl. Acad. Sci. U.S.A. 85:9436~
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or nouse (right panels). Ten mcrogranms of RNA fromthe indicated sources
was then fractionated on 1% formal dehyde- agarose gel s-and-transterred—o
nyl on menbranes in 10x SSC, triplicate Northern blots Méb§5ﬁyE1|%¢§5%ﬁN
(Mahmoudi, M and Lin, V. K 1989, Biotechniques 7:331}3) atféBBieF]C wilth
[err]p- |abel ed (Feinberg, A P. and Mdel stein, B., 1984, Anal Bi ochem
137:266-7) rat NT-3, rat BDNF, and rat NG- DNA fragnents, and then washed

0

o oL LD, St AT R AR S8, Mk, DRI e,

appr oxi naseliy ¥75.hp XRoR918s2921) iys e g immrst luend @er eBased on
the sequence thus obtained, 2 additional sense primers were
synthesized, corresponding to nucleotide 808-822 (primer 3)
and ‘824-844 (primer 4) to which SaIl and PstI sites were
added. RNA was extracted from adult mouse brain, liver and
muscle (Okayama et al., 1987, Meth. Enzymology 154:3-28) and
reverse transcribed using antisense (5‘) primer
CGGATCCGAATTCTGCAG(T)IZV (primer 5), designed to match 3’
poly(A) tails, and containing cloning sites for BamHI, EcoRI
and PstI (Leibrock et al., 1989, Nature 341:149-152). These
cDNAs were first PCR-amplified using primers 3 and 5, and
re-amplified using primers 4 and S. A Southern blot
analysis was performed with the products resulting from this
last reaction and hybridized with a 32p_end-labeled
oligonucleotide corresponding to nuclectides 879-893. The
DNA fragments thus identified were cloned into a Bluescript®
SK+ vector (Stratagene) and the longest insert obtained (460
base pairs) was used to screen an EMBL3 mouse genomic
library (Clontech). Two positive clones were found, and the
DNA of one clone digested with various restriction enzymes.
The restriction fragments were probed with the 460 base pair
insert: a 770 base pair HindITI, and a 4000 base pair Pstl
fragment were subcloned in Bluescript® SK+. The full
HindlIII sequence, 3’ and 5’ extended using the Pstl fragment
is shown.

6.1.2. NORTHERN BLOTTING
_ Total RNA was extracted from adult female tissues
.  (Okayama et al, 1987, Meth. Enzym. 154:3-28), and

electrophoresed on 1.3% formaldehyde-containing agarose gels
(Hehrach et al, 1977, Biochem. 16:4743-4751). The RNA was
transferred to nylon membranes (Hybond-N, Amersham) and
hybridized overnight at 42°C in 1 ml 200 mM sodium phosphate
(pH 7.2), containing 40% formamide, SxDenhardt’s solution
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-19-  gel-purified prior to radiolabelling. A picture of the ethidium
brom de stained gel, allow ng conparison of the total anount of RNA per

sanpl e, is included. FI GURE 11. Aligned senuencRs RBHEN he rat

and human NT-3 genes. The predicted translation starf siteEPs\dGEidi cated by

"PREPRonﬂ” and the predicted start o#8the mature Tndi cated by
"MATURE--"". The mature rat and human NT-3 proteins have indentical am no

aci § sequences, whereasit e|r e ro ons diff [ at 11 tlon whi ch
are under [3ged00_sg-ml Q 1§a ﬁ‘br%%%’f”b p%f’% PG I?pept i de,

detect ed Iwaset é’&m-maueaueldu,ngandamxpto{nednpom&mmmmd [rarokdt sh” wer e
seeded i ntGA(HIPP R a1di $99%, ARA197 B¥Bchen. 137:266-267),
corresponding to nucleotides 319-1093 (FIG. 2). The
specific activity was 1.3x10°% cpm X ug-l, and 10’ were added
to the hybridization buffer. Washing was for 60 min at 60°C
in 0.1xSSC containing 0.5% SDS. Filters were exposed for 5
days at -70°C with intensifying screens.

6.1.3. EXPRESSION OF NEUROTROPHIN-3-

Oligonucleotide primers were syntheszzed
corresponding to the first 19 nucleotides (plus an EcoRI
site) and last 19 nucleotides (plus a BamHI site) of the
open reading frame depicted in FIG. 2. After PCR

amplification using as template the PstI genomic fragment

" described (FIG. 2), the resulting product was cloned into
the EcoRI-BamHI site of the expression vector, pCMV
(Anderson et al., 1989, J. Biol. Chem. 264:8222-8229). The
nucleotide sequence of the KT-3 insert in pCMV was
determined. COS-1 cells were transfected using the calcium
phosphate method {Chen and Okayawa, 1987, Mol. Cell Biol.
7:2745-2752) and the medium collected as previously
described (Leibrock et al., 1989, Nature 341:149-152). The
control media used were obtained after treatment of the
cos-1 cells with calcium phosphate, or with a pCMV/NT-3
construct where the stop codon of NT-3 had been deleted.
Both media were devoid of biological activity at a dilution
of 1:50. Nodose ganglia were dissociated, and the neurons
cultured in 24-well plates (Lindsay et al, 1985, Dev. Biol.
112:319-328), and BDNF was purified from .pig brain (Hofer
and Barde, 1988, Nature 331:261-262).

\\

\
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overnight at 37" in conplete DVEM nediumw th 10% total bovine serum ( FBS)
The cells were transfected (using the CaPdJ err] nethod, as described by
Chen and Ckayamm, 1987, Ml . Cell. Biol. 7:2745-52) with 20 [err]g of

pl asm d pC8-hN3(P1) containing the human NT-3 gene under regul ation of a
cytonegal ovirus pronoter, or were nock-transfected (no pl '@H '» BEPV
Forty-eight hours later, the cells were washed and i ncub Ffﬁﬁ ﬁ; G

1 ni of methionine-free and cysteine-free DMEMwith 1% F L
[err] S]methionino and [err] S cystelne4?100 [err] G of each from New

Engl and Nucl ear) was added to each culture, cells were incubated further
for 4 hours at 37, and nedluglas g8l pst dﬁ: 50 [err]l were m xed
with 25 [err]l of doubl e-strengt ni ng Na dodecyl
sulfate (SDS), boil ed ¥ #IPrPrabden indthe ghanaataxizatdenr ofhoresis on a

5%)polyacryémrbtkbghﬂc|ﬂadﬂm&spﬁ386ﬁéerOéxéi&iéﬂyﬂwﬁﬁIabu%%lﬂce“btyéeh

227 680- 6884ce it A" Wbve" ShErhRBRL FLS °Sh SIS SN G ibLefnouT s,
techniques based on biological assays to monitor their
activity (Cohen et al, 1960 Proc. Natl. Acad. Sci. U.S.A.
46:302-311; Barde et al., 1982, EMBO J. 1:549-553). This
approach was possible with NGF becauée of the extraordinary
abundance of this protein in the adult male mouse
submandibular gland, and with BDNF ultimately because of the
virtually unlimited availability of porcine brain tissue.
The sequence identities detected in NGF and BDNF suggested
that a different strateqgy could be used to characterize
other members of what has been determined to be a gene
family (Leibrock et al., 1989 Nature 341:149-152). a
detailed compatison of the mouse NGF and BDNF amino acid
(a.a.) sequences revealed 2 stretches of 6 a.a. (ﬁnderlined
in Fig. 2) that seemed particularly suited for an approach
using oligonucleotide primers in a polymerase chain reaction
(PCR) (Saiki et al., 1985, Science 230:1350-1354). A mouse
genonic templaté was used because in the NGF and BDNF genes.
no introns interrupt the exon coding for the biologically
active proteins. This approach resulted in the expected
amplification of NGF and BDNF sequences, that were
subsequently digested using appropriate restriction enzymes.
A DNA fragment left intact was sequenced, and-the sequence
found to correspond neither to BDNF nor to NGF. Two
specific sense (or 5’) primers were synthesized for further
PCRs uslnq as templates complementary DNA prepared by
reverse transcription of RNA extracted from moude.brain,
muscle and liver, and a 3’primer designed to match poly A
sequences (FIG. 2). These 3 tissues gavé anmplified products

' of similar gizes that were cloned and used tc screen a mouse

genomic library. One of the genomic clones thus found was
sequenced (FIG. 2). An open reading frame predicts a
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nyl on nenbrane (it mobilon, fromMIIlipore), using buffers described by
Towbin et al., 1979, Proc. Natl. Acad. Sci. U S. A 76:4350-4354. The

filters were air dried, and _ - 20-
| abel ed proteins were detected by autoradi ography (16 hours at anbient
tenmperature, using Kodak X-AR filmw88-an

’ s . ] T VAS BEEN
. . : S E‘ Vi
protein of 258 a.a. (starting with the first m-ﬂHTb%éSEACED

found after 3 in frame stop codons) that we nahe
neurotrophin-3 (NT-3). 1In every respect, the overall
structure of the predicted protein resembles that
established for NGF and BDNF: a putative signal sequence of
18 a.a. (showing 5 and 9 a.a. identities with BDNF and NGF
respectively) is followed by a pro-sequence of 121 a.a..

Such pro-sequences, presumably involved in the folding and
correct formation of the disulfide bridges of these proteins
(Edwards et al., J. Biol. Chem. 263:6810-6815), have also
been found in mouse NGF (103 a.a.) and mouse BDNF (112
a.a.). A single potential N-glycosylation site is located 9
a, a. (as compared with 8 in BDNF and NGF) before what we
propose to be the cleavage site, characterized by a cluster
of basic residues, giving rise to mature NT-3 (FIG. 2,
arrow). Mature NT-3 is predicted to consist of 119 a.a.
(relative molecular mass 13,625 and pI 9.3). The comparison
between mature mouse NGF, BDNF and NT-3 reveals 54 a.a.
identities (Fig. 2). All 6 cysteine residues, known in NGF
and BDNF to be involved in the formation of disulfide
bridges (Leibroék et al., 1989, Nature 341:149-152; .
Angeletti, 1973, Biochemistry 333100-115),'are amongst the
conserved residues (FIG. 3, arrows). Remarkably, the
addition of the NT-3 sequence to those of NGF and BDNF
reveals that only 7 a.a. identities are lost (61 a.a.
identities are found when mouse NGF and BDNF are compared).
Thus, almost 50% of the primary structure is conserved, and
is likely to be required for the formation of a basic 3-
dimensional shape common to all three proteins. 1In
addition, the comparison of the 3 sequences reveals 4
variable domains, each 7 to 11 a.a. in length (numbered Vi
to V4 in FIG. 3), and presumably involved in the neuronal
specificity exerted by these proteins.
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enhanci ng screen - Cronex, DuPont). Fl GURE 13 Bar graph show ng

t he nunber of surviving tyrosine hydroxyl ase cells per g%{?“, FANNT- 3
supernatant (0) or dilutions of 1:300, 1:100, 1:50, or 5&&% g
cont ai ni ng super nat ant . FLEURE 14. Bar grap . Fhed—-n

| egend to Figure 13 (supra) except that cells were at a density of 900, 000
cel |l s per dish. FI GURE 15. A. Conparison of NT-3, BDNF and NG

synthetic transcriptro. sBadybkake bxbféészaﬁl@ﬂ tﬁ%fukéaféﬂﬁe0|&hﬁ|

ol i gonucl gt u red sequence a%yyﬂe 5' t hree
transcripts verﬁppes t Q %3Eg§?yaﬁguﬁ?§s Eﬁ%ﬁ“%ﬁ H*?%%T DNF and
NGF t r ansdy iNRS, ﬁHQQﬁﬂéFIPrqbanﬂfﬁﬁteﬁ)spebtstmﬂtn(hﬁndquﬂdeutane4be|ng

used as qghidhdest! %@arf@%ndBlnDﬁiﬁrﬂQ@&éQneQimMe% aljd NGE mRNA
l evel s in, total RNA preeared fromadult rat brain conparlson to defined
synt het | YK Tra ks deVeteRINPEPESFEARN ?ft%ma?r iV i®sed- f r om adul t

considerably. In brain (FIG. 4B), marked regional
differences have been found, the highest mRNA levels being
cbserved in cerebellum and hippocampus (FIG. 4B). These
results demonstrate that the NT-3 mRNA distribution in adult

. mouse tissue is very different from that of BDNF and NGF
mRNA. 1Indeed, BDNF mRNA is found predominantly in the
brain, and NGF mRNA is hardly detectable in tissues such as
liver or skeletal muscle (Heumann et al., 1984, EMBO J.
3:3183-3189). However, it is intriguing to note that the
hippocampus, known to express NGF mRNA (Korsching et al.,
1985, EMBO J. 4:1389:1393), also expresses BDNF and NT-3
mRNA, and in much larger amounts than in most other brain
regions (FIG. 4B).

In order to test if NT-3 is a biologically
active and secreted protein, the entire protein coding
sequence was cloned into an expression vecgor {pCMV) .used to
transfect (monkey kidney) COS cells (FIG. 5). Given the
fact that the NT-3 MRNA is found in peripheral tlssues, ve
cultured a variety of embryonic chick neurones known to
project to these tissues, and to require trophic factors for
survival. Motorneurons, purified from the spinal cord of
6-day old embryos (E6) (Dohrmann et al., 1986, Dev. Biol.
118:209-221), ciliary neurons (E8) and dissociated
sympathetic neurcns (El1l1) were not observed to survive in
the presence of NT-3. However, sensory neurons isolated
from E8 primary sensory ganglia were found to respond. As
shown here (FIG. S5), NT-3 supports the survival of about 30%
of the neurons isolated from the nodose ganglion.
Furthermore, this effect is additive to that of BDNF,
synthesized in the central projection fields and known to

T ——
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rat brain, and 4, 10 and 20 pg of synthetic transcripts corresponding to
each of the neurotrophins, were Northern- blotted and hybrldlzed to
radi ol abel | ed probes specific for each of the neurot¢
FIGURE 16. NT-3, BDNF, NGF and NGFR gene_expressi on
[err]g/lane) prepared fromrat embryos {297 devel opi! -
sel ected peri- natal and adult tissues (C). Tissues: A BR adult brain

sampl e standeagdbred anBbaMigen gk‘%&%@ BeuZhRs tioh8sgpDLYO: SP.C

spinal cord; THY. thynu V. liver anscri pt
si zes i ndi cated éPHSkPFBba%Qlckm 319733, and both facEpEsRECARined. 3,
BDNF, NG- ameéskiGeRmgsmnenexpoaesi ¢aotn total sHiNA 10 jkesmporkane) tgr epar ed

from di scretg¢ke@h2eS tRE kge ngﬁpgrgs é%hugqg %%ylt gLrg?rzggaeggsggns.

this gangllon,'lncluglng heart, gut, liver and lung (FIG.

4A) . Populations of NT-3 responsive sensory neurons were
also found in E8 dissociated dorsal root and trigeminal
ganglia and in explants of E8 sympathetic ganélia. It thus
appears that NT-3 is a hitherto uncharacterized biological
activity present in several peripheral tissues, including
liver (Lindsay and Tarbit, 1979, Neuro Sci. Lett. 12:195-
200) and skeletal muscle (Davies, 1986, Dev. Biol. 115:56-
67, and known to support the survival of visceral and
proprioceptive sensory neurons not responding to NGF (for
review, see Davies, 1987, Development 101:185-208).

Taken together, these findiqés indicate that NT-3
is an neurotrophic factor related both in structure and
function to NGF and BDNF, the first 2 neurotrophins. We
propose the name neurotrophin (NT) to refer to this class of
protein, and in- analogy with the interleukins, to number
them in the order of their discovery.

7. EXAMPLE: THE CLONING AND CHARACTERIZATION
OF THE RAT NEUROTROPHIN-3 GENE

The homology between NGF and BDNF was utilized in
designing a cloning strategy to search for additional
members of this gene family. We report the cloning of a
gene encoding a third member of the BDNKF/NGF family, which
we have designated neurotrophin-3 (NT-3). This novel factor
exhibits distinct biological activity and spatio-temporal
expression when compared to NGF and BDNF.
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-2 1- Regions: A BR adult brain sanple standardized in Figure 1B; CBL
cerebellum HBR Hindbrain; MBR mdbrain; DI EN diencephelon STR
striatum HI P: hippocanmpus; CTX: neocortex; OLF
brain wi thout cerebellum ADR adrenal; RET: reti

- whol e
i i i aflr‘:‘\iS@T‘f‘«Fﬂi %g FEFC herve;
SP. C. spinal cord; ' FI GURE 18. Cpantltatlon and NGF

transcript levels in newborn and adul L54NS regi ons and perlpheral tissues.
Densitonetric scanning of nultiple exposures of Northern blots including
t hose depicted in Figures 16, 17, 19 and Maisonpierre et al., (1990,

Sci ence 7.1. MATERIALS AND METHODS

7.1.1. POLYMERASE CHAIN REACTIONS
- Degenerate oligonucleotides corresponding to
segments of four protein sequences highly conserved between
NGF- and BDNF were synthesized; the protein sequences (which
can be found within the NGF/BDNF sequences presented in
Figure 7D) were (1) Gly-Glu-(Tyr/Phe)-Ser-vVal-Cys-Asp-Ser,
(2) Lys=-Gln-Tyr-Phe-(Tyr/Phe)-Glu-Thr-Lys-Cys, (3) Gly-Cys-
Arg-Ile-Asp, and (4) Trp-Arg-PhesIle;Arg-Ile-Asp-Tht-
(Ser/hla)-Cys-Val-Cys. A series of degenerate sense and
anti-sense oligdnucleotides {containing a degenerate portion
15-26 nucleotides long, corresponding to 5-9 amino acids of
the indicated protein sequences in either the sense or
anti-sense direction, as well as a non-degenerate Ttail”
encoding restriction enzyme recognition sites) were used in
PCR reactions. Amplification reactions between pairs of
upstream sense and downstream anti-sense primers were
carried out according to the conditions recommended by
Perkin-Elmer/Cetus, except that the annealing temperature,
Mg++ concentratipn and extension time were varied to
determine optimal conditions for each primer-pair. The
exact sequence of the 1B sense primer (encoding a portion of
the protein sequence *1” above) was 5/~GACTCGAGTCGACATCG-
GTN-TGY~-GAY-WSN-RTN-WS-3/ and the 2C anti-sense primer
(corresponding to the anti-sense codons of a portion of
protein sequence ~2” above) was 5/~CCAAGCTTCTAGAATTC-CA-
YTT-NGT=-YTC-RWA-RAA-RTA-YTG-3’ (abbreviations for
nucleotides as in IUPAC code). Subseqﬁent sequence analysis
showed that the 1B oligonucleotide had a two nucleotide
nismatch with the NT-3 sequence, whereas the 2C
oligonucleotide had a one nuclectide mismatch with the NT-3
sequence. Radiolabelling by PCR was done according to the
recommended gene amplification reaction by Perkin-
glmer/cétus, with the following modifications: 1 to 10 ng
- of DNA template in low melting point agarose was added to a
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247: 1446- 1451) was used to obtain data. Al |evels areﬁﬁ;pnn%

relative to neurotrophin levels in the adult brain; |eye K s ]ﬁ?;ﬁhﬂ?
brain, which are simlar for the three neurotrophlns (bee *D f afe-set lat
1 for each neurotrophin. Of-scale vggggs are included on top of br oken
vertical bars. Neural and non-neural npl es are indicated in figure.
Sanpl es: BRN:. brain not including. cerebellum CBL: cerebellum HBR

hi ndbr ai e BR3¢ @a%ta@hﬁngdhﬁ@Fi?Q*ﬂi‘L&“dAﬁR dé’fé' AN D a e

a
hi ppocanpus; .CTX: neocortex actory, byzb i nal cord SC. N.
sciatic rempd: oRppentIation RBRS0,uMen3d $%¥F HEQWF' LP9%B||ver THY:

t hymus, Wmn&ﬂjen wddSadalea ezl sousl! eead:t\lfbnlammg ttlé\ﬂ'reaaﬁm-t iwa Kl D

ki dney; % @ﬁngGFR gene
expreSS|on J%ﬁﬁﬁpgévgfgeﬁbRFPI%%?ﬁygggﬁnarggggd E%?E% cerebellum (B, F),
and hi ppREARRFS WETE) 1d?f@1t[1§|ar1] gc’othso@lagemab#epmeamrlﬁﬁ@ hin i i cat ed

develcunnggfglﬂdpny@ylggadu;@g conmpared for their expression of the various
transcripts.

7.1.2. SOUTHERN BLOT OF RAT GENOMIC DNA USING NT-3 PROBE

‘ R1B/2C PCR product was obtained by amplification
from rat genomic DNA template using degenerate 1B and 2C
primers as described above in Section 7.1.1. PCR product

derived using degenerate 1B and 2C primers (designated
R1B/2C) detects a novel gene, NT-3, as well as the NGF and
BDNF genes in rat genomic DNA. DNA was prepared from the
liver of Fischer rats (Maniatis et al., 1982, Molecular
Cloning: A Laboratory Manual {Cold Spring Harbor
Laboratory, Cold Spring Harbor), digested with EcoRl, and 10
ug were fractiocnated on a 1% agarose gel. The DNA was
transferred to nitrocellulose using 10X SSC (Maniatis et
al., 1982, Molecular Cloning: h Labecratory Manual (Cold
Spring Harbor Labdratory, Cold Spring Harbor), hybridized
(Mahmoudi and Lin, 1989, Biotechniques 7:331-3) to the 32
labelled R1B/2C PCR product at 60°C, and washed in 2X
§SC/0.1% SDS at 65°C. NT-3, NGF and BDNF bands as
indicated; position of NGF and BDNF bands previocusly
determined using specific probes. Sizes indicated in
kilobases (kb) on left.

P-

7.1.3. EXPRESSION OF NEUROTROPHIN=-3
The rat NT-3 expression construct was made by
using PCR to amplify the coding region of the presumed short
precursor of NT-3 from a plasmid containing the 3.2 kb Sstil
rat genomic fragment (Figure 6B) that spans the NT-3 gene;
the oligonucleotides used in the PCR reaction contained
synthetic Xhol recognition siteé at their ends, to permit
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Densitonetric quantitation of neurotrophin transcript |levels depicted in

E, FG -2 2 e -5—PBFRAI LED
DESCRI PTI ON OF THE | NVENTI ON The present imyenEFOHAY 8FBt @s to
neur ot rophi n-3, a new nenber of the BDNF/ NGF fami |y of r&dbéE¥ephic |

-55=

insertion of the amplified coding region into the Xhol site
in the polylinker of the pCDM8 expression vector (Seed,
1987, Nature 329:840-42). The exact oligonucleotides used
to amplify the rat NT-3 gene coding region were the upstream
sense primer 5/- CGG TAC CCT CGA GCC ACC ATG TCC ATC TTG TTT
TAT GTG -3’ (the underlined ATG corresponds to the “B” start
site initiation codon, with. sequence downstream of the ATG
matching the NT-3 sequence exactly: upstream of the ATG the
primer contains a synthetic Xhol site), and the downstream
anti-sense primer.5’ CGG TAC CCT CGA GAT GCC AAT TCA TGT TCT
TCC G -3’ (the underlined_tfiplet is complementary to the
termination codon for the NT-3 gene; this triplet is flanked
by exact anti-sense NT-3 sequence, and there is an Xhol site
at the 5’ end of this primef). The resulting expression
plasmid for rat NT-3 was designated pC8-rN3(P1). Similar
strategies were previously used to insert the coding regions
of rat NGF and BDNF into the Xhol site of the same pCDM8
vector. The NT-3, NGF and BDNF expression constructs were
transfected, as described in Okayama and Berg (1982, Mol.

.- Cell Biol. 5:1136-42) into COS-M5 cells seeded at 5 X 10°

' cells per 60 mnm blate and cultured in 2.5 ml of Dulbecco’s
Modified Eagle’s Medium containing high glucose (4500 mg/ml)
and 10¥ fetal bovine serum; supernatants were harvested 72
hours after transfection.

7.2. RESULTS .
7.2.1. CLONING OF THE NEUROTROPHIN-3 GENE .
Amplification prodicts of the expected sizes (as

predicted tfom the NGF and BDNF sequences) were obtained
using the different pairs of degenerate oligonucleotides.
These products were first subjected to restriction enzyme
analysis to determine the relative content of NGF, BDNF or
novel sequences. In all casés, restriction fragments
corresponding only to NGF and ﬁﬁﬁ? seguences were detectable
by staining with ethidium bromide. However, use of the same
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nol ecul es, as well as to other nenbers of the BDNF/ NGF fam |y which may be

|dent|f|ed using simlar nethodol ogy. For clarity of discl not by
way of limtation, the detailed description of the¥‘ﬂ¥gmﬂﬁﬁh%wbﬁﬁ~5e
divided into the follomnng sub-secti ongg- { (i) REMISAEP] | . on of
addi tional menbers of the BDNF/ NGR-f-ami Ty (ii)

the cl oni ng of neurotrophin-3; (ii1) expression of
. neur ot r oplFQR- products as hybinijizatiay pfobée dn Sauflostn didbs Of of

neurotrop e r | e ég@bﬂgggdm ns;
(vi) generatggﬁo caﬁ?ﬁ-ﬁé&%égfgpeﬁﬁg38ﬂg prga@@@ & éﬁlbodles and

(vii) uti RYB/28-sege Fighast 64, identified a novel 1geneidd YAt ON OF
ADDI TI ONAlgequence, in addition to NGF and BDNF (Figure 6A): thus,

screening of PCR products by Southern blotting allowed for
identification of rare amplified sequences that were
undetectable by other means. The R1B/2C probe also detected
novel sequences in the genomic DNA of evolutionarily
divergent species (including human, mouse, chicken and
Xenopus), suggesting that this probe identifies a functional
gene.

In order to isolate this gene, the R1B/2C probe,
as well as probes specific for NGF and BDNF, were used to
screen (Maniatis et al., 1982, Molecular Cloning: A
Laboratory Manual (Cold Spring Harbor Laboratory, Cold
Spring Harbor)) a rat genomic DNA library (purchased from
Clontech Laboratories, Inc., Palo Alto; CA) prepared from
Sprague-Dawley rat DNA (partially digested with Sau3la
restriction endonuclease and cloned in the EMBL3/SP6/T7
bacteriophage vector). Two independent bacteriophagé clones
were found that-hybridized to R1B/2C probe, but not to the
other two probes. Restriction map analyses of the rat
genonic inserts in these clones demonstrated that they
correspond ﬁo the same gene (Figure 6B). The bacﬁeriophage
clone with the longest insert was designated ¢rN3(Gl).
Sequence analysis proved that the gene identified by R1B/2C
encodes a new member of the NGF/BDNF family (see Figure 7),
which we have named neurotrophin-3.

7.2.2. SEQUENCE ANALYSIS OF MATURE NEUROTROPHIN-3
DNA sequencing was carried out by the
dideoxynucleotide chain termination method (Sanger et al.,
1877, Proc. Natl. Acad Sci. U.S.A. 74:5463-7), using the
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MEMBERS OF THE BDNF/ NGF FAM LY NGF and BDNF are basic proteins
of approximately 120 am no acids that share about 50g§§q§§9;%§7q%§§auence
identity, including absolute conservation of six cystéing:raesidues that, in
acti've NG-, have been shown to formthree disulfi dé-brdges—Bradshalv, A,
1978, Ann: Rev. Biochem 47:191-216: Leibrock et al., 1989, Nature
341:149-52). Conparison of the sequences?-of NG- from evol utionarily

di vergent species has reveal ed that the ami no acids flanking these cystaine
resi dues conprise the nost highly conserved regions of the nolecule (Mier
et al’., 195EQUENASE) Vers12890298; kie| giprkied by Vydred)Stag@fosci. Res.

18: 293- 8) . Hidchemiday, cbbgseaaisnal SO AN S FRBVS Meicohmdh8ed0Ey chel | ar

bet ween BDNFE aqd NGE (Lei brock et al., 1989, Nature 341:149-52).
manufacturer.

NGF has two distinct precursor forms, termed the
"long” (initiating at start site “A*) and ~short”
(initiating at start side ”B”) precursors, that differ by
the length of their N-terminal sequences (Darling et al.,
1987, Cold Spring Harb. Symp. Quant. Biol. 1:427-34: Selby
et al., 1987, Mol. Cell Biol. 7:3057-64; Edwards et al.,
1988, Mol. Cell Biol. 8:2456-64). Both the leng and short
precursors can be proteolytically cleaved to yield the
mature form of NGF, which essentially constitutes the
carboxy-terminal 120 amino acids of each precursor. BDNF
may also have similar long and short precursor forms.

Sequencing of the NGF gene from several species
has revealed that most of this additional N-terminal
sequence is. found on separate exons, except for four codons
(Val-His-Sef-Val) that are included at the 5’ end of the
axon that encodes the entire short (start site “B”)
precursor. We ﬁavé-previously demonstrated that two of
these four codons (Val-X-X-Val), as well as the RNA splice
acceptor site that precedes them, are conserved just
upstream to a conserved “B* start site in BDNF genes
isolated from several species; this finding led us to
propose that both long and short precursor forms of BDNF
exist. There is conservation of the Val-X-X-Val codons, as
well as the splice acceptor site, in the rat NT-3 gene; this
splice acceptor site and the proposed intren boundary are
indicated in Figure 7A. These sequence considerations lead
us to predict the existence of upstream coding exons for the
NT-3 gene, which would encode a long precursor form. The
finding of the conserved sequence upstream of the putative
NT-3 #*A” gtart site further reinforces our prediction of the
existence of a long BDNF precursor and suggests an
important, evolutionarily conserved role of this long
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A rational search for additional nenbers of the BDNF/ NG- gene famly may be
carried out using an approach that takes advantage of the existence of the

conserved segnments of strong honol ogy between NG and_BDNE. . Far ex

Apl e,

addi ti onal nenbers of the BDNF gene family nmay be i denti§ Bingsl ByS S8

ting,

fromanong a diversity of nucleic acid sequences, those Sfudpdes thdt are

hono| ogous to BDNF and NG-, and furtheygddentifying, Tromanong the

sel ect ed sequences, those that al so contain nucleic acid sequences which

are non-honol ogous to NG- and BDNF. The term "non-
precursor for.all the members of the NGF family. The

predicted N-terminus of mature NT-3 follows a canonical
protease cleavage sequence (Arg-Arg-Lys-Arg), very similar
to those seen in NGF and BDNF (Figure 7A,C).. In some
species, the two C-terminal amino acids of NGF are also

proteolytically removed. Unlike NGF, rat NT~3 does not have
an obvious potential cleavage site at its C~terminus (Figure

7A,C), and we infer that, as with BDNF in all species
examined to date, there is no proteolytic modification at
the C-terminus of NT-3.

Based on these considerations, the predicted size

of the mature NT-3 polypeptide is 119 amino acids, with a
computed pl of about 9.5. Thus, in size and charge, NT-3
closely resembles NGF and BDNF. The seven N~-terminal amino
acids of mature NT-3 differ completely from NGF and BDNF.
Starting from amino acid eight of mature NT-3, optimal
alignment required a'single gap of two amino acids relative

to BONF and a single insertion of one amino acid relative to

NGF (Figure 7D). The mature rat NT-3 displays 57% amino

acid homology with rat NGF, and 58% amino acid homology with

rat BONF; 57 of the 120 residues (48%) are shared by all

thiee proteins (Figure 2D). The six cysteine residues found

in NGF and BDNF are absolutely conserved in NT-3, and
regions of greatest homology between the three proteins are
mainly clustered around these cysteine residues. )

7.2.3. ANALYSIS OF NEUROTROPHIN-3 PRECURSORS
Just upstream to the presumptive cleavage site
that releases mature NT-3, there is a universal

glycosylation acceptor site (Asn-X-Thr/Ser, see Figure 7A,C)

which also has been found at the same josition in NGF and
BDNF (Ullrich et al., 1983, Nature 303:821-5; Leibrock et
al., 1989, Nature 341:149-52). Whether this glycosylation
site plays a role in processing of the NT-3, NGF or BDNF
ﬁrecnrsors remains unknown.
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honol ogous” may be construed to nmean a regi on which contains at | east about
6 contiguous nucleotides in which at | east about two nucl eotides differ
from NG- and BDNF sequence. The present invyentian dﬁ Ates
to reéconmbi nant DNA nol ecul es which are honol ogous to BDNE® & d“N% % g
alternatively, to NGF and NT-3, but which al so contalﬂwLeﬂ'n S

non- honol ogous to BDNF and NT-3, or NGP%md NT- 3, respectlvely These
addi ti onal nmenbers of the BDNF/NGF/NT 3 gene famly nay be identified using
nol ecul ar probes whic respond tp regi ons of_ haonol ogy. Upon her

anal ysis, these me‘rrbe5'1§l g*‘ W"m/%ﬁf}egéwe ¥ a“r‘ﬁq{%?"&Fe"f‘S{} {d;‘

possess sedi&haad W@thpuﬁﬁﬁesotsonesenﬁ&nﬁun;nﬁ@ﬂqmsm¢fnembepsa9ﬁdthe

pove L/

(I)

BDNF/ NG-/ Nfroh 199 LpSkkkam of the matii¥ fehdd qfr%&%flssaeshal c
enbodi nent %; L hé |nven%lon provi des t{k&fo | owm_ng neth Corresponding to
each of th&If dfr FAGHEEr JBdClegnEhe K79 e%'*)°“£°éP9ﬁ'or1Fﬁan“?aBPe I,

infra, set predidegther akdéstbngenfict exdt NT43 e oB~alkvarti@i’e nucl eot i des
may be Syn%@%%fﬂ@a’for NGF above), which would yield a short precursor

of 258 amino acids, similar in size to the short precursors

for NGF (241 amino acids) and BDNF (249 aminoc acids); the

apparent methionine initiation codon, secretory signal

sequence and signal sequence cleavage site for the short

precursors of all three factors are consérved {Figure 7C).

Because the region 1 homology extends upstream of the *B”

start site, we also. predict the existence of a long

precursor for NT-3 which would initiate from an ”“A~” start

site (see Figure 7A,B,C). As has been seen with NGF

(Ullrich et al., 1983, Nature 303:821-5; Selby et al., 1987,

Mol. Cell Biol. 7:3057-64), and proposed for BDNF, such a

start site presumably would be encoded on additional exons

upstream to the single exon which encodes the entire short

precursor. . .
In addition to the region I and II amino acid

homologies, comparisons of hydrophilicity plots for NT-3,
' NGF and BDNF reveal a similarity of structure in the
precursors, upstream of the mature products.

7.2.4. NEUROTROPHIN-3 POSSESSES NEUROTROPHIC ACTIVITY
The striking homology among NT-3, NGF and BDNF

strongly suggested that NT-3 might possess neurotrophic
activity. NGF and BDNF can each promote the survival of
selected populations of peripheral and central nervous
systen neurons- in vivo and in vitro (reviewed in Whittemore
and Seiger, 1987, Brain Res. Rev. 12:439-64; Lindsay, 1988,
in #The Making of the Nervous System,” pp. 149-65; Davies,
1988, Trends Genet. 4:139-43). . For example, the
administration of either factor to developing avian embryos
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representing al

boxes may be characterized as follows
prot ei ns.

-24-

prevents naturally occurring neurcnal death in specific
peripheral ganglia (e.g. Hoffer and Barde, 1988, Nature
331:261-2). When added to explanted ganglia, NGF and BDNF
induce neurite outgrowth (Davies et'al., 1986, J. Neurosci.
6:1897-904) ; when added to cultures of dissociated
ganglionic neurons, these factors promote neuronal survival
and differentiation (Lindsay et al., 1985, Dev. Biol.
112:319-28). Such in vitro assays, utilizing several types
of chick peripheral ganglia, have been used to distinguish
between the neurotrophic activities of NGF and BDNF.
Whereas both factors act on populagions of sensory neurons
found in the neural crest-derived dorsal root ganglia (DRG),
only BDNF supports the sensory neurons of the neural
placocde-derived nodose ganglion (NG) (Lindsay et al., 1985,
Dev. Biol. 112:319-28). 1In contrast, NGF, but not BDNF, can
support the survival and growth of neurons of the
paravertebral chain é&mpathetic ganglia (SG) (Barde et al.,
1982, EMBO J. 1:549-53). '

In order to assess the potential bioclogical
activity of NT-3, we inserted the rat NT-3 gene into a
vector, pCDua'(séed, 1987, Nature 329:840-42), which_was
previously used to transiently express BDNF and NGF in
mammalian cells. This construct was designed to express the
short precursor form of NT-3; expression of the short
precursor forms of NGF and BDNF has yielded biologically
active material (Edwards et al., 1988, Mol. Cell Biol.
8:2456-64; Leibrock et al., 1989, Nature 341:149-52). The
NT-3, NGF and BDNF constructs were transfected into COS
cells; culture supernatants were harvested and first assayed
at varying concentrations for their ability to induce
neurite outgrowth from DRG explants. As expected, NGF and
BDNF promoted neurite outgrowth in this assay (Figure 8).
In the first demonstration that the NT-3 gene actually
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TABLE 11| Box 1: NG- dyl O - Serl9

BDNF dy8 - Serl 7 Box 2: NG Lys50

- Cys58 BDNF Lys50 S —
NGF - d y67 - Asp72 : -BBN SHEET HAGRFEY

- Asp72 Box 4: NGF Trp99’ Oy sTHGACEY

BDNF Tr pl 00 - Cyslll -61l~ Synthetlc ollgonucleotides

deri ved from sequence pairs fromthe boxes set forth in Table I

utilized as prinmers to anplify by PCR sequences froma source (RNA or
of potent|%ﬂ°°@ﬁ§eﬁe§ﬁur?ﬁF§Pthgﬁ?t+Yk§1nk§hﬁQRKQQ“C§DNﬂ this gene

induced profuse neurite outgrowth from the DRG explants
(Figure 8). _

- To establish that NT-3 acts directly on neurons,
we assayed this factor in highly enriched cultures of
dissociated DRG neurons (Figqure 9). In the virtual absence
of Schwann cells and fibroblasts, NT-3 promoted survival and
neurite outgrowth of approximately 60%. of these DRG neurons.
Given that NGF and BDNF together support virtually 100% of
DRG neurons in culture (Lindsay et al., 1985, Dev. Biol.
112:319-28), it must be assumed that NT-3 promotes survival
of cells that are alsc responsive to at least one of the
other two factors.

7.2.5. NEUROTROPHIC ACTIVITY OF NT-3 IS '
DISTINCT FROM NGF AND BDNF ~

To further explore the neuronal specificity of
NT-3, we assayed the factor on NG and SG explants. As
expected, control experiments verified that NGF induced
neurite outgrowth from SG but not NG explants from E8 -chick
embryos, whereas BDNF induced neurite outgrowth from NG but
not SG explants. Interestingly, NT-3 promoted neurite
outgrowth from both NG and SG explants (Figure 8),
suggesting a broader specificity than either NGF or BDNF.
However, NT-3, like NGF and BDNF, failed to promote survival
or promote neurite outgrowth from explants or dissociated,
neuron-enriched cultures of the chick ciliary ganglion. As
has been previcusly shown, the parasympathetic neurons that
comprise the ganglion did respond to rat CNTF, a
neurotrophic factor unrelated to the NGF/BDNF/NT-3 family
((Manthorpe et al., 1986, Brain Res 367:282-6); Stockli et
al., 1989, Nature 342:21-28). No response was seen in any
of these assays using supernatants from COS cells
transfected with control vectors (Figure 8).
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or genomi ¢ DNA from any eukaryotic species that could express a polypeptide
closely related to BDNF or NG-. By carrying out as few as six PCR reactlons
(nanely: a prinmer fromBox 1 with a prinmer from Box 2;__Box—1-wth

Box 1 with Box 4; Box 2 with Box 3; B6%-2 with Box 4; |BBRSSERET HABGCSY
may be possible to detect a gene or gene product shari ng a “L@ﬁbgaL_
four, above segnents of conserved sequence between NG- and BDNF. |If one

chooses to synthe5|? es&FEM FsdPFféréﬁPrﬂéﬁéﬁéFbY% PFReRiRetor each box, it
may stil Inepsyrisg the respsnspgsonf axpdapketcesmbrnychiciddy &8 riE&onabl y

smal | nurdigiciofadi&R 1 %l %ﬁgéét“ Aﬁp\ébsonggg%ébé%ﬂa/a NG) thear{t%rl ngency

of hybrldlzatlogF onditions u reac | ONs all ow for
great er QIR HFYYr S¥TP3LR ﬁ&éFeSPPEélée §Ehceosinereasing siasgsen t he

unknown geme Tarsd aI!iG:sdmwaDPSlﬁ Thbla svgneckngliia Qéﬁél@tﬂﬁi\\(rél{lkf&vm nmenber

o Lo, O Nk b5 BB ShEETRUSCRRSLY Ly b o e

Conp|et€;descr1bed in Lindsay and Rohrer, 1985 Dev. Biol. 112:30-
48). Fiber outgrowth was scored on a scale of 0 to 5, where
5 is the maximum fiber outgrowth observed on dorsal root
ganglia in response to a saturating dose of nerve growth
factor (NGF) (1-10 ng/ml). Rat NT-3 was provided as
conditioned medium from COS-M5 cells transfected with
plasmid pC8-rN3(Pl), as described above. Conditioned medium
from mock-transfected COS-MS5 cells was used as a control.

At all doses tested, over a 50-fold range, NT-3 promoted

~ detectable fiber outq;owth from all three types of explanted
ganglia, although at low doses the responses were weaker on
sympathetic ganglia. The maximum fiber ocutgrowth feéponse
of dorsal root ganglia to NT-3 was comparable to that seen
for NGF or BDNF. The maximum response of nodose ganglia to
NT-3 was greater than the maximal response seen to BDNF.

. Nodose ganglia do not show a fiber outgrowth response to
NGF). The maximum response of sympathetic ganglia to NT-3
was less than the maximal response of these ganglia to NGF,
and was observed at higher concentrations than were required
for maximal réspcnses to NT-3 in dorsal root or nodose
ganglia cultures.
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CDNA or genomc clone. This, in turn, wll permt the

- 25- determ nation of the unknown gene's conpl ete nucl eotide sequence,
the analysis of its expression, and the production of its protein product
for functional analysis. THIS SEEET HAS BEEN
| REPLACED |
-63_
TABLE IV

Recombinant rat NT-3 promotes fiber outgrowth from explants

of:

DRG = E8 chick embryo dorsal root ganglia

NG = EB8 chick embryo nodose ganglia

(] o = EB8 chick embryo paravertebral sympathetic

chain ganglia

Fiber Outgrowth Score
DRG NG sC
{24h) {24h) (24h)

Control 500 sl mock-transfected 0-0.5 (4] 0

Cos cell supernitént

NT-3 10 ul COS cell supernatant 2-3 2-3 0-0.5

NT=-3 50 pl COS cell supernatant 3-4 4-5 0-0.5

NT-3 200 pul COS cell supernatant 5% 2=3¢ 0-1

NT-3 500 ul COS cell supernatant 5% 0-2* 1-2

The results are the range of fiber outgrowth scores from
4 to 6 ganglia in each case.
* At supersaturating levels of NT-3, fiber outgrowth
is reduced as determined by fiber length on DRG
explants and by the number of fibers on NG explants.

—_—
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In addition, the present invention provides for the use of the BDNF/ NG
sequence honol ogies in the design of novel reconbinant nol ecul es which are
menbers of the BDNF/ NGF gene fam |y but which nmay not occur in nature. For
exahpl e, and not by way of linitationfda reconbi nant nolegile;g nHD§BFLN
constructed according to the invention, conprising port10ns dﬁP G- gnd
BDNF genes. Such a nol ecule could exh|b|t properti.es asSeci-ated- mrfhwbotf
BDNE and NGF and por t'r-&@y 6a n@é\é‘l NYJBPTR@PBIN‘O o¥%g‘f-‘€%ﬂv%0t ivities,

i ncl udi ng agoni sts as wel | aSNaHal eguence of BDNF and NGF
may al so be used to:we,d-ld@tr tter Hea&mihéuahdtmnfrihwm etidpawssi ng

conput er 19 Sci. U S A
78: 3824- éﬁgﬁﬁJq%iﬁﬁb q%%éﬁggggggbngﬁnag¥8f%%€25%%dfﬁﬂ%% desi gned in
| i ght of nanaadies usifdeonsad Teeti apygééaue%aisemawa Brem stpxatd fadtcti on.

Li kew se,epBHye | Q‘aﬂﬂ%eSI)COm@h'ri'f&deﬂc?' QRS QfedNys ONecEitrBN £ nmywers of

BDNF/ NGF quenerJtargJ!)éafIﬁro%% Sany I;._gCtexplantS (four ganglia per 1 ml

culture) were cultured for 24 hours, essentially as
described for chick ganglia (Figure 8, Table IV), with no
added-neurotrophic factor (control), with mouse submaxillary
gland nerve qrowtﬁ factor (NGF), or with recombinant rat
NT-3 (conditioned medium from COS-M5 cells transfected with
 plasmid pC8-rN3(Pl), as described above). Each ganglion was
scored for fiber outgrowth, as described (see Table IV).
The results show that, like NGF, NT=-3 is highly active in
promotxng fiber outgrowth from the rat dorsal root ganglia
explants.
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5.2. THE CLONI NG OF NEUROTROPHI N- 3 The NT-3 gene from any
organi sm may be identified using the regions of honol ogy shared by BDNF and
NGF using the nmethods set forth above. In two preferred, specific
enbodi mrents of the invention, the gene may be identified and cl oned as
foll ows. In one preferred enbodi nent, a s$ﬁ§§%g9£~5a} ggpﬁe
haV|ng t he nucl eoti de sequence (using IQ@AC nonenclaﬂure 7 E6M§CGC
TGY M3 GG ATH GA (primer 1, which includes Bam H a#né- &ﬂu endonuc! ease
cl eavage sites) and an antisense (or 3') priner, having the nucl eoti de
sequence TCGAATTCTAG AT | CK | AT RAA | gkpegEAy(primer 2, which includes Eco
Rl and Xba | sites), nay be I

-

NT-3 promotes fiber outgrowth from explants of rat embryo
dorsal root ganglia.

Fiber Outgrowth Score

El4 Rat DRG

Control 0,0,0,0

NGF (mouse, 5 ng/ml) 4,4,4,3
NT-3: 20 upl rat NT-3 . 3,3,3,4

COS cell supernatant

Fiber outgrowth scores (scale of 0 to 5) are given for each
of four individual ganglia per culture.

While the DRG, NG and SG explants each responded
to at least two of the three related neurotrophic factors,
the maximal response exhibited by a given 'ganglion depended
on t@g factor used. 1In the case of DRG, the response to
saturating levels of NGF, BDNF and NT-3 was relatively
equivalent. However, with NG, the maximal response to NT-3
was greater than to BDNF, while with SG, the maximal
response to NT-3 was substantially lower and somewhat
delayed. compared to NGF.

7.2.7. EXPLORING THE SITES OF NEUROTROPHIN-3 SYNTHESIS
It has been established that during development
neuronal survival depends on target-derived neurotrophic
molecules. Continued survival, even in the adult, may
require the persistence of a neurotrophic influence (Thoenen
et al., 1987, Ciba Found. Symp. 126:82-95). In other cases
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- 26- used in polynerase chain reaction (Saiki et al., 1985, Science 230:
1350-1354) with a coomercial thermal cycler (e.g. the Perkin-El nmer Cetus
thermal cycler) and thernostabile DNA pol ynmerase fromthernus aquaticus
(Taq pol ynerase) polynerase. After abggt four cycles WLLhManM
tenperature of 45[err]C, the remaining 36 cycles may berpertErimedSiREN
annealings at 49[err]C. The resulting DNA products of the _afipti*fieBat i onj may
t hen be sapariatadd dfy matiuyrac neluxwinde nggl nel dohgephdepsnd, ormral t he product

cor respongl ioh B defle FRAYS neheeth@RUE LdénP23ELHPL 'fdve been
shown to profoundly affect the differentiated phenotype of
neurons (Lindsay and Harmar, 1989, Nature 337:362-4).
Determining the sites of synthesis of a neurotrophic
molecule may therefore help to elucidate its physiological

roles.
To explore the sites of NT-3 synthesis and to
compare NT-3 expression with that of NGF and BDNF,

. triplicate Northern blots of RNA samples prepared from a
variety of adult rat tissues were hybridized to,probes
specific for each of these genes (Figure 10). As previously
demonstrated (Heumann et al., 1984, EMBO J. 3:3183-9;
Shelton and Reichardt, 1984, Proc. Natl. Acad. Sci. U.S.A.
81:7951-5), expression of NGF mRNA was highest in brain,
heart, and spleen; at least trace levels were detectable in
all other tissues examined. BDNF displayed a more
restricted pattern of expression; highest levels were found
in brain (Leibrock et al., 1989, Nature 341:149-52), and
significant levels were seen in heart, lung, and muscle. As
with NGF, the NT-3 transcript (1.4 kb) was detectable in all
adult tissues surveyed. However, in all peripheral tissues
surveyed the level of expression of NT-3 mRNA was at least
comparable to that seen in the adult brain, and in sone
cases (e.g. kidney, spleen) was substantially higher.

. We also compared the relative abundance of the
NGF, BDNF, and NT-3 transcripts in the brains of newborn and
adult mice. In contrast to both NGF and BDNF, the level of
NT-3 mRNA in newborn brain was higher than in adult brain
(Figure 8). A more detailed analysis has revealed that NT-3
mRNA levels in the central nervous system are dramatically
higher during fetal development and then decrease to adult
"levels.
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may be eluted, reanplified, and then digested with two restriction
endonucl eases, one of which cleaves the NGF gene sequence. of .the_organism
within the segnent anplified, the other of which cleayesig iezBONE: geme
sequence of the organismw thin the anplified segnentj The RERCh€EVed
(whi ch presumably does not encode either NG- or BDNF, having eScaped
restriction endonucl ease cl eavage) meé71t hen be separated from cl eaved DNA
by pol yacryl am de gel el ectrophoresis, eluted, and asymmetrically anplified
(Innis et al., 1988, Proc. Nat]._ Acad. Sci. U S. A 85:9436-9440) and
sequenced (Sanger et al., 1979,‘%W0d§EN¥§§59ﬁbad. Sci. U S A 72:3918-3921)

usi ng, for exanpl e, spructusal compZristaeecdmung NSFSe§ONcecandictiedy

obt ai ned,, it | Sges iﬁﬁﬁﬁ PRIBY S desigpegh whi ch nore
preci sel 3? re Ie?:ltgagh’é' ggqﬁ%%%gg%?gt e n?v’el“iﬂg}?ﬁe.hggérﬁé?a é%e, alddi tional
sense priSAREErYgEnhregiensaTanTiRad Aoy the isuggestisnd they GTGCAAAACTTCGC
(priner 4unctidnalt 83€66Lehles Mo tHddA PrdBRAhECRCeAGetdthered VY (pri ner
5) nay'b%y“%%%hences lying outside of these conserved regions. The
predicted existence of long and short precursor forms of all
three proteins raises intriguing questions about the

.relevance of both precursor forms in vivoe. The long forms

may be processed more efficiently than the short forms.
Nevertheless, vectors expressing the short precursor forms
of these factors yield biologically active material in COS
cells.

our finding that these three neurotrophic factors
display distinct stage-specific and tissue-specific patterns
of expression supportg the notion that neural development
depends on the temporally and spatially distinct expression
of discrete heurctrophic activities. The developmental
profile of NT-3 expression suggests that this factor may
play a particularly important role early in the development
of the nervous system. Our initial characterization of NT-3
neurotrophic activity in vitro, coupled with the generalized
prevalence of NT-3 mRNA in both the adult brain and adult
periplieral tissues, further suggest that NT-3 may have a
widespread influence on neuronal function and/or survival in
the adult. The more global expression of NT-3 also raises
the possibility that this factor acts on cells outside of
the nervous system, as has been proposed for NGF (Otten et
al., 1989, Proc. Natl. Acad. Sci. U.S.A. 86:10059-10063).

Although it has not yet been clearly demonstrated
that neurons can be simultaneously responsive to more than
one neurotrophic factor, évidence suggests that NGF and BDNF
may act on overlapping neuronal populations. For example,
administration of either NGF or BDNF can rescue the vast
majority of DRG neurons that would otherwise die during
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RNA, prepared froma tissue likely to produce neurotrophic activity, such
an brain (using any standard nethod, such as that set forth in Okayam et

al ., 1987, Meth. Enzynol. 154:3-28), may be reverse ﬂﬁan§@gpbpggy§pgg for
exanple prinmer 5, which is designed t+68fatch 3 poly (A) gt hs=gnd
contains restriction endonucl ease cl eavage sites for “Bam ki -

Pstl.(Leibrock et al., 1989, Nature 341: 149-
-2 7 - normal avian development (Hofer and Barde, 1988, Nature

331:261-2). Our observations on the effects of NT-3 on
chick peripheral ganglia strongly support the intriguing
possibility that individual neurons can respond to multiple,
related favors. If this is the case, both the mediation and
physiclogical relevance of simultaneous responsiveness would

raise fascinating questions. For example, components of the
receptors and/or signal transduction mechanisms for the
three structurally related neurotrophic factors may be
shared. In principle, simultaneously responsive neurons
could have multiple receptors, each specific for a given
neurotrophic factor, or a single receptor which can mediate
a response to multiple neurotrophic factors. In vivo, these
various factors may be simultaneously presented to all
responsive neurons. More likely, there are spatio-temporal
differences in the relative availability of individual
factors (e.g. Davies et al., 1987, Nature 326:353-8). It
may even be possible that different factors are available to
different sites of the same neuron (e.g. a sensory neurcn
may receive distinct factors from its peripheral and central
terminals) (Kaléheim et al., 1987, Le Douarin, EMBO J.
§£2871-3). If multiple factors are simultaneously available
to some neurons, their actions might be either redundant or
complementary.

Elucidating the individual and potentially
complementary roles of NGF, BDNF and NT-3 will provide
information crucial for understanding normal development and
mainténgnce of the nervous system. Animal studies have
suggested that NGF may be of value in the treatment of
degenerative neuroclogical conditions (Snider and Johnson,
1989, Ann. Neurol. 26:489-506; Fischer et al., 1987, Nature
329:65-8; Phelps et al., 1989, Neurcbiol. Aging 10:205-7).
The cloning of a new member of the NGF/BDNF gene family, and
its potential interactions with the other members of the
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152). The resulting cDNA may then be PCR-anplified using priners 3 and 5,
and then reanplified using priners 4 and 5. A Southern blot may then be
produced using the products of the last reaction, and hybridized to a

[ err] p-end-| abel ed ol i gonucl eoti de probe correspon%kgg {QrigﬁﬂﬁﬂggN
downstream of prinmer 3 and 4 sequences. The DNA fragﬁéﬁh%jfmpﬁ;i entiified
may. t hen be cloned into a suitable vedsser, and the LgﬂgﬁgfiiiéﬁlL—eb{ained
may be used to screen a genomic library produced fromthe organi sm of :
interest. Positive clones identified in this manner may then be anal yzed by
st andard FaBE1Yet FRASPaRPY nePrmifenatiions forsshecnotagtiathni ques. '

| n anot hethprepeuttd £pPLiktaEIvndlod MRy prbk@Rnsdegener ate

ol i gonucl ' [of0) nding to segnents of four protein sequences highly
conservedggé%§§§ﬂeﬂéisgﬁﬁ%Eéiék?ﬁﬁfinasynthesized. For exanpl e, these
am no acid sequences (presented in Figure 7D) may be (1) '

A y-G u-(Tyr/ Pheg; SeEXAMPLE: THE CLONING AND CHARACTERIZATION
OF- THE HUMAN NEUROTROPHIN~3 GENE

B.1. RESULTS

The preparation of a probe (R1B/2C) used to
identify the rat NT-3 gene was performed as described in
Example Section 7, supra. As describeéed therein, the probe
was prepared by polymerase chain reaction (PCR) from rat
genomic DNA, using degenerate oligonucleotide primers
corresponding to two of the “boxes” of amino acid sequence
homology shared by NGF and BDNF. The presence within the
R1B/2C probe of a population.of DNA molecules representing a
novel gene was revealed initially by Southern blot
hybridization on rat’genomic DNA digested.with EcoR1
restriction endonuclease; the probe detected a novel DNA
fragment, in addition to the expected fragments known to
correspond to the NGF and BDNF genes.

When 32P-labeled R1B/2C was used as a probe to
analyze Southern'blots of human genomic DNA digested with
various restriction endonucleases, as in the case of rat
DNA, hybridization was observed to bands corresponding to
the NGF and BDNF genes,.but also to novel bands. For
éxample, with HindIII restriction endonuclease, a novel
(i.e. non-NGF, non-BDNF) band of approximately 1.8 kb was
obgserved; with BamHl a novel band of approximately 15 kb was
obseérved; and with EcoRI novel bands of 8 and 12 kb were
observed (the presence of two bands may have resulted from a
polymorphism in EcoRI restriction sites in the human genomic
DNA). These data indicated that human DNA contains a gene
for NT-3, which is well consgrved between rats and humans.
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Val - Cys- Asp-Ser; (2) Lys-Gen-Tyr-Phe-(Tyr/Phe)-d u-Thr-Lys- Cys; (3)
dy-Cys-Arg-1le-Asp; and (4) Trp-Arg-Phe-11le-Arg-

Il e- Asp- Thr-(Ser/ Al a)-Cys-Val -Cys. A series of degener Wqﬁggg§§§aﬂdﬁ$w
anti-sense oligonucl eotides (containing a degenerate or%?oﬁéysigélj“
nucl edti des | ong, corresponding to 5-9_amino acids of ihe aBffVéSHEnti ankd
protein sequences in either the sense~®P~anti - sense direction, as well as a
non- degenerate "tail" encoding restriction enzyne recognition sites) may

_ : J : : . r eam
sense and dounst r eam an: PaRR. 3 heRl LEECLaoTSeE e FhRaeiPe, andard
condi t i onFYI°TI5 a5y, agpePREFibeddfer obke f bsolatuippafmghepaiat may be
experi ment¥ii43y gegtecr(sieec Exampl ecsasRion e SEPSEE N rgarli(bcrgrxryesponm ng to
gmngTg&%Tﬁ%ég éﬁﬁ@a rGﬁ%r bERE FAHESEE Son REPYRES RS MW pri ner
(correspoﬁﬂ@ﬁ@“ﬁ@laﬁﬁﬁ@mé§i&Néquénned(2w,thepba@teriophage vector
5' - CCAAGCREMBAGASBELTEA( ¥l Fehbled TEr S Ve RUHE S LabkFat o TRY PG ns§d N the
anplifi Catv}aosn srce:'aecegxle%nw'ﬁ:lhng.he R1B/2C probe, and with rat NGF and rat

BDNF probes. A human NT-3 clone would be expected to

hybridize with R1B/2C, but not with either NGF or BDNF. One

such phage clone was identified among approximately 8 x 10°

Plaques screened. This clone, designated ¢hN3(Gl), was

found to contain a human DNA insert of approximately 16 kb.

The clone was restriction mapped by conventional methods,

and selected restriction fragments were subcloned into

plasmid pBluescriptIIl (Stratagene) for DNA sequence

analysis. The sequence of the human NT-3 gene and the

deduced amino acid se&uence of its protein product, aligned

with the rat NT-3 sequences, are shown in Figure 11.

8.2. DISCUSSION

The results of sequence analysis show a )
strikingly high degree of conservation in hucleic acid and
anino acid segquence between rat and human NT-3. Within the
region encoding the mature polypeptide (119 amino acids),
the human and rat genes are approximately 92% homologous in
DNA sequence. However, none of the differences in
nucleotide sequence between human and rat in this region
lead to amino acid substitutions; the deduced amino acid
sequences of mature rat and human NT-3 (and mature mouse
NT-3, see Section 6, supra) are absolutely identical. This
is reminiscent of the high degree of conservation of BDNF,
which shows complete identity in the amino acid sequence of
the mature polypeptide among rat, mouse, human, and pig. By
contrast, the amino acid sequences of mature human NGF and
rodent NGF (mouse or rat) differ by approximately 10%.

This Sheet Has Been Replaced

UM



- 28- genom c DNA or cDNA derived froma suitable source as. tenplate. The
products of anplification reactions using pairs of upstream sense_and
downstream anti -sense priners may be used-as hybridizétﬁﬁasaEHbassmMEN
Sout hern blots of genomc DNA to identify PCR productgmhichRMthEﬁizes t o
genom ¢ DNA sequence whi ch contains regaons honol ogous™ t6™ " '

Furthermore, the amino acid sequences of the putative human
and rat NT-3 precursors also show remarkably few differences
(underlined in Figure 11). Immediately upstream of the
predicted protease cleavage site that would generate the
mature NT-3 polypeptide (Arg-Arg-Lys-Arg), the human
sequence lacks one codon (for Pro) that is present in the
rat sequence. One block of four amino acids differs between
human and rat preproNT-3, and six additional single amino
acid substitutions are scattered between that block and the
predicted protease cleavage site.

9. BIOLOGICAL ACTIVITY OF HUMAN NT-3

Because the deduced amino acid sequence of mature
human NT-3 is identical to that of mature rat NT-3, it was
strongly predicted that the human and rat NT-3 proteins
would display indistipguishable bioclogical activities. The
neurotrophic activity of human NT-3 was confirmed by
inserting the cloned human gene into the plasmid expression
vector pCDM8, transfecting the resulting plasmid pC8-hN3(Pl)
into COS-M5 cells (aé described by Chen and Okayama, 1987,
Mol. Cell. Biol.'1:2745-52), and assaying for neurotrophic
activity in conditioned medium from the transfected cells.
The human NT-3 gene was amplified by PCR from bacteriophage
¢hN3(Gl), and inserted into the plasmid expression vecttor
pCDM8, as described for the rat NT-3 gene (Example 7); the
resulting plasmid was designated pC8-hN3(P1l). The
nucleotide sequence of the entire NT-3 insert was determined
and compared with the genomic sequence determined as
described above, in order to confirm that no mutations had
been introduced during the PCR amplification and cloning
procedures. The transfection and assay methods were
essentially identical to those used in assessing the
biological activity of rat NT-3. '
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the probes as well as regions non-honol ogous to the probes (for exanple,
non- NG-, non- BDNF sequence). A PCR product which identifies a novel genomc
DNA sequence nmay be used to screen genonmic or . cDNA libraries and thereby
sel’ect cl ones encodi ng novel nenbers of the BDNF/ NGF gene fani

5.3. EXPRESSI ON OF NEUROTROPHI N- 3 The nucl Yg@avse@&eﬁég_ﬂfdlng
for a NT-3 protein, or a portion thereof, can be insdrted katdER

appropri ate expression vector, i.e. -azvector whi ch ¢ S‘Tﬁ€~ﬁggéssary
el ements for the transcription and translatlon of the inserted

prot ei n-codi ng sequence. The necessary transcriptional and translation
signals can al so be sumreditted,t hamaat NTe"\¥a8 Geumd avel/mrssess f | anki ng

regi ons. ﬁe\‘{?étf‘é%iﬁ d195iv MEL Wife Slé%ESgEtc”@X Q§8¥£+€é Z&Pdélﬁvw.ﬁ:gs the

prot ei n-codi n uence.. These .inc are n Imte manmal i an
cel | syste®¥ nf%&:e&PhﬁKrFQHﬁﬂGsrP@tgganqlla and nodose ganglia
(Table VI). The ganglia were cultured (see Figure 8, Table

IV). for 24 hours in the presence of conditioned medium
(supernatants) from mock-transfected COS-M5 cells, or from
COS~-M5 cells transfected with plasmids (all derived from the
pCDM8 expression vector) encoding recombinant human BDNF, or
recorbinant rat NT-3 {rNT-3; plasmid pC8~-rN3(Pl)] or
recombinant human NT-3 {(hNT-3; plasmid pC8-hN3(P1)]. The
BDNF plasmid was chosen as a positive control, because BDNF
is known to have neurotrophic activity on both dorsal root
and nodose ganglia. As shown in Table VI, both rat and
human recombinant NT-3, at a modest dose (compare Table IV),
displayed approximately the same level of activity as BDNF
on dorsal root ganglia, and significantly'greqter activity
than BDNF on nodose ganglia. No difference was observed in

the activity of human versus rat NT-3.
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vaccinia virus, adenovirus, etc.); insect cell systens infected with virus
(e.g., baculovirus); mcroorgani sns such as yeast containing yeast vectors,
or bacterla transforned with bacteriophage DNA, plasmid DNA,_ or cosmid DNA
In preferred enbodi ments of the invention, the exp TG - 3
conprise the CW pronoter (Stephens and Cbckett, 39, l%dﬁg Aci d$ Res.

17: 7110) and SV40 origin of replicatign_ The expressd - s of these
vectors vary.in their strengths and specificities. EEpendlng on the
host-vector systemutilized, any one of a nunber of suitable transcription
and transl ation el enents nmay be usef\BLE vI

Recombinant human NT-3 produced in COS cells is as active as
recombinant rat NT-3 when assayed on chick embryo dorsal
root ganglia or nodose ganglia in explant cultures

Fiber Outgrowth Score

DRG NG

Control 0,0,0,0,0.5 0,0

BDNF: 20 pl COS supernatant 3,3,3,3,3 1,3
Mock: 20 pl COS supernatant 0,0.5,0,0,0 0

human NT-3: 20 ul COS supernatant 3,2,4,3 3,3

3,4

rat NT-3: 20 pi cos supernatént 3,4,4,3,4

Scores are a measure of the fiber outgrowth (scale 0 to 5)
seen on 1 to 5 individual ganglia at 24 h in culture. The
score for each individual ganglion is shown.

10. IDENTIFICATION OF HUMAN NT-3 GENE PRODUCT BY
METABOLIC LABELING

The predicted size of the mature NT-3 polypeptide
(rat or human) is 119 amino acids, with a molecular weight
of 13.6 daltons. In order to determine experimentally the
approximate gsize of the mature human NT-3 polypeptide, cells
transfected with a human NT-3 expression plasmid were
metabolicaliy labeled and conditioned medium was analyzed
for the presence of a novel polypeptide. In the experiment
shown in Figure 12, COS-M5 cells were transfected with the
plasmid pC8-hN3(Pl) (described above), the cells were
labeled with a mixture of [3581nethionine and [3581cysteine,
growth medium was collected and fracticnated by
electrophoresis under denaturing conditions on a 15%
polyacrylamide gel, proteins were transferred to a membrane
filter (essentially as described in Towbin et al., i979,
Proc. Natl. Acad. Sci. U.S.A. 76:4350~-4354), and labeled
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-29 - Any of the nethods previously described for the
i nsertion of DNA fragnents into a vector may be used to construct
expression vectors containing a chinmeric gene consisting of appropriate

transcriptional/translational control signals an Sﬁ% ypﬁgtﬁgygggdlng
E I T

sequences. These nethods may include in vitro re @n mu and
synthetic techniques and in vivo rquﬂpinations hation).
Expressi on of nucleic acid sequence encoding a NT-3 proteln or peptide
fragment may be regulated by a second nucleic ‘acid sequence so that NT-3

protein opolppabtdeesSwexarea&edtéal By Woiarcﬁrbﬁr%lﬁ?d WMBHkLhe
200D 12l LR, e £°HRA 4 FRLSRIAT, (ol e O

controlle y-any er/en
"MOCK”). As shown in Figure 12, the expression plasmid
pC8-hN3(P1l) directed the synthesis of a single polypeptide,
of approximately 14 kDa (labeled NT-3 in the figure), that
was not seen in the control. Within the limits of
resolution of the technique, tﬁis agrees well with the

predicted size of mature NT-3.

11. EXAMPLE: NEUTROPHIN-3 SUPPORTS THE SURVIVAL
OF CULTURED DOPAMINERGIC NEURONS OF
THE EMBRYONIC RAT VENTRAL MESENCEPHALON

Cultures of El4 rat embryo ventral mesencephalon
were established as described in U.S. patent application
serial no. 07/400,591, filed August 30, 1989, which is
incorporated in its entirety by reference herein. Cultures
were seeded at a density of 50,000 cells/cm2 (Fig. 13) or
100,000 cells/cm2 (Fig. 14) and grown in the absence of
neurotrophic factor control or in the presence of increasing
amounts of COS cell supernatant containing recombinant human

_ heurotrophin-3 (NT-3). After 8 days in culture, cells were
fixed and stained with a monoclonal antibody to tyrosine
hydroxylase (TH), a marker of dopaminergic neurons. As
shown in Figures 13 and 14, increasing amounts of NT-3 were
found to increase the number of.Tﬁ positive cells surviving
after 8 days, with a maximum of a 2.5-fold increase over
control values with a 1:25 dilution of NT-3 COS cell
supernatant. Purified nerve growth factor appeared to be
without effect, but the effects of NT-3 were similar to
those observed for BDNF.

12. EXAMPLE: NT=-3, BDNF AND NGF IN THE DEVELOPING
RAT NERVOUS SYSTEM: PARALLEL AS WELL AS
RECIPROCAL PATTERNS OF EXPRESSION

12.1. METHODS
12.1.1. MATERIALS AND DISSECTIONS

This Sheet Has Been Replac

[T




the art. Pronpoters which may be used to control NT-3 expression include,
but are not limted to, the SV40 early pronoter region (Bernoist and
Chambon, 1981, Nature 290:304-310), the pronoter contained in the 3" |ong
termnal repeat of Rous sarconm virus (Yamanoto, {etiskaEE1089 sEel |l
22:787-797), the herpes thym di ne kinase pronoter |(\WagreirLatEdal ., (1981,
Proc. Natl. Acad. Sci. U S. A 78:144-1445), the reguratory sequences of
the netal |l ot hi onine gene (Brinster et al., 1982, Nature 296: 39-42);
prokaryotic expression vectors such as the [err]-lactanase pronoter
(Villa-Kamaroff, et Spragueiawleyocatblatbbtédimed Soom HarSak Sprague

75: 3727- 37841 eP  1nd NE e RIUDLG tl.
Acad. SC| Ugg@ﬁ 80: 21- 25 seé%aag?e&%%cfim?%te%tgesgarlo%e recg%bl nant
bacteria" $h tEhir¥idn ¢ gijdesoby °2ﬂ237ﬁ1°n@h-9&H%§naﬁéﬁﬂﬂéﬁﬁlon

vectors coh$m¢mﬂrﬁﬁttu£anq§x|samp1s$nﬁhenaaedpueaeﬁfxefeahdnuorsal _
(Herrera- Esf€ldrs &f A1 fad¥ %or%g§ 2081%@%%9&%}3+‘ ééﬁi# osal ©

virus 35S N@ pr onpot er. ( Gar dner, 9 2871),
taken using the stria medullarls and the optic chlasm as

dorsal and ventral landmarks, respectivelyz Midbrain
samples were taken at the level of superior and inferior
colliculi, dorsally, and extended to the ventral surface of
the brain up to the most rostral edge of the pons.
Hindbrain samples lacked cerebella, but included pons and
medulla. It should be noted that only rostral portions of
the striatum were sampled, to avoid contamination by

thalamlc tissue. The hlppocampal samples were collected
from the level of the fimbria/fornix to, approximately, the
caudal pole. The dissections of newborn brains utilized
similar landmarks, with the exception of the stria
medullaris. Timed pregnant rats were used to obtain
embryonic tissues, with day of sperm positively designated
as day E1; the day of birth was designated PO. Adult rats
averaged 150-275 grams (6-8 weeks of age).

12.1.2. RNA PREPARATION AND NORTHERN BLOTS

Selecte@ tissues were dissected from Sprague-
Dawley rats and immediately frozen in liquid nitrogen. RNAs
were isolated by homogenization of tissues in 3M LiCl/eM
Urea, as described (Bothwell et al., 1990, in Methods of
Cloning and Analysis of Eukar&otic Genes, Jones and
Bartlett, Boston, MA). RNAs (10 ug) were fractionated by
electrophoresis through quadruplicate 1% ,
agarose/formaldehyde gels (Bothwell et al., supra) followed
by capillary transfer to nylon membranes (MagnaGraph, Micron
Separations Inc.) with 10X standard saline citrate (SsC),
PH 7. RNAs were UV-crosslinked to the membranes by exposure
to ultraviolet light (STRATALINKER®, Stratagene, Inc.) and
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and the pronoter for the photosynthetic enzyne ribul ose biphosphate
carboxyl ase (Herrera-Estrella et al., 1984, Nature 310:115-120); pronoter
el epents fromyeast or other fungi such as the Gal 4 _pronpter, fhg \DC
(al cohol -3 0- | nahgHEBGEAASEFN |
pronoter, PG&K (phosphogl ycerol klnase) ronot er, aIHallnd&ﬁh6§ﬁ3tase _
proooter, and the follow ng ani mal trd®scriptional control regions, which
exhibit tissue

hybridized at 68°C with radiolabelled probes in the presence
of 0.5 M NaPO4 (pH 7), 1% bovine serum albumen (fraction Vv,
Sigma, Inc.), 7% SDS, 1mM EDTA (Mahmoudi and Lin, 1989,
Biotechniques 7:31-33) and 100 .ug/ml sonicated, denatured
salmon sperm DNA. Filters were washed at 68°C with 2X ssc,
0.1% SDS and subjected to autoradiography for one day to two
weeks with 1 or 2 intensifying screens (CRONEX®, DuPont) and
X-ray film (XAR-5, Kodak) at -70 C. Ethidium bromide
staining of the quadruplicate gels demonstrated that
equivalent levels of total RNA were being assayed for the
different samples (as in Maisonpierre et al., 19950, Science
247:1446-1451); this was confirmed by probing several of the
blocts using a probe specific for the 28S rRNA.

12.1.3. NT-3, BDNF, NGF AND NGFR PROBE PREFPARATION
Molecular cloning of the coding regions for rat

NT-3, BDNF and NGF iéto the pCDM8 expression vector (Aruffo
and Seed, 1987, Proc. Natl. Acad. Sci. USA 84:8573-8577) has
been described previously (Maisonpierre et al., supra). The
800 basepair (bp) Xhol inserts of these plasmids were
separated on acrylamide gels and recovered by electroelution
(Bothwell et al., 1990), and subsequently P-labeled by
randor hexamer labeling (Bothwell et al., s upra) ;
hybridization of each of the probes to synthetic NT-3, BDNF
and NGF transcripts (see infra) demonstrated that the probe
specific for one neurotrophin did not hybridize to
transcripts from the related neurotrophins. The rat NGFR
probe was a 1.6 kb Ncol cDNA fragment that spans the rat
NGFR protein coding region (Radeke et al., 1587, Nature
325:593-597).

12.1.4. SYNTHETIC TRANSCRIPT PRODUCTION AND QQANTITATION
The T7 phage promoter present in the
pCDM8/neurotrophin expression constructs described above was
used to make synthetic RNA transcripts corresponding to the
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specificity and have been utilized in transgenic aninmals: elastase | gene
control region which is active in pancreatic acinar cells (Swft et al.,
1984, Cell 38:639-646; Onitz et al., 1986, Cold Spirg—Hart T DFPR- | Quant.
Bi ol . 50:399-409; MacDonal d, 1987, Hepatol ogy 7: 42 3§ﬂ§ﬁ35§ g@wiﬁ gehe
control “region which is active in pancf@atic beta dells {Hatakan; 35,
Nat ure 315:115-122), i mmunogl obulin gene control region which is active in
| ynphoid cells ggiosighedl et al., 1984, Cell 38:647-658; Adanes et al.,
1985, Nat fi'S5183ER35deN REFARINI -3¢ BPNF amgA/GRfoding [redgions.
7: 1436- 144Phe ampwsd smefmitheseusygnthietile toahseripegivereMiiodsti s active in
st iU Blquatatiived WPRReda8UnREheCel o el Bl vare WG

;;P on“which Is active Pi nkert

45: 485- 495) , albunlqégfne control reqi In liver
et al., 1GFFAYEhLS1INT]aP@RA-12bedadr fBPthuebhaet e bpr cIURER )yt megnt r ol
regi on whiclligohutdleiotd dien plriover whifelinhgutiaizal . to 1088, cddtlon G lendBi Ol .

5 050 10 M e il or A 77 pEORRs8ES 30 B wfhade LontT Ty
: transcripts. Densitometric scanning (Series 300 Computing
Densitometer, Molecular Dynamics, Inc.) of dot- and
Northern-blotted synthetic transcripts hybridized to the-
_oligonucleotide probe (hybridization and washing performed

at 55° C, otherwise as described above) confirmed that
equivalent levels of the synthetic transcripts were being

used as the defined standards (representative data depicted

in Figure 15A).

12.1.5. DENSITOMETRIC QUANTITATION
' OF NEUROTROPHIN TRANSCRIPT LEVELS

The transcript levels in various samples were
normalized to the standardized adult rat brain sample (see
supra) as follows. Equivalent aliquots of the adult brain
RNA sample were.included on every Northern blot. ~
Densitometric scanning of various autoradiographic exposures
for each Northern blot was.used to deternine signal
intensities for every sample assayed. For each exposure
scanned, the signal intensities for every sanmple assayed.
For each exposure scanned, the signal intensities for each
sample were divided by the value cbtained for the signal
intensity in the adult brain sample in that exposure, which
normalized all values with respect to the standardized adult
brain samples. In Figure 18, the transcript levels in
different samples are displayed relative to the levels in
the adult brain sample, with the level in adult brain
arbitrarily set at 1.0. Having determined the femtograms of
neurotrophin transcript per microgram of total RNA in the
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liver (Kelsey et al, 1987, Genes and Devel . 1:161-171), beta-gl obin gene

.control
Nat ur e

bran (Readhead et al., 1987, Cell 488%03-712): nyos| nuis gHEETCHES B
region which is active in skeletal nuscle (Bani, REBSSENat ur

cong rol

region which is active in nyeloid cells (Mgramet al., 1985,

[ 315:338-340; Kollias et al., 1986, Cell 46:89-94; nyelin basic
protein gene control region which is active in oligodendraocyte

in the
jlene

314: 283-286), and gonadotropi c rel easi ng hornone ge cont r ol rﬁgion whi ch

is acti

3dulf BFRLNSARBES allfs qawsbdesermine thgsactup bnterBSYE IBY

2-1378).

‘EXPr essi@veY€Cl Dii SEGANY i i Raanlii-ed gRR@alIZAt WieANrlspedentofired by three
aaRP{ ;§§:54 IJIWNJ]WA hybri di zation, (b) presence or absence of

gener al
"mar ker

gene Tunctiors, and (c) expression of inserted sequences.

12.2. RESULTS

12.2.1. QUANTITATION AND COMPARISON OF NT-3, BDNF
AND NGF mRNA LEVELS IN ADULT RAT BRAINS

We utilized a Northern blot assay system in order
to quantitate and compare the expression of NT-3, BDNF and
NGF transcripts in a variety of tissue-derived samples. The

amount of each neurotrophin transcript in the different
samples was quantitated relative to defined synthetic
standards. Synthetic NT-3, BDNF and NGF RNA transcripts,
whose amounts were precisely determined (see Figure 15A and
its legend), were included on Northern blots also containing
10 ug of total RNA isolated from adult rat brains. The
blots were hybridized to radiolabelled probes specific for
each neurotrophin, and then subjected to autoradiography
(Figure 15B). Scanning densitometry was -then used to
compare the hybridization signal intensities obtained from
the adult brain.sample and the synthetic standards. This
quantitation revealed that there were approximately equal
mRNA levels (estimated as 40 fg of NT-3 transcripts, 45 fg
of BDNF transcripts, and 30 fg of NGF transcripts per ug of
total RNA) for all three neurotréphins in the adult rat
brain. An aliquot of this standardized adult brain sample
was included on all subsequent Northern blots, thus allowing
quantitation of neurotrophin expreésion levels in new RNA
samples by comparison (see infra). To aid visual comparison
of the three neurotrophin transcripts among different
samples, exposures depicted in subsequent figures were
chosen so that the signal intensities in the standardized
adult brain sample were similar for all three neurotrophins,
thereby normalizing the signals in other tissue samples to
the defined standard.
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- 31- first approach, the presence of a foreign gene inserted in an

expression vector can be detected by DNA-DNA hybri di T;ﬂsfngﬁgﬁdaes
conpri sing sequences that are honol ogous to an ins rf%@fﬁﬁﬁ§§g§ﬁ%1'lw t he

second approach, the reconbinant vector/host systenhcan BEHMEHtified and
sel ected based upon the presence or_ppsence of certain "marker" gene .
functions (e.g., thymdine kinase activity, resistance to antibiotics,
transformati on phenotype, occlusion body formation in bacul ovirus, etc.)

caused by thz.2nzer tNDF3 pfBHNF GNP NGFNEENENEXPRESEGNOIDISPRAYSXanpl e, if the
NT-3 gene is insert ecoMMomi XS tWELLTASK ENIQEDEDEVELOPMENTAL FEATURES

Examination of neurotrophin gene expression in
rat embryos revealed that all three neurotrophins display a
dramatic increase in their expression levels between
embryonic days eleven and twelve (E11-E12) (Figure 16A): all
three neuroptrophin transcripts are widely distributed
throughout E12 and E13 embryos. The timing of the concerted
rise in neurotrophin gene expression coincides with the
period in which neurogenesis (both peripherally and
centrally) begins in earnest, and with the initial
elaboration of axons by these newly formed neurons (e.g.
Altman and Bayer, 1982, Adv. Anat. Embryol. Cell Biol. Vol.
74; Altman and Bayer, 1984, ibid, Vol. 8S5).

_ Despite this coordinated onset of neurotrophin
gene expression during embryoéenesis, comparison to the
standardized adult brain sample reveals that NT-3 mRNA is by
far the most abundant in the early embryos (180 fg/ug total
RNA), while BDNF mRNA is at least abundant (5-10 fg/ug of
total RNA) and NGF mRNA is present at intermediate levels
(30 fg/ug of total RNA) (Figure 16A). NT-3 and BDNF
continue to display a reciprocal relationship when
expression levels are followed in the developing brain
(Figu:é 16B) or in the densely innervatéd heart (Figure 16C)
- initially high NT-3 expression decreases while initially
lov BDNF expression increases until similar levels are
finally attained in the adult; by contrast, NGF expression
stays rather constant. Interestingly, NT-3 expression’ .
increases during the development of the liver and thymus,
organs which are not densely innervated and which do not
express detectable BDNF mRNA (Figure 16C). '

—_—
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sequence of the vector, reconbinants containing the NT-3 insert can be
i dentified by the absence of the marker gene function. |

appr oach, reconbi nant expression vectors can be i g§ﬁquisia3$h ing the
forei gn gene product expressed by the reconbi nant RESE@s canjbe
based, for exanple, on the physical =8 functional “propertT the NT-3
gene product in bioassay systens. Once a particul ar reconbi nant

DNA nol ecule is id ified and isol ated, sever t hods known in the art
may be used to pro%ﬁ%ﬁ@“r‘? e¥RESSH Wiqtath ﬁ'?f@%ﬂ‘?ﬁféﬁ growt h
condi t i ppaxeatdyt preceted, thecintremse igx presuvitaeophdot gesecan be

0, rods b e g S aigny iop o My iy spifay B 0,
C e r imte o, e

Tall s pSrsaesss A5 Lranthe dBFPyAR oL ASYRMEPNE 2F KhE BFPEE R eh as

vacci ni &he pestonagddndevelopnentect the Usearts (Figuseba6al ByCyus; yeast

vectors; bacteriophage vectors (e.g., |anbda), and plasm d and cosm d DNA

vectors, to nane .
12.2.3. COMPARISON OF NT~3, BDNF, NGF AND NGFR EXPRESSION
WITHIN THE NEWBORN AND ADULT NERVOUS SYSTEM

To define the spatial distribution of
neurotrophin gene expression within the rat nervous system,'
and to understand how the distinct developmental profiles in
whole brains relate to developmental changes within discrete
brain regions, we examined neurotrophin gene expression

. within newborn and adult brains. All three factors
displayed discrete spatial and tempor&l differences in their
expression patterns (Figure 17). Quantitation of transcript
levels, including thbse in peripheral tissues, is displayed
in graphic form in Figure 4. The major similarity shared by
all three factors is their uniformly high level of
expression in the adult hippocampus. In contrast to the
situation in adult peripheral tissues, where NT-3 and NGF
expression are more similar in their broad distributions
(Maisonpierre et al., supra), NT-3 and BDNF display obvious
parallels in their over-all expression patterns within the .
adult brain (Figure 17B, 18B); interestingly, both factors
are strikingly absent from the striatum. However, NT-3 and
BDNF also display the most interesting, and apparently
reciprocal, differences when expression is compared between
newborn and adult brains (Figure 17A,B and Figure 18A,B).
NT-3 expression in the newborn is highest, and far higher
than in the adult, in more immature regions of the brain
(i.e.; cerehellﬁn, hippocampus and neocortex). BDNF
expression is lowest in these regions and highest, and
similar to adult levels, in more caudal brain regions that -
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but a few In addition, a host cell strain may be chosen which
nodul at es the expression of the inserted sequences, or nodifies and
processes the gene product in the specific fashion desi .'Eggggﬂ from
certain pronoters can be elevated in_the presence of RY=tS] ;

t hus, —81- " _.32-  exptessi
genetlcafly englneered NT-3 protein nmay be

mature earlier (i.e., hindbrain, midbrain and diencephalon).
As in the adult brain, NT-3 and BONF transcripts are not
detectable in the newborn striatum.

Compared to NT-3 and BDNF, NGF mRNA levels
display less dramatic differences in the newborn versus
adult brain comparison (Figure 17, 18): olfactory bulb NGF
levels are higher in the newborn, while the hippocampus and
neocortex NGF levels are higher in the adult. NGFR mRNA

‘levels were generally higher within the newborn as opposed
to the adult brain, with exceptionally high levels in the
newborn cerebellum and hindbrain (Figure 17a,B).

12.2.4. EXAMINATION OF NT-3, NGF AND BDNF EXPRESSION
DURING THE DEVELOPMENT OF DISCRETE CNS REGIONS

To further pursue the notion that NT-3 is
expressed most notably early in the development of
particular CNS regions, while BDNF is predominately
expressed later in the development of the same regions, we
analyzed neurotrophin gene expression during the development
‘of three CNS regions whose maturation follows very different
time courses. MNeurogenesis, followed rapidly by a period of
naturally occcuring cel death, begins very early within the
spinal cord (E12-E13) and is completed saeveral days before
birth (Altman and Bayer, 1984, supra). By contrast, most
neurons in the cerebellum and hippocampus (accounted' for by
their granule cell populations) are born after birth (eq.
Altman, 1966, J. Comp. Neur. 128:431-474; Schlessinger et
al., 1975, J. Comp. Neurol. 159:149-176). In the later-
developing cerebellum, there is extensive neurogenesis,
neurcblast migration, and neuronal differentiation during
the first three weeks of life (eg. Altman, 1966, supra). It
has been reported that NGP mRNA levels in the hippocampus do
not become readily detectable until about two weeks after
birth (Large et al., 1986, Science 234:352-355); this
increase occurs long after the peri-natal onset of extensive
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controll ed.

Furthernore, different host cells have characteristic and

specific nmechanisns for the translational and pOSt-TranqlaTinnaI.Qﬁggessing
and nodification (e.g. , glycosylation, cleavage) off THIOISEERS ZAS/AFEBNopri ate

cell lines

or host systens can be chosen to ensure tlhe deBFHédERpdifi

ation

and processing of the foreign protein &8Bressed. For exanpl e, expressi on
I al system can be used to produce an ungl ycosyl ated core protein

roduct. Ex ' EY t. will .produce | ycosyl at ed product. _
Expression _%gﬁg%égh%%h1égﬁiﬁfgﬁﬁglgg §24 gbg% Ur%gaqmu ) gAPEosPrat i on
of the het etRBYRFARR NT-Bihars dinem Ebet hhpkbnerg il friearmnts \ofcttive/ besial

in a bacter

expressi on syséwrdinTapKet fad 1RYQCE88bNITL CRELIOES] SULD A% -RNT1§0! BlikC

cl eavages t
i nventi on,

' .extents. .In speci fi c enbodi nent of the
LS M Allchier. shadinerate crEeEFRT Iraaprp s frase
anplified, Rewdrenen(Large tet @alansseprafOS cells by the cal ci um phosphat e
met hod (Chen and Ckaya ebdGinatibn S@lhevelopiné spinal cord (Figure

5A,E) reveals high levels of NT-3 expression at E12-E13
(150-280 fg/ug total RNA) which decrease by birth and are
almost undetectable in the adult. BDNF mRNA, which is
barely detectable at E12-E13, peaks at birth (10-20 fg/ug
total RNA), and then decreases in the adult. NGF mRNA is
expressed at highest levels in E12-E13 spinal cord (15-25
fg/ug total RNA), but at levels 10-fold lower than the NT-3
mRNA levels at the same stage. Interestingly, the NGFR is
expressed at highest levels in the early spinal'cord; this
expression has previously been correlated with the period of
naturally occurring cell death of newly formed motor neurons
in the early spinal cord (Ernfors et al., 1989, Neuron
2:1605-1613). o | _

In the late-developing cerebellum (Figure 19B,F),
remarkably high‘1e§els of NT-3 nRNA (500-820 fg/ug total
RNX) persist throughout the first three weeks after birth,

- whereas BDNF expression begins to increase only late in this

period; very low levels of NGF expression are detectable
only in the early stages of cerebellar development. NGFR.is
expressed at high levels early in cerebellar .development and
then decreases prior to the observed decrease in NT-3
expression. .

In the hippocampus (Pigure 15C,G), both BDNF and
NGF mRNA levels increase from low levels at E17 to
intermediate levels at birth, and achieve highest levels in
the adult. Although all three neurotrophin transcripts are
expressed at similar levels in the adult hippocampus, NT-3
expression is strikingly higher than BDNF and NGF in the E17
and newborn hippocampus; NT-3 expression levels in the
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Biol. 7:2745-2752); NT-3 activity may then be collected fromcell culture
medi um (see Exanple Sections 6 and 7, infra). - |t _has bheen .
appreciated that NG is synthesized in two different| pgiecomsarZADBEEY |a
long formand a short form (Darling.et al., 1983, Cold SprampstEd bor Synp.
Quant. Biol. 48:427-483); The shorter fgfi i s substahtTatTy anal ogous to
the, prepro forns of BDNF and NT-3. According to the invention, it may be
desirable to utilize expression systenms conprising DNA encodi ng an

anal ogous Inenfpoirar mippoBBhFusr akE-8s DN e Ootiowp tsfeese inotheppetidrsor

forms my hadadent:bbedaby 389HeRg/HY EENY AN 0T Ohrhed! €8s thBst ream

of the mature odi ng regi ons, and | ocati ng open

tr.ansl at i oM 5P §8Pgd“FraH§ AFFBﬁﬁ§ﬁ§°%fd??ﬁfﬁﬁF93q&&%@gééaﬁence with the
sequences dfevieGepaentBDEFtheshappoaswdpase predi ction of | ong and short

precursors for NT-3 prgt ghi tREEH End Beqiilifs SdidifiHeCABBve0! FakUr & BONF
expression is strikingly high during their development and
then decreases to adult levels, while initially low BDNF
mRNA levels increase to reach aﬁult levels similar to those
of NT-3. In contrast to the receiprocal profiles of NT-3
and BDNF, NGF expression does not display any consistent
patterns; it is preferentially expressed (although at low
levels) éarly in spinal'cord and cerebellar development, but
late in hippocampal development.

12.3. DISCUSSION

Our analysis has revealed both similarities and
differences in the spatio-temporal distributions of the
three neurotrophin transcripts. NT-3, BDNF and NGF
transcripts all display a simultaneous increase in their
expression between the eleventh and twelfth day of rat.
embrycgenesis, and are widely distributed in twelve and
thirteen day embryos. The timing of this common burst of
expression approximately coincides with the developmental
onset of neurogenesis (eg. Altman and Bayer, 1982, supra;
Altman and Bayer, 1984, supra). This association supports
the notion that the three neurotrophins play developmental
roles of particular importance to the nervous system, and
may mark the period when all of the neurotrophins first
becone generally required to maintain the survival of post-
mitotic neurons. However, the timing of their expression
could also be indicative of other roles for the
neurotrophins in the developing nervous system (see below).

Although the onset of gene axpression occurs
simultaneously for the three neurotophins, the levels they
achieve in early embryos differ greatly. NT-3 mRNA is by
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-3 3- or NT-3 expression fromlong or short precursor forns may depend on

the expression systemused, and nay vary fromone type of cell line to
%Eo%ngréx : S 5.3. 1. | DENTI FI CATI ON AND PURI FI CATI ON .

. EXPRESSED GENE PRODUCT Once a rec afte WhAS BEBXr esses
the NT-3 gene -84- Wﬁﬁ@ it ‘j

far the most abundant in embryos, while BDNF mRNA is
expressed at the lowest levels. This contrast between NT-3
and BDNF expression continues 'in almost every instance
examined. During development, NT-3 expression is most
prominent in CNS regioné in which proliferation, migration
and differentiation of neurons and their precursors is
ongoing, and generally'decreases dramatically within CNS
regions as they mature. By contrast BDNF expression in the
newborn is most prominent in CNS regions in which
neurogenesis has already occurred, and generally increases
within CNS regions as they mature. Interestingly, the
levels that the NT-3 and BDNF transcripts ultimately achieve
in various adult CNS regions are quite similar. The
reéiprocal relationship between NT-3 and BDNF expression
during development, coupled with their relatively similar
profiles-in the adult CNS, indicate that' NT-3 and BDNF may
in some cases act on!the same neuronal populations in the
CNS. If so, our data would suggest that NT-3 plays an
important role in the development of these neurons (perhaps
during the establishment of target innervation), while BDNF
might prédominatbly act later in the life of the same nurons
(i.e., as a maturation or maintenance factor). NGF
expression varies locally during development, but these
variations do not follow a consistent pattern as do those of
NT-3 and BDNF. NGFR mRNA levels do not specifically mirror
the expression of any one of the three neurotrophin genes,
consistent with the possibility that it might serve as a
common component of the individual neurotrophin receptors
(Rodriguez~Tebar et al., 1990, Neuron 4:487-492). 'NGFR
expression does tend to be highest early in the development
of CNS regions, and our studies reveal interesting
developmentally regulated changes in NGFR expression which
are the subject of further investigations.

e
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Is identified, the gene product may be anal yzed. This can be achi eved by
assays based on the physical or functional properties pf the product
i ncl udi ng radioactive | abelling of the product foIIowedﬂntgwEﬂS@y§D
el éctyophoresi s. Once the NT-3 protein is ldEﬂtIEbE@Kyti may ( be
i solated and purified by standard netlBgds i ncl udi ng chFomat
i on exchange, affinity, and sizing colum chromatography), centrlfugatlon
differential solubility, or by any other standard technique for the

purification of protElreentitastf fectthedal sprépart déstnilyubkons ot ikdtigd usi ng

any sui taQL@ @&@w cwglclwﬂmgmdnﬂomhalkutrﬁﬁawcafwCJh@f@Eé'& dorsal root
ganol' 8. prkeloplop e Selied o umatiel e sanglLin (eene e S
qual i t at ilvedader mﬁkwnhezﬁi\ﬂﬂ%ﬁnnhmuiEMesfNFT33atrausty1pﬁg by used
accordi ngrd £ dd¥e €SIy on a wider (and different) range of (neural

as well as non-neural) cells in the periphery than BDNF

(Maisonpierre et al., supra).

Although there is considerable evidence
suggesting that both NGF and BDNF play an important early
role in the development of the nervous system, our analysis

reveals a much more consistent and impressive correlation
between remarkably high NT-3 expression and early neural
development. NT-3 mRNA levels in the developing cerebellum
and newborn hippocampus are several fold higher than the
levels of any of the neurotrophins in any other tissue or
brain region, and more than twenty-fold higher than the -
levels of any of the neurotrophins in the adult brain. The
discovery of NT-3 as a novel NGF-related protein which can
support at least some BDNF- and NGF-dependent neurons

-~ {Maisonpierre et al., supra), and whose temporal expression
most clearly parallels critical periods of neural
development, raises the possiblility that-NT-3 is the
physiological agent normally responsible for some of the
developmentally important functions previously attributed to
BDONF or NGF. A re-exploration of the true developmental
roles of all the members of this family is further
enphasized because of the possibility that antibodies to
these related factors may cross-react (Whittemore and
Seiger, 1987, Brain Res. Rev. 12:439-464).

Although we have previously demonstrated that

NT-3 can act as a classical neurocnal survival molecule
(Maisonpierre et al., supra), allowing for the action of
NT-3 as a target-derived factor whose limited expression
results in neuronal selection and pruning; this by no means
excludes other developmentally important roles for NT-3 (as
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i nvention. Because NT-3, in contrast to BDNF and NG-, pronotes neurite
outgrow h from both neural - pl acode derived nodose gangli
ganglia, either of these systens, in addition to thd MHBSﬁT"”éHP‘géﬂg i on
(DRG) culture system may be used as an NT-3 bioassay. Th&8EPREERssay y be
perfornmed as described in Barde et al. (1980, Proc. Nafl. Acad. Sci. US A
77:1199-1203). The nodose ganglion a§§5¥'systen1nay be perforned as
described in Lindsay et al. (1985, Dev. Biol. 112:319-328). The synpathetic

2oB 5O FR13YaBY EbE AR othe PHIM A IHRILG O IRE paBe 8B e Shr ) - (1982,
express on within the developing nervous system shares

remarkable similarities with that of nestin (a novel
intermediate filament protein whose expression is
characteristic of CNS regions undergoing neurogenesis -
Lendahl et al., 1990) and SNAP (an antigenic marker of early
neurite outgrowth - Yamamoto et al., 1986, J. Neurosci.
6:3576-3594). Unlike the case with NGF (Clegg et ai., 1989,
Devel. Biol. 134:30-37), high levels of NT-3 expression
precede the arrival of sympathetic fibers to the heart.
Thus, NT-3 might be particularly linked to developmental
processes other than neuronal survival, including neuronal
precursor proliferation/differehtihtion and/or the guidance
of migrating cells or their axons; further suggestion of
such potential physiologicai roles for NT-3 comes from
recent findings that, one of the neurotrophins (i.e., NGF)
can play a role in neuronal precursor proliferation in
vitro. Conversely BDNF, although present early in ‘
development, may have a more generally .important role long
after the initial period of neuronal death and selection.
The expression profiles of all three
neurotrophins in the adult do share a striking similarity -
all three neurotrophins are expressed at comparably high
levels in the adult hippocampus. Disrupting the projecticns
of basal forebrain cholinérgic neurons to the hippocampus
results in atrophy and decreased transmitter synthesis by
these neurons (reviewed in Snider and Johnson, 1989, Ann.
Neurol. 26:489-506). A similar atrophy is associated with
poor performance in memory-specific tasks in aged rats and
in humans with Alzheimer’s disease. Atrophy of basal
forebrain cholinergic neurons can be reversed in rat models
by the administration of NGF. The data presented here is
consistent with the possibility that the adult hippocampus
may normally supply all three neurotrophins to the basal
forebrain, suggesting that recent evidence for the
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-3 4 - 5.5. NEUROTROPHI N- 3 GENES AND PROTEI NS Usi ng
t he met hods detail ed supra and in Exanple Sections 6 and 7, infra, the
foll owi ng nucleic acid sequences were deternined, and their corresponding
am no aci d sequences deduced. The nouse genom c NT-3 qyg@@g_w@§gLEN
determned, and is depicted in Figure 287The sequencs ? redey NEE:S
presented in Figure 7. The genom ¢ human DNA NT-3 sedudeficewas uetern1ned
and is depicted in Figure 11 which al so presents DNA sequences fromrat.

Each of thesén At iidi loff waet hpAabpREULN A€k Sredan be used in
accor dance V\db? . the jnvention. nveni]l onc%/]rel tes to NT-3
a

genes and pt qﬁfﬁ%ﬁﬂﬁﬁ%ﬁf?ﬁwf %gSFﬁﬁngLebSGPﬁeph¥§+? Tqui ne, or
cani ne, as fwt |thesgmalmanlesur covendraniiTos hexpressien is mwmqﬁkaulxs

activity exi\f§if very early in hippocampal development, and then
decreases to adult levels which are similar to those of NGF
and BDNF. This high early expression agains suggests that
NT-3 may be playing a unique role in the guidance or
establishment of early connections from the basal forebrain
or other hippocampal afferents, or. in the proliferation of
dentate granule cell precursors; relatively low levels of
NGF during early hippocampal development have argued agalnst
such a role for NGF (Large et al., supra).

13. DEPOSIT OF MICROORGANISﬁS
The following were deposited on February 28, 1990
with the Ameriéan Type Culture Collection, 12301 Parklawn
Drive, Rockville, Maryland 20852:

ATCC
strain Accession Number
bacteriophage DNA éhN3 (G1) 40763
bacteriophage DNA #rN3(G1) 40764
piasmid pC8-rN3(P1) 40766
plasmid pC8~-hN3 (P1) 40765

The present invention is not to be limited in
scope by the specific embodiments described herein. Indeed,
various modifications of the invention in addition to those
described herein will become apparent toc those skilled in
the art from the foregoing description and accompanying
figure. ' Such modifications are intended to fall within the
scope of the claims. Various publications are cited herein,
the disclosures of which are incorporated by reference iﬁ

_.their entireties. '

_..’—/"’"
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The inventior)mi further directed to subsequences of NT-3 nucleic acids
conprising at'y; ceot i des, such subsequences conpri si ng

H n
hybri di zabl e m NT- 3 sequence whi ch have use, e nucl ei ¢
acid hybridiz : ,

outhern and Northern bl Gk:apatyisess BBER.| The
I nvention al so provides for NT-3 prot&—n, and fragr%nant S wladeR i vatijves
t hereof,_according to the am no acid sequences set <forth™n Flgures 2, 7
and 11 or their functional equivalents. The invention also provides
fragments or derivatives of NT-3 projgiRGaialmllesTPpéGe antigenic
determnant(s) or which are functionally active. As used herein
functionally active shall nearMiGROORGANISMEVe activity in assays|for known
NT- 3. T UNCLLQ e B eehoene B G ST REN ARG 10d8EE_gangbion and sympat hgtic
gangl i or—assays Qr pyarrpfp:_T'ﬁ'p—-huFT‘é'l-F'am sequencds
depi ct ed I EFSAFYE"2*"°P"4nd 11 can be altered by substitutions, 4dditions
or del et]i ofrs™tt *gruvt vereur=dfidt i onal |y equi val ent nol ecul es. ﬁ)ue to the
degener goyms@fesiitigh@dia de

American Type Culture Collection

Addrons of depositary Non Biacluding pests! code and country) ¢
12301 Parklawn Drive
Rockvillie, MD -20852, US

Date of dopoeti * Accoesion Number ¢
March 7, 1990 40763
8. ADDITIOHAL ENDICATIONS ¥ (leave blanhk I net appilcsiie). This Int tien is inved on & separale siteches sheot D

€. CLSIOHATED STATES FOR WHICH INOICATIONS ARE MADE S ( the Indications sre not for 3% designated Siates)

O. SEPARATE FURNISHING OF INDICATIONSE  Seave bizak N net applicable)

'l"t:o ingications '2"‘.}%"' v!._'h svbmitied ts Ihe Intatnsiions! Buresu later ¢ (Spacity the gensisl asture of the Indicatt [ X N

P .
5. [7) TNe shest wao recoived with tns lntesnationst sppiicoon when Bied ie be Thastpd %b-w——\
—~ Nathanfe! R. Hayden

_PET INTERNATIONAL SERVICES DIVISION

o e o e Sw i ———— o P mar

(Avihorized OMeer)

D The date of recript lirem the appl 1) by the # tanal B s

whe —— coa— e v

{Auvthesized OMeon)

Form PCTRONIE (Jonvery tHE)



codi ng sequences, other DNA sequences which encode substantially the sanme

am no acid sequence as depicted in Figures 2, 7 and 11 [mayshezHsed -R:-TNe
practice of the K )

v

. \ . .y - $o- LS8R
i nvention. These include-but are not limted to nucl eottde—seat

conprising all or portions of the NT-<Bsgenes depicted in Figures 2, 7 and
11 which HTEROPREANISYS pgont'd

American Type Culture Collection
12301 Parklawn Drive

Rockville, MD 20852

us

Date of Deposit: March 7, 1990 Accession Number 40764

Date of Deposit: ‘March 7, 1990 Accession Number 40765

Date of Deposit: March 7, 1990 Accession Number 40766
T
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t he substitution of different codons that encode a functionally equival ent
am no acid residue wthin the sequence, thus producing a silent change.

"Li kewi se, the mmﬂ "Mﬂlm:"mumr fragnments or derivatives thereof, of the

i nvention incl limted to, those containing, as a primary
anino acid sequence, "all of part of the anino acid sequéNEassuBst antisaENy
as depicted in Figures 2, 7 and 11 including altered sequencesgd:acwbi ch
functional |y equival ent amino acid resitlies are substit uted—forTesidues
Wi thin tEARJERIAIMEDUISEiNg in a silent change. For exanple, one or nore
am no acid residues within the sequence can be substituted by another am no
acid of a simlar palarity which acts _as a functional equivalent, resulting
in a silent alteratiton. ASEESPRPAPRRY BVA JROLeF e KARPEAISIN% & he sequence
may be selwxiteddt facdd skelqgenceneacedohgt heuedessph invhi @iT-3)e camano aci d

bel ongs. e 0 : d b c) ] ci ds include

al ani ne, %:%gﬁﬁ%mes(‘)"lhteeggf%e,gggh?ﬁﬁgwp%g&?ge%gp]f'uegér%/’{];&l@ni ne, tryptophan
and nucleotides.

2. The recombinant DNA molecule of claim 1 in
which the neurotrophin-3 encoding nucleic acid sequence or
subsequence is substantially as depicted in FIG. 2 from
about nucleotide 598 to about nucleotide 954.

3. The recombinant DNA molecule of claim 1 in
which the neurotrophin-3 enceding nucleic acid sequence or
~ subsequence is substantially as depicted in FIG. 7 from
-about nucleotide 508 to about-nucleotide 864.

4. The recombinant DNA molecule of claim 1 in
which the neurotrophin-3 encodiné nucleic acid sequence or
subsequence is substantially as depicted in FIG. 11 from
about nucleotide 530 to about nucleotide 886. '

5. The recombinant DNA molecule of claim 1, 2, 3
* or 4 which comprises a cDNA sequence.

6. The recombinant DNA molecule of claim 1, 2, 3
or 4 which comprises a gencmic DNA sequence.

7. The recombinant DNA molecule of claim 1 which
comprises a human DNA sequence or subsequence substantially
as depicted in FIG. 11.

8. The recombinant DNA molecule of claim 3 as
contained in plasmid pC8-rN3(Pl) deposited with the ATCC and
vith the accession number 40765.
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net hi oni ne. The polar neutral amino acids include glycine, serine,

t hr eoni n umnﬂl"ﬁnﬁ"mlmt)SI ne, asparagine, and glutanine. The positively
char ged (% ds include arginine, lysine and histidine. The
negatively Gha#gea (éciHic) anm no acgds include aspartic acid and glutamc
acid. Also included within the scope of the invention ?{Pf;£é§§§%gé§%gaﬁg
fragments or derivatiyes jhereof which are differentia b PR A PF
or gf ter translation,e. g’.tﬁe BRSO mod esld 8l PEi 1o iR d¥aR8CED | nk
to an anticonyaimédcin eplasmidegpCodiNURN Idepasdteat @ith the ATCC and

Addi tional {yyn el Vel dlls Borf AL URlegd in vitro or in vivo, to create

and/ or destroy translation, initiation, and/or termnati on sequences, or t
create _ :
- 10. The recombinant DNA molecule of claim 4 as

contained in bacteriophage ¢rN3(Gl) deposited with the ATCC
and with the accession number 40763.

11. A recombinant ribonucleic acid molecule
complementary to. the recombinant DNA molecule of claim 1, 2
3 or 4,

’

12. A nucleic acid sequenée comprising a
sequence encoding a protein substantially homologous to the
amino acid sequence depicted in FIG. 2, or portions thereof.

!
13. A nucleic acid sequence comprising a
' sequence encoding a protein substantially homologous to the
amino acid sequence depicted in FIG. 11, or portions
thereof. '

14. A nucleic acid sequence comprising a
sequence substantially homologous to the nucleic acid
sequence depicted in FIG. 11, or a hybridizable portion
thereof.

15. The recombinant DNA molecule of claim 1 or 4
in which the expression of nucleic acid sequence encoding
neurotrophin-s protein or peptide fragment is regulated by a
second nucleic acid sequence so that neurotrophin-3 protein
or peptide is expressed in a host transformed with the
recombinant DNA molecule. '
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- 36- variations 1n coding regions and/or formnew restriction

endonucl ¢ Iﬂl "ﬂlu 'ltstroy preexisting ones, to facilitate further in
vitro mﬂlmﬂm llm ﬂ echni que for nutagenesi s knopwguisneddee ravst sgan | be
used, including bt hot" limted to, in vitro site-dirgectedzaptagenesis
(Hut chinson, et al., 1978, J. Biol. Chem 253:6551), uSe of TAB[ErT]

| i nkers (Pharnacia), etc. 5. G.gaGENERATI ON OF ANTI - NEUROTROPHI N- 3
ANTI BODI ES "

16. The recombinant DNA molecule of claim 15 as
contained in plasmid pC8-hN3(Pl) deposited with the ATCC and
having accession number 40765.

17. A nucleic acid vector comprising the DNA
molecule of claim 1.

18. A recombinant microorganism containing the
DNA molecule of claim 1, 2, 3, or 4.

19. The recombinant microorganism of claim 18
which is a bacterium.

20. The recombinant microorganism of claim 18
which is a yeast.

21. A cell containing the recombinant DNA
molecule of claim 15.

22. A cell comprising the recombinant DNA
molecule of claim 16.

23. A nucleic acid sequence comprising a
sequence encoding the amino acid sequence substantially as
depicted in FIG. 2 or a sequence thereof comprising an
antigenic determinant.

24. @A purified protein having an amino acid
sequence substantially as depicted in FIG. 2 or a
subsequence thereof comprising an antigenic determinant.

25. A purified protein having an amino acid
sequence substantially as depicted in FIG. 7 or a
subseguence thereof comprising an antigenic determinant.
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{ THIS SHEET HAS BEEN

Accordlng to entlon NT-3 protein, or-fragnentls or BEPHAREDI ves
t her eof , nﬂﬂmﬁ% gen to generate anti-NT-3 anti bodi es.
To furt her ood of producing an anti-NT-3 i mune
response, the am no aC|d sequence of NT-3 may be analyzed in order to
-identify portions of the nol ecul e W¥ch nmay be associated with increased

| mmunogeni city. For exanple, the amno acid sequence nmay be subjected to
conput er anal ysi s to26dendipyr sfiddqarat rohes,ingc @or dimigot acifie net hod of

Hopp and !@Qgénééggébsgﬁﬁ€xa |as’§é§kcé§ﬁ 1nJFYE 1§803844-3828) which has
been successfull used to I antlgenlc peptldes of Fbgatltls B

surface aﬁPP@@ﬁ“ afe cFRSTeQL| 9°mﬁ N A PSSR 15 PR LeERABARES of NT-3

fromdifferent species could be conpared, and relatively non- honologous

regions identified; wese nlg@r Pféﬁ)éxgéweslr{ Ei&ﬂ'},% %21“' %"2’ «a likely to

be |rrrrunogen| C aCross varil ous speci para ron of
_nmonocl onaFeguenpedsebstiantiably as depicted in FIG. 2, comprising

from about aminc acid 140 to about amino acid 258, or a
subsequence thereof comprising an antigenic determinant.

28. A purified protein having an amino acid
sequence substantially as depicted in FIG. 7, comprising
from about amino acid 1 to about amino acid 119, or a
subsequence thereof comprising an antigenic determinant.

29. A purified protein having an amino acia
sequence substantially as depicted in FIG. 11, comprising
from about amino acid 1 to about amino acid 119 of the
mature proﬁein sequence, or a subsequence thereof comprising
an antigenic determinant.

30. A purified protein having an aminoc acid
sequence encoded by the nucleic acid sequence substantially
as depicted for murine neurotrophin-3 in FIG. 2 or a
subsequence thereof comprising a functionally active
peptide.

31. A purified protein having an amino acid
sequence encoded by the nucleic acid sequence substantially
as depicted for rat neurotrophin-3 in FIG. 7 or a
subsequence thereof comprising a functionally active
peptide.
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toward NT=37 any tecnnlque mhich provi des for the production of ant i body

nol ecul es lines in culture may be used wten the
hybri donma Imunmﬂulmmllljﬂ al |y devel oped by Kohl er anal N¥§F§’"W F;é’?"gr\
Nat ure 256:%495-497)" as wel | as the_gfioma technique, |the hifitm cel
hybri doma techni que (Kozbor et al., 1983, |Imunol ogy Today 4.72), and the

EBV- hybri doma t echriizque & pupriddedepleotainnhaothran amindediies (Col e et
al ., 193§éqdéhce encoded by the nucleic acid sequence substantially
as depicted for human neurotrophin-3 in FIG. 11 or a
subsequence thereof comprising a functionally active

peptide.

33. A purified protein having an aminoc acid
sequence substantially as depicted in FIG. 11, comprising
from about amino acid 1 to about amino acid 119 of the
mature protein sequence, or a subsequence thereof comprising
a functionally active peptide.

34. A method for producing neurotrophin-3
protein or a fragment thereof comprising growing a
recombinant microorganism containing the DNA molecule of
claim 1, such that the DNA molecule is expressed by the
microorganism; and isolating the expressed neurotrophin-3
protein or fragment.

35. A method for producing neurotrophin-3
protein or a fragment thereof comprising growing a
recombinant host containing the, DNA molecule of claim 1 or 4
such that the DNA moclecule is expressed by the
microorganisﬁ: and isolating the expressed neurotrophin-3
protein or fragment.

36. A methed for producing neurotrophin-3
protein or a fragment thereof comprising (a) growing a
recombinant host containing the DNA molecule of claim 15,
under conditions such that the DNA molecule is expressed by
such mnicroorganism; and (b) isolating the expressed
neurotrophin-3 protein or fragment.
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; dles and Cancer Therapy," Al ' —-RE—PP.
77 96) a ﬂg#ﬂ ithin the scope of the pres (itHTS SUBHE HOR BEEN
The nono for t herapeutic use may be jhumarREBA&EP ona

antlbodles or chlnerlc human- nouse-ggor ot her speci es) nonocl onal

ant i bodi es. Human nonocl onal anti bodi es may be made by any of nunerous
t echni ques known i R7t-he Ramethedgfor pEpgueing| neunogepPky Nat|. Acad.
Sci. U. Qm‘bteﬁﬁx 5308 E¥hymeliez ltherebratompi 988ng | (@t dxmgT qday 4:72-79;

O s50n Sle Moyt M2l e EANTRL. 8- idGhoy COMTE"LE Aol mol coules

may be prepar Fecontaim n ‘human
const antundsy md@morn%éwc@t that tmganAPmebecNhel is A@We%'?ﬁd Ry S. A
81: 6851tﬁ@ﬂﬁyﬁ%darqﬂnlsm$9%5d M&QUEQO3361A§2ihe expressed Var|0U5

rocedures known.i.n the art use
P neurotrophin-3 proteln or %ragment.

38. The method according to claim 36 in which °
the host is a eukaryotic cell.

39. The method according to claim 36 in which
the host is a non-human transgenic animal.

40. The method according to claim 36 in which
the host is a microorganism.

41. The method according to claim 40 in which
the host is a bacterium.

42. ‘The method according to claim 40 in which
the host is a yeast.

43. The product otithe method.df claim 35.
44. The product of the method of claim 36.
45. The product_of the method of claim 37.
46. The product of tﬁe method of claim 38.

47. The product of the method of claim 39.
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for theproduction—of—potycl onal antibodies to epitopes of NTI-3. For the
product:i ri ous host animals can be i mmuni-zed by injection
with NT- "m,ma"mmwmgmant or derivative ther 05 kAgkudhpgrbut| not
lirmited to*rabbitts? ntce, rats, etc. Various adjuj—ats fEy Abepused fto
i ncrease the i nmunol ogi cal response,, dependi ng on ‘t+he—host—Specres, and
-including but not limted to Freund &= (conpl ete and inconplete), m neral
gel s such as al um nyg, hyﬂﬁex?gsdué@réﬁ%@qﬁé%ds%SE&Q%S aduch as
| ysol eci thin, pluronic polyols, polyanions, peptides, oil enulsions,
keyhol e Ii npet henocyani ns, dinitrophenol, and potentially useful human
adj uvants such as B@®.(Babel peodiadctred £ er:tﬁje:rémocﬂmf, cTaiwnabact eri um
parvum A nol ecul ar clone of an anti body to a NT-3 epitope can
be prepared by known techni ques. Reconbi nant DNA net hodol ogy (see e.g.,
Maniatis et al., 1989; NBhechraduet ot righe matdhnd &tfop}al%@ngal Col d Spring
Har bor Laboratory, Cbld Spring Harbor, New York) nmay be used to construct

51. The product of claim 35 which is
unglycosylated.

$2. The product of claim 36 which is
unglycosylated.

53. The product of claim 37 which is
unglycosylated.

S4.l The product of claim 38 which is
unglycosylated.

55. The product of claim 39 which is
unglycosylated. '

56. The product of ¢laim 40 which is
unglycosylated.

57. The produét of claim 41 which is
unglycosylated.

58. The product of claim 42 which is
unglycosylated.

59. The product of claim 35 which is
glycosylated. :

60. The product of claim 36 which is
» glycosylated.
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nmucterc—aci d sequences which encode a nonocl onal antibody nol ecule, or

ant
Ant

Mﬂ“ﬁ"““’“‘uam uaﬂﬂlmgg Lge[)ﬁﬂ fied by known techni qjé"g‘i S%;‘%i;;g; BEEN {38-
i rmmodbsor pti oh dr i munoaf fini tyg,chr omat ogr aphy, threrad .

met hods

such as HPLC (high performance |iquid chromatography), or a conbination
et c. 61. Thetphwthct refgrdrtin W ¢hiehntiai n t he i di ot ype of

t her eof ,

glycosylated.

62. The product of claim 38 which is
glycosylated.

63. The product of claim 39 which is
glycosylated. '

64. The product of claim 40 which is
glycosylated.

65. The ﬁroduct of claim 41 which is
glycosylated.

66. The product of claim 42 which is
glycosylated.

67. An antibody, antibody fragment, or
derivative thereof which recognizes a neurotrophin-3
protein, peptide fragment or derivative.

68. The antibody, éhtibody fragment, or
derivative of claim 67 which is produced by a method
comprising 1mmﬁnizinq a host animal with a neurotrophin-3
protein, peptide fragment or derivative, which
neurotrophin-3 protein fragment or derivative is produced by
growing a recombinant organism expressing a recomhinant
nucleic acid vector encoding the neurotrophin-3 protein,
fragment, or derivative.

69. The éntibody, antibody fragment, or
derivative of claim 68 in which the nucleic acid vector
comprises a nucleic acid sequence substantially as depicted
in FIG. 2, or a subsequence thereof.

——
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the—ﬁﬁ#eeu#e—ean~bewgenerated by known techni ques. For exanple, such
frag ;are not limted to: the F(ab')[err] fragnent whi ch
can mﬂnﬂﬂaﬂﬂJj psin digestion of the antibody nol %ﬂ@qf@ﬂrgh

gnents whi @ gan+ b generated by reducing the dISU|fX§§J%E§. gghﬁf th
F(ab Y[err] fragnent, and the 2 Falggr Fab fragments wh ch.cah~pe-

by treating the anti body nol ecul e mnth papai n and a reducing agent.
5.7: UTILITY OF THEO} NVENE| @ntibody, antifpdyprixaamentnvention relates to

t he nucl alequarﬁtdvaeaaea@elaf5er.$ anter Ocﬁmxw@t@'a@lal kz)écleus.—e pr ot ein,

tide f ¢ i duced ther ef i ed
PP uant CORBE180R PonaRTes Bro gl rBersnes rishans R 1vh aaygrpesteane  o¢

Li kew se inalliG- NT, 3ocanti buvdseguence NTh&enfl ei ¢ aci d probes may be utllized
i n diagnostic and therapeutic applications. For nbst purposes, it is

71. The antibody, antibody fragment, or
derivative of claim 68 in which the nucleic acid vector
comprises a nucleic acid sequence substantially as depicted
in FIG. 11, or a subsequence thereof.

72. A recombinant DNA molecule which encodes a
protein or peptide which comprises (a) a first amino acid
sequence homologous to two different known members of the
BDNF/NGF gene family, and (b} a second amino acid sequence
which is not homologous to the two different members of the
BDNF/NGF'gene family of (a).

73. The recombinant DNA molecule of claim 72 in
which one known member is BDNF.

74. The recombinant DNA molecule of claim 72 in
which one known member is NGF.

75. The recombinant DNA molecule of claim 72 in
which one known member is neurctrophin-3.

76. A recombinant DNA molecule of claim 72 which
is isoclated by a method comprising
{(a) selecting, from among a diversity of
nucleic acid segquences, those sequences that
are homologous to both BDNF and NGF; and

————
—
—————
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pfeLELabLe~%o—US“'NI 3 genes or gene.products fromthe sane speC|es for

MEpeutlc pur poses, although cross-s ~|~' sy“'“ X
Wﬂ%&‘ﬂ m‘ eci fic enbodi ments of the inventiopTils SHEET HAS BEEN

| AGNOSTI T APPLI CATIONS  _ The present_i nveRFHHE? w
relates to nucleic acids encoding NT-3 and to proteins, peptide fragnents

or derivatives produced fRéréfeakifuingel from anand ddieenudledst agidgai nst
NT-3 protein, peptidessegueflebsVabl¥E€6ed "BY (a), those sequences

which contain sequences of about at least 6

contiguous nucleotides that are not homologous
to NGF and BDNF.

-3

77. The recombinant DNA molecule of claim 76 in
which the method of step (a) comprises using the polymerase
chain reaction technique, in which a pair of oligonucleotiae
primers are used which are capable of hybridizing to
homologous regions of both BDNF and NGF DNAs, such that the
sense strand primer is capable of hybridizing to a .first
homologous DNA sequence of BDNF and NGF, and the antisense
strand oligonucleotide primer is capable of hybridizing to a
second homologous DNA sequence of BDNF and NGF.

78. A recombinant DNA molecule of claim 72 which
is isolated by a method comprising

(a) selecting, from among a diversity of
nucleic acid sequences, those sequences that
are homologous to both BDNF and neurotrophin-
3; and

(b) identifying, from among the nucleic acid
sequences selected in (a), those sequences
which contain sequences of about at least 6
contiguous nucleotides that are not homologous
to BDNF and neurotrophih-z.

79. The recombinant DNA molecule of claim 76 in
which the method of step (&) comprises using the polymerase
chain reaction technique, in which a pair of ocligonucleotide
primers are used which are capable of hybridizing to
homologous regions of both BDNF and neurotrophin-3 DNAs,
such that the sense strand primer is capable of hybridizing
to a first homologous DNA sequence of BDNF and
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-39-—be-utitized to di agnose diseases and disorders of the nervous system
whi ch “ﬂkﬂ d with alterations in the pattern of NT-3 expression.

I n va mmm“ﬁﬁ of the invention, NT-3 genes and related nucleic ‘
aci'd sequendes"and subsequences, including conpl enentary seguences, nay be

used in diagnostic hybridization ass . The NT-3 nucleic aci d sequences,

or subsequences thereof conprising about 15 nucl eoti 115 GERE P EAYSEAN

gybrl di zahueacﬁbpheﬁa Hy@hd dt et 4o At StGahdd @14 GluEQdéﬂseE:a pro ngse
i agnose ~ e

r _ponitor dit djsorders, or_ disea
W onaRgorernirnSapERls ot ier EART S o lreare: BoPRLOIERRIPY Rons
resul ti ngefmenenasof yBREDrand deemirat rafluiin-di .seases and condi tions

80. A recombinant DNA molecule of claim 72 which
is isolated by a method comprising
(a) selecting, from among a diversity of

nucleic acid sequences, those sequences that
are homologous to both NGF and neurotrophin-3;
and
- (b) identifying, from among the nucleic acid
sequences selected in (a), those sequences
which contain sequences of about at least 6
contiguous nucleotides that are not homologous
to NGF and neurotrophin-3.

81. The recombinant DNA molecule of claim 76 in
which the method of step (a) comprises using the polymerase
chain reaction technique, in which a pair of oligonucleotide
primers are used which are capable of hybridizing to
homologous regions of both NGF and neurotrophin-3 DNAs, such
that the sense strand primer 1sicapable of hybridizing to a
first homologous DNA -sequence of NGF and neurctrophin-3, and
the antisense strand oligonucleotide primer is capable of
hybridizing to a second homologous DNA sequence of NGF and
neurotrophin=-3.

82. A pharmaceutical composition comprising an
effective amount of substantially pure neurotrophin-3
protein in a pharmaceutically suitable carrier.

83. A pharmaceutical composition comprising an
effective amount of a substantially pure, functionally
active neurotrophin-3 peptide fragment or derivative in a
pharmaceutically suitable carrier.
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i ncl,ude Dbut are Tot—+Hmited to CNS tréuna, i nfarction, infection,

degen ase, nmalignancy, or post- operative changes

i ncl: ujjﬂmmm”mmmmnfed to Al zheinmer's Disease, Parkinson's Diseasg, and
Hurit i ngt ofi' st Chbr €a. *For exanple, total RNAin a ti Hgg%aﬁpfepﬁmﬁﬁﬁ
pati ent can be assayed for the prasénce of NT-3 mhemgmmsaJchan
the amount of NT-3 ggmw\As I ndi cative of neuronal, |

In alternate enbodi o ?FEF??R&%E%%NF°3§ﬂﬁ‘5&89e °EPFé8588 #Bward NT-3
prgteln efépttieef amguehief arsubstanttialdy qureb@eugetrophdnagdnose di seases
and di sopdet$qQl rign8RE VOHSaSY St &divd N apR bﬁlil::ar sensory
dlsorderé g g g £|g‘?atlve di seases %ﬁ ttﬁf¥{§# ﬁg as g as those
d|sordergeﬁﬁﬂmapééﬁseénl?s?%&F@&Eﬁ%i1 el ¥ ity e les VVteiﬁé'lnventlon can be

used, for exanple, |n |n S|tu hybri di zati on techni ques using tissue sanples
obtained froma pat|

the antibodies of t ﬁt? ?F%%ﬁﬁéﬁ;] \i¥4ﬁggé¥%iokno% yhieg exanpl e,

83 or 84 in whxch the neurotrophin-3 peptide fragment or

derivative comprises at least a portion of the amino acid
sequence substantially as depicted in FIG. 2.

86. The pharmaceutical composition of claim 82,
83 or 84 in which the neurotrophin-3 peptide fragment or
derivative comprises at least a portion of the amino acid
sequence substantially as depicted in FIG. 7.

87. The pharmaceutical composition of claim 82,
83 or 84 in which the neurotrophin-3 peptide fragment or
derivative comprises at least a portion of the amino acid
sequence substantially as depicted in FIG. 11.

88. The pharmaceutical composition of claim 87
which is capable of increasing neuron survival.

89. The pharmaceutical composition of claim 87
which is capable of increasing neuron growth.

90. The pharmaceutical composition of claim 87
which is capable of supporting differentiated cell function.

91. The pharmaceutical composition of claim 87
in which the protein, peptide, or derivative is
glycosylated. '

—_—
——
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Et%SArpfocedures—to—detect and/ or measure anounts of NT-3 present in tissue

imlarly, the - 40-
” mj HmﬂﬂmHlirnvention can be used in Western blet—analysl.5 - hapdet ect

korcmmeasuresNT=3 present in tissue or fluid sanpl
further enbodi ments of the invention, _\y.3 L

92. The pharmaceutical composition of claim 87
in which the protein, peptide, or derivative is
nonglycosylated.

93. A pharmaceutical composition comprising an
effective amount cf an antibody that recognizes
neurotrophin-3 protein or a peptide fragment or derivative
thereof.

94. A pharmaceutical composition comprising an
effective amount of a combination of substantially pure
neurotrophin-3 protein or peptide fragment or derivative
thereof, and a second agent. ‘

95. The pharmaceutical composition of claim 94
in which the second agent is nerve growth factor.

96. The pharmaceutical composition of claim 94
in which the second agent is braiq derived neurotrophic
factor.

97. The pharmaceutical composition of claim 94
in which the second agent is another member of the BDNF/NGF
family.

98. A pharmaceutical composition comprising an
effective amount of a protein or a peptide or derivative
thereof encoded by the recombinant DNA molecule of claim 72,
7€, 78 or 80. :

99. A method for diagnosing a disease or
disorder of the nervous system comprising
(a) contacting a tissue with a
detectably labeled nucleic acid molecule
which contains at least ten nucleotidas
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protein—peptide—fragnents or derivatives can be used to di agnose di seases

and, g B nervous system 1In a particular en‘qgjygigw@' < RREN Y
way ﬂllmmﬂa‘n“m”mabel ed NT-3 protein or peptide frag;ge’ﬁtIS“.,‘gf;a;i;lk "ég}(‘f'seld to
idensiTy ttssues o cells which express_the NT-3 recepEOLdeAéﬁaer%ﬂ~—*

I dentify aberrancies of NT-3 receptof”@?bression and consequently,
potential abnornal subssantiabeytassdepdtael inl@rc s agponse to NT-3.

5.7.2. THERAPEUTI C I : . JJhe jpresent invention, which
relates to nucleicuﬁgg sgéﬁég§$%ﬁshﬁ@§?hdﬁ {k?¢}?ﬁeﬂr5; pepti de fragments,

or derivatives probtiybsddipatiencte escwe! land to anti bodi es directed
agai nst NT-3 protein, peppldeget@bt | A i i tiHiicked to treat
ocBeci 865 40 e AL Uik

di seases and di sorders of the_ nervous™ sys e associated with
alterations in the B8t PEFREERANT- 3 expression or which may benefit from

100. A method for diagnosing a disease or
disorder of the nervous system comprising

(a) contacting RNA collected from
a tissue with a detectably labeled
nucleic acid molecule which contains at
least 10 nucleotides substantially as
depicted in FIG. 11, under conditions
which will allow hybridization to occur;
and

(b) detecting any hybridization which has
occurred.

101. A methed for diagnosing a disease or
disorder of the nervous system comprising

(a) contacting cDNA produced from
RNA collected from a tissue with a _
detectably labeled nucleic acid molecule
which contains at least 10 nucleotides
substantially as depicted in FIG. 11,
under conditions which will allow
hybridization to occur; and

(b) detecting any hybridization which has
occurred.

102. The method according to any of claims 99,
100, or 101 in which the disease or disorder of the nervous
system is a selected from the group consisting of a tumor, a
degenerative disease, and a sensory neuron disease.
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expO$ULe—LG~N¢~3—GFm&HPi NT- 3 anti bodi es. I n various enbodi nents

of th proteln peptide fragnents or.derivatives can be
adn1n ’ M s |n whom t he nervous system has beef I%%y%%ngpyéﬁhﬁh
tr au |§c infection, netabolic disease, nuj

. : : LACED
def|C|ency, nallgnancy, or toxi c agents. In various speC|f|—~e#beé¥ﬁEﬂ -S—0f—

the invention, NT-3 can be | ocal Fy0edm ni stered to sensory neurons which
have been severed, includin bua not ljmted, to, neurons in dorsal root
ganglia or in any oft%he ﬁogPB gE®F s4124R0% I8 o iGRe&Ee OTpet r osal , and
nodose gaiglordert b€ taatnbuboasosgktemC@mm¢£msxﬁgthe VI1Ith cranial nerve;

the ventrol ateral pole of 5&&% £%£“46¥°|Obe of the trigem na
ganglion, the nesencep hall crgen n
detectably labeled antibody molecule

which is capable of binding to
neurotrophin-3 protein or a peptide
fragment or derivative thereof under
conditions which will allow binding to
occur; and

(b) detecting ahy binding which
has occurred.

104. The method'according to claim 103 which is
performed in vivo. )

105. The method according to claim 103 performed
in vitro.

106. The method according to claim 103 in which
the disease or disorder of the nervous system is selected
from the group consisting of a tumor, a degenerativa '
disease, and a sensory neuron qisease.

107. A method of treating a disease or disorder
of the nervous system comprising administering an effective
amount of neurotrophin-3 protein, or a functionally active
peptide fragment or derivative thereof, to a patient.

108. The method according to claim 107 in which
the disease or disorder of the nervous system is a
" degenerative disease.
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and bynpa[netlc gangl i a.

It may be desirable to adm nister the

. ﬂ“ﬂm‘mmmles or NT-3 protein by adsarption onto a nmenbrane, e.g. a
SI that could be inplanted in the proximty g—+he—severed
nerve. cThe present invention can al sp be used for exanple in hadt eRERGHARSETN
recovery of patients suffering fron181abet|c neur opat hi es, elg.  REFLACED

ggg:){lfg; Oltogt g}ly gulttlmlgex q‘i&@t ﬁxb&heal ecaei—anhqrab SEAi®pedhyin which
abeti c neurgpa des may al so be
used to tHEaESFENEr Ak |p%@F§F Sedfop ?ﬁ?esd F%c+a%§ éfgﬁﬁnot Ii%ited to

the fol | cwinegsting of Alzheimer’s dlsease, Huntington s chorea,

multiple sclerosis and amyotrophic lateral sclerosis.

110. The method according to claim 107 in which
the disease or disorder of the nervous system comprises
damage to the nervous systen.

111. The method according to claim 110 in which
damage comprises a peripheral neuropathy.

112. The method according to claim 110 in which
the damage comprises diabetic neuropathy.

113. The method according to claim 110 in which
the damage comprises alcohoclic neuropathy.

114. The method according to claim 110 in which
damage comprises an acquired immunodeticiency syndrome-
related neuropathy. '

115. The method according to claim 110 in which

damage is caused by events selected from the group

consisting of trauma, surgery, infarction, infection, and
malignancy.

116. The method according to claim 110 in which
the disease or disorder is caused by exposure to a toxic
agent.

117. The method according to claim 110 in which
the disease or disorder is caused by nutritional deficiency.

_—
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VIiTUS-. a5500| uropathles i ncl udi ng acquired |nnunodef|C|enc

(Al\muﬂg opat hy, infectious nononucl eosi s ] '

Vi r h polyneuritis; Guillian-Barre syndromgg, jaads S
LB

bot ul |sn}related neuropathy, t oxi c_pglyneur opat hi es i NetY

al cohol

-rel ated neuropathies; nutritional neuropathies including su

combi ned degener ati bk - aﬁﬁm%pﬁﬁ¥hQ§rﬂRRQHﬁ¥ﬂﬁ &9 cAelimdiAg AeuVBpER hi

associ at eleWi Bopyet eBbhpt LIPS £t Fispaaeei.d- associ at ed
neur opat hy; carci nomat ous neuropat hy; conpression neuropathy (e, g

t unnel
may be

syndrome) and hereditary neuropathies. Hereditary neuropath|
treated usinylHT- 3Aometlied ofltatet ingpiacidiseasel odedpsoodesl

g‘elﬁrcg:og[ ﬁi‘t tRBNYerb Bk ! ﬁéhrtﬁ&%&%ﬁ%ﬁ‘%ﬂﬂﬂ %%?1};‘% Q)‘PEEEEB\QE"\%

nment s of I nventi on

bacut e
i es

car pal
es which

protein éWOBEBtPﬁeaf¢95hbh§§1%m Qe rpeuq trophday-i3y protednef PENR can be used
to treat faaaeeahamycse@lwe OpEp 1 d & et RARGRN ra lde¥d vdit3Qedehereb B¢l udi ng,

but not

llg]a secohd agent.

120. The method of claim 119 in which the second
agent is nerve growth factor.

121. The method of claim 115 in which the second
agent is brain derived neurotrophic factor.

122. The method of claim 119 in which the second
agent is another member of the BDNF/NGF family.

123. The method accordiﬁg to claim 119 in which
the disease or disorder is a degenerative disease.

124. The method according to claim 123 in which
the degenerative disease is selécted from the group
consisting of Alzheimer’s disease, Huntington’s chorea, and
Parkinson’s disease. '

125. The method according to claim 119 in which
the disease or disorder comprises damage to the nervous
systen.

126. The method according to claim 125 in which
the disorder is damage caused by an event selected from the
group consisting of trauma, surgery, infarction, infection,
and malignancy.
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| sease, Parkinson's disease, nultiple sclerosis, anvotro hi c
ﬂﬂl I and Huntington's chorea. THIS SEESPERk fHHEN
der’

invention, admnistration of NT-3 proteipgpracepeptid
| vatives derlved t herlef+ om can be used—TTrTONj UNCTI ON
with surgical inplantation of tissue in the treatnent of
127. he method according to claim 119 in which

the disease or disorder comprises a peripheral neuropathy.

128. The method according to claim 119 in which
the disease or disorder comprises a congenital disorder.

129. A method for isolating a ‘gene which is a
member of the brain derived neurotrophic factor/nerve growth
factor gene family, but which encodes neither nerve growth
factor nor brain derived neurotrophic factor, comprising:

(2a) selecting, from among a diversity of
nucleic acid sequences, those sequenceé that are
homologous to poth BDNF and NGF:

(b) identifying, from among the nucleic
acid sequences selected in (a), those sequences

which contain sequences of about at least 6

contigquous nucleotides that are not homologous to

NGF and BDNF; and

(¢) isolating the sequences identified in
(b).

130. The method accprding to claim 129 in which
the method of step (a) comprises using the polymerase chain
reaction technique, in which a pair of oligonuclectide
primers are used which are capable of hybridizing to
homologous regions of BDNF and NGF DNAs, such that the sense
strand oligonucleotide primer is capable of hybridizing to a
first homologous DNA sequence of BDNF and NGF, and the
antisense strand cligonucleotide primer is capable of
hybridizing to a second homologous DNA sequence of BDNF and
NGF.

—w—_~_ﬂﬂ_d’~_¢_ﬂ_m_ﬂ
eet Has Been Replaced
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Al zhei nmer' s di sease and/ or Parkinson's di sease. As shown in Section 11,

I nf Iﬂﬂmllﬂmﬂﬁﬂ the survival of dopam nergic r ;qu_(,qnsmrﬁl,\@qg;@m ergic
neu d in Parkinson's disease, NT-3 be ephSeEp n et hods
of tfeafiny ParRinSon's disease conpri;si ng adni ni st anount

ep+ﬂga
of NT-3 to a patient in need of such'®reatment. It has been shown that

approximately 35 p cen goLs, w h Par ki nson' s .di sease suffer from
Al zhei ner- type deﬁg%flak &?tgggroaﬁcéﬁ° Etﬁ%l% T8 M ThER on may

prove tdrapbexr @fefthie §Fﬁgnedagénsdthema:ptyrcbmicc htasctbtsfemecmv@h

Si i | ar | pactSt %eﬁhreod’laﬁﬂd.y@cﬁﬁtdhﬁﬂcﬁ Oeﬁé&iééwﬁé‘iﬁl%k FRYRE
t herap zhei mer ase [ n conjuncti Down' s

e MI to treat
SyndromLekta %' I PER1N §e§ﬁ8ﬁﬂ pRY §%E¥?Bmlizka??ﬂ?%ic?@P??%;ﬁgéxpressed at
hi gh | evel s durlng deveKepneaalauﬁidgffEramtamdmgwncﬂivdusﬂmwuﬂvs system

accordingly, NT-3 nggcugqul geé{)ga{?%ﬁgtggﬁ%eoﬁ( %‘an ﬁe@%el , Jaer vous

system di sorders, such_as atment of
di sorders rel at ed p@moloqous to bo h BDNF and neurotrophin-3;
(b) identifying, from among the nucleic
acid sequences selected in (a), those sequences
which contain sequences of about at least 6
contiguous nucleotides that are not homologous to
BDNF and neurotrophin-3; and’ .
(c) 1isolating the sequences identified in
(b) .

132. The method according to claim 131 in which
the method of step (a) comprises using the polymerase chain
reaction technique, in which a pair of oligonucleotide
primers are used which are capable of hybridizing to
homologous regions of BDNF and neurotrophin-3 DNAs, such
that the sense strand oligonucleotide primer is capable of
hybridizing to a first homologo?s DNA sequence of BDNF and
neurotrophin-3, and the antisense strand oligonuclectide
primer is capable of hybridizing to a second homeologous DNA
sequence of BDNF and neurotrophin-3.

133. A method for isolating a gene which is a
member of the brain derived neurotrophic factor/nerve growth
factor gene family, but which encodes neither nerve growth
factor nor brain derived neurotrophic factor, comprising:

(a) selecting, from among a diversity of
nucleic acid sequences, those sequences that are
homologous to both NGF and neurotrophin-3;

\
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_de-di-£ferentiatien of cells, such as nalignancies, or in disorders which
ful . egeneration in the nervous system NT-3 produced

gg MQ“IIH] ﬂﬁml[ nventi on can be useq in f[he t r eat W6 s @ Br YAk iBgEy of

d s as weld as congenital Iearpg&g di sorders. paptacebn furg her

enbodi nents of the invention, NI-3 protein, fragnents—er—dertvatriVves can be

used in conjunction wth ¢bheridenokiyiasy ! raeuiadietigd ties nuedefeur ot rophic

effect. For exanple, y.of 1Jmtation, cording to the

i nventi on NT-3 can b%éggeggﬁgﬁ?%%rs% “lhtj'éaa slé‘co(r?g 'a% e P&%“'??&ﬁﬁl e, NGF

or BDNT, to achieve #higherontain saquancasof eboudt agnlgestt § of neurons

and/or in maintaini ngoRtighN@s AEY St IR YHat a¥e HRRARCKRY obBAG! kpn

wherein synergistic $$ construed to nmean that the effect of tHe conbination
of NT-3 protein, peptfle®P? REREIPIINFIvANY e and a second agent
achieves an effect greatef(c) isolating the sequences identified in

(b) .

134. The method according to claim 133 in which
the method of step (a) comprises using the polymerase chain
reaction technique, in which a pair of oligonucleotide
primers are used which are capable of hybridizing to
homologous regions of NGF and neurotrophin-3 DNAs, such that
the sense strand oligonucleotide primer is capable of'
hybridizing to a first homologous DNA sequence of NGF and
neurctrophin-3, and the antisense strand cligonucleotide
primer is capable of hybridizing to a second homologous DNA
sequence of NGF and neurotrophih-s.

135. The recombinant DNA molecule of claim 15
comprising nucleotide sequence encoding a long precursor
form of NT-3.

136. The recombinant DNA molecule of claim 16
compr;sinq nucleotide sequence encoding a long precursor
form of NT-3.

137. A method according to claim 107 in which
the disease or disorder is Parkinson’s disease.

138. A method of promoting the survival of
dopaminergic neurons comprising exposing the dopaminergic
neurons to an effective concentration of neurotrophin-3.
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- 43- mount of either substance used individually. It is
. envisio function synergistically wi [ CNS-derived
pept i de Ilﬂmmﬂslnm mIHMe fully characterized, in tHeThsoueh; ud§ nt,
mai nt enancec ofL di* f &rentiated function and survival aAMﬁﬂgn@)ray
neuronal subpopul ations in the centLgjg-nervous system

139. A method of treating disorders of nervous
system development comprising administering an effective
amount of NT-3 to a patient in need of such treatment.

140. A method of treating malignant disorders of
the nervous system comprising administering an effective
amount of NT-3 to a patient in need of such treatment.
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the effects of NT-3 and a second neurotrophic agent may be
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5. 8. PHARMACEUTI CAL COMPCOSI TI ONS The active conpositions of the
I nvention, which may conprise all or portions of the NT-3 gene product,

i ncludi ng protein, peptide fragments or derivatives produced therefrom or
antlbodlesﬂ(QL.an%rbody’T‘égnents) directed toward NT-3 proteln peptlde

fragments, or derlyaikaessd or a conbi hation of NT-3 ang-at—eastome
agent , sudhis g o F, may be administered in any_éng ‘%;‘ XE%}PQJE
bi oconpat i b\ A cal carrier fﬁl udi ng, but n | ok SASER
sal i ne, buf ; ; dextrose, ter. NT 3 proteln,

pepti de fragnment or derlvative may conprise an am no acid sequence or
subsequence thereof substantially as depicted in Figures 2, 7 or 11; it may
be preferable to use NT-3 protein conprising, in particular, all or a
portion of the am no acid sequence from about am no acid 140 to about am no
acid 258, as depicted in Figure 2, fromabout amno acid 1 to about am no
acid 119 in Figure 7,

NT-3
NGG
BDNF
NT-3
NGF
BDNF

| |

ve

V4

FIG.3

i

KEARPVKNGCRGIDDKHWNSQCKTSQTYVRALTSENNKLVGWRWIRIDTSCVCALSRKIGRT

l

Vi
YAEHKSHRGEYSVCDSESLWVT**DKSSAIDIRGHQVTVLGEIKTGNSPVKQYFYETRC

SSTHPVFHMGEFSVCDSVSVWV**GDKTTATDIKGKEVTVLAEVNINNSVFRQYFFETKC
HSDPARRGELSVCDS ISEWVTAADKKTAVDMSGETVTVLEKVPYSKGQLKQYFYETKC

V3
RASNPVESGCRGIDSKHWNSYCTTTHTFVKALTTDEKQ*AAWRFIRIDTACVCVLSRKATRRG

NPMGYTKEGCRGIDKRHWNSQCRTTQSYVRALTMDSKKRIGWRFIRIDTSCVCTLTIKRGR
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or fromthe first amno acid | abel ed "nmature”

in Figure 11

t he ‘pepti de sequence depicted therein, or a functionally equival ent
sequence, as this subsequence is believed to conprise the functional
portion of the NT-3 nolecule. NT-3 nmay be derived from sequences

correspondi ng

of any suitable _species, i ncl udi ng, but5/35
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not limted to, human, pig, rat, chicken, cow, dog, sheep, goat, cat,
rabbit, etc. The anopunt of NT-3 protein, peptide fragnent,
derivative, or antibody which will be effective in the treatnment of a

particul ar disorder or condition will depend on the nature of the disorder

or condition, and can be determ ned by standard clinical technigues—\

possible, it is desirable to determpe the dose-resp NEES CHEVRHARBEEN
5n/1|35ention first in vitrREPLECED jn

pharmaceutical conpositions of th

her e

he

NT- 3 bi oassay systens described supra, and then in useful

systens prior to testing in humans. Based on in vitro data,

ani mal

nodel
in a specific

NT-3 protein

enbodi nent of the invention, a pharnmaceutical conposition effective in
pronoting the survival of sens ; ocal _
concentration of between abou . gt hods of
i ntroduction include but are ] iggtanuscular,
i ntraperitoneal, o €
S
= c
g >
' nl
/ /// o=
(S
(s8]
+
S
o W
O
L
ey IR
V-
} =
/ (7]
48
o S O S o o
O o o o o
o o o o o
o) < ~ N -
)
g This Sheet Has Been Replaced -
& (LD
oS
ol
Wi
oo
==
=
m .
>
w

SUBSTITUTE SHEET



I ntravenous, subcutaneous, oral, and intranasal.- In addition, it may be
desirable to introduce the pharnaceutlcal conposi tions of the invention
into the central nervous system by any suitable route, including

i ntraventricular and intrathecal injection; intraventricular injection my
be facilitated by an intraventricul ar catheter, for exaane——a%%aehed—to a
reservoir, such as an Omaya reservoir. U T HFeYHE 5ﬁﬂﬁ%ﬁﬂ%%
desirable to adninister the pharngg?ggical conposi tipns oREPHACEDyent i on
locally to the area in need of tr this may be achi eved by, for
exanple, and not by way of limtation, |ocal infusion during surgery, by

I njection, by neans of a catheter, or by neans of an inplant, said inplant
bei ng of a porous, non-porous, or gelatinous material, including nmenbranes,
such as sialastic nenbranes, or fibers.

231 RAT NGF
g-‘é RAT BDNF
' RAT NT-3
4.4
23
EcoRI HindII Sst EcoRI HindII Ssi I

AT6. ©'TeA ——
| KB RIB/2C

FIG6B i
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The invention also provides for pharnmaceuti cal
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pepti de fragnents

conpositions conprising NT-3 proteins,
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-CCA, and includes EcoRl and Xbal sites (prinmer 2). PCR (Saiki et al.,
1985, Science 230: 1350-1354) was perforned with 1 [err]g of nbuse genom c
DNA using a Perkin-El mer Cetus thermal cycler and Taqg pol ynerase (Gene
Amplerr]). After 4 cycles with an annealing tenperature-of —45[errf-e-—t
remai ning 36 cycles were perforned with anneal i ngs at e BEE:
resulting anplified DNA products corresponding to the A
base pairs) were eluted froman acrylamde gel, reanplif and di gested
with Hndll and Apal, the former clggyi nouse NGF, the | atter npbuse BDNF.
The uncl eaved DNA was eluted and asymetrically anplified (Innis et al,
1988, Proc. Natl. Acad. Sci. U S. A 85:9436-
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These

anplified

EP]L4 G

FNnd rever se

") i35 CGGATCCGAATTCTGCAG T)[err]V (primer

Acad. Sci.
152)

T

T

o

Proc. Natl.
coryr
“Grst
RNA was extracted from adult npusef brai &
Nat ure 341: 149
and re

1979,
and containing cloning sites for

1989,

lified using prinmers 3 and 5,

Enzynol ogy 154: 3-

1987, Meth.
poly(A) tails,

ei brock et al.
Sout hern bl ot

d

&

b

sense primers were synthesized,

nucl eoti de 808-822 (prinmer 3) and 824-844 (priner 4)

sites were added.

h 3
pl
A

JpisRE

[

J

€€

i

2 addi ti onal

,wgﬁo

9440) and sequenced (Sanger et al.
usi ng pri

U.S.A. 72:3918-3921) using prinmers 1 and 2. Based on the sequence thus

i gned—+tomat c

Phouti—t

transcri bed using antisense (5
des

nmusel e (Okayama et al

-47-
obt ai ned,
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anal ysis was perfornmed with the products resulting fromthis |ast reaction
and hybridi zed with a 32P-end-| abel ed ol i gonucl eotide corresponding to
nucl eoti des 879-893. The DNA fragnents thus identified were cloned into a
Bl uescri pt SK+ vector (Stratagene) and the | ongest insert obtain -
base pairs) was used to screen an EMBL3 nobuse genom c |i ;@gﬁnegr@mﬁéﬁﬁy.
Two positive clones were found, and the DNA of one clon di gegtahdiPt h
various restriction enzynes. The restriction fragments probed with the
460 base pair insert: a 770 base pq'r %§ndlll, and a 4000 base pair Pstl
fragnent were subcloned in BIuescri%(& r] SK+. The full H ndlll sequence,
3" and 5' extended using the Pstl fragnent is shown.

6.1. 2. NORTHERN BLOTTI NG Total RNA was extracted from adul t
femal e tissues (Okayana et al, 1987, Meth. Enzym 154: 3-28), and

SUBSTITUTE SHEET -
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el ectrophoresed on 1. 3% f or mal dehyde-cont ai ni ng agarose gels (Hehrach et
al, 1977, Biochem 16:4743-4751). The RNA was transferred to nylon
nmenbranes (Hybond-N, Anersham) and hybridi zed overnight at 42[err]Cin 1 nm
200 'mM sodi um phosphate (pH 7.2), containing 40% f or mani de, 5xDenhardt’s
sol ution - 48- and 200 [err]g.m[erTr]
denat ured sal non sperm DNA. The probe used

{3/35

FIG.8K
F1G.8L
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was a [err]p-labelled, random prined doubl e-stranded probe (Feinberg et al,
1979, Anal. Biochem 137:266-267), corresponding to nucleotides 319-1093
(FIG 2). The 7 specific activity was -
1.3x10[err] cpmXx [err]g[err] , and 10 were added to the hybridi

buffer. Washing was for 60 mn at 60[err]Cin 0.]xSSC 01- @g’

Filters were exposed for 5 days at -70[err]C with intens$
6.1.3. EXPRESSI ON OF NEUROTROPH N4/ 35 d i gonuete
wer e synt hesi zed correspondl ng to t he f| rst 19 nucl eotldes (pI us an EcoRI
site) and | ast Oy J milcksembBagtHL. &4 2) of the open reading franme
depicted in Fl g as tenplate the Pstl
genom ¢ fragnmeniils ¥ ng product was cloned into
t he EcoRl - BanH B ; '

G"

FIG. 9A
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(Anderson et al., 1989, J. Biol. Chem 264:8222-8229). The nucl eoti de
sequence of the NT-3 insert in pCW was determ ned. COS-1 cells were
transfected using the cal ci um phosphate nethod (Chen and Ckayawa, 1987,
Ml Cell Biol. 7:2745-2752) and the nmedium collected as preV|oust
described (Leibrock et al., 1989, Nature 341:149-152). OfspaRdi a
used were obtained after treatnment of the COS-1 celld ;

phosphate, or with a pCW/ NT-3 construct where the stiop coBbr ¥ ad
been del eted. Both nmedia were devzs bi ol ogi cal actTvity at a dllutlon
of 1:50. Nodose ganglia were diss , and the neurons cultured in

24-wel | plates (Lindsay et al-&985——EEM,_BLQL__112 319-328), and BDNF was
purified frompig brain (beer:gﬂqmgﬁ&g% 1988 Nature 331: 261- 262).

I

W

) <
W =0

= _kEd bhoe&s S=
SxLoflEe uwE ® o
ESES38s=S gy ©c
DOV IXEIEX JGK R @
dddIICET < << 2 <

FIG. 10
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abundance of this protein in the adult mal e nouse submandi bul ar gl and, and
with BDNF ultimately because of the virtually unlimted availability of
porcine brain tissue. The sequence identities detected in NG and BDNF
suggested that a different strategy could be used to characterize other
menbers of what has been determned to be a gene famly (Leibrock al .,
1989 Nature 341:149-152). A detail ed conparison of the npus w&AY BDN

amno acid (a.a.) sequences revealfgd 5stretches of ;@éﬁ@ﬁlﬁﬂgéyli in
Fig. 2) that seened particularly suited for an appro é-

#

uSER
ol i gonucl eotide priners in a polymerase chain reacti a=PCR) (Saiki et al.
1985, Science 230:1350-1354). A nouse genom c tenplate was used because in
the NGF and BDNF genes no introns interrupt the exon coding for the

bi ol ogically active proteins. This approach resulted in the expected
anplification of NG and BDNF sequences, that were subsequently digested
usi ng appropriate restriction enzynes. A DNA fragnent |eft intact was.
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PCRs using as tenpl ates conpl enentary
and a 3" primer designed to match poly A sequences (FIG
These 3 tissues gave anplified products of simlar sizes that were
cl oned and used to screen a nouse genomc library. One of '

DNA prepared by reverse transcription of RNA extracted from nouse brain,
cl ones thus found was sequenced (FIG_2).

nmusé¢l e and |iver,

found to correspond neither to BDNF nor to NGF. Two specific sense (or 5')
2).

primers were synthesized for further
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- 50- protein of 258 a.a. (starting with the first nethionine found after
3 in frame stop codons) that we nanme neurotrophin-3 (NT-3). In every
respect, the overall structure of the predicted protein resenbl es that
establ i shed for NGF and BDNF: a putative signal sequence of 18 a. a.
(showing 5 and 9 a.a. identities with BDNF and NGF respectlvely) IS

foll owed by a pro-sequence of 121 a.a.. Such pro-sequences,
i nvol ved in the folding and correcthh(Bﬁtlon of the di ;ﬁ{gﬁv&n&@@éb“&f
these proteins (Edwards et al., J. Biol. Chem 263:6810 6815ﬁ¥“have also.’
been found in nouse NGF (103 a.a.) and nouse BDNF (112 arary. ‘A single
potential N-glycosylation site is |located 9 a. a. (as conpared with 8 in
BONF and NGF) before what we propose to be the cleavage site, characterized

by a cluster of basic residues, |V|ng rise to mature NT-3 (FIG 2,
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arrow). Mature NT-3,is predicted to consist of 119 a.a. (relative nol ecul ar
mass 13,625 and pl 9.3). The conparison between nmature nouse NG-, BDNF and
NT-3 reveals 54 a.a. identities (Fig. 2). Al 6 cysteine residues, known in
NGF-and BDNF to be involved in the formation of disulfide brldges (Lel

et al., 1989, Nature 341:149-152; Angeletti, 1973, Bioche e

12: 100-115), are anobngst the conserved resi dues (FI G
Renmar kabl y, the addition of the NT-3 sequence to thos '

reveals that only 7 a.a. identities@y85 ost (61 a.a. } eﬁ’t’i’“t"l es are found
when nouse NGF and BDNF are conpared). Thus, alnost 50% of the primary
structure is conserved, and is likely to be required for the formation of a
basi ¢ 3- di nensi onal shape_conmon to all three proteins. In addition, the
conparison of the 3 sequences reveals 4 variabl e domains, each 7 to 11 a. a.

in length (nunbered Vi-to V4 T etilas B &apresunably i nvol ved in the
neuronal specificity exerted b " 'ﬂ’

R

H

R

H
FlG.Il(cont.)

440

CCC CGG GTC CTG CTG AGT GAC AGC ACC CCT TTG GAG CCC CCT CCC TTA
510

TAT CTC ATG GAG GAT TAC GTG GGC AGC CCC GTG GTG GCG AAC AGA ACA

460

*
ATA GAG TAC CTC CTA ATG CAC CCG TCG GGG CAC CAC CGC TTG TCT TGT
Tyr Leu Met Glu Asp Tyr Val Gly Ser Pro Val Val Ala Asn Arg Thr>

430
480

450
470
500

420

490

440
CCG CGG GTC CTG CTG AGC GAC ACG ACC CCC TTG GAG CCC CCG CCC TTG

GGC GCC CAG GAC GAC TCG CTG TGC TGG GGG AAC CTC GGG GGC GGG AAC

460
TAT CTA ATG GAA GAT TAT GTG GGC AAC CCG GTG GTA ACC AAT AGA ACA

ATA GAT TAC CTT CTA ATA CAC CCG TTG GGC CAC CAT TGG TTA TCT TGT

410

430
480

400
450

GGG GCC CAG GAC GAC TCA CTG TCG TGG GGA AAC CTC GGG GGA GGG AAT
470

Pro Arg Val Leu Leu Ser Asp Thr Thr Pro Leu Glu Pro Pro Pro Leu>

Pro Arg Val Leu Leu Ser Asp Ser Thr Pro Leu Glu Pro Pro Pro Leu>
Tyr Leu Met Glu Asp Tyr Val Gly Asn Pro Val Val Thr Asn Arg Thr>

420
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However,

gl e band of about 1.4 kil obases was found in
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To study the expression of the NT-3 gene,
A sin

extracted froma variety of nouse tissues and anal yzed with an NT-3

tissues exam ned (FIG 4A).

specific probe (FIG 4).
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observed in cerebellum and hi ppocanpus (FIG 4B). These results denonstrate
that the NT-3 nRNA distribution in adult nouse tissue is very different
fromthat of BDNF and NG-F nRNA. | ndeed, BDNF nRNA is found predom nantly in
the-brain, and NGF nRNA is hardly detectable in tissues such as |ive
skel et al nuscle (Heumann et al., 1984, EMBO J. 3:3183- 3138)y—-Eoyev
intriguing to note that the hlppocigggﬁ known to expr gsEHRIGE,:
(Korsching et al., 1985, EMBO J 935393), al so expyess NF and NT-3
MRNA, and in nuch |larger anpbunts than in nost other brain regions (FIG

4B) . In order to test if NI-3 is a biologically active and
secreted protein, the entire protein coding sequence was cloned into an
expression vector (pCW) used to transfect (nonkey kidney) COS cell s~ G
5). Gven the fact that the NT-3 mRNATs—feund_in peri pheral ti SSUeS gute
cultured a variety of enbryonlEhlbifhmtqasrggg}hg s known to project to tlgse

tissues, and to require trophlc °“1 O
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-52- act on a subpopul ati on of the nodose neurons (Lindsay et al., 1985
Dev. Biol. 112:319-328), and both factors conbi ned rescue nbpst neurones
(90% (FIG 5). It is inportant to note that the NT-3 nRNA is found in the
visceral targets of this ganglion, including heart, gut, liver and |ung.
(FIG 4A). Popul ations of NT-3 responsive sensory neurons were also found
in E8 dissociated dorsal root and trigemnal ganglia and in explants of E8
synpat hetic ganglia. It thus appea /225 NT-3 is a hitherto BEEN
uncharacteri zed bi ol ogi cal act|V|tyés nt in several pe qﬁﬁﬁwﬁﬁ“ﬁr $ues
including Iiver (Lindsay and Tarbit, 1979, Neuro Sci. Let 12V£§E””29
and skel etal nuscl e (Davi es;—1986, Dev Biol. 115:56- 67, tand"Known to
support the survival of V|sc§&@&mgﬁglggq£!|oceptlve sensory neurons not
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review, see Davies, 1987, Devel opnent 101: 185-208). Taken
together, these findings indicate that NT-3 is an neurotrophic factor
related both in structure and function to NG and BDNF, the first 2

neurot rophi ns. We propose the nanme neurotrophin (NT) to refer to this class
of protein, and in-analogy with the interleukins, to nunber themin the
order of their discovery. 2%& MPLE: THE CLONI NG AND
CHARACTERI ZATI ON OF THE 'f UROTROPHI N- 3 GENE x5 sHEET HAS ?ﬁu
honol ogy bet ween NGF and BDNF was utilized in designing a! dlonrﬁg’ﬁpfjwm—
strategy.to search for additional nmenbers of this gene faﬁ14y"Vé report
t he cloning of a gene encoding r of the BDNF/ NG- fam |y, which
we have desi gnat ed neurotrdbbsmmﬁhéﬁﬂﬁ This novel factor exhibits

di stinct biol ogical act|V|t ﬁboral expressi on when conpar ed
to NG- and BDNF. I,mﬂ ,m
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protein
t he

1. POLYMERASE CHAI N REACTI ONS

1
Degenerate ol i gonucl eoti des correspondi ng to segnents of four

7.

MATERI ALS AND METHCODS
sequences hi ghl-y conserved between NG- and BDNF were synt hesi zed,;

protei n sequences (which

7.1.
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can be found within the NG~/ BDNF sequences presented in Figure 7D) were (1)
A y-A u-(Tyr/ Phe)-Ser-Val - Cys- Asp-Ser, (2)

Lys-Q n-Tyr-Phe- (Tyr/ Phe) -G u-Thr-Lys-Cys, (3) Gy-Cys- Arg-lle-Asp, and
(4) Trp-Arg-Phe-lle-Arg-11e-Asp-Thr- (Ser/Al a)-Cys-Val-Cys. A series of
degenerate sense and anti-sense oligonucl eotides (containing a degenerate
portion 15-26 nucl eotides |ong, corresponding to 5-9 am no acids of the

i ndi cated protein sequences in either the sense or anti-sense direction, as

wel | as a non-degenerate "tail" encoding restriction enzyme recognition
sites) were used in PCR reactions. Anplification reactions bet of
upst ream sense and domnstrean1ant|é?£pﬁf priners were ;g@@@mﬂﬁEAéégb di{ ng
to the conditions recomended by P ﬁﬂner/Cbtus, exicept whetalER

anneal i ng tenperature, Mj++ concentration and extensi on-t+re"Were vari ed-to
determ ne optimal conditions for each prinmer pair. The exact sequence of
the 1B sense priner (encoding a portion of the protein sequence "1" above)
was 5' - GACTCGAGTCGACATCG

This Sheet Has Been Replaced

AR

MOCK
I pCBAN3(P1)

30KD — F 4

- NT-3

-~

{2.5KD — -

FIG. 12
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GIN- TGY- GAY- WBN- RTN- W5- 3' and the 2C anti-sense priner (corresponding to
the anti-sense codons of a portion of protein sequence "2" above) was

5' - CCAAGCTTCTAGAATTC- CA- YTT- NGT- YTC- RWA- RAA- RTA- YTG 3' (abbrevi ations for
nucleotides as in | UPAC code). Subsequent sequence anal ysis showed that the
1B ol i gonucl eotide had a two nucl eotide m smatch with the NT-3 sequence,
whereas the 2C oligonucl eotide had a one nucl eotide msmatch with the NT-3

sequence. Radi ol abel I'ing by PCR was ggmccordi ng to the recomrended gene
anplification reaction by Perkin- El [*CBtus, with the foll owi_'n__

nodi fications: 1 to 10 ng of DNA tenplate in low neltin

0 s
S
77
7

50

{00

dil. NT3 sup
FIG.13

300

3004
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-54 - reaction m x containing unlabelled dATP, dGTP, and DTTP at a final
concentration of 50 [err]M 50 [err]C [err]P-dCTP (3000 G /mole) was
added per 50 [err]l reaction and the reaction was subjected to seven
anplification cycles. Amplification priners were identical to the
degenerate priners used in the original PCR reaction. 7.1.2. SOUTHERN

BLOT OF RAT GENOM C DNA USI NG NT-3 PROBE R1B/ 2C PCR product was
obt ai ned by anplification fromrat g DNAterrpIate usi_n ﬁg B
and 2C priners as described above |n§%&)n 7.1.1. pig

usi ng degenerate 1B and 2C priner:s (desi gnated

i
1 e

.
300

.

300+

4

600
500
400-
200

J
100~

TH + CELLS/
HALF DISH



R B/ 2C) detects a novel gene, NT-3, as well as the NGF and BDNF genes in

rat genom c DNA. DNA was prepared fromthe liver of Fischer rats (Maniatis
et al., 1982, Ml ecular Coning: A Laboratory Manual (Cold Spring Harbor
Laboratory, Cold Spring Harbor), digested with EcoR, and 10 [err]g wer e
fracti onated on a 1% agarose gel. The DNA was transferred to 5
usi ng 10X 88(5 a\vaBaimIepla:red al ., 1982, Ml ecul ar C oni ng; e

Manual (Col r Labor at or 30638 Spring Har bieias Shaks i d )
( Mahnoudi Br ot echni ques 7:331-3) to the -y ef’
Rl B/ 2C PCR pro uc err] C, and washed in 2X SSC/ 0. 2 at 65[err] C.

NT- 3, NG and BDNF bands as indicated; position of NG and BDNF bands
previ ously determ ned using specific i ndi cated in kil obases
(kb) on left. 7.1.3. I&E%SSI O%Né%sNEUROTRODHI N3

FIG. 154 1o |

F, G I5B 'A.BR 10PG

NT-3
(1.4 KB) SYNTHETIC
NT-3
BODNF ‘ . )
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L
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The rat NT-3 expression construct was nmade by using PCRto anplify the
codi ng, regi on of the presuned short precursor of NI-3 froma plasmd
containing the 3.2 kb Sstl rat genom c fragnent (Figure 6B) that spans the
NT- 3-gene; the oligonucl eotides used in the PCR reaction contai ned
synthetic Xhol recognition sites at their ends, to permigs
-55- THIS SHLI‘I .1<q 3&(‘."\’
¢ RFPL!‘E\(.'ET_)

31735

This Sheet Has Been Re plac

i

L

L

-0 . '
w | TS :
O 2lo
@O < E— 3
™ GlexZ3
o TR Bl =
TRl e
E o
! aE
_ 85‘._
T O
N-
% = g—
T~ & -
O = N
L - O
&
_ <
oD
- | X y
wig o
< Q =5
< =0
9 a8
L] m %‘ U
o T S
L. = = 2.
= &
!l.li_ E

A
=

SUBSTITUTE SHEET



insertion of the anplified coding region into the Xhol site in the

pol yl inker of the pCDMB expression vector (Seed, 1987, Nature 329:840-42).
The exact oligonucl eotides used to anplify the rat NT-3 gene codi ng region
were-‘the upstream sense prinmer 5 - CGG TAC CCT CGA GCC ACC ATG TCC ATC TTG
TTT TAT GIG -3" (the underlined ATG corresponds to the "B" start site
Initiation codon, with. sequence downstream of the ATG matching the NT-3

sequénceexactty;—upstream of the ATG the priner contains (ﬁ@t@%m GA.QIQ;\&%J;W

site), amsstihe OISR BN ant i -sens?&é)rl ner 5° CGG TAC CCT eee
TCA TGT T he under | i nG2¢r3d Iet i s conpl enentlasy tJ“IF‘.c
term natlgm%mlﬂﬂ e NT-3 gene; this triplet is flanked by exact
anti-sens , and there is an Xhol site at the 5 end of this

primer). The resulting expression plasmd for rat NT-3 was desi gnated
pC8-rN3(P1l). Simlar strategies were previously used to insert the coding

regions of rat NGF and BDNF |nto'<t e ka sg e of tee sarre CD\vB
& J

ADR SCN A

BR J;&rkﬁcl

:
.
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vector. The NT-3, NG- and BDNF expression constructs were transfected, as

described in G<ayama and Berg (1982, Mol. Cell Biol. 5:1136-42) into COS-M
cel |l s_seeded at X 10[err] cells per 60 mmplate and cultured in 2.5 nl of
Dul becco' s I\/bdlfled Eagl e' s Medi um cont ai ni ng hi gh gl ucose (4500 no/nl.)..and

10% f et 5}115 é*eg\é’iﬁdmedsupernat ants were harvested 72 homssSSBEBTEIAS BEEN

t ransf ec 7 2 RESULTS : REFZCED CLONf NG
OF THE N GENE ' |f|cat|on pr ogucts of the

expect ed SI zes (as predl cted fromtBé and BDNF sequences) were obtai ned

were first subjected tojre I ction enz lysis tp degerm ne the

relative content of NG ' novel In all ses, restriction
fragments correspondi@at to NCymand BDNF sequences vvl det ectabl e

usi ng the di fferent pairs of degenerateil ﬁgucl eotides. These products

NT-3 1/

L N S N S S N

NON-NEURAL
>

»‘--%---&----‘----QQ\----‘--QG-AQQ--

BRNIHBR! DIE | HIP |o-u=‘ | HRT‘THY
CBL MBR STR CTX SPC LIV
' NEWBORN ‘

FIG.18A
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by staining with ethidiumbrom de. However, use of the sane

- 56- PCR products as hybridi zati on probes on Southern blots of rat
genom ¢ DNA reveal ed that one product (designated R B/ 2C see Figure 6A)
identified a novel genom c DNA sequence, in addition to NG- and BDNF
(Figure 6A): thus, screening of PCR products by Southern blotting all owed
for identification of rare anplified sequences that were
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undet ect abl'e by other means. The R1B/ 2C probe al so detected novel sequences
in the gend‘hﬁsSheEMﬁsBa‘enEétﬁl:ddt ionarily divergent species (including human,

nouse, chi c , suggesting that this probe_identifies a .
functi onal In order to isolate this genesSHeERHBS BEEN
probe, as wel peci fic for NGF and BDNF, werle useREHLACERr een

(Maniatis et al., 1982, Mol ecular g% A Laboratory Manual (Col'd Spri ng
Har’bor Laboratory, Col d Spri ng Har bér%)n/f r at genom' c DNA library
_prepared from

(purchased fromd o tories,
Spr ague- Dawl ey rat EIZ ?f ly dig ﬁmﬁééauSA’Ff
endonucl ease and clon EVBL3/ ri optMa .

i ndependent bacteri ophage cl ones were found that hybridi zed to RlBIZC
probe, but not to the SPINALCORDPr obes n map es of the rat
genom c inserts in these clones dermnstqmtrﬁgvt hey &Pﬁgéond to the
sane gene (Figure 6B). The bacteriophagée N
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clone with the |longest insert was designated [err]rN3(Gl). Eﬁauénce )

u4 7.7,1 -f’

anal ysis proved that the gene identified by R1B/2C encodes agggmogwﬂa ﬂﬁ%T

the NGF/BDNF fami|ly (see Figure 7), which we have named neyr
7.2.2~.SEQUENCE ANALYSI S OF MATURE NEUROTROPHI N- 3

was carried out by the di deoxynucleotide chain term nation
et aI , 1977, Proc. Natl. Acad Sci. U.S:A.1'74:5463-7), usi

DNA sequenC|n

t Kb% MABatgegr
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NEUROTROPHIN-3, A NOVEL NEUROTROPHIC
FACTOR RELATED TO NERVE GROWTH FACTOR
. AND BRAIN DERIVED NEUROTROPHIC FACTOR

1. INTRODUCTION
The present invention relates to neurotfbphin-s'
(NT-3), a newly discovered neurotrophic factor which is a
member of the BDNF/NGF gene family. The gene encoding NT-3
has been cloned and sequenced, and recombinant NT-3 has been
expressed in mammalian cells.. Recombinant NT-3 has been

~ shown to have a spectrum of biological activity which

differs from that of BDNF and NGF. The present invention
provides for nucleic acid sequences encoding NT-3, to the

. substantially pure NT-3 protein, peptide fragments or

derivatives produced in quantity therefrom, and to
antibodies directed toward NT-3 protein or peptides. The
NT-3 gene products gf the invention may be used in the
diagnosis and therapy of a variety of neurological disorders
including in particular, peripheral neuropathies,
Alzheimer’s disease and Parkinson’s disease.

2. BACKGROUND OF THE INVENTION

2.1. THE ROLE OF NEUROTROPHIC FACTORS
IN THE NERVOUS SYSTEM

_ The development and maintenance of the nervous
system depends on pfoteins known as neurotrophic_factors.

' Widespread neuronal cell death accompanies normal

development of the central and peripheral nervous systenms,
and appa;\ntly plays a crucial role in regulating the number
of neurcns which project to a given target field (Berg, D.
K., 1982, Neuronal Development 297-331; Cowan et al., 1984,
225:1258~65). Ablation and transplantation studies of
peripheral target tissues during development have shown that
neuronal céll death results from the competition among
neurons for limiting amounts of.survival factors
(*neurotrophic factors”) produced in their projection




-57- SEQUENASE Version 2.0 kit supplied by United State @*’bﬁ%ﬂﬁ“@aﬁﬁﬂ
Cor poration, using protocols recommended by the manufact uyef

NGF has two distinct precursor forms, termed the "l ong" ( n{tnq;Mng'ggy l
start_site "A") and "short" (|n|t|at|ng % start side "B") precursors, tha
di ffer by the length of their N-term nal “sequences (Darli ghe%wah«m*1987
Cold Spring Harb. Synp. Quant. Biol. 1:427-34; Selby et a]., 1987, Mol.

Cel | Biol. %399 g 64Th§gﬂaﬁg§e?§a€konslg§§ tgk%he(¥3én&3fﬂéa€id%45§ 64) .

Both the | ong and short precursors_can rot eo] yti cal cleaved to yield
the mature MEXYCoPTR¥EER \FﬁFEﬁreﬁ@ﬁiraﬂ‘&/c’&oﬁ%‘??’c%‘i'e?X térc'artﬁ’d"x SSer mi nal
120 am no a@hdxaciterdeledphetttbtebphBONolecule (Levi-Montalcini, and

Angeletti, P. U., 1968, Physiol. Rev. 48:534-69; Thoenen, H.
and  Barde, Y.-A., 1980, Rev. 60:1284-335). Understanding
the role and mechanism of action of NGF has been greatly
aided by the serendipitous discovery of a rich source of
this protein in male mouse submaxillary glands, which
allowed for the purification and clening (Ullrich et al.,

1983, Nature 2303:821-5; Scott et al., 1983, Nature 302:538-

" -'40) of NGF, as well as the generation of neutralizing
antibodies. Because NGF only supports a limited set of
neuronal populations, the existence of additional
neurotrophic factors has long been postulated (Varon, S. and
Adler, R. 1981, Adv. Cellular Neurobiol. 2:115-63; Barde et
al., 1987, Prog Brain Res 71:185-9; Snider, W. D. and
Johnson, E. M., 1989, Ann. Neurol. 26:489-506). While it is
now clear that such factors do exist, their extremely low
abundance has impeded their molecular characterization.
Nevertheless, purification of small amounts of two such
proteins, namely brain-derived neurotrophic factor (BDNF)
and ciliary neurotrophic factor (CNTF), has recently
permitted their partial nucleic acid sequencing (Leibrock et
al., 1989, Nature 341:149-52; Stockli et al., 1989, Nature
342:21-28 and Lin et al., 1989, Science 246:1023-25).
Despite specificities for distinct neuronal populations,
BDNF and NGF (but not CNTF) display sufficient structural
homology to be regarded as members of a gene family
(Leibrock et al., 1989, Nature 341:149-52).

2.2. OTHER NEUROTROPHIC FACTORS
In the past decade there have been numerous
reports of neurotrophic activity in extracts of a great
variety of tissues and in the conditioned culture medium of
many different cell types. In almost all cases, however,



. o JEET
may al so have simlar |ong and short precursor fornmns. RH%AUngQhé nq
of the NG gene from several species has reveal ed that noptj of this
additional N-term nal sequence is found on separate exons eXGébHAROE9TOQr
codons (Val-H s-Ser-Val) that are includgd at the 5 end pfithe axon Fhag
encodes the entire short (start site "B") precursor. W have previousty
demonstrated that two of these four codons (Val-X-X-Val)l_as well as the
RNA splice Breapess bntpurhtying eredehareterattngOthesy esky isie jst ream to

a conser vedhas' bedR hambd fed PN GaES chfl ghell LLP e al Speci es;

this finding | ed us, to propose that both ong Fecursor forns of
BDNF exi st . Prefedh in ﬁkﬁlﬁﬂ?k&faPH§"V&h XDXFQ%Jr%@ﬁ%n%f as well as

the splice piceptams std enarioydars per YFan §$ngas§hé$ SPL'gi acceptor site
' | u

ggguteggeprcggg;sgceir :attnlt E)?éh l eag g(’glreggglétcgfiﬁguagfs% RIS J&"fer }ﬁﬁ'bodl ng

exons for tefEtaplis QﬁﬁuﬁonMﬁ&ﬂ1nh§mmi Deuronsa leaigping webiakle,m The
reproducible and specific assays for central nervous system
neurons has proved problematic. Wwhile individual types of
peripheral neurons are found as discrete, easily dissectable
ganglia, central nervous system (CNS) neurons are invariably
highly heterogenous in their distribution. Thus, speéific
markers are required for either identification or enrichment
of particular classes of CNS neurons. Progress in producing
such markers, for example, antibodies directed toward cell
surface or cytoskeletal components, or specific histological
stains, has been very limited. Accordingly,
characterization of neurotrophic factors which are (i) not
as abundant as NGF, (ii) difficult to assay, and (iii) not
available in sufficient quantities to elicit antibody
production, has proved to be an axceedinglf difficult

| process. '

U)

2.2.1. COMPARISON OF BRAIN DERIVED GROWTH
FACTOR AND NERVE GROWTH FACTOR

Neurotrophic activity capable of sustaining the

- survival of embryonic chick dorsal root ganglion neurons in
vitro was identified in the “conditioned medium” in which
rat C-6 glioma cells had been cultured (Barde et al.,- 1978,
Nature 274:818). The activity was not neutralized by

.. antibodies to mouse NGF, suggesting the presence of another

' neurotrophic factor in the conditioned medium. Similar

activities that could not be blocked by NGF antibodies were
subsequently reported in cultures of normal adult rat brain
astroglial cells (Lindsay, 1979, Nature 282:80-82; Lindsay
et al., 198é, Brain Res. 243:329-343) and in extracts of




finding of the conserved sequence upstream of the putative Nﬂﬂmﬁdﬁﬁﬁtﬂﬁ;T {

site . further reinforces our prediction of the existence of :
precursor and suggests an inportant, evolutionarily conserve ﬁ#g thlsf
| ong |, precursor for.all the menbers of .the NGf fa 10997 f )
The - - -4- | §

!

developing and adult rat brain (Barde et al., 1980, Proc.
Natl. Acad. Sci. U.S.A. 77:1199-1203) and developing and
mature chick spinal cord (Lindsay and Peters, 1984,
Neurosci. 12:45-51). However, in no case was the active
factor(s) isclated or identified, and it remains
questionable as to whether the observed activities were due
to the same or different factor(s).

Using pig brain as a starting material, Barde et
al. (1982, EMBO J. 1:549-553) reported a factor, now termed
brain-derived neurotrophic factor (BDNF), which appeared to
promote the survival of dorsal root ganglion neurons freom
E10/E1l1 chick embryos. The neurotrophic activity was found
to reside in a highly basic protein (isoelectric point, pI >
10.1) which migrated during socdium dodecyl sulfate (SDS) gel

. electrophoresis as a single band of 12.3 kD molecular

' weight. The purification factor was estimated to be 1.4 x
106, but the yield was very low, with only approximately 1
pg of BDNF purified from 1.5 kg of pig brain. Furthermore,
because the last step in the purification process was
preparative gel electrophoresis, the activity of-BDNF could
not be fully renatured secondary to the presence of residual
SDS (Barde and Thoenen, 1985, in “Hormones and Cell
Regulation,” Vol. 9, Dumont et al., eds. Elsevier Science
Publishers, pp. 385-390). It was noted that the highly _
basic nature and molecular size of BDNF were very similar to
the NGF monomer. However, BDNF appeared to have properties
that differed from the known properties of NGF in that (a)
in the chick dorsal root ganglion bioassay, antibodies to
NGF had no apparent effect on the biological activity of
BDNF; (b) in the same assay, the effects of BDNF and NGF
appeared to be additive; and (c¢) unlike NGF, BDNF was found
to have no effect on the survival of E12 chick sympathetic
neurons. In addition, during early studies with brain
extracts, it was observed that the neurotrophic activity in
these sources appeared to act upon sensory neurons at later
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predicted N-term nus of mature NT-3 follows a canoni cal QieépEMFYTSHEEr
sequence (Arg-Arg-Lys-Arg), very simlar to those seen i G- and. BDNF
(Figure 7A,C). In sone species, the two Gterminal ami noja¢i ds5 6¥ARNGS arje
al so:proteolytically renmoved. Unlike NGs- rat NT-3 does og have an obvilous
potential cleavage site at its Ctermnus (Figure 7A O, land We T nfer thatl,
as with BDNF in all species examned to date, there is n rotealytic
nodlf¥ca1|cyt&§edlur Gevelopmentothhlt- Bere associatedBasicrh mnrtheyelng

consi der at i i Jﬁe%r "c‘?x'l%%@ss b%ecﬂgckhgﬁé‘fﬁed\%r% 94?113(:9:‘%%' df kS 119

amno acids, wt h 876 and cha arge
NT-3 cl oselgpkm%mw Iﬁelbs&h’étBDﬁlFChTh% Bl NN OH RElYAFNGhidRds of

mat ure NT- BoNH fels copetel }éub a&tNaEea@@rBHﬁ ﬁéhfdz*é”'g:ﬁarrpmoa@blifo acid
ei ght of rrature yéﬂ:q rraEL rr& ﬁeqw redlav3| n% p of two am no
aci ds rel atY8I¥ Qn HRB?E ¥cFeR otF S DiMa ‘W §%el ative to
NGF ( Fi gur egatigl iormhmemnmxtomse busit shénéd dtsphave Eittlmnefifect on the
survival of the same neurons at E6 (Barde et.al., 1980,
Proc. Natl. Acad. U.S.A. 77:1199-1203 supra). Under similar
conditions, NGF supported the survival of 30-40 percent of
E6 DRG neurons. Interestingly, it was later found that when
cultured on a substrate coated with the extracellular matrix
glycoprotein laminin, both NGF and BDNF supported the
survival of about 50 per cent of DRG neurons from chick
embrycs of ages E6-E12 (Lindsay et al., 1985, Develop. Biol.
112:319-328). In the latter study, the effects of NGF and .
BONF were found to be additive when both were present at
saturating concentrations.
Early studies by Levi-Montalcini (1966, The
Harvey Lectures 60:217-259) on the neuronal specificity of
NGF suggested that NGF was not a ubiquitous neurotrophic
factor even for sensory neurons, as NGF appeared to have no
effect upon neurons of certain cranial sensory ganglia of
the chick, especially the nodose ganglion of the tenth
cranial nerve. Later in vivo studies (Johnson et al., 1980,
Science 210:916-918; Pearson et al., 1983 Develop. Biol.
96:32-36) showed that NGF deprivation during embryogenesis
had no effect on the survival of neurons in most cranial
sensory ganglia of the rat, while similar treatment greatly
depleted the neuronal count in sensory ganglia derived from
the neural crest. More detailed in vitro studies (Lindsay
and Rohrer, 1985, Develop. Biol. 112:30-48; Davies and
Lindsay, 1985, Develop. Biol. 111:62-72; Lindsay et al.,
1985, J. Cell. Sci. Suppl.ggzlis-lzs) clearly indicated that
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acid honology wwth rat NG, and 58% am no acid honDIoggﬁmrfhﬂfat-BBNF 7
of the 120 residues (48% are shared by all three protéihps AFL gg Dy The
si X cysteine residues found in NG- and BDNF are absoluqelybbb iin
NT-3,. and regions of greatest honol ogy bgtween the thr%e;orotelns are.;
mai nT'y clustered around these cysteine residues. i 7.2.3. ANALYSIIS
OF NEUROTROPHI N- 3 PRECURSORS Just upstrean1ﬁe~%he—ﬁ%esuﬁptrve

cl eavage siN@Ftsupportsaths smtwivalNbE3 mdsteheuralacdesvyedspivéd ycosyl ation

ound at
fhe Same posTiony MeEno e 3 ol Hipafen afPebl Bh Ehgl Syl Shnl o1 -
Lei brock et®hlcranimy s?&ﬁ?ﬁ%&QﬁEFQPﬁgﬂ@Z}VeﬂhéfﬁErnehrelgwy€@%®¢%I|on S|te
plays a role in proces'mmqnfsﬁ lRenlShst.rati®on0 b tBRNRe RF64£AT Sﬁéécfﬁi@iﬂﬁ
unknown. of BDNF distinct from that of NGF was the demonstration in
vitro that purified BDNF supports the survival of 40-50% of
sensory neurons dissociated from the neural placode-derived

{

nodose ganglion of the chick embryo at E6, E9 or El2
(Lindsay et al., 1985, J. Cell. Sci. Supp. 3:115-129). NGF
was without apparent effect on these neurons either by
itself or in conjunction with BDNF. It was later shown in
explant culture studies that BDNF appeared to support
survival and neurite outgrowth from other neural placode-
derived sensory ganglia, including the petrosal, geniculate
and ventrolateral trigeminal ganglia (Davies et al., 1986,
J. Neurosci. 6:1897-1904), none of which have been found to
be sensitive to NGF. In all of the above studies,
neutralizing antibodies to NGF had no effect upon the
observed activity of BDNF. 1In addition to its effects on
cultured neurons  from peripheral ganglia, BDNF was found to
stimulate survival and neuronal differentiation of cells
cultured from gquail neural crest (Kalcheim and Gendreau,
1988, Develop. Brain Res. 41:79-86).

Prior to the instant invention, the inability to
produce sufficient amounts of BDNF for immunization
prevented the production of anti-BDNF antibodies for
comparison to anti-NGF antibodies in their effects on
neuronal populations, and precluded BDNF/NGF cross-
neutralization experiments. Two recent studies with BDNF
(Kalchein et al., 1987, EMBO J. 6:2871-2873; Hofer and
Barde, 1988, Nature 33;3261-262{ have, however, indicated a
physiological role of BDNF in avian PNS development. If a
mechanical barrier was placed in ovo between E3/E4 DRG
(embryonic day 3 or 4 dorsal root ganglia) and their CNs
target in the neural tube, many DRG neurons were observed to
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BDNF- precursors reveals tw regions of amno acid ho _upstre
naturg NT- 3 sequence (regions | and Il in Figure 7B, Q)| TH& if&gi8¥ | |

honol-ogy | eads us to predict the existente for rat NI-3 of a "B" start
(defined for NGF above), which would yield a short priecursor of 258 am
aci ds, siniéar I n size, to the short precursors

|1
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Further conparison of the NT-3 seqﬂgncenhifﬁ;LhejkﬁF
i

le (Kalcheim and Le Douarin, 1986, Develop. Biol. 116:451-
466). It was postulated that this ﬁeuronal death may have
been due to deprivation from a CNS (neural tube) derived
neurotrophic factor. It was subsequently observed that BDNF
attached to a laminin-coated sialastic membrane could
prevent this cell death (Kalcheim et al., 1987, EMBO J.
6:2871-2873). Injectfons of BDNF into developing quail eggs
has been found to reducé naturally occurring cell death in
the nodose ganglia, an effect not seen with NGF (Hofer and
Barde, 1988, Nature 331:261-262). In addition to its effect
on peripheral sensory neurons of both neural crest and
neural placode origin, BDNF was found to support the
survival of developing CNS neurons. Johnson et al. (1986,
J. Neurosci. 6:3031-3938) presented data indicating
that BDNF supports the survival of retinal ganglion cells
cultured from E17 rat embryos. This extended previous
studies which showed that conditioned media and brain
extracts prepared from the target regions of retinal
ganglion cells appeared to support the survival of these
neurons (McCaffery et al., 1982, Ex. Brain Res. 48:37-386;
Sarthy et al., 1983, J. Neurosci. 3:2532-2544; Turner et
al., 1983, Dev. Brain Res. 6:77-83).

In addition to its effects on the survival of
developing neurons in culture, BDNF'has been shown to have
effects on cultured adult peripheral and central nervous
system neurons. BDNF, as well as NGF, has been shown to
stimulate axcnal regeneration from adult rat DRG neurcns in
culture (Lindsay, 1988, J. Neurosci. 8:2394-2405) although
adult sensory neurons did not appear to require neurotrophic
factors for maintenance in vitro over 3 or 4 weeks.
Furthermore, in cultures of adult rat retina, BDNF was
observed to promote both survival and axonal elongation from
retinal ganglion cells (Thanos et al., 1989, Eur. J.

 Neurosci. 1:19-26). A comparison of the biological effects
of NGF and BDNF is presented in Table I.

GF!and
ogy upstream of [ t he

site
no



for NGF (241 ami no acids) and BDNF (249 ami no acids); the apparent
nmethjonine initiation codon, secretory signal sequence gfid 5 enc
cl eavage site for the short precursors of all three factoﬁgmd “% gg&% dr
(Figure 7C). Because the region 1 honol ogy extends upstrie mof the "B"
starf site, we also predict the exi stencgof a long prequrisofis fm;'zmgﬁ ’3
which would initiate froman "A" start site (see Figure 7A, B, ). As has} |
been seen with NG (U lrich et al., 1983, Nature 303:821-§«mSePby‘€r”ar _L
1987, Mol. Cell Biol. 7:3057-64), and proposed for BDNF,}| such a start_sit
presunmably woul d be encoded on additiqﬂﬁhjgﬁpns upstreanTT””Fhe si ngl e exo
whi ch encodes the entire short precursotr—— In addition to the
region | and Il am no agMbAraEINDFeBIOEBEREALSRESTOITTRSIr@whilicity plots
for NT-3, NG and BDNF reveal a sphiF axNmb \W@H+ structure in the precursors,
upstream of the mature products.

(D“"D

SURVIVAL**
PERIPHERAL NERVOUS SYSTEM BDNF NGF
(1) E6é Chick DRG - ++
E10 Chick DRG + ++
E12 Chick Symp - ++
(Barde et al., 1980, supra)
(ii) E6 -~ E12 Chick DRG ++ ++
E6 - E12 Chick Nodose ++ -
El12 - Chick Sympathetic - ++
El12 - Chick ciliary - -

(Lindsay et al., 1985, supra)
(iii) E3 - E14 Chick:

Jugular +/++ ++
DM-trigeminal +/++ ++
Petrosal +/4++ -
Geniculate +/+4+ -
ViL-trigeminal ++ -
Vestibular - -
Mesencephalic ++ -

(Davies et al., 1986, sugra) -
- (Barde et al., 1987, Prog.
Brain Res., 21:185-189)

CENTRAL NERVOUS SYSTEM
(1) E17 Rat Retinal Ganglion Cells ++ -
' (Johnson et al., 1986,
J. Neurosci. €3031-3038)

* in chronological order according to publlcation date;
effects tested in vitro

hh no survival:(-); moderate survival (+); good survival
(++) '




7.2.4. NEUROTROPHI N- 3 POSSESSES NEUROTROPHI C ACTIVITY

stri.ki ng honol ogy anong NT-3, NGF and BDNF strongly sugge
m ght possess neurotrophic activity. NG- and BDNF can eac
survjval of sel ected popul ations of peBi-pheral and centra
neurons- in vivo and in vitro (reviewed in Wiittenore and
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Brain Res. Rev. 12:439-64; _Lin No 1988 igr"The Maki ng of Lt.he Nervous—

System "

the adm nistration of either f

pp. 149-65; DAvited: 1 v k OF B _ -%3 . For exanpl e,

v\

e+ yos
Sensory neurons of peripheral nerve ganglia have

been found to arise from either of two distinct, transient
embryological structures, namely,the neural crest and neural
placodes. The neural crest appears to give rise to both
neurons and satellite cells of autonomic ganglia and spinal
nerve sensory ganglia, i.e. DRG. The contribution of the
neural crest and neural placodes to the formation of cranial

nerve sensory ganglia has been studied using the quail/chick

chimera transplantation system devised by Le Douarin (Le
Douarin,'1973, Develop. Blol. 20:217-222; Noden, 1978,
Develop. Biol. 67:313-329; Narayanan and Narayanan, 1980,
Anat. Rec. 196:71-82; Ayer-Le Lievre and Le Douarin, 1982,
Develop. Biol. 94:291-310; D’Amico-Martel and Noden, 1983,
Am. J. Anat. ;§§:44s-ﬁ68). As reviewed in Lindsay et al.
(1985, J. Cell. Sci. Supp. 3:115-129), it is now believed,
at least for birds, that neurons of the distal ganglia of
the VIIth, IXth, and Xth cranial nerves (geniculate,
petrosal and nodose ganglia, respectively) and neurons of
the vestibuloacoustic complex of the VIIIth cranial nerve
are exclusively of neural placode origin. The trigeminal
ganglion of the Vth cranial nerve contains neurons of both
crest and placode origin (with the placode-derived neurons
predominant in the ventrolateral pole of the maxillo-
mandibular lobe) whereas the satellite cells of all cranial
ganglia have been found to be entirely of neural crest
origin.

From in vitro experiments using both explant and
dissociated, neuron-enriched cultures of spinal and cranial
nerve sensory neurons, it has been found that sensory
neurons of neural crest origin are responsive to NGF; in.
contrast, neurons derived from neural placodes (including
neurons of the ventrolateral portion of the trigeminal

. ganglion and the entire neuronal population of the




-60- prevents naturally occurring neuronal death in 5pﬂ3éﬂ¢CQ@HﬂDBEﬁw
gangtia (e.g. Hoffer and Barde, 1988, Nature 331:261-2). V%gnma ded—t-o—
expl anted ganglia, NGF and BDNF i nduce neurite outgrow h{( vi es et al.

1986, J. Neurosci. 6:1897-904): when added to cultures of di S<beig: 897

ganglioni c neurons, these factors pronotggneuronal surV|waL and _
differentiation (Lindsay et al., 1985, Dev Biol. 112: 319-28). Such in
vitrorassays, utilizing several types of chick peripheral_gangl-ia—have
been used t veditdtbiulgu,s gehdicuearet, hﬁealsugalraﬁ@:c Roddéd V¢émﬁslaqf Hﬂf@% agd
BDNF. Were oty [§o2 ul ations_of .sensor ons foynd in

t he neural (;%r%eglt %gre?&tg r%%l9 g%aﬁ’aff"ﬁ ?%e %%II{F%[%'—I Ltts t he
'sensory neuF@#§Y@PlphéeﬁeépamepFacoﬁe dentyasit nbolodbf frrepidem (TN@heilni ndsay
et al., 198yequirement and responsiveness to NGF, both placode and

neural crest derived sensory neurons have been found (Table
I) to be responsive to the survival and neurite-promoting
activity of BDNF (Lindsay et al., 1985, J. cell. Sci. Supp.
3:115-129; Lindsay et al., 1985, Develop. Biol. 112:319-328
Kalcheim and Gendreau, 1988, Develop. Brain Res. 41:79-86).
Tebar and Barde (1988, J. Neurosci. 8:3337-3342) studied the
binding parameters of radioactively labeled BDNF to chick
embryo dorsal root ganglion neurons; their results are
consistent with the existence of two classes of BDNF
receptors, one with high affinity for BDNF, the other with
low affinity. No high affinity receptors were observed on
sympathetic neurons. ,

The known neuronal targets of BDNF were further
reviewed by Barde et al. (1987, Prog. Brain Res. 71:185-
189). Prior to the instant invention, identification of
cells synthesiziqg BDNF has not been feasible due to the
lack of nucleic acid or antibody probes specific for BDNF.
Attempts to prepare either polyclonal or monoclonal
antibodies to BDNF have been unsuccessful. This failure to
raise antibodies had hindered the molecular cloning of BDNF,

. determination of the physiological effect of depriving

developing neurons of BDNF in vivo, quantitation of BDNF in
tissues using an immuncassay, and localization of BDNF using
immunocytochemistry.



Dev. Biel. 112:319-28). In contrast, NG, but not BDNF, can support the
survi.val and growth of neurons of the paravertebral chaln S
ganglia .(SG (Barde et al., 1982, EMBO J. 1:549-53).

assess the potential biological activity of NI-3, we inserted the t he rat NF:
gene-into a vector, pCDMB (Seed, 1987, ure 329:840-42), | cO5YAE
previously used to transiently express %ng and NGF in na l{i an ceI’F199 f
This eonstruct was designed to express the short precursor f orTTof- N~ Bid
expression of the short precursor fogg,af NeF and BDNF ha i el ded j
biologically active material (Edwards et al:.; 1988, Ml . Cell Biol. 4
8:2456-64; Leibrock et al. gbﬂﬂARyNgwuB@ﬂ@4ﬁg§ﬁ@ﬂ§gvg The NT-3, NGF and
BDNF constructs were transfenﬁgduomunggﬁéksxﬁﬂfxgumnMBure supernatants were
harvested and first assayed at varying concentrations for their ability to
i nduce neur iat.e oRegponshvér BeubBiE expl ants. As expected, NG- and BDNF

pronoted neuriteQut groWkhsbRs b Snéseds (§F HY ) crest origin in:
(a) dorsal root ganglion
(b) jugular ganglion
(c) dorsomedial trigeminal ganglion
(d) mesencephalic trigeminal nucleus**

II. Chick sensory neurons of ectodermal placode
origin in:

(a) nodose ganglion

(b) vestibular ganglion

(c) petrosal ganglion

(d) genicu%ate ganglion

(e) ventrolateral trigeminal ganglion

ITII. Rat retinal ganglion cells
IV. Chick retinal ganglion cells##*
B. Non-Responsive Neurons

I. Chick and rat sympathetic neurons
II. Chick parasympathetic ciliary neurons

* From Barde et al., 1987, Prog. Brain Res. 71:185-189
** See Davies et al., 1986, Nature 319:497-499

. **% Rodriguez - Tebar et al., 1989, Dev. Biol. 136:296-303




In the first denonstration that the NT-3 gene actually
a newrotrophic activity, the product of this gene induced pi

outgrowth fromthe DRG explants (Figure 8). To es$

NT-3 acts directly on neurons,
- -12-
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2.2.3. THE CLONING OF THE GENE FOR

BRAIN-DERIVED NEUROTROPHIC FACTOR

The cloning of the BDNF gene was first performed
as described in U.S. patent application serial number

07/400,591, filed August 30, 1989, which is incorp
reference in its entirety herein. Briefly, minute
quantities of BDNF protein were purified from pig
allowing the determination of fragmeﬁts of amino a
sequence which could, in turn, be used to design
corresponding ocligonucleotides. These synthetic

orated by

brain,
cid

oligonucleotides were then used as primers in polymerase
chain reaction (PCR) with cDNA template prepared from BDNF
producing cells. The products of PCR were utilized as
probes to permit cloning of complete cDNA and/or genomic
BDNF genes from a variety of species, including human, pig,
rat, and mouse and the sequences of these genes were
determined. Expressfon of recombinant BDNF was achieved in

COS cells.

3. SUMMARY OF THE INVENTION

The ptesent invention relates to neurotrophin-3
(NT-3), a newly discovered member of the BDNF gene family.
It is based, in part, on the identification of regions of

nucleic acid sequence homology shared by BDNF and

NGF (U.S.

~ patent application Serial No. 07/400,591, filed August 30,
° 1989, incorporated by reference herein). According to the
present invention, these regions of homology may be used to

identity'new members of the BDNF/NGF gene family:

such

‘methodology was used to identify NT-3. The present
» invention provides for the genes and gene products of new
" BDNF/NGF related neurotrophic factors identified by these

methods.
' The present invention relates, in part

to

recombinant DNA molecules which encode NT-3. 1In particular
specific embodiments of the invention, the DNA encoding NT-3




we assayed this factor in highly enriched cultures of dissqgng@mﬁﬁﬁKEHEu
neurons (Figure 9). In the virtual absence of Schwann cel et
el

JBL 8K g5 ey

fibroblasts, NT-3 pronoted survival and neurite outgrowth o
60% of these DRG neurons. G ven that NGF and BDNF toget hey

virtual ly 100% of DRG neurons in cul ture-i3i< ndsay et al.,] 1985, Dev.. Bial
112:319-28), it nust be assuned that NT-3 pronotes survival of celI's that
are also responsive to at |east one of the other two factors-

7.2.5. NEURGPRAPHAFTeACEFVRTRUGAEN NINAE, |[mirine DNA, or rat DNB| STINCT FROM

NG~ AND BDNFpresent inveh@ibHr hDEs S e tehhe @’@Eﬁﬂﬂi‘haﬁﬁ’eﬁﬂi' city of
NT- 3, we assa act or SG explan ected,, control

experi nent s eFl gﬁst ﬁSPpﬁéﬁlPﬂdﬁEn&%ﬁ R 8\& ﬁé ARG At NG
expl ants froweE8edkesksehbtant ialhyranddiidtednducfdgnear 2t emard rgy a¥it-h from

NG but 3), Figure 7 (rat NT-3), or Figure 11 (human NT-3). The
present invention also provides for recombinant DNA

expression vectors which may be used to produce recombinant
NT-3 protein and related peptides.

' In alternate embodiments, the present invention
provides for NT-3 proteins and related peptides, and for
methods for producing and preparing such peptides and
proteins. The present invention also relates to antibodies
directed toward NT-3 proteins and peptides.

. According to the invention, NT-3'may be used in
the diagnosis and/or treatment of neurologic disorders,
including, but not limited to, peripheral neuropathies such
as diabetic neuropathies, toxic and nutritional
neuropathies, hereditary neuropathies and AIDS related
neuropatﬁies and degenerative diseases such as Alzheimer’s
diseagse. It has been shown that NT-3 supports the survival
of dopaminergic ﬁhurons: accordingly, in preferred
embodiments of the invention, NT-3 may be used in the
treatment of Parkinson’s disease. Because NT-3 has been
observed to exhibit a spectrum of activity different from

~ the specificities of BDNF or NGF, NT-3 provides new and
valuable options for enducing regrowth and repair in the
central nervous aysten.

4. DESCRIPTION OF THE FIGURES
FIGURE 1. Comparison of sequences of BDNF and
NGF from various species. Sequence analysis of the gene
encoding BDNF and deduction of its amino acid sequence
revealed that this protein has many structural similarities:
to NGF. The primary sequence of mature BDNF, as well as the
‘general structure and probable mode of processing from a




not SG explants. Interestingly, NTI-3 pronoted neurite ontgF@T RisEfProHpet h

NG and SG explants (Figure 8), suggesting a broader speqi

NGF or BDNF. However, NT-3, |ike NGF and BDNF, failed tq pronote surviv
or promote neurite outgrowth from explants or dissociatad, r2GMAR 8% c
cultures of the chick ciliary ganglion-1As has been preViqusly shown, t
par asynpat heti c neurons that conprise the ganglion did riespond to rat CNTE

a
hed
he

a new otrophic facto&ggg{elated to t he NG/ BDNF/ NT-3 fariLy. . ((Mant horpe--e

al ., 1986, HHHYS e380_ §PI98F5cREFoRFLY| thaty gthe NGR @ndd BPH

F21-28).

No responsegemes sw@gh hayeaeyodfvetihésomaasaghnosi agecssted Najetiy.S WianiGOS

cel s transhieftedy i b€ AN Hatiee! BbybELOYaESS) 1 ¢ only three gap

are introduced in the NGF sequences to optimize matching, a

total of 51 amino acid identities are common to the
previously known NGFs from many species and to porcine a
human BDNF. These identities include all six cysteine
residues, suggesting that the NGFs and BDNF share very

nd

similar secondary structure.. Furthermore, four segments of

six or more amino acids can be seen in which NGFs from all

of the species listed above and from porcine BDNF are either

identical, or differ by no more than about one conservative

amino acid substitution. Thus, it is reasonable to conc
that NGF and BDNF are closely related members of a gene
family.

lude

FIGURE 2', Genomic sequence and deduced amino

acid sequence of murine NT-3. The amino acid sequence.

starts with the first ATG codon found after 3 in-frame s
codons. The underlined sequences indicate the location

the primers used in the first round of PCR. The only N-
glycosylation consensus sequence is doubly underlined, a
the arrow indicates the putative start of processed, mat
NT-3.

top
of

nd
ure

FIGURE 3. Amino acid sequence comparison between

mature mouse NT-3, NGF (Scott et al, 1983, Nature 302:53
540) and BDNF (Leibrock et al., 1989, Nature 341:149-152

8-
).

The mature mouse BDNF sequence shown here is 100% identical
with that of pig BDNF. Bold letters and shadowing indicate
arino acids found at identical positions in all 3 proteins
‘and the arrows point to all cysteine residues. Asterisks

indicate gaps introduced to optimize matching. Vi-v4

indicates the 4 variable domains consisting of more than 3

contiguous amino acids.



-62- _ The results of a representative experfi IREPLACERENG SHEETL he
responses of explanted enbryonic day 8 (E8) chick dorsdl MWE Yoy TV R
(DRG, nodose ganglia (NG, and paravertebral synpathet ganglia (SG ito
i ncreasi ng doses of NT-3 are shown in Table |V. Gangli g r@5gﬁ®ﬁdﬁf% fo
the t'inmes indicated as explants in 1 ni™18f col |l agen gel}, las_described in
Li ndsay and Rohrer, 1985, Dev. Biol. 112:30- 48). Fiberj outgrowth was

observed on dorsal rod ik TisRueaiser Be s th: o AfiTE HALS T Terve
growt h fact the (nE@Rge ( 1-TWRHY nid) O TRECLAN - BNAhawaHrarp dieatl &0 el tiadsed
”EdiU”‘fronhﬂafh§5%£&¥iéatdi%ﬁﬁ%@@@@dlﬁbbﬂled double stranded DNA

probe. (A) A single band corresponding to about 1.4

kilobases can be seen in all tissues, the weakest signal

being observed in lung and the strongest in heart. Skeletal

muscle was taken from the thighs. (B) In brain the

strongest signal is obtained with the "hippocampus and the

cerebellum. :

FIGURE S. Survival of sensory neurons isolated
from nodose ganglia obtained from chick of 8-day of
embryonic age. 5,000 cells were plated on a polycrnithine~
laminin substrate, and the surviving neurones counted after
24 hours. The concentration of BDNF used here is 3 times
the minimal concentration required to obtain maximal
survival. No neurons, were found to survive without
addition, or with conditioned medium used at a dilution 1:50
with non-transfected COS cells, or cells transfected with
control DNA.

FIGURE 6. (A) PCR product derived using
degenerate 1B and 2C primers (designated R1B/2C) detects a
novel gene, NT-3, as well as the NGF and BDNF genes in rat
genomic DNA. (B) Restriction map of a rat NT-3 genomic
clone. Two independent bateriophage clones specifically
hybridizing to the R1B/2C ptobe_were isclated from a rat
genomic library. A schematic representation of the
restriction map of one of these clones, containing a 19.5 kb
insert, is depicted. The thickened line indicates the open
reading frame (ORF) of NT-3 (see FIG. 7A). The position of

- . the R1B/2C probe is indicated.

FIGURE 7. Sequence of rat NT-3 and its homology
to rat NGF and rat BDNF. (A) Nucleotide and amino acid
sequence of NT-3. DNA sequence spanning ORF encoded by NT-3
gene, with amino acid translation indicated above DNA
sequence; asterisks mark beginning and end of open reading




plasmi d pC8-rN3(Pl), as described above. Conditione RE}&?&MQWTQMEEF!

nock-transfected COS-Mb cells was used as a control At all doses te$ted
over a 50-fold range, NT-3 pronoted detectable fibe 0u0§iMAthQ7om1§
wer e

three types of explanted ganglia, although at | ow dosges the response
weaker on synpathetic ganglia. The maxrhfm fi ber out growiR™Tesponse

dorsal root ganglia to NT-3 was conparable to that Iseen for NG- or BDNF.
The nmaxi mum r esponse ,of nodase ganglia to NT: s greater. than the maxi nal
response s BARENONGGILE agﬁgg}‘%bﬂﬁe‘ﬁo‘flglhowsa%’l%r L?tsﬁrlﬁﬁtﬁ
response t ad\@irstTiresiddxienoif mespoasiTes syhpaamiie aqgiads)l. a Tthe NT- 3 was

ess than 11eaFaKaTal cketRRBSe:CLsbioEE PRIBALE AALNT N MRS ARRCT vod a

hi gher concentratlons were_requl red maxi m onses to NT-3 in
dorsal roo@Sor 5n6&&s€°§§ﬁ§l"?§ s&wawéation 'site' just updtrean to this

cleavage site:; another potential cleavage site, which is
similarly located to a proposed intermediate processing site
in NGF (Darling et él., 1987, Cold Spring Harb Symp Quant
Biol 1:427-34) (but which is not conserved in BDNF), is boxed
and marked with a "?CLEAVE®. The six cysteines in mature
NT-3 are underlined. The methionine initiation codon for
the short precursor form of NT-3 (at position -139), which
marks start site *B~ as discussed in the text, is also
underlined. The proposed splice acceptor site/intron
boundary upstream of the ”B” start site is indicated in the
figqure. (B) Sequence alignments of rat NT-3 with rat NGF
and rat BDNF. The MacVector sequence analysis software
(purchased from International Biotechnologles, Inc.) was
used to generate a matrix alignment of the rat NT-3 ORF with
the ORFs of the NGF and BDNF genes (using a window size of
20 and a minimum.match of 20%). Significant matehes seen
along the diagonal of this matrix are represented underneath
'a schematic representation of the NT-3 protein product: two
regions of homology upstream to the mature NT-3, which are

' seen in comparison to both NGF and BDNF, are designated I

. and II. As is seen in the figure, region I extends upstream

of the "B~ start site used to generate the short precursor
form of NT-3, supporting the contention that a longer
precursor exists. (C) Sequence comparisons between NT-3, NGF
and BDNF in homology regions I and II. Sequences in these
regions are aligned to maximize homology, with gaps inserted
for alignment indicated by a #-7. 1Identities of either BDNF
or NGF with the NT-3 sequence are indicated by~#”, while
identities of NGF with BDNF are indicated by #.” in the NGF
sequence. A “+” on top of the sequence indicates residues
which are completely conserved between rat NT-3 and the NGF
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and BDNF sequences from all species examined. The following
sites defined for NGF, previously prediéted for BDNF and
proposed here for NT-3 are indicated: the ”"B” start site
methionine initiation codon: the signal sequence cleavage
site (Edwards et al., 1988, Mol Cell Biol 8:2456-64); a
proposed NGF intermedjate cleavage site which is absent in
BDNF but is present in NT-3; a glycosylation acceptor site:
the proteolytic cleavage site which releases the mature
factors. (D) Sequence comparisons of the mature forms of
NT-3, BDNF and NGF. Conserved cysteines are underscored
with bold diamonds. ~+**, #.#, and ”-* as in panel C. C-
terminal cleavage site, only present in NGF sequence, is
indicated.

FIGURE 8. Comparison of NGF, BDNF and NT-3
activities as assayed on explanted embryonic (day 8) chick
ganglia.' Photomicrographs of dorsal root ganglia (DRG)
(panels A-D), nodose ganglia (NG) (panels E-H), and
sympathetic chain ganglia (SG) (panels I-L) cultured for 24
hours (DRG and NG) or 48 hours (SG) either in the absence of
any neurotrophic_ factor (Control; A, E, I) or in the
presencé of COS cell supernatants containing NGF (B, F, J),
or BDNF (C, G, K), or NT-3 (D, H, L). There is almost no
neurite outgrowth in control cultures (500 ul of COS cell
supernatant from mock transfected cells). NGF (10 ul of COS

. cell supernatant) produced profuse fiber outgrowth from DRG '
and .SG but not NG. Increasing the NGF COS cell supernatant
from 20 to 500 ul produced no effect on NG. BDNF (10 uxl COS
cell supernatant) produced fiber outgrowth from DRG and NG
but not SG:; higher amounts (20 to 500 pl) had no effect on
SG. NT-3 (20 pl COS cell supernatant on DRG and NG, 200 gl
on SG) produced fiber outqrdwth fror all three types of
ganglia, although initiation of growth was slower and less
profuse from SG. Ganglia were cultured as explants in
collagen gel (Lindsay R. M. and Rohrer, H., 1985, Dev. Biol.



%Eaeian ganglIGi a o %EQ%‘%’TO%%&;{;OW

(24h) Control 500 [err]l nock-transfected 0-0.5
COS cell supernatant NT-3 10 [err]l COS cell supern taanQMﬁR‘§97 '

2-3 " 0-0.5 NT-3 50 [err]l COS cell supernatant B-#4
0-0.5 NT-3 200 [err]l CCS cell supernéfant 5* 23 NT 3
500 [err]l COS cell supernatant 5* 0- 2* 1- 2 The results are

the range gf f'fyaisquhgr?Wﬁhmﬁﬁgﬁﬁs?ﬁégfémentedt&#ﬁ%ggy“ﬂéé%g %g % ase ¥

At supersaturatlng evel s “of
det er ni ned d8poribed PERYiRUSAYDREINdsay et al., 1985, Dev Biol

112:319-28). Scale bar = 200 un.

FIGURE 9. NT-3 promotes survival and neurite
outgrowth in highly enriched cultures of DRG neurons.
Photomicrographs of neuron-enriched (>95% neurons) cultures
of dissociated chick embryonic (day 8) DRG treated for 48
hours with either: (A) supernatant (500 usl) from mock
transfected COS cells or (B, C) supernatant (50 usl) from
NT-3 transfected cells. A and B are darkfield micrographs;
in A (control culture) fewer than 5% of the neurons plated
survived; in B the number of process-bearing neurons was
approximately 60% of the neurcons plated. From a dose-
response curve this was found to be the maximal effect of
NT-3 on chick E8 DRG neurons. (C) A higher magnification
phase contrast micrograph of the same culture as shown in B.
Note the large number of phase bright neuronal cell bodies
and the virtual absence of any non-neurcnal cells. Cultures
were established as previously described (Lindsay et al.,
1985, Dev Biol 112:319-28). Scale bar = 150 xl (C).

FIGURE 10. Northern blot comparisons of NT-3,
NGF, and BDNF expression in rodent tissues. RNA was
prepared (Auffray, C. and Rougeon, F., 1980, Eur J. Biochem
107:303-14) from the indicated tissues of rat (left panels)
or mouse (right panels). Ten micrograms of RNA from the
indicated sources was then fractionated on 1% formaldehyde-
agarose gels and transferred to nylon membranes in 10X SSC;
triplicate Northern blots were hybridized (Mahmoudi, M. and
Lin, V. K. 1989, Biotechniques 7:331-3) at 68°C with -2P
labeled (Feinberg, A. P. and Vogelstein, B., 1984, Anal
Biochem 137:266-7) rat NT-3, rat BDNF, and rat NGF DNA
fragments, and then washed at 68°C in 2XSSC, 0.1% SDS. DNA’
fragments for NT-3, NGF and BDNF were derived from the
expression constructs containing these genes in pCDM8:; the
approximately 775 bp Xhol inserts in these constructs were



expl ants and by the number of fibers on NG expl ants.
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7.2.6. RAT NEUROTROPHI N-3 IS ACTI VE

ON MAMVALI AN NEURONS In order to deternine whet herO B MHARNT
di spLays activity on manmalian neurons, the explant assay yas repeated
usi ng dorsal root ganglia, di ssected froh?ﬂay 14 rat enbryos (Table V).

Purified NG was used as a control. The

L1

|

gel-purified prior to radiolabelling. A picture of the
ethidium bromide stained gel, allowing comparison of the
total amount of RNA per sample, is included.

FIGURE 11. Aligned DNA sequences of the rat and
human NT-3 genes. The predicted translation start site is
indicated by "PREPRO--"* and the predicted start of the
mature NT-3 is indicated by “MATURE--"". The mature rat and
human NT-3 proteins have indentical amino acid sequences,
whereas their prepro regions differ at 11 positions, which =
are underlined.

FIGURE 12. Expression of human NT-3 polypeptide,
detected by metabolic labeling. 5 x 105 COS-M5 cells per
dish were seeded into 60 mm petri dishes, and grown
overnight at 37° in complete DMEM medium with 10% total
bovine serum (FBS). The cells were transfected (using the
Ca'Po4 method, as described by Chen and bkayama, 1987, Mol.
Cell. Biol. 7:2745-52) with 20 xg of plasmid pC8-hN3(P1)
containing the human NT-3 gene under regulation of a
cytomegalovirus promoter, or were mock-transfected (no

. plasmid DNA). Fprty-eight hours later, the cells were
' washed and incubated for -1 hour in 1 ml of methionine-free

and cysteine-free DMEM with 1% FBS. A mixture of
{BSSJmethioninc and [3551cystaine (100 u4Ci of each, from New
England Nuclear) was added to each culture, cells were
incubated further for 4 hours at 37°, and medium as
collected. Samples of 50 ul were mixed with 25 ul of
double-strength sample buffer containing Na dodecyl sulfate
(SDS), boiled for 5 minutes, and subjected to
electrophoresis on a 15% polyacrylamide gel in the presence
of SDS (Laemmli, 1970, Nature 227:680-685).. The proteins
wera transfarred electrophqretically (3 hours, 100 mA) to a
nylon membrane (immobilon, from Millipore), using buffers
described by Towbin et al., 1979, Proc. Natl. Acad. Sci.
‘U.S.A. 76:4350-4354. The filters were air dried, and




¥y

E14 rat dorsal root ganglia explants (four ganglia per 1 AT
cultured for 24 hours, essentially as described for chick ggﬁ%AkgM &Fgﬁ

8, Table 1V), with no added neurotrophic factor (control)j W th nouse

submaxi | lary gl and nerve growth factor (NGF), or with _reconbi pmt4ARAEIINT-13
(comdi ti oned nmedium from COS-Mb cells transfected with pl asiid pC8-r N3(PL)
as descri bed above). Each ganglion was &ored for fiber olt gromtras ]
descri bed (see Table 1V). The results show that, like NG| NI-3 is highly -

act Ve 1N PIORPLA Wkdd ffls QA PRI Y 8uk Bl 2905 BMpR POl §ASL LS
at ambient temperature, using Kodak X-AR film with an
enhancing screen - Cronex, DuPont).
| FIGURE 13. Bar graph showing the number of
surviving tyrosine hydroxylase cells per culture with no
NT-3 supernatant (0) or dilutions of 1:300, 1:100, 1:50, or
1:25 of NT~3 containing supernatant. ' :

FIGURE 14. Bar graph as described in legend to
Figure 13 (supra) except that cells were at a density of
900,000 cells per dish. :

FIGURE 15. A. Comparison of NT-3, BDNF and NGF
synthetic transcripts. Dot-blot hybridization using a
radioclabelled oligonucleotide homologous to a shared
sequence at the 5’ end of all three transcripts verifies
that equal amounts (2 ng) of synthetic NT-3, BDNF and NGF
transcripts, initially quantitated spectrophotometrically,
are being used as defined standards. B. Determination of
NT-3, BDNF and NGF mRNA levels in total RNA prepared from
adult rat brain by comparison to defined synthetic RNA
standards. Ten micrograms of total RNA isolated-from adult
rat brain, and 4, 10 and 20 pg of synthetic transcripts
corresponding to each of the neurotrophins, were Northern-
blotted and hybridized to radiclabelled probes specific for
each of the neurotrophins.

FIGURE 16. NT-3, BDNF, NGF and NGFR gene
expression in total RNA (10 ug/lane) prepared from rat
embryos (A), developing rat brain (B) and in selected peri-
natal and adult tissues (C). Tissues: A.BR: adult brain
sample standardized in Figure 1B; PLAC: placenta; EMB: whole

. embryo; SP.C: spinal cord: THY: thymus; LIV: liver; HRT:
heart. BR: Brain. Transcript sizes indicated (in kilcbases
(kb)) at right. '

FIGURE 17. NT-3, BDNF, NGF and NGFR gene
expression in total RNA (10 uzg/lane) prepared from discrete
regions of the newborns (A) and adult (B) nervous systems.
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fromexplants of rat enbryo dorsal root ganglia.
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TABLE V  NT-3 pronofe ERLAREMENT ¢ uqmdh
i
1

Regions: A.BR: adult brain sample standardized in Figure 1B:
CBL: cerebellum; HBR: Hindbrain; MBR: midbrain; DIEN:
diencephelon; STR: striatum; HIP: hippocampus: crxi
neocortex; OLF: olfactory bulb; BR: whole brain without
cerebellun; ADR: adrenal; RET: retina; SC.N. Sciatic nerve;
Sp.C: spinai cord; '

FIGURE 18. Quantitation of NT-3, BDNF and NGF
franscript levels in newborn and. adult CNS regions and
peripheral tissues. Densitometric scanning of multiple
exposures of Northern blots including those depicted in
Figures 16, 17, 19 and Maisonpierre et al., (1990, Science
247:1446-1451) was used to obtain data. All levels are
standardized relative to neurotrophin levels in the adult
brain; levels in the adult brain, which are similar for the
three neurotrophins (see text) are set at 1 for each
neurotrophin. Off-scale values are included on top of
broken vertical bars. Neural and non-~neural samples are
indicated in figure. Samples: BRN: brain not including.
cerebellum; CBL: cerebellum; HBR: hindbrain; MBR: midbrain:
DIE: diencepﬁalon: STR: striatum; HIP: hippocampus; CTX:
neocortex; OLF: é}factory bulb; SP.C.: spinal cord; SC.N.
sciatic nerve; RET: retina; ADR: adrenal; HRT: heart; LIV:
liver; THY: thymus, SKN: skin; MUS: skeletal muscle; LNG:
lung; INT: intestine; KID: kidney; SPL: spleen.

FIGURE 19. NT-3, BDNF, NGF and NGFR gene
expression during development of the spinal cord (A,E),
cerebellum (B,F), and hippocampus (C,G). 10 ug of total RNA
prepared from the indicated developmental timepoints were
compared for their expression of the various transcripts.
Densitometric quantitation of neurotrophin transcript levels
depicted in E,F,G.



“E14 Rat DRG Control . 0,0,0,0 NGF (nouse,
4,4, 4,3 NT-3: 20 [err]l rat NT-3 3,3,3,4 CCs cel |

Fi ber outgrom h scores (scale of 0 to 5) are given for each joff four

i ndi vi dual ganglia per culture. Wi | e the DRG
expl-ants each responded to at |east two of the three rel ateg

factors, the maxi mal response exhibited By~a gi ven ganglion}d

factor used. In the case of DRG the response to
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5. DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to neurotrophin-3,
a new member of the BDNF/NGF family of neurotrophic
molecules, as well as to other members of the BDNF/NGF
family which may be identified using similar methodology.
For clarity of disclosure, and not by way of limitation, the
detailed description of the invention will be divided into

the following sub-sections.

(1) identification of additional members of the

BDNF/NGF family:
(ii) the cloning of neurotrophin-3;
(iii) expression of neurotrophin-3;

(iv) assay of the biological activity of

neurotrophin-3:

(v) neurotrophin-3 genes and proteins;

(vi) generation of anti-neurotrophin-3
antibodies; and
(vii) utility of the invention.

5.1, IDENTIFICATION OF ADDITIONAL
MEMBERS OF THE BDNF/NGF FAMILY

NGF and BDNF are basic proteins of approximately
120 amino acids that share about 50% amino acid sequence
identity, including absclute conservation of six cysteine
residues that, in active NGF, have been shown to form three
disulfide bridges (Bradshaw, A., 1978, Ann. Rev. Biochen.
47:191-216: Leibrock et al., 1989, Nature 341:149-52).
Comparison of the sequences of NGF from evolutionarily
divergent species has revealed that the amino acids flanking

these cystaine residues comprise the most highly conserved

regions of the molecule (Meier et al., 1986, EMBO J.
5:1489-93; Selby et al., 1987, J. Neurosci. Res. 18:293-8).
Strikingly, these are also the regions which are most
gimilar between BDNF and NGF (leibrock et al., 1989, Nature

341:149-52).
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saturating | evels of NG, BDNF and NT-3 was relatively equvaTenr* ver
with NG the maxi mal response to NT-3 was greater than tjo VMA@Wth
SG the maxi mal response to NT-3 was substantlally | owerf an _
del gyed conpared to NG-. 7.2.7. EXPLORING THE SI TE$ Ok bFIFTIREPHI 3
SYNTHESI S It has been established that durin developnent

neuronal survival depends on target-derived neurotrophi cC-otecutes:
Cont-knued survival, eyefatibrdle sddtch, fBRYa880t16%a1 Nk et of a

Pﬁugfagfphg g}ﬁ&%“%%ﬁ%(fi%¥i§9%a%tb%'carr1§Z og%bSSIEGan é%@?%a %26 82-95).
that takes advantage of the existence of the conserved
segments of strong homology between NGF and BDNF. For
example, additional members of the BDNF gene family may be
identified by selecting, from among a diversity of nucleic
acid sequences, those sequences that are homologous to -BDNF
and NGF, and further identifying, from among the selected
sequences, those that also contain nucleic acid sequences
which are non-homologous to NGF and BDNF. The term “non-
homologous” may be construed to mean a region which contains
at least about 6 contiguous nucleotides in which at least
about two nucleotides differ from NGF and BDNF sequence.

The present invention also relates to recombinant
DHA molecules which are homoloqous to BDNF and NT-3, or,
alternatively, to NG{ and NT-3, but which also contain
regions non-homologous to BDNF and NT-3, or NGF and NT-3,
respectively. These additional members of the BDNF/NGF/NT-3
gene family may be identified using molecular probasfwhich
correspond to regions of homology. Upon further analysis,
these members of the BDNF/NGF/NT-3 gene fahily are found to
possess sequences which differ from-sequences-of known
members of the BDNF/NGF/NT-3 gene family.

For example, a preferred specific embodiment of
the invention provides the following method. Corresponding
to each of the four conserved segments ('boxeé') set forth
in Table III, infra, sets of deqenerite oligonucleotide
probes of about 10-20 nucleotides may be synthesized,
representing all of the possible coding sequences for the
amino acids found in either NGF or BDNF for about three to
seven contiguous codons. Numbering with respect to the
amino terminus of the mature polypeptides (so that Hisl34 of
preproBDNF is treated as Hisl in the mature protein), the
four boxes may be characterized as follows (numbered
relative to human mature proteins.



- 66- survival of mature neurons may no | onger depend on mq&kmp qwgpf
factsor ; neverthel ess such factors have been shown to profo “AfTeck.
differentiated phenotype of neurons (Lindsay and Harmar, 198 hbture
337:362-4). Deternining the sites of synthesis of a neurotrophDdSﬁﬁRé@l7el
may°therefore help to elucidate its ph7§ﬂ6logical rol es. . To  .J
explore the sites of NT-3 synthesis and to conpare NT-3 exareSS|on W th

that -of NG- and BDNF, triplicate Norg xgiiléi Pts of RNA sanmpl es prepared——-

froma variety of adult rat tissues i di.zed to probes

Box 1: NGTF Gly1lo0 - Serl9
BDNF Glys - Serl?
Box 2: NGF LysS0 - Cys58
BDNF Lys50 - CysS8
Box 3: NGF Gly67 - Asp72
BDNF . Glye6e7 - Asp72
Box 4: . NGF Trps9 - Cysl10
BDNF Trpl00 - Cyslll

Synthetic oligonucleotides derived from sequence
pairs from the boxes set forth in Table III may be utilized
as primers to amplify by PCR sequences from a source (RNA or
DNA) of potential interest. This might include mRNA or cDNA
or genomic DNA from any eukaryotic species that could
express a polypeptide closely related to BDNF or NGF. By
carrying out as few as six PCR reactions (namely: a primer
from Box 1 with a primer from Box 2: Box 1 with Box 3; Box 1
with Box 4; Box 2 with Box 3; Box 2 with Box 4:; Box 3 with
Box 4), ;t may be possible to detect a gene or gene product
sharing Sny two of the four above segments of conserved
sequence between NGF and BDNF. If one chooses to synthesize
several different degenerate primers for each box, it may
still be possible to carry out a complete search with a
reasonably small number of PCR reactions. It is also
possible to vary the stringency of hybridization conditions
used in priming the PCR reactions, to allow for greater or
lesser degrees of nucleotide sequence similarity between the
unknown gene and NGF or BDNF. If a segment of a previously
unknown member of the BDNF/NGF gene family is amplified
successfully, that segment may be molecularly cloned and
sequenced, and utilized as a probe to isclate a complete
cDNA or genomic clone. This, in turn, will permit the



specific for each of these genes (Figure 10). As previouslly
(Heuhrann et al., 1984, EMBO J. 3:3183-9; Shelton and Rei cf
Natl. Acad. Sci. U S. A 81:7951-5), expression of NG nR
braim, heart, and spleen; at |least trace |evels were det
other tissues exam ned. BDNF displayed a nore restricted i
expression; highest |levels were found 5 brain (Leibrock t “at~29809 cend
Nat ur’e 341:149-52), and significant &%ers were seen in h art, lung, and

muscle. As with NG-, the NT-3 transcrlpt (1.4 kb) mas det ect abl € T g
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novel recombinant molecules which are members of the

BDNF/NGF gene family but which may not occur in nature. For

example, and not by way of limitation, a recombinant

molecule can be constructed according to the invention,

comprising portions of both NGF and BDNF genes. Such a

molecule could exhibit properties associated with both BDNF

and NGF and portray a novel profile of biological

activities, including agonists as well as antagonists.

Primary sequence of BDNF and NGF may also be used to predict

tertiary structure of the molecules using computer

simulation (Hopp and ,Woods, 1981, Proc. Natl. Acad. Sci.

U.S.A. 78:3824-3828); BDNF/ NGF chimeric recombinant genes

could be designed in light of correlations between tertiary

structure and biological function. Likewise, chimeric genes

comprising portions of any one or more members of BDNF/NGF

‘gene family may be constructed.

5.2. THE CLONING OF NEUROTROPHIN-3

The NT-3 gene froa any organism may be identified
using the regions of homology shared by BDNF and NGF using
the methods set forth above. In two preferred, specific
exbodiments of the invention, the gene may be. identified and
cloned as follows.

In one preferred embodiment, a sense (or 5’)
primer, having the nucleotide sequence (using IUPAC
nomenclature) GGGGATCCGC GGI TGY MGI GGI ATH GA (primer 1,
which includes Bam HI and Sac II endonuclease cleavage
sites) and an antisense (or 3’) primer, having the
nucleotide sequence TCGAATTCTAG AT ICK IAT RAA ICK CCA .
(primer 2, which includes Eco RI and Xba I sites), may be .




(Figure 8). A nore detailed analysis has reveal ed that Nﬁ§$AqﬁM%ﬁlgmqns
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and then decrease to adult | evels.
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¢ used in polymerase chain reaction (Saiki et al-—+—1985;
Science 230: 1350-1354) with a commercial thermal cycler
(e.g. the Perkin-Elmer Cetus thermal cycler) and
thermostabile DNA polymerase from thermus aquaticus (Taqg
polymérase) polymerase. After about four cycles with an
annealing temperature of 45°C, the remaining 36 cycles nmay
be performed with annealings at 49°'C. The resulting DNA
products of the amplification may then be separated by
polyacrylamide gel electrophoresis, and the product
corresponding to the expected size (about 137 base pairs)
may be eluted, reamplified, and then digested with two
restriction endonucleases, one of which cleaves the NGF gene
sequence of the organism within the segment amplified, the
other of which cleaves the BDNF gene sequence of the
crganism within the amplifiéd segment. The uncleaved DNA
(which presumably does not encode either NGF or BDNF, having
escaped restriction éndonucleasc cleavage) nmay then be
separated from cleaved DNA by polyacrylamide gel
electrophoresis, eluted, and asymmetrically amplified (Innis
et al., 1988, Proc. Natl. Acad. Sci. U.S.A. 85:9436-9440)
and sequenced (sknger et al., 1979, Proc. Natl. Acad. Sci.
U.S.A. 72:3918-3921) using, for example, primers 1 and 2.
Based on the sequence thereby obtained, additional sense and
antisense primers may be designed which more precisely
reflect the segquence of the novel gene. For example,
additional sense primers such as GGGATTGATGAC AAA (primer 3)
and ACTCTCAGTGCAAAACTTCGC (primer 4), and antisense (5’)
primer CGGATCCGAATTCTGCAG (T) 4,V (primer 5) may be used.
RNA, prepared from a tissue likely to produce neurotrophic
activity, such as brain (using any standard method,-such as
that set forth in Okayama et al., 1987, Meth. Enzymol.
154:3-28), may be reverse transcribed using, for example,
primer 5, which is designed to match 3’ poly (A) tails and
contains restriction endonuclease cleavage sites for Bam HI,
EcoRI, and PstI (Leibrock et al., 1989, Nature 341: 149-
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Structural conparisons among NGF, BDNF, and the newest| mERb&FEMEHITt Bl Tgene

fam{iy, NT-3, highlight several conserved regions, and |gad to the

suggestion that the functional differences anong thesel proge
determ ned by sequences |ying outside of these conserve% rggﬁﬁﬁgabike
J—t-hree—prot ¢i ns

predi cted exi stence of |ong and short pre&tursor forns jof _
rai ses intriguing questions about the relevance of botjh precursor formsfin

vivo.= The | for roce d nore efficientl rgnrthe_short
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profile of HE 3r$%BECTSARE &UdEGSdrcdd !t fﬂ@‘bﬁ&@%&ggmgﬁ¥s thus
‘identified may then be cloned into a suitable vector, and
the longest insert obtained may be used to screen a genomic
library produced from the organism of interest. Positive
clones identified in this manner may then be analyzed by
standard restriction mapping and nucleotide sequencing
techniques.

In another preferred embodiment of the invention,
degenerate oligonucleotides corresponding to segments of
four protein sequences highly conserved between NGF and BDNF
may be synthesized. For example, these amino acid sequences
{presented in Figure 7D) may be (1) Gly-Glu?(Tyr/Phe)—Ser-
Val-Cys-Asp-Ser; (2) Lys-Gen-Tyr-Phe-(Tyr/Phe)-Glu-Thr-Lys-
Cys: (3) Gly-Cys-Arg-Ile-Asp; and (4) Trp-Arg-Phe-Ile-Arg-
Ile-Asp-Thr-(Ser/Ala)-Cys-Val-Cys. A series of degenefate
sense and anti-sense oligonucleotides (containing a
degenerate portion 15~26 nucleotides long, corresponding to
5-9 amino acids of the above-mentioned protein sequences in
either the sense or anti-sense direction, as well as a non-
degenerate “tail” encoding restriction enzyme recognition
sites) may be used in PCR reactions. Amplification
reactions between pairs of upstream sense and downstream
anti-sense primers may be performed under standard
conditions or, preferably, optimal conditions for each
primer pair may be experimentally determined. For example,
the sense primer (corresponding to amino acid segquence (1),
supra) 5’/GACTCGAGTCGACATCG-GTN-TGY-GAY~WSN-RTN-WS=-3’ and the
anti-sense primer (corresponding to amino acid sequence (2),
supra), 5’/-CCAAGCTTCTAGAATTC~CA=YTT-NGT~-YTC~RWA-RAA-RTA~-

- YTG-3’ may be used in the amplification reaction using
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genomic DNA sequence which contains regions homologous to
the probes as well as regions non-homologous to the probes
(for example, non-NGF, non-BDNF sequence). A PCR product
which identifies a novel genomic DNA sequence may be used to
screen genomic or cDNA libraries and thereby select clones
encoding novel members of the BDNF/NGF gene family.

5.3. EXPRESSION OF NEUROTROPHIN=3
The nucleotide segquence coding for a NT-3
protein, or a portion thereof, can be inserted into an

appropriate expression vector, i.e., a vector which contains
the necessary elements for the transcription and translation
of the inserted protein-coding sequencé. The necessary
transcriptional and translation signals can also be supplied
by the native NT-3 gene and/or its flanking regigns. A
variety of host-vector systems may be utilized to express
the protein-coding sequence. These include but are not
limited to mammalian cell systems infected with virus (e.q.,
vaccinia virus, adenovirus, etc.): insect cell systems
infected with virus (e.g., baculovirus); microorganisms such
as yeast containing yeast vectors, or bacteria transformed
with bacteriophage DNA, plasmid DRA, or cosmid DNA. 1In
preferred embodiments of the invention, the expression
vector may conprisq the CMV promoter (Stephens and Cockett,
1989, Nucl. Acids Res. 17:7110) and SV40 origin of
replication. The expression elements of these vectors vary -
in their strengths and specificities. Depending on the
host-vector system utilized, any one of a number of suitable
transcription and translation elements may be used.



nor nal
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on the effects of NT-3 on chick peripheral ganglia ptyrongty-support tlhe
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insertion of DNA fragments into a vector may be used to
construct expression vectors containing a chimeric gene
consisting of appropriate transcriptional/translational
control signals and the protein coding sequences. These
methods may include in vitro recombinant DNA and synthetic
techniques and in vivo recombinations (genetic
recombination). Expression of nucleic acid sequence
encoding a NT-3 protein or peptide fragment may be regulated
by a second nucleic acid sequence so that NT-3 protein or
peptide is expressed in a host transformed with the
recombinant DNA molecule. For example, expression of NT-3
may be controlled by any promoter/enhancer element known in
the art. Promoters:which may be used to control NT-3
expression include, but are not limited to, the SV40 early
promoter region (Bernoist and Chambon, 1981, Nature
290:304-310), the promoter contained in the 3’ long terminal
repeat of Rous sarcoma virus (Yamamoto, et al., 1980, Cell

22:787-797), the herpes thymidine kinase promoter (Wagner et

al., 1981, Proc. Natl. Acad. Sci. U.S.A. 78:144-1445), the
regulatory sequences of the metallothionine gene (Brinster
et al., 1982, Nature §g§:3§-42): prokaryotic expression
vectors such as the g-lactamase promoter (Villa-Kamaroff, et
al., 1978, Proc. Natl. Acad. Sci. U.S.A. 75:3727-3731), or
the tac promoter (DeBoer, et al., 1983, Proc. Natl. Acad.
Sci. U.S.A. 80:21-25), see also “Useful proteins from
recombinant bacteria” in Scientific American, 1980, 242:74- -
9¢; plant expression vectors comprising the nopaline
synthetase promoter region (Herrera~Estrella et al., Nature
303:209-213) or the cauliflower mosaic virus 35S RNA
promoter (Gardner, et al., 1981, Nucl. Acids Res. 9:2871),
and the promoter for the photosynthetic enzyme ribulose
biphosphate carboxylase (Herrera-Estrella et al., 1984,
Nature 310:115-120); promoter elements from yeast or other
fungi such as the Gal 4 promoter, the ADC (alcohol
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receptors, each specific for a given neurotrophic fagtgr;”6r a si-ngle
receptor which can nediate a response to multiple neUrg"['r@QmA:RH??}O's In
vivo, .these various factors may be sinultaneously prgsented to a

responsi ve neurons. Mre likely, there aT%DSpatio-tendeaL«£H44Aaﬁeﬁeés I n
the relative availability of individual factors (e.g.|{ Davies et al., 1987,

Nat ur e- 326: 3533-8).. It _nmay,even_b ossibl ¢ that differegtfactors are
avail able to 8P¥%’§Pgﬁ{la§| ?egrg’f‘oﬁﬁg' S%Lﬁg f@ﬁsfh‘%.yﬁgrg séﬁ§‘8rs§5neuron may
recei ve di st PHemotaLt optkal dnei PRophatate ptomnteoegindathee £0ilAQWINY
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are sinmul taneouslky.ayail abl.e to sone neurons, . their actions mght be either
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potential |y edaptesenfaggneotestodl NeégidiDNm iaohd isT-agtidiviel ipr pandeeatic

information Geyghal obPisUPEREt a0d I, NOIgWY , 4Ma! YATR36-898; ornitz et
al., 1986, Cold Spring Harbor Symp. Quant. Biol. 50:399-409;
MacDonald, 1987, Hepatology 7:425-515); insulin gene control
region which is active in pancreatic beta cells (Hanahan,
1985, Nature 315:115-122), immunoglobulin gene control
region which is active in lymphoid cells (Grosschedl et al.,
1984, Cell 38:647-658; Adames et al., 1985, Nature 318:533-
538; Alexander et .al., 1987, Mol. Cell. Biol. 7:1436-1444),
mouse mammary tumor virus control region which is active in
testicular, breast, 1ymphoid and mast cells (Leder et al.,
1986, Cell 45:485-495), albumin gene control region which is
active in liver (Pinkert et al., 1987, Genes and Devel.
1:268-276), alpha-fetoprotein gene control region which is
active in liver (Krumlauf et al., 1985, Mol. Cell. Biol.
5:1639-1648; Hammer et al., 1987, Science 235:53-58); alpha
l-antitrypsin qéne control region which is active in the
liver (Kelsey et al, 1987, Genes and Devel. 1:161-171),
beta-globin gene control region which is active in myeloid
cells (Mogram et al., 1985, Nature 315:338-340; Kollias et
al., 1986, Cell 46:89-94; myelin basic protein gene control
region which is active in oligodendrocyte cells in the bran
(Readhead et al., 1987, Cell 48:703-712): myosin light
chain-2 gene control region which is active in skeletal
nuscle (Sani, 1985, Nature 314:283-286), and gonadotropic
releasing hormone gene control region which is active in the
hypothalamus (Mason et al., 1986, Science 234:1372-~1378).

Expression vectors containing NT-3 gene inserts

can be 1dentitied'by three general approaches: (a) DNA~DNA
hybridization, (b) presence or absence of “marker” gene
functions, and (c) expression of inserted sequences. In the




mai nt enance of the nervous system Animal studies havg Bﬂﬂé@gﬁé@’&%ﬁfrhGF
may be of value in the treatnment of degenerative neur
(Sni der and Johnson, 1989, Ann. Neurol. 26:489-506: Fis¢hey Eﬂggqgg 997,
Nat ure 329: 65- 8; Phelps et al., 1989, Npw obiol. Aging iO: 5% . *h

clonrng of a new nenber of the NG-/ BDNF gene fam |y, ant—t+s—
interactions wth the other nenbers of the

-69- -+

bgi cal™ Coiit

first approach, the presence of a foreign gene lnserted Im
an expreésion vector can be detected by DNA-DNA

hybridization using probes comprising sequences that are
homologous to an inserted NT-3 gene. In the second

approach, the recombinant vector/host system can be

identified and selected based upon the presence or absence

'of certain “marker” gene functions (e.g., thymidine kinase

aétivity, resistance to antibiotics, transformation
phenotype, occlusion body formation in baculovirus, etc.)
caused by the inserfion of foreign genes in the vector. For
example, if the NT-3 gene is inserted within the marker gene
sequence of the vector, recombinants containing the NT-3
ingsert can be identified by the absence of the marker gene
function. In the third approach, recombinant expression
vectors can be identified by assaying the foreign gene
product expressed by the recombinant. Such assays can be
based, for example, on the physical or functional properties
of the NT-3 gene product in bioassay systems.

Once a particular recombinant DNA molecule is
identified and isolated, several methods knocwn in the art
may be used to p}opagate it. Once a suitable host system
and growth conditions are established, recombinant
expression vectors can be propagated and prepared in
quantity. As previously explained, the expression vectors
which can be used include, but are not limited to, the
following vectors or their derivatives: human or animal
viruses such as vaccinia virus or adenovirus: insect viruses
such as baculovirus; yeast vectors; bacteriophage vectors
(e.g., lambda), and plasmid and cosmid DNA vectors, to name
but a few. _

In addition, a host cell strain may be chosen
which modulates the expression of the inserted sequences, or
modifies and prccesses the gene product in the specific
fashion desired. Expression from certain promoters can be
élevated in the presence of certain inducers:; thus,
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characteristic and specific mechanlsms for the translational

and post-translational processing and modification (e.g.,
glycosylation, cleavage} of proteins. Appropriate cell
lines or host systems can be chosen to ensure the desired
modification and processing of the foreign protein
expressed. For example, expression in a bacterial system
can be used to produce an unglycosylated core protein
product. Expression in yeast will produce a glycosylated
product. Expression in mammalian cells can be used to
ensure “native” glycosylation of the heterologous NT-3
protein. Furthermore, different vector/host expression
systems may effect processing reactions such as proteolytic
cleavages to different extents.

In a spec}fic embodiment of the invention, DNA
encoding preproNT-3 may be cloned into pCMV plasmiad,
amplified, and then used to transfect COS cells by the
calcium phosphate method (Chen and Okayama, 1987, Mol. Cell.
Biol. 7:2745-2752); NT-3 activity may then be collected from
cell culture medium (see Example Sections 6 and 7, infra).

It has been appreciated that NGF is synthesized
in two different precursor forms, a long form and a short
form (Darling et al., 1983, Cold Spring Harbor Symp. Quant.
Biol. 48:427-483). The shorter form is substantially
analogous to the prepro forms of BDNF and NT-3. According
to the invention, it may be desirable to utilize expression
systens comprisinq DNA encoding an analogous long form of
BDNF or NT-3. DNA encoding these long precursor forms may

‘be identified by sequencing cDNA or genomic DNA regions

upstream of the mature BDNF or NT-3 peptide encoding regions
and locating open translational reading frame. Alignment of
the NT-3 gene sequence.with the sequences of NGF and BDNF

has allowed the prediction of long and short precursors for
NT-3 protein (Figure 7B). The effectiveness of mature BDNF
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was observed; w th BanHl .a nq%g bag% of approximately 15 kb was observed,
and with EcoRPHREICHIdSST % ARGTE8Tkh were observed (the presence of

two bands may have resulted froma pol ynor phismin EcoRl restriction sites

in the human genom c DjlAy. q The A At contains a
gene for NT-3, which PEIA\)}\B%I c%%zs'g?g%gx ﬁﬁﬂ%ﬂgﬁw Oﬁgﬁs.

- Once a recombinant which expresses the NT-3 gene
is identified, the gene product may be analyzed. This can
be achieved by assays based on the physical or functional
properties of the product including radioactive labelling of
the product followed by analysis by gel electrophoresis.

Once the NT-3 protein is identified, it may be
isolated and purified by standard methods including
chromatography (e.g., ion exchange, affinity, and sizing
column chromatography),.centrifugation, differential
solubility, or by any other standard technique for the
purification of ptotéins. The functional properties may be
evaluated using any suitable assay, including, but not
limited to, chick embryo dorsal root ganglia, neural
placode-derived or sympathetic ganglion neurons.

S.4. ASSAY OF BIOLOGICAL ACTIVITY OF NEUROTROPHIN-3
Any system which qualifatively or quantitatively

indicates NT-3 activity may be used accor&ing to the present
invention. Because NT-3, in contrast to BDNF and NGF,
promotes neurite outgrowth from both neural-placode derived
nodose ganglion and sympathetic ganglia, either of these
systens, in additicn to the dorsal root ganglion (DRG)
culture system, may be used as an NT-3 biocassay. The DRG
assay may be performed as described in Barde et al. (1980,
Proc. Natl. Acad. Sci. U.S.A. 77:1199-1203). The ncdose
ganglion assay syster may be performed as described in
Lindsay et al. (1985, Dev. Biol. ;13:319—328). The
sympathatic ganglion assay system may be performed as
described in Barde et al. (1982, EMBO J., 1:549-553).




- 70- The human NT-3 gene was isol ated by screeprmaglRiBeEhSHEE

| i brary, as described for the isolation of the rat NT-3 g¢ne—{see-Exanpte
Section 7). Briefly, a library consisting of Sau3A partial di gest]j ,
prodycts of human placental genomic DNAg4cloned in the bactér&Bﬁﬁ 1$gcton
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o - 5.5. NEUROTROPHIN-3 GENES AND PROTEINS
Using the methods detailed supra and in Example

Sections 6 and 7, infra, the following nucleic acid
sequences were determined, and their corresponding amino
acid sequences deduced. The mouse genomic NT-3 sequence was
determined, and is depicted in Figure 2. The sequence of
rat NT-3 is presented in Figure 7. The genomic human DNA
NT-3 sequence was determined, and is depicted in Figure 11
which also presents DNA sequences from rat. Each of these
sequences, or their functional equivalents, can be used in
accordance with the invention. Additionally, the invention
relates to NT-3 genes and proteins isolated from porcine,
bovine, feline, avian, equine, or canine, as well as primate
sourcés and any other species in which NT-3 activity exists.
. The invention is further directed to subsequences of NT-3
nucleic acias compriging at least ten nucleotides, such
subsequences comprising hybridizable portions of the NT-3
sequence which have use, e.g., in nucleic acid hybridization
assays, Southern and Northern blot analyses, etc. The
invention also provides for NT-3 protein, and fragments and
derivatives thefﬁof, according to the amino acid sequences
set forth in Figures 2, 7 and 11 or their functional
equivalents. The invention also provides fragments or
derivatives of NT-3 proteins which comprise antigenic
determinant(s) or which are functionally active. As used
herein, functionally active shall mean having positive
activity in assays for known NT-3 function, e.g. chick
embryo DRG, nodose ganglion and sympathetic ganglion assays.
For example, the nucleic acid sequences depicted
in Figures 2, 7 and 11 can be altered by substitutions,
additions or deletions that provide for functionally
equivalent molecules. Due to the degeneracy of nucleotide
coding sequences, other DNA sequences which encode
substantially the same amino acid sequence as depicted in
Figures 2, 7 and 11 may be used in the practice of the
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conser vat i duriationaldyc equiidadirdt aminoc acid residue within the
sequence, thus producing a silent change. Likewise, the

NT-3 proteins, or fragments or derivatives thereof, of the
invention include, but are not limited to, those containing,
as a primary amino acid sequence, all or part of the amino
acid sequence substantially as depicted in Figures 2, 7 and
11 including altered sequences in which functionally
equivalent amino acid residues are substituted for residues
within the sequence resulting in a silent change. For
example, one or more amino acid residues within the sequence
can be substituted by another amino acid of a similar
polarity which acts as a functional equivalent, resulting in
a silent alteration. Substitutes for an amino acid within
the sequence may be selected from other members of the class
to which the amino acid belongs. For example, the nonpolar
(hydrophobic) amino acids include alanine, leucine,
isoleucine, valiﬁé, proline, phenylalanine, tryptophan and
methionine. The polar neutral aminc acids include glycine,
serine, threonine, cysteine, tyrosine, asparagine, and
glutamine. The positively charged (basic) amino acids
include arginine, lysine and histidine. The negatively
charged (acidic) amino acids include aspartic acid and
glutamic acid. Also included within the scope of the
invention are NT-3 proteins or fragments or derivatives
thereof which are differentially modified during or after
translation, e.q., by glycosylaticn, proteolytic cleavage,
linkage to an antibody molecule or other cellular ligand,
etc.

Additionally, a given NT-3 can be mutated in
vitro or in vive, to create and/or destroy translation,
initiation, and/or termination sequences, or to create



the mature pol ypeptide (119 am no acids), the human and t

approxi mately 92% honol ogous in DNA sequence. However fgﬁé of the
differences in nucleotide sequence between human and rat!i ©%5 MAR $39Fi dn
lead to amino acid substitutions; the_gdgduced am no acid]|sequences of
mature rat and human NT-3 (and mature nouse NT-3, see Pection 6, supra)
absoliutely identical. This is remnmniscent of the highldegree of

am no. aci d sequence between rat and human NT-3. Wthin|tQage, negief codi
(T e

conser vat ivar ieft iBpdF, i nviceti ngh eres ieaephatigok deBiht Hew Nrédier A48 igh aci d
contrast, SHuATUALE Aol 8 LAE30Y BrbBks aERAS Qe kP rodent. Mok
(mouse or fagilihiatefunthempdoxviirel poddgication. Any technique for
mutagenesis known in the art can be used, including but not
limited to, in vitro site-directed mutagenesis (Hutchinson,
et al., 1978, J. Biol. Chem. 253:6551), use of TAB® linkers

(Pharmacia), etc.

5.6. GENERATION OF ANTI-NEUROTROPHIN-3 ANTIBODIES
According to the invention, NT-3 protein, or

fragments or derivatives thereof, may be used as immunogen
to generate anti-NT-3 antibodies.

To further improve the 1ikelihdod of producing an
anti-NT-3 immune response, the amino acid sequence of NT-3
may be analyzed in order to identify portions of the
molecule which may be associated with increased
immunogenicity. For example, the aminc acid sequence may be
subjected to computer analysis to identify surface epitopes,
according to the method of Hopp and Woods (1981, Proc. Natl.
Acad. Sci. U.S.A. 78:3824-3828) which has been successfully
used to identify antigenic peptides of Hepatitis B surface
antigen. Alternatively, the deduced amino acid sequences of
NT~3 from different species could be compared, and
relatively non-homologous regions identified; these non-
homelogous regions would be more likely to be immunogenic
across various species.

For preparation of monoclonal antibodies directed
toward NT-3, any technique which provides for the production
of antibody molecules by continuous cell lines in culture
may be used. For example, the hybridoma technique
originally developed by Kohler and Milstein (1975, Nature
256:495-497), as well as the trioma technigue, the human B-
cell hybridoma technique (Kozbor et al., 1983, Immunology
Today 4:72), and the EBV-hybridoma technique to produce
human monoclonal antibodies (Cole et al., 1985, in

ng

are
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rat *NT-3 precursors al so show remarkably few differencés Cuandertimned

Figure 11).

[
| medi atel y upstream of the predi ct ed protéa Sift e

t hat. woul d generate the mat ure NT-3 pol ypepti de (Arg-Argif§§b§?éﬁj t he
hunan sequence | acks one codon (for Pro) that is preseﬁL_Ln_Lhe"__Lat
sequence. One bl ock of four am no acids-giffers between human and rat

preproNT- 3,

and six additional single am no aci d substrtuttons—are

scattered between that block and the . predicted protease cleavage site.

"Monoclonal Antibodies and Cancer Therapy,” Alan R. Liss,
Inc. pp. 77-96) and the like are within the scope of the
present invention.

The monoclonal antibodies for therapeutic use may
be human monoclonal antibodies or chimeric human-mouse (or
other species) monoclonal antibodies. Human monoclonal
antibodies may be made by any of numerous techniques known
in the art (e.q., Teng et al., 1983, Proc. Natl. Acad. Sci.
U.S.A. 80:7308-7312; Kozbor et al., 1983, Immunology Today
4:72-79; Olsson et al., 1982, Meth. Enzymol. 92:3-16).
Chimeric antibody molecules may be prepared containing a
mouseé antigen-binding domain with human constant regions
(Morrison et al., 1984, Proc. Natl. Acad. Sci. U.S.A.
81:6851, Takeda et al., 1985, Nature 314:452).

Various procedures known in the art may be used
for the production of polyclonal antibodies to epitopes of

NT-3. For the production of antibody, various host animals

can be immunized by injection with NT-3 protein, or fragment
or derivative thereof, including but not limited to rabbits,
mice, rats, etc. Various adjuvants may be used to increase
the immunological response, depending on the hoét species,
and including but not limited to Freund’s (complete and
incomplete), mineral gels such' as aluminum hydroxide,
surface active substances such as lysolecithin, pluronic
polyols, polyanions, peptides, oil emulsions, keyhole limpet
hemocyanins, dinitrophenol, and potentially useful human
adjuvants such as BCG (Bacille Calmette-Guerin) and,
Corynebacterium parvum. _

A molecular clone of an antibody to a RT-3
epitope can be prepared by known techniques. Recombinant
DNA methodology (see e.g., Maniatis et al., 1982, Molecular
Cloning, A Laboratory Manual, Cold Spring Harbor Laboratory,
Cold Spring Harbor, New York) may be used to construct
nucleic acid sequences which encode a monoclonal antibody
molecule, or antigen biﬁding region thereof.
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am nce aci d sequence of mature human NT-3 is identical}t £ r ¢
rat NT-3, it was strongly predicted that the human and rat rotelr
woul d,di spl ay i ndi stingui shabl e b|olog|%% activities. 5H5ﬁ36§9 phu
activity of human NT-3 was confirnmed by Jinserting th cloned human ge
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into the plasm d expression vector transfectin the resul ting
plasmid pC8-hN3(P1) Aty G@@ %%swzla%@ea !
sayi ng for [ ot rophic

1987, . Biol."7:2
activity |ntﬁgﬁﬁ#??ﬁﬂedsﬁ%ﬁ1Lﬁﬁ???#ﬁQﬁﬂfﬂﬁﬁéﬁgfﬁb “EEFF inlt¥he human NT-3
gene was anphrénatiodpyapiyr ferornptsigrapidltagethoder shbhB3é&lPLanthigisert ed

into the pl gfgrﬁgﬂé@s§i & €K d&;%?ﬁ as c he rat NT-3
gene (Exanp t he r%gﬁltlng?ﬁ%w més é%g?g%ggggngeio N3(Pl1l). The

7
nucl eoti de E%ﬁﬁéﬂ%e ®¥Cthe entire NT-3 insert was deternined and conpar ed
with the genom c sequexmeilstdyerfpagmbrts which contain the idiotype of

the molecule can be generated by known techniques. For
example, such fragments include but are not limited to: the
F(ab')2
of the antibody molecule; the Fab’ fragments which can be
generated by reducing the disulfide bridges of the F(ab’
fragment, and the 2 Fab or Fab fragments which can be
generated by treating the antibody molecule with papain and

fragment which can be produced by pepsin digestion

)2

a reducing agent.

5.7. ,UTILITY OF THE INVENTION

The present invention relates to the nucleic acid
sequence of NT-3 and to the substantially pure protein,
peptide fragments, or derivatives produced therefrom. NT-3
may be produced in quantities sufficient for diagnostic and
therapeutic applications. Likewise, anti-NT-3 antibodies
and NT-3 nucleic acid probés may be utilized in diagnostic
and thefapeutic applications. For most purposes, it is
preferable to use NT-3 genes or gene products from the same
species for diagnostic or therapeutic purposes, although
cross-species ut%}i;y of NT-3 may be useful in spécific
embodiments of the invention.

5.7.1. DIAGNOSTIC APPLICATIONS
The present invention, which relates to nucleic
acids encoding NT-3 and toc proteins, peptide fragments, or
derivatives produced therefrom, as well as antibodies
directed against NT-3 protein, peptides, or derivatives, may




descri bed above, in order to confirmthat no nutati nSERBICEDEAR $HHER ofluced
durisng the PCR anplification and cl oning procedur gs./~The~ttanst ecii pn and
assay net hods were essentially identical to those usedo%pmﬁﬁsggfing t he

bi ol ggi cal activity of rat NT-3.
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be utilized to diagnose diseases and disorders of the
nervous system which may be associated with alterations in
the pattern of NT-3 expression;

In various embodiments of the invention, NT-3
genes and related nucleic acid sequences and subsequences,
including complementary sequences, may be used in diagnostic
hybridization assays. The NT-3 nucleic acid sequences, or
subsequences thereof comprising about 15 nucleotides, can be
used as hybridization probes. Hybridization assays can be
used to detect, prognose, diagnose, or monitor conditions,
disorders, or disease states associated with changes in NT-3
expression, including, in particular, conditions resulting
in sensory neuron damage. Such diseases and conditions
include but are not limited to CNS trauma, infarction,
infection, degenerative nerve disease, malignancy, or post-
operative chanées including but not limited to Alzheimer’s
Disease, Parkinson’s Disease, and Huntington’s Chorea. For
example, total RNA in a tissue sample from a patient can be
assayed for the presence of NT-3 mRNA, wherein a change in
the amount of NT-3 mRNA is indicative of neuronal
degeneration. .
. In alternate embodiments of the invention,
antibodies directed toward NT-3 protein, peptide fragments,
or derivatives can be used to diagnose diseases and
disorders of the nervous system, including, in particular,
sensory disorders and degenerative diseases of the retina,
as wvell as those disorders and diseases listed supra. The
antibodies of the invention can be used, for example, in in
situ hybridization techniques using tissue samples obtained
from a patient in need of such evaluation. 1In a further
example, the antibodies of the invention can be used in
ELISA procedures to detect and/or measure amounts of NT-3J
present in tissue or fluid samples; similarly, the



As predicted, human NT- was found to possess neurotrdpﬁf%béffrd @“ﬁﬁe
assayed on explants of enbryonic day 9 (E9) chick dordalf root ganglial ahd
nodose ganglia (Table VI). The ganglia were cultured (;see drsquure 1697 TRb] e
V) for 24 hours in the presence of condiioned nediurw(supernatants) from
mock-transfected COS-Mb cells, or from -Mb cel | s t rjansfeeted—wi-th
pIasngs (all derived fronlthe pCDMB expressi on vect or) encoding
reconbi nant hungn 0 01t He G QTR 3;

pC8-rN3(Pl)) or ré@gggfﬁgﬁp an h@@ﬂﬁ fﬁkﬁﬁ%'§s+%2%]d th(PI . The
BDNF pIasrncﬁﬂaiyﬁéﬁb§§hdﬁ§e§tpé§P{P€em86ﬁPFBINTb%c%ﬂ%%Fé%ﬁ$? %o

have neur ot ropiliec saeipgles.y on both dorsal root and nodose ganglla As shown

in Table VI, both rat d ggﬁgrréggggkggggshgf hgilﬁb%ﬁ%}éﬁ/ (conpare

Table 1V), dlsplayed apprOX|nateI sarne Ieve DNF on
dorsal root pretgin, peamiﬁegmmgmnssyogréa:eva‘éevem@%t%mﬁmﬂ%n nodose

ganglia. No fidfrise stas el @dsbPders of the nervous system. In a
particular embodiment and nct by way of limitation, labeled
NT-3 protein or peptide fragments can be used to identify
tissues or cells whiéh express the NT-3 receptor in order to
identify aberrancies of NT-3 receptor expression and
consequently, potential abnormalities in the tissue or

-

cellular response to NT-3.

S.7.2. THERAPEUTIC APPLICATIONS

The present invention, which relates to nucleic
acids encoding NT-3, and to proteins, peptide fragments, or
derivatives produced!theretrom, as well as to antibodies
directed against NT-3 protein, peptides, or derivatives, may
be utilized to treat diseases and disorders of the nervous
system which may be associated with alterations in the
pattern of NT-3 ‘expression or which may benefit from
exposure to NT-3 or anti-NT-3 antibodies.

In various embodiments of the invention, NT-3
protein, peptide fragments or. derivatives can be
administered to patients in whom the nervous system has been
damaged by trauma, surgery, ischemia, infection, metabolic
disease, nutritional deficiency, malignancy, or toxic
agents. In various specific embodiments of the invention,
NT-3 can be locally administered to sensory neurons which
have beeri severed, including, but not limited to, neurons in
dorsal root ganglia or in any of the following tissues: the
geniculate, petrosal, and nodose ganglia; the
vestibuloacoustic complex of the VIIIth cranial nerve; the
ventrolateral pole of the maxillo-mandibular lobe of the
trigeminal ganglion, the mesencepbalic trigeminal nucleus




the activity of human versus rat NT-3.
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and sympathétic ganglia. It may be desirable to administer
the NT-3-related peptides or NT-3 protein by adsorption onto
a membrane, e.g. a silastic membrane, that could be
implanted in the proximity of the severed nerve. The
present invention can also be used for example in hastening
the recovery of patients suffering from diabetic
neuropathies, e.g. mononeuropathy multiplex and diabetic
peripheral neuropathy.

In addition to diabetic neuropathy, NT-3 or NT-3
related peptides may also be used to treat other peripheral
neuropathies, including but not limited to the following:
virus-associated neuropathies, including acquired
immunodeficiency syndrome (AIDS) related neuropathy,
infectious mononuclecsis with polyneuritis, viral hepatitis
with peolyneuritis: Guillian-Barre syndrome; botulism-related
neuropathy; toxic polyneuropathies including lead and
alcohol-related neuropathies; nutritional neurépathies
including subacute combined degeneration; angiopathic
neuropathies including neufopathies associated with systemic
lupus erythematogis: sarcoid-associated neuropathy:;
carcinomatous neuropathy; compression neuropathy (e.g.
carpal tunnel syndrome) and hereditary neﬁropathies.
Hereditary neuropathies which may be treated using NT-3 or
NT-3 related proteins include peroneal muscular atrophy,
familial dysautomia and progressive hypettrophic neuropathy.

In further embodiments of the invention, NT-3
protein or peptide fragments or derivatives derived
therefrom, can be used to treat congenital conditions or
neurodegenerative disorders, including, but not limited to,
Alzheiner’s disease, Parkinson’s disease, multiple
sclerosis, amyotrophic lateral sclerosis, and Huntington’s
chorea.

In a specific embodiment of the invention,
administration of NT-3 protein, or peptide fragments or
derivatives derived therefrom, can be used in conjunction
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dopaminergic neurons; as dopaminergic neurons are destroyed
in Parkinson’s disease, NT-3 may be used in methods of
treating Parkinson’s disease comprising administering. an
effective amount of NT-3 to a patient in need of such
treatment. It has been shown.that approximately 35 per cent
of patients with Parkinson’s disease suffer from Alzheimer-
type dementia; NT-3 produced according to the invention may
prove to be a useful single agent therapy for this disease
complex. Similarly, NT-3 produced. according to the
invention may be used therapeutically to treat Alzheimer’s
disease in conjunction with Dcwn’s Syndrome. 1In additioen,
as shown in Section 12, infra, NT-3 is expressed at high
levels during development and differentiation of the nervous
system; accordingly, NT-3 may be used in the treatment of
developmental nervous system disorders, such as Down’s
syndrome, and also in the treatment of disorders related to
de-differentiation of cells, such as malignancies, or in
disorders which may benefit from regeneration in the nervous
system. NT-3 produced according to the invention can be
used in the treatment of a variety of denentias as well as
congenital learning disorders. _

In further embodiments of the invgntion, NT-3
protein, fragments or derivatives can be used in conjunction
with other cytokines to achieve a desired neurotrophic
effect. For example, and not by way of limitation,
according to the invention NT-3 can be used together with a
second agent, for example, NGF or BDNF, to achieve a
synergistic stimulatory effect on growth of neurons and/or
in maintaining survival and/or restoring or enhancing
function wherein synergistic is construed to mean that the
effaect of the combination of NT-3 protein, peptide fragment,
or derivative and a second agent achieves an effect greater



LABELI NG The predicted size of the mature |NRiB.AGHpEpHiEe [rat
or human) is 119 am no acids, wth a nolecul ar weight; g~~I376 daltons.{In
order to determ ne experinmentally the approxinmate size jof gq%ﬁgquye htuman
NT-3 pol ypeptide, cells transfected with a human NT-3 dxp? ssion plasmd
were metabolically |abeled and conditioned nedi um was, analyzed-feor—t-he
presence of a novel polypeptide. |In the4experinent sqown in Figure 12,
COS-Mb cells were transfected with the plasm d pC8- hN3¢PI)y—(descri bed
above), the cells were | abeled with a mxture of [err]S]nethionine and
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| abel ed characterized, in the growth, development, maintenance of
differentiated function and survival of a wide array of
neuronal subpopulations in the central nervous system.
Alternatively, the effects of NT-3 and a second neurotrophic
agent may be additive. '

It is further envisioned that, based on the full
characterization of the NT-3 molecule, novel peptide
fragments, derivatives, or mutants of NT-3 may be developed
which are capable of acting as antagonists of some, or all
of the biological functions of NT-3. Such NT-3 antagonists
may be useful in the selective ablation of sensory neurons,
for example, in the treatment of chronic pain syndromes.

In still gurther embodiments of the invention,
antibodies directed toward NT-3 protein, or peptide
fragments or derivatives thereof, can be administered to
patients suffering from a variety of neurologic disorders

-- and diseases and who are in need of such treatment. For
example, patients who suffer from excessive production of
NT-3 may be in need of such treatment. Anti-NT-3 antibodies
can be used in prevention of aberrant regeneration of
sensory neurons (e.g. post-bperativelﬁ), or, as discussed
supra, in the treatment of chronic pain syndromes.

The tissue distribution of NT-3, as described in
Sections 6 and 7 infra, indicate that higher levels of NT-3
mRNA are expressed in brain, kidncy, heart, and spleen,
apong other tissues. The NT-3 produced in non-neural
tissues may or may not be identical to NT-3 expressed in
brain. A single species of NT-3 may function in both neural
and non-neural tissues; disorders in the expression of NT-3
may underlie diseases which affect the nervous system as
well as other organ sysfans. Alternatively, a closely
related family of NT-3 molecules may subserve different

10. | DENTI FI CATI ON OF HUVAN NT-3 GENE PRODUCT BY NETABCLig
5
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functions in neural and non-neural tissuesTTheNi-3
molecules of the invention may, therefore, be useful in the
treatment of diseases which affect neural as well as the
neural regulation of non-neural tissues, including in
particular, the heart, the hematopoietic, renal and
reticuloendothelial systems.

Furthermore, as exemplified in Section 6, infra,
NT-3 expression is increased in immature animals compared to
adult animals. According to the invention, NT-3 may be
particularly useful in the treatment of developmental
disorders or, alternatively, in inducing renovation of the
nervous system following CNS injury. '

5.8. PHARMACEUTICAL COMPOSITIONS

The active compoéitions of the invention, which
may comprise all or gortions of the NT-3 gene product,
including protein, peptide fragments or derivatives produced
therefrom, or antibodies (or antibody fragments) directed
toward NT-3 protein, peptide fragments, or derivatives, or a
combination o£'N?-3 and at least one other agent, _such as
NGF or BDNF, may be administered in any sterile
biocompatible pharmaceutical carrier, including, but not
limited to, saline, buffered saline, dextrose, and water.

NT-3 protein, peptide fragment or derivative may
comprise an amino acid sequence or subsequence thereof
substantially as depicted in Figures 2, 7 or 1l1; it may be
preferable to use NT-3 protein comprising, in particular,
all or a portion of the amino acid sequence from about amino
acid 140 to about amino acid 258, as depicted in Figure 2,
from about amino acid 1 tc about amino acid 119 in Figure 7,
or from the first amino acid labeled “mature” in Figure 11,
to the end of the peptide sequence depicted therein, or a
functionally equivalent sequence, as this subsequence is
believed to comprise the functional portion of the NT-3
molecule. NT-3 may be derived from sequences corresponding




was not seen in the control. Wthin the limts of resolution of the
technique, this agrees well with the predicted size of mature NT-3.

11. EXAMPLE: NEUTROPHI N-3 SUPPORTS THE SURVI VAL OF CULTURED
DOPAM NERG C NEURONS COF THE [EVBRYONI C RAT VENTRAL MESENCEPHALON
Cul tures of E14 rat enbryo ventral nesericephal on were established as
described in U S. patent application serial no. 07/400,591, filed August

30, 1989, wBi €heiBTLNCHENOE b £hry) duita®llel Eplyiby, I Shel @iy hayad n.
Cul tures vverg ieedgd a‘L_ a duengm ty..of 50,000 ce | s/ cnfer r% %Flsﬁieel?’) or
100, 000 cePPE/ EAFEFPY “Ori Y™ Bi%y JAdwn SPACKRE" abREncEO%r FSHot r ophi c

factor congeet,oratn rakbikesette of increasing amounts of COS cel

supernatant contai ni nfné oo PE ﬁ@u@a%rﬁ%ﬁﬁﬂﬁf?QB{ﬂaé fpg&ggntfdter 8
e i e bt i St 5L ol lhoy I VA1 Be e Rl [DE O oL 2Nt body to
tyrosi ne ' _

treatment of a particular disorder or condition will depend

on the nature of the disorder or condition, and can be
determined by standard clinical techniques. Where possible,

it is desirable to determine the dose-response curve and the
pharmaceutical compositions of the invention first in vitro,
e.g. in the NT-3 bioassay systems described supra, and then

in useful animal model systems prior to testing in humans.
Based on in vitro data, in a specific embodiment of the
invention, a pharmaceutical composition effective in

promoting the survival of sensory neurons may provide a

local NT-3 protein concentration of between about 0.1-10

»g/ml.

Methods of introduction include but are not’
limited to intradermal, intramuscular, intraperitoneal,
intravenous, subgutaneous, oral, and intranasal. - In
addition, it may be desirable to introduce the
pharmaceutical compositions of the invention into the
central nervous system by any suitable route, including
intraventricular and intrathecal injection: intraventricular
~. injection may be facilitated by an intraventricular
catheter, for example, attached to a reservoir, such as an
Ompaya reservoir.

Further, it may be desirable to administer the
pharmaceutical compositions of the invention locally to the
area in need of treatment; this may be achieved by, for
example, and not by way of limitation, local infusion during
surgery, by injection, by means of a catheter, or by means
of an implant, said implant being of a porous, non-porous,
or gelatinous material, includihg membranes, such as
gsialastic membranes, or fibers.



hydr oxyl ase (TH), a marker of dopam nergic neurons. As

SPRRMACEREN GRS

and 14, increasing amounts of NT-3 were found to increas§ the number df
positive cells surviving after 8 days, with a maxi mum 'bf%a(@%ﬁoﬁgw
i ncrease over control values with a 1:25 dilution of Nf-3 ce

supefnatant. Purified nerve growth factor appeared to betiw-t+hotut—effect,

but the effects of NI-3 were simlar to_hese observedifor BDNF

EXAMPEE:. NT-3, BDNF AND NG- | N THE DEVELGPI NG "RAT NERVOUS SYSI

PARALLEL AS WELL AS RECI PROCAL PATTERNS OF EXPRESSI ON .
12. 1. METHODS The ivdntionVALER pSvANRsDESSESHA Sceutical

. compositions comprising NT-3 proteins, peptide fragments, or

derivatives administered via liposomes, microparticles, or
microcapsules. In various embodiments of the invention, it
may- be useful to use such compositions to achieve sustained
release of NT-3 and NT-3-related products.

It is envisioned that it may be possible to
introduce cells actively producing NT-3, NT-3 related
substances, NT-3 antagonists, or anti-NT-3 antibodies into

- areas in need of increased or decreased concentrations of

NT-3.

6. EXAMPLE: ' THE CLONING AND CHARACTERIZATION
OF THE MOUSE NEUROTROPHIN-] GENE

6.1. MATERIALS AND METHODS
6.1.1. POLYMERASE CHAIN REACTION

Two oligoﬁucleotide primers were synthesized on
the basis of 2 amino acid sequences conserved in BDNF and
all known NGFs (Leibrock et al. 1989, Nature 341:149-152).
The sequence of the sense (or 5’) primer was GGGGATCCGC GGI
TGY MGI GGI ATH GA (primer 1, IUPAC nomenclature, |
I=inosine), and includes BamHMI and SaclI sites, and that of
the antisense (or 3’) primer TCGAATTCTAG AT ICK IAT RAA ICK
CCA, and includes EcoRI and Xbal sites (primer 2). PCR
(saiki et al., 1985, Science 230: 1350-1354) was performed
with 1 pg of mouse genomic DNA using a Perkin-Elmer Cetus
thermal cycler and Taq polymerase (Gene Aman). After 4
cycles with an annealing temperature of 45°C, the remaining
36 cycles were performed with annealings at 49°C. The
resulting amplified DNA products corresponding to the
expected size (137 base pairs) were eluted from an
‘acrylamide gel, reamplified and digested with HindII and
Apal, the former cleaving mouse NGF, the latter mouse BDNF.
The uncleaved DNA was eluted and asymmetrically amplified
{Innis et al, 1988, Proc. Natl. Acad. Sci. U.S.A. 85:9436-

13
TH

12.
EM
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EPLAGEM E
Sprague- Daw ey rats, aobtained from Hak qgéﬁgfr%

gui ded by conventional gross anatom cal | andmarks. betpx0§hMﬁRéw97nclLded

neocortex and dorsal portions of ol factory cortex. Di énpephalon sanplies
wer e’ taken using the stria nedullaris arfdthe optic chiasm as dorsal and

ventr al

| andmar ks, respectively. Mdbrain sanples were_taken at the |evel

of superioroggg)! Rh&"L84uenced (sanger et al., 1979, Proc. Natl. Acad.

Sci. U.S.A. 72:3918-3921) using primers 1 and 2. Based on
the sequence thus obtained, 2 additional sense primers were
synthesized, corresponding to nucleotide 808-822 (primer 3)
and 824-844 (primer 4) to which Sall and PstI sites were
added. RNA was extracted from adult mouse brain, liver and
muscle (Okayama et al., 1987, Meth. Enzymology 154:3-28) and
reverse transcribed using antisense (5’) primer
CGGATCCGAATTCTGCAG(T)lzv (primer 5), designed to match 3¢
poly(A) tails, and containing cloning sites for BamHI, EcoRI
and PstlI (Leibrock ét al., 1989, Nature 341:149-152). These
cDNAs were first PCR-amplified using primers 3 ahd 5, and
re-~amplified using primers 4 and 5. A Southern blot
analysis was performed with the products resulting from this
last reaction and hybridized with a 325 _end-labeled
cligonucleotide corresponding to nucleotides 879-893. The
DNA fragments thus identified were cloned into a Bluescript®
SK+ vector (Stratagene) and the longest insert obtained (460
base pairs) was used to screen an EMBL3 mouse genomic
library (Clontec@). Two positive clones were found, and the
DNA of one clone digested with various restriction enzymes.
The restriction fragments were probed with the 460 base pair
insert: a 770 base pair HindIII, and a 4000 base pair PstI
fragment were subcloned in Bluescript® SK+. The full
HindIII sequence, 3’ and 5’ extended using the Pstl fragment
is shown.

6.1.2. NORTHERN BLOTTING
. Total RNA was extracted from adult female tissues
»  (Okayama et al, 1987, Meth. Enzym. 154:3-28), and

‘electrophoresed on 1.3% formaldehyde-containing agarose gels
(Hehrach et al, 1977, Biochem. 16:4743-4751). The RNA was
transferred to nylon membranes (Hybond-N, Amersham) and
hybridized overnight at 42°C in 1 ml 200 mM sodium phosphate
(pH 7.2), containing 40% formamide, S5xDenhardt’s solution

W ey
Inc.: were used in-all dissections. The dissections o duIt brai n ware



of RASEUENT s+ feH to

cer ebel | a,

colliculi, dorsally, and extended to the ventral surface
the most rostral edge of the pons. Hi ndbrain sanples |ac
i ncl uded pons and nedulla. It should be noted that only .
the striatumwere sanpled, to avoid contam nation by th
hi ppocanpal sanples were collected fronté¢de |evel of th
approxi mately, the caudal pol e. The di ssections of newb

amc tissue. The
f i nbr T arfornt
I e el " ns~yt|I|ze
simlar |an the exceptl of the strl du aris. . Timed,

pr egnant raf&ﬁhéi ﬂgeﬂlto dBPAr, %é&ﬁ?&ﬂﬁ?:ﬁﬁ%f?h 'hhed8§°8F 488 m
positively Ges’ gnat é’dlabedléydlzlranﬂemdaylmd mqwmm@eg!nm@@wo Adul t
rats averagqgeipPezdd et 0% 0678, VRRKE. OBid&em. 137:266-2653.,1. 2. RNA

PREPARATI ON AND | ssues re dissected
fron1Spragu§°r5§ﬁp8?gﬁgﬁs§8n8“Fﬁﬁ88fﬁf§£§1?r%ﬁﬁﬂ1qﬁ?Ql &Uld i ogen. RNAs
specific activity was 1.3x10 cpm x ug =, and 10 were added

to the hybridization buffer. Washing was for 60 min at 60°C
“in 0.1xSSC containing 0.5% SDS. Filters were exposed for 5
days at -70°'C with intensifying screens.

6.1.3. EXPRESSION OF NEUROTROPHIN-3

Oligonucleotide primers were synthesized
corresponding to the first 19 nucleotides (plus an EcoRI
site) and last 19 nucleotides (plus a BamHI site) of the
open reading frame depicted in FIG. 2. After PCR
amplification usinq as template the Pstl genomic fragment

' described (FIG. 2), the resulting product was cloned into

the EcoRI-BamHI site of the expression vector, pCMV
(Anderson et al., 1989, J. Biol. Chem. 264:8222-8229). The
nucleotide sequence of the NT-3 insert in pCMV was
determined. COS-1 cells were transfected using the calcium
phosphate method (Chen and Okayawa, 1987, Mol. Cell Biol.
252745-2752) and the medium collected as previously
described (Leibrock et al., 1989, Nature 341:149-152). The
control media used were obtained after treatment of the
COS-1 cells with calcium phosphate, or with a pCMV/NT-3
construct where the stop codon of NT-3 had been deleted.
Both media were devoid of biological activity at a dilution
of 1:50. Nodose ganglia were dissociated, and the neurons
cultured in 24-well plates (Lindsay et al, 1985, Dev. Biol.
112:319-328), and BDNF was purified from pig brain (Hofer
and Barde, 1988, Nature 331:261-262).




were isol ated by honogeni zation of tissues in 3MLi Cl/6MUea, as described
(Bot.hwel | et al., 1990, in Methods of C oning and Anal ys| f b T
Genes, Jones and Bartlett, Boston, MA). RNAs (10 [err]g) ngbﬁgﬁgﬁiﬁaﬁg e
by el ectrophoresis through quadruplicate 1% agarose/forraljdehyde gels
(Bothwel | et al., supra) followed by capillary transfer {tg d}gdﬁﬂﬂnﬂmbra e
(MagnaGr aph, Mcron Separations Inc.) with 10X standard|saline citrate
(SSC)s, pH 7. RNAs were UV-crosslinked to the nenbranes by ex56§ﬁF€“rU—J
ultraviolet |ight (STRATALINKER[err], Str®&ragene, Inc.) land

6.2. RESULTS AND DISCUSSION
A major problem in the characterization of -

neurotrophic factors is their extremely low abundance. Both
NGF and BDNF were characterized using protein purification
.techniques based on biological assays to monitor their
activity (Cohen et al, 1960 Proc. Natl. Acad. Sci. U.S.A.
46:302-311; Barde et al., 1982, EMBO J. 1:549-553). This
approach was possible with NGF because of the extraordinary
abundance of this protein in the adult male mouse
submandibular gland, and with BDNF ultimately because of the
virtually unlimited availability of porcine brain tissue.
The sequence identities detected in NGF and BDNF suggested
that a different strategy could be used to characterize
other members of what has been determined to be a gene
family (Leibrock et al., 1989 Nature 341:149-152). A
detailed comparison of the mouse NGF and BDNF, amino acid
(a.a.) segquences revealed 2 stretches of 6 a.a. (ﬁnderlined
in Fig. 2) that seemed particularly suited for an approach
using oligonucleotide primers in a polymerase chain reaction
(PCR) (Saiki et al., 1985, Sclence 230:1350-1354). A mouse
genonmic templaté was used because in the NGF and BDNF genes
no introns interrupt the exon coding for the bioclogically
active proteins. This approach resulted in the expected
amplification of NGF and BDNF sequences, that were
subsequently digested using appropriate restriction enzymes.
A DNA fragment left intact was sequenced, and'thé sequence
found to correspond neither to BDNF nor to NGF. Two
spcbitic'sense (or 5’) primers were synthesized for further
PCRs usinq as templates complementary DNA prepared by
reverse transcription of RNA extracted from mouse brain,
muscle and liver, and a 3‘’primer designed to match poly A
 sequences (FIG. 2). These 3 tissues gavé amplified products
" of similar sizes that were cloned and used to screen a mouse
genomic library. One of the genomic clones thus found was
sequenced (FIG. 2). An open redding frame predicts a
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structure of the predicted protein resembles that
established for NGF and BDNF: a putative signal sequence of
18 a.a. (showing 5 and 9 a.a. identities with BDNF and NGF
respectively) is followed by a pro-sequence of 121 a.a..
Such pro-sequences, presumably involved in the folding and
correct formation of the disulfide bridges of these proteins
(Edwards et al., J. Biol. Chem. 263:6810-6815), have also
been found in mouse NGF (103 a.a.) and mouse BDNF (112
a.a.). A single potential ‘N-glycosylation site is located 9
a. a. (as compared with 8 in BDNF and NGF) before what we
propose to be the cleavage site, characterized by a cluster
of basic residues, giving rise to mature NT-3 (FIG. 2,
arrow). Mature NT-3 is predicted to consist of 119 a.a.
(relative molecular mass 13,625 and pI 9.3). The comparison
between mature mouse NGF, BDNF and NT-3 reveals 54 a.a.
identities (Fig. 2). All 6 cysteine residues, known in NGF
and BDNF to be involved in the formation of disulfide
bridges (Leibrock et al., 1989, Nature 341:149-152;
Angeletti, 1973, Biochemistry lg:lOO-llS),lare amongst the

conserved residues (FIG. 3, arrows). Remarkably, the

addition of the NT-3 sequence to those of NGF and BDNF
reveals that only 7 a.a. identities are lost (61 a2.a.

'.identities are found when mouse NGF and BDNF are compared).

Thus, almost 50% of the primary structure is conserved, and
is likely to be required for the formation of a basic 3-
dimensional shape common to all three proteins. In
addition, the comparison of the 3 sequences reveals 4
variable domains, each 7 to 11 a.a. in length (numbered V1
to V4 in FIG. 3), and presumably involved in the neuronal
speciticity exerted by these proteins.

__ REESE 0.5
M NaPO4 (pH 7), 1% bovine serum al bumen (fraction V, Siigma, Inc.), 7%6
1mM EDTA (Mahnoudi and Lin, 1989, Biotechniques 7:31-33) GQEMARM7er
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12.1.3. NT-3, BDNF, NGF AND NGFR PROBE PREPARATI ON o NGl Ar
cloning of the coding regions for rat NT-3, BDNF and NGH Lo the VB
expression vector (Aruffo and Seed, 1987, Proc. Natl. A«ady
84:8573-8577) has been descri bed preV|gqst (Mai sonpi grre._et aI., supra :
The ©800 basepair (bp) Xhol inserts of fhese plasmds Were separated on
acryl am de gels and recovered by el ectroel ution (Bothv

veiH—et—al1990)]
and subsequent |y [erri&-4wahs} %&kﬂp&@@@ﬁbhﬂ%”@ﬁe'@i‘l@i | Jehe BaAials et
zation of, of the pr ynt eti c, NI- BDNF

, a
and Nagp{réﬁg’é?%{g‘[’é E%qn‘farra‘)e er?nfn?f’?“ﬁf*e lf‘ﬁ‘a\?st?l’égp?rb% zseéjecf‘flc f or
one neur ot anplTA3 dspleqif idydrabd AF IGo Hnansbrspnglérbamdrnfr&ﬂqnﬁui 4
neur ot rOpthfob Q@s s '\gﬁ&&qp%ﬂ’ah@sﬁfﬁ EQﬁMHLGC% 168 ment that

spans the rat N protein codi hg regiagn e et a , Nature
325: 593- 5gﬁywever, the level of expression of this mRNA varies

considerably. 1In brain (FIG. 4B), marked regional
differences have been found, the highest mRNA levels being
observed in cerebellum and hippocampus (FIG. 4B). These
results demonstrate that the NT-3 mRNA distribution in adult

. mouse tissue is very different from that of BDNF and NGF
mRNA. Indeed, BDNF mRNA is found predominantly in the
brain, and NGF mRNA is hardly detectable in tissues such as
liver or skeletal muscle (Heumann et al., 1984, EMBO J.
3:3183-3189). However, it is intrigding to note that the

' hippocampus, known to express NGF mRNA (Korsching et al.,
1985, EMBO J. 4:1389:1393), also expresses BDNF and NT=-3
mRNA, and in much larger amounts than in most other brain
regions (FIG. 4B).

' In order to test if NT-3 is a biologically
active and secreted protein, the entire protein coding
sequence was cloned into an expression vector (pCMV) .used to
transfect (monkey kidney) COS cells (FIG. 5). Given the
fact that the NT-3 mRNA is found in peripheral tissues, we
cultured a variety of embryonic chick neurones known to
project to these tissues, and to require trophic factors for
survival. Mbtornéurons, purified from the spinal cord of
6-day old embryos (E6) (Dohrmann et al., 1986, Dev. Biol.
;1§:209-221), ciliary neurons (E8) and dissociated
sympathatic neurons (Ell) were not observed to survive in
the presence of NT-3. However, aensof& neurons isclated
from E8 primary sensory ganglia were found to respond. As
shown here (FIG. S5), NT-3 supports the survival of about 30%
of the neurons isolated from the nodose ganglion.
Furthermore, this effect is additive to that of BDNF,
synthesized in the central projection fields and known to
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descri bed above was used to make synthetic RNA transcrﬁp@s corr espondi hg
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act on a subpopulation of the nodose neurons—thindsay et _ |
al., 1985 Dev. Biol. 113:319-328), and both factors combined
rescue most neurones (90%) (FIG. 5). It is important to
note that the NT-3 mRNA is found in the visceral targets of
this ganglion, inéluding heart, gut, liver and lung (FIG.
4A) . Populatiéns of NT-3 responsive sensory neurons were
also found in EB8 dissociated dorsal root and trigeminal
ganglia and in explants of E8 sympathetic ganglia. It thus
appears that NT-3 is a hitherto uncharacterized biological
activity present in several peripheral tissues, including
liver (Lindsay and Tarbit, 1979, Neuro Sci. Lett. 12:195-
200) and skeletal muscle (Davies, 1986, Dev. Biol. 115:56-
67, and known to support the survival of visceral and
proprioceptive sensory neurons not responding to NGF (for
review, see Davies, 1987, Development 101:185-208).

Taken together, these findings indicate that NT-3
is an neurotrophic factor related both in structure and
function to NGF and BDNF, the first 2 neurotrophins. We
propose the name neurotrophin (NT) to refer to this class of
protein, and in'analoqy with the interleukins, to number
them in the order of their discovery.

7. EXAMPLE: THE CLONING AND CHARACTERIZATION
OF THE RAT NEUROTROPHIN-3 GENE

The homology between NGF and BDNF was utilized in
designing a cloning strategy:to search for additional
members of this gene family. We report the cloning of a
gene encoding a third member of the BDNF/NGF family, which
we have designated neurotrophin-3 (NT-3). This novel factor
exhibits distinct biological activity and spatio-temporal
expression when compared to NGF and BDNF.

to



sense orientation of the NT-3, BDNF and NGF codi ng regions. The ampounts of
t hese synthetic transcripts were first quantitated (
Transcripts were further assayed using an end-| abel dD(ﬁgﬁhmEhrséﬁlal ,
supra) 30-ner oligonucl eotide probe which hybridized tjo-the-conmmon end
(just downstream of the T7 pronoter) of the three trlarsgéjpﬁ@3 c
Densitonetric scanning (Series 300 Conmpugsng Densitanetery”’ g@ﬂia
Dynard cs, Inc.) of dot- and Northern-blotted synthetlid.transcripts
hybri di zed to the oligonucl eoti de probe (hybridizatijon and washi ng
perforned at 55 C, otherw se7at. deATERIA.SaBYDeMETHODS -rEd~t-hat—egti-val ent
| evel s of the synthetic hrqnqprlgbiyﬁg s P e oifae defined

standards (representative data.d
12.1.5. DENSI TOVETRI C éﬁﬂﬁﬁeﬁgfpcﬂlxgonucleotldes correspepdNEgRgﬂRCpH|N

TRANSCRI PT Lsadiehts of four protein sequences highly conserved between
NGF- and BDNF were synthesized; the protein sequences (which

can be found within the NGF/BDNF sequences presented in
Figure 7D) were (1) Gly-Glu-(Tyr/Phe)-Ser-vVal-Cys-Asp-Ser,
(2) Lys-Gln-Tyr-Phe-(Tyr/Phe)~-Glu-Thr-Lys-Cys, (3) Gly-Cys-
Arg-Ile-Asp, and (4) Trp-Arg-Phe~Ile-Arg-Ile-Asp-Thr-
(Ser/Ala)-Cys-Val-Cys. A series of degenerate sense and
anti-sense olxgonucleotides (containing a degenerate portion
15-26 nucleotides long, corresponding to 5-9 amino acids of
the indicated protein sequences in either the sense or
anti-sense direction, as well as a non-degenerate “tail”
encoding restriction enzyme recognition sites) were used -in
PCR reactions. Amplification reactions between pairs of
upstream sense and downstream anti-sense primers were
carried out according to the conditions recommended by
Perkin-Elmer/Cetus, except that the annealing temperature,
Mg++ concentratipn and extension time were varied to
determine optimal conditions for each primer-pair. The
exact sequence of the 1B sense primer (encoding a portion of
the protein sequence *1¥ above) was 5/-GACTCGAGTCGACATCG-
GTN-TGY-GAY-WSN-RTN-WS-3’ and the 2C anti-sense primer
(corresponding to the anti-sense codons of a portion of
protein sequence "2” above) was 5’-CCAAGCTTCTAGAATTC-CA-
YTT=-NGT-YTC~-RWA-RAA-RTA-YTG~-3’ (abbreviations for
nucleotides as in IUPAC code). Subaeqﬁent sequence analysis
showed that the 1B oligonucleotide had a two nucleotide
nismatch with the NT-3 sequence, whereas the 2C
oligonucleoctide had a cone nucleotide mismatch with the NT-3
sequence. Radiolabelling by PCR was done according to the
recommended gene amplification reaction by Perkin-
Elmer/Cetus, with the following modifications: 1 to 10 ng
of DNA template in low melting point agarose was added to a
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The transcript levels in various sanples were no
standardi zed adult rat brain sanple (see supra) _ Equ
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RNA in theoriginal PCR reaction.

7.1.2. SOUTHERN BLOT OF RAT GENOMIC DNA USING NT-3 PROBE

' R1B/2C PCR product was obtained by amplification
from rat genomic DNA template using degenerate 1B and 2C
primers as described above in Sectjon 7.1.1. PCR product

derived using degenerate 1B and 2C primers (designated
R1B/2C) detects a novel gene, NT-3, as well as the NGF and
BDNF genes in rat genomic DNA. DNA was prepared from the
liver of Fischer rats (Maniatis et al., 1982, Molecular
Cloning: A Laboratogy Manual (Cold Spring Harbor
Laboratory, Cold Spring Harbor), digested with EcoR1l, and 10
pg were fractionated on a 1% agarose gel. The DNA was
transferred to nitrocellulose using 10X SSC (Maniatis et
al., 1982, Molecular Cloning: A Laboratory Manual (Cold
Spring Harbor Laboratory, Cold Spring Harbor), hybridized
(Mahmoudi and Lin, 1989, Biotechniques 7:331-3) to the 325
labelled R1B/2C PCR product at 60°C, and washed in 2X
§8C/0.1% SDS at 65°C. NT-3, NGF and BDNF bands as
. indicated; position of NGF and BDNF bands previously
determined using specific probes. Sizes indicated in
kilobases (kb) on left.

7.1.3. EXPRESSION OF NEUROTROPHIN-3

The rat NT-3 expression construct was made by
using PCR to amplify the coding region of the presumed short
precursor of NT-3 from a plasmid containing the 3.2 kb Sstl
rat genomic fragment (Figure 6B) that spans the NT-3 gene:;
the oligonucleotides used in the PCR reaction contained
synthetic Xhol recognition'siteé at their ends, to permit
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insertion of the amplified coding region into the Xhol site
in the polylinker of the pCDM8 expression vector (Seed,
1987, Nature 329:840-42). The exact oligonucleotides used
to amplify the rat NT-3 gene coding region were the upstream
sense primer 5/- CGG TAC CCT CGA GCC ACC ATG TCC ATC TTG TTT

TAT GTG -3’ (the underlined ATG corresponds to the "B” start

site initiation codon, with. sequence downstream of the ATG
matching the NT-3 sequence exactly:; upstream of the ATG the
primer contains a synthetic Xhol site), and the downstream
anti-sense primer 5’ CGG TAC CCT CGA GAT GCC AAT TCA TGT TCT
TCC G -3’ (the underlined triplet is complementary to the
termination codon for the NT-3 gene; this triplet is flanked
by exact anti-sense NT-3 sequence, and there is an Xhol site
at the 5’ end of this primer). The resulting expression
plasmid for rat NT-3 was designated pC8-rN3(Pl). Similar
strategies were previously used to insert the coding regions
of rat NGF and BDNF into the Xhol site of the same pCDM8
vector. The NT-3, NGF and BDNF expression constructs were

transfected, as described in Okayama and Berg (1982, Mol.
5

.~ Cell Biol. 5:1136-42) into COS-M5 cells seeded at 5 X 10

cells per 60 mm plate and cultured in 2.5 ml of Dulbecco’s

- Modified Eagle’s Medium containing high glucose (4500 mg/ml)
‘and 10% fetal bovine serum; supernatants were harvested 72

hours after transfection.

7.2. RESULTS
7.2.1. CLONING OF THE NEUROTROPHIN-3 GENE
Amplification products of the expected sizes (as

predicted from the NGF and BDNF sequences) were obtained
using the different pairs of degenerate oligonucleotides.
These products were first subjected to restriction enzyme -
analysis to determine the relative content of NGF, BDNF or
novel sequences. In all cases, restriction fragments
corresponding only to NGF and BDNF sequences were detectable
by staining with ethidium bromide. However, use of the same
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bl ot rassay systemin order to quantitate and conpare |t ﬁxpre53|oncH
NT-3, BDNF and NGF transcripts in a variety of -tissug- dﬂiﬂeaa The
amount of each neurotrophin transcript Lggthe differdnt sanples was

gquantitated relative to defined synthetic standards. [Synthetic NT-3; F
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of undetectable by other means. The R1B/2C probe also detected

novel sequences in the genomic DNA of evolutionarily

divergent species (including human, mouse, chicken and

Xenopus), suggesting that this probe identifies a functional

gene. _ _
In order to isoclate this gene, the R1B/2C probe,
as well as probes specific for NGF and BDNF, were used to
screen (Maniatis et al., ‘1982, Molecular Cloning: A
Laboratory Manual (Cold Spring Harbor Laboratory, Cold
Spring Harbor)) a rat genomic DNA library (purchased from
Clontech Laboratories, Inc., Palo Alto, CA} prepared from
Sprague-Dawley rat DNA (partially digested with Sau3aA
restriction endonuclease and cloned in the EMBL3/SP6/T7
bacteriophage vector). Two independent bacteriophage clones
were found that-hybridized to R1B/2C probe, but not to the
other two probes. Restriction map analyses of the rat
genomic inserts in these clones demonstrated that they
correspond to the same gene (Figure 6B). The bacﬁeriophage
clone with the longest insert was designated ¢rN3(Gl).
Sequence analysis proved that the gene identified by R1B/2C
encodes a new member of the NGF/BDNF family (see Figure 7),
which we have named neurotrophin-3.

7.2.2. SEQUENCE ANALYSIS OF MATURE NEUROGTROPHIN=-3
DNA sequencing was carried out by the
dideoxynucleotide chain termination method (Sanger et al.,
1977, Proc. Natl. Acad Sci. U.S.A. 74:5463-7), using the




total RNA) for all three neurotrophins in the adult r tpgranw wmaﬁf#ﬂLOt
of this standardi zed adult brain sanple was included pn;at -subsequen
Northern blots, thus allow ng quantitation of neurotrpphi expressi o
level s in new RNA sanpl es by conparison (see infra). TotaEHSMABJEQ7
conpari son -of the three neurotrophin transcripts anong dlfferent sanﬁles,
exposures depicted in subsequent figuresswere chosen ko that the signal
intensities in the standardi zed adult brain sanpl e wete—siwlarfaor al
three neurotrophins, thereby normalizing the signals in other tissue
sanples to tH Qﬁﬂh&ﬁxygﬁ%M§hﬁﬁo kit supplied by United States

Biochemical Corporation, using protocols recommended by the

manufacturer.

NGF has two distinct precursor forms, termed the
#long” (initiating at start site ”A*) and “short”
(initiating at start side *B”) precursors, that differ by
the length of their N-terminal sequences (Darling et al.,
1987, Cold Spring Harb. Symp. Quant. Biol. 1:427-34; Selby
et al., 1987, Mol. Cell Biol. 7:3057-64; Edwards et al.,
1988, Mol. Cell Biol. 8:2456-64). Both the long and short
precursors can be proteolytically cleaved to yield the
mature form of NGF, which essentially constitutes the
carboxy-terminal 120 amino acids of each precursor. BDNF
may also have similar long and short precursor forms.

Sequencing of the NGF gene from several species
has revealed that most of this additional N-terminal
sequence is found on separate exons, except for four codons
(Val-His~Ser-val) that are included at the 5’ end of the
axon that encodes the entire short (start site ~#B¥)
precursor. We ﬁavé previously demonstrated that two of
these four codcﬁs (Val-X~-¥X-Val), as well as the RNA splice
acceptor site that precedes them, are conserved just
upstream to a conserved “B” start site in BDNF genes
-isolated from several species; this finding led us to
propose that both long and short precursor forms of BDNF
exist. There is conservation of the Val-X-X-Val codons, as
well as the splice acceptor site, in the rat NT-3 gene; this
splice acceptor site and the proposed intron boundary are
indicated in Figure 7A. These sequence considerations lead
us to predict the existence of upstream coding exons for the
NT-3 gene, which would encode a long precursor form. The
finding of the conserved seguence upstream of the putative
NT-3 #A” gtart site further reinforces our prediction of the
existence of a long BDNF precuréor and suggests an
important, evolutionarily conserved role of this long
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COVMGBN AS WELL AS UNI QUE DEVELOPMENTAL FEATURES BRRIMORRIE
neur ot rophi n gene expression in rat enbryos reveal ed that |aldt—th+ree ;
neur ot-r ophi ns di splay a dramatic increase in their expresgic Ie%ié - Eo
bet ween enbryoni c days el even and twel ve (E11-E12) (Figure J6A§§ ‘f1Y%ﬁep
neuroptrophin transcripts are w dely dL%%Libuted t hroughodt {E12 and E13 _j
enbryos. The timng of the concerted ri'se in neurotrophiH gene expression
coincides with the period in which neurogenesis (both periipher

centrally) pPegedfséP £8F NE€FL . tritheMlelst B¢ iRkt N8F ehabpyation of meons by
s e Y o QR TE e Y 05 5 o o TG 801 08252 s AP
protease cleavage sequence (Arg-Arg-Lys-Arg), very similar
to those seen in NGF and BDNF (Figure 7A,C). In some
species, the two C-terminal amino acids of NGF are also

proteolytically removed. Unlike NGF, rat NT-~3 does not have
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an obvious potential cleavage site at its C-terminus (Figure
7A,C), and we infer that, as with BDNF in all species
examined to date, there is no proteolytic modification at
the C-terminus of NT-3.

‘Based on these considerations, the predicted si:ze
of the mature NT-3 polypeptide is 119 amino acids, with a
computed pI of about 9.5. Thus, in size and charge, NT-3
closely resembles NGF and BDNF. The seven N-terminal amino
acids of mature NT-3 differ completely from NGF and BDNF.
Starting from amino acid eight of mature NT-3, optimal
alignment required a’single gap of two amino acids relative
to BDNF and a single insertion of one amino acid relative to
NGF (Figure 7D). The mature rat NT-3 displays 57% amino
acid homolegy with rat NGF, and 58% aminoc acid homology with
rat BDNF; S7 of the 120 residues (48%) are shared by all
three proteins (Figure 2D). The six cysteine residues found
in NGF and BDNF are absolutely conserved in NT-3, and
regions of greatest homology between the three proteins are
mainly clustered around these cysteine residues.

7.2.3. ANALY;IS OF NEUROTROPHIN-3 PRECURSORS

Just upstream to the presumptive cleavage site
that releases mature NT-3, there is a universal
glycosylation acceptor site (Asn-X-Thr/Ser, see Figure 7A,C)
which also has been found at the same position in NGF and
BDNF (Ullrich et al., 1983, Nature 303:821-5; Leibrock et
‘al., 1989, Nature 341:149-52). Whether this glycosylation
site plays a role in processing of the NT-3, NGF or BDNF
precursors remains unknown. :




74; Al tman and Bayer, 1984, ibid, Vol. 85). Despite this
coordi nated onset of neurotrophin gene expression durijn Dy 0genNesdrs,
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(defined for NGF above), which would yield a short precursor
of 258 amino acids, similar in size to the short precursors
for NGF (241 amino acids) and BDNF (249 amino acids); the
apparent methionine initiation codon, secretory signal
sequence and signal sequence cleavage site for the short
precursors of all three factors are conserved (Figure 7C).
Because the region 1 homology extends upstream of the ”B”
start site, we also.prgdiét the existence of a 'long
precursor for NT-3 which would initiate from an ”A” start
site (see Figure 7A,B,C). As has been seen with NGF
(Ullrich et al., 1983, Nature 303:821-5; Selby et al., 1987,
Mol. Cell Biol. 7:3057-64), and proposed for BDNF, such a
start site presumably would be encoded on additional exons
upstream to the single exon which encodes the entire short

N

precursor. .
In addition to the region I and IXY amino acid

homologies, comparisons of hydrophilicity plots for NT-3,
NGF and BDNF reveal a similarity of structure in the
precursors, upstream of the mature products.

7.2.4. NEUROTROPHIN-3 POSSESSES NEURCTROPHIC ACTIVITY
, The striking homeclogy amon§ NT-3, NGF and BDNF

strongly suggested that NT-3 might possess neurotrophic
activity. NGF and BDNF can each promote the survival of
selected populations of peripheral and central nervous
system neurons- in vivo and in vitro (reviewed in Whittemore
and Seiger, 1987, Brain Res. Rev. 12:439-~64; Lindsay, 1988,
in “The Making of the Nervous Systenm,” pp. 149-65; Davies,
1988, Trends Genet. 4:139-43). . For example, the
administration of either factor to developing avian embryos
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precedes the increase in neurotrophin gene expression, fsis 5%%%“@ hijgh
in the early spinal cord, and decreases during the pre-patal_devel.opnent

the brain and the post-natal devel opnegp-of the heart (Figure 16A B, Q)

prevents naturally occurring neuronal death in specific
peripheral ganglia (e.g. Hoffer and Barde, 1988, Nature
331:261-2). When added to ex?lanted ganglia, NGF and BDNF
induce neurite outgrowth (Davies et al., 1986, J. Neurosci.
6:1897-904) ; when added to cultures of dissociated
ganglionic neurons, these factors promote neuronal survival
and differentiation (Lindsay et al., 1985, Dev. Biol.
112:319-28). Such in vitro assays, utilizing several types
of chick peripheral ganglia, have been used to distinguish
between the neurotrophic activities of NGF and BDNF.
Whereas both factors act on populations of sensory neurons
found in the neural crest-derived dorsal root ganglia (DRG),
only BDNF supports the sensory neurons of the neural
placode-derived nodose ganglion (NG) (Lindsay et al., 1985,
Dev. Biol. 112:319-28). 1In contrast, NGF, but not BDNF, can
support the survival and growth of neurons of the
paravertebral chain s}mpathetic ganglia (SG) (Barde et al.,
1982, EMBO J. 1:549-53).

In order to assess the potential bioclogical
activity of NT-3, we inserted the rat NT-3 gene into a
vector, pCDM8 (Séed, 1987, Nature 329:840-42), which was
previously used to transiently express BDNF and NGF in
mammalian cells. This construct was designed to express the
short precursor form of NT-3; expression of the short
precursor forms of NGF and BDNF has yielded biolecgically
active material (Edwards et al., 1988, Mol. Cell Biol.
8:2456-64; Leibrock et al., 1989, Nature 341:149-52). The
NT-3, NGF and BDNF constructs were transfected into COS
cells; culture supernatants were harvested and first assayed
at varying concentrations for their ability to induce
neurite outgrowth from DRG explants. As expected, NGF and
BONF promoted neurite outgrowth in this assay (Figure 8).
In the first demonstration that the NT-3 gene actually

of



12.2.3. COWPARI SON OF NT-3, BDNF, NGF AND NGFR EXPRESSI OMbepyaC MEEHIN
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di stribution of neurotrophin gene expression within thejrat _nervous system
and to understand how the distinct devel opnental profilfs |Q 8Re1987 aif ng
rel ate to devel opmental changes within discrete brain-regions, we examjned
neur ot rophi n gene expression within netborn and adult bfains. Al three
factors displayed discrete spatial and tenporal dlffere es-in-their
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uni formy de£\w8l, of expression in the adult hlppocanpus In contrast to
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are nore sinmilar in e 6é5hdF§?F|¥ﬁﬁ4cﬁﬁ?ifﬁ%qﬁﬁﬁﬁVePPensPrg Sr supra),
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patterns‘@f!ﬁé&f&%@d DRG neurons (Figure 9). In the virtual absence
of Schwann cells and fibroblasts, NT-3 promoted survival and
neurite outgrowth of approximately 60%. of these DRG neurons.
Given that NGF and BDNF together support virtually 100% of
DRG neurons in culture (Lindsay et al., 1985, Dev. Biol.
112:319-28), it must be assumed that NT-3 promotes survival
of cells that are also responsive to at least one of the
other two factors.

7.2.5. NEUROTROPHIC ACTIVITY OF NT-3 IS
DISTINCT FROM NGF AND BDNF

To further explore the neuronal specificity of
NT-3, we assayed the factor on NG and SG explants. As .
expected, control experiments verified that NGF induced
neurite outgrowth from SG but not NG explants from E8 ~chick
embryos, whereas BDNF induced neurite outgrowth from NG but
not SG explants. 1Interestingly, NT-3 promoﬁed neurite
outgrowth from both NG and SG explants (Figure 8),
suggesting a broader specificity than either NGF or BDNF.
However, NT-3, like NGF and BDNF, failed to promote survival
or promote neurite outgrowth from explants or dissociated,
neuron-enriched cultures of the chick ciliary ganglion. As
has been previously shown, the parasympathetic neurons that
comprise the ganglion did respond to rat CNTF, a
neurotrophic factor unrelated to the NGF/BDNF/NT-3 family
((Manthorpe et al., 1986, Brain Res 367:282-6); Stockli et
al., 1989, Nature 342:21-28). No response was seen in any
of these assays using supernatants from COS cells
transfected with control vectors (Figure 8).




adult brain (Figure 17B, 18B); interestingly, both factor
absént fromthe striatum However, NT-3 and BDNF al-so dis
i nteresting, and apparently reciprocal, differences when
conpared between newborn and adult brasps (Figure 17A B and_ Fi gure 18A B)
NT-3 expression in the newborn is highest, and far higher{ than |ri‘"f‘1’n=3—~--J
adult, in nore immture regions of the brain (i.e., cere _iuiyygzgnpu
and neocortex). BDNFI®epreswilss PE hovepresentiaeiee rogiernisemtd hi ghest,  am

similar tanebildiretles reispoiBee 62UERb1RABLA éRSHISId Ry 8 (E8)
chick dorsal root ganglia (DRG), nodose ganglia (NG), and
paravertebral sympathetic ganglia (SG) to increasing doses
of NT-3 are shown in Table IV. Ganglia were cultured for

the times indicated as explants in 1 ml of collagen gel, as
described in Lindsay and Rohrer, 1985, Dev. Biol. 112:30-
48). Fiber ocutgrowth was scored on a scale of 0 to 5, where
5 is the maximum fiber outgrowth observed on dorsal root
ganglia in response to a saturating dose of nerve growth
factor (NGF) (1-10 ng/ml). Rat NT-3 was provided as
conditioned medium from COS-M5 cells transfected with
plasmid pC8-rN3(Pl), as described above. Conditioned medium
from mock-transfected COS-M5 cells was used as a control.

At all doses tested, over a 50-fold range, NT-3 promoted
detectable fiber outqrowth from all three types of explanted
ganglia, although at low doses the responses were weaker on
sympathetic ganglia. The maximum fiber outgrowth response
of dorsal root ganglia to NT-3 was comparable to that seen
for NGF or BDNF. The maximum response of nodose ganglia to
NT-3 was qreater'than the maximal response seen to BDNF.

. Nodose ganglia do not show a fiber outgrowth response to
NGF). The maximum response of sympathetic ganglia to NT-3
was less than the maximal response of these ganglia to NGF,
and was observed at higher concentrations than were required
for maximal responses to NT-3 in dorsal root or nodose
ganglia cultures.



- 81- mature earlier (i.e., hindbrain, mdbrain and diengephkatlon) __As in
the ;adult brain, NT-3 and BDNF transcripts are not detectcbﬁéPUKAWMQrcyaET
nm%owyﬁriﬂum Conpared to NT-3 and BDNF, NGF ~t-evehs
di spl-ay | ess dramatic differences in the newborn versus acuLtﬁggﬂAk
conparison (Figure 17, 18);: olfactory bul b NGF levels arelhig 19987
newborn, while the hippocanpus and neocgrtex NG~ | evel s afethi '
adul t: NGFR nRNA | evels were general |y~ ?Qher wi thin the pewborn as opposed
to the adult brain, with exceptionally high levels in the Tewor-ft———m—m7— |

cerebel  um and hindbrain (Figure 17AB). 12. 2. 4. EXAM NATI ON OF NT- 3,
NG- AND BDNF EXPRESSI ON DURI NG THE DEVELOPMENT OF DI SCRETE CNS
REG ONS _ TABLE IV

Recombinant rat NT-3 pronmotes fiber outgrowthafrom explants

of:
DRG = EB8 chick embryo dorsal root ganglia
NG = EB8 chick embryo nodose ganglia

sC = E8 chick embryo paravertebral sympathetic
chain ganglia

Fiber Outgrowth Score

DRG NG sC
(24h) (24h) (24h)
Control 500 sl mock-~transfected 0-0.5 0 0
COS cell supernatant
NT-3 10 ul COS cell supernatant 2-3. 2-3 0-0.5
NT-3 50 ul COS ceil supernatant 3-4 4=-5 0-0.5
NT=-3 200 ul COS cell supernatant 5# . 2-3¢% 0-1
NT-3 500 ul COS cell supernatant 5% 0-2% 1-2

The results are the range of fiber outgrowth scores from
4 to 6 ganglia in each case.
* At supersaturating levels of NT-3, fiber outgrowth
is reduced as determined by fiber length on DRG
explants and by the number of fibers on NG explants.



To further pursue the notion that NT-3 is expressed nost nptRERLGCEHEENTy SHEET
t he: devel opment of particular CNS regions, while BDNF is p[efiomnarery
expressed |l ater in the devel opnent of the same regions, we angQéggq s

neur ot r ophi n gene expression during thegevel opnment of thrge rﬁgiﬁﬁg
whose maturation follows very different tinme courses. NeurPpPgERESHS i
followed rapidly by a period of naturally occuring cel death, begins very

early within the spinat.zo6d (EAR-NBIROTRUPHIN-COIS| acedvEeVerat—days—before
birth (Altman and Bayer, 1984, 08 MARIALINNY NEWRONSSt . nost neurons in the
cerelbelt! um ;amd hi Bpocm?atsusdé%%ﬁuu@&ﬁ%et Qbﬁettlﬁ@grg rgrtitwlég aekblays

popul ati ons) are born after_bir eg. man, , J. : ur.

128: 431- 47ACEEXREESO NREmRL 12 _r,\etglg:gss,, Jt.hec&?‘&]hmguraéls?ylgg?l49- 176). In

t he | at er - rdpeakedi ngingrébesalintodtheyangls e disseictednfrongdaysiig, rat
neur obl ast _ni.( i eurgnal e dif f j At ] riyn i rsknihree
weeks of If%g%g%.?%?%g‘,m'l%& sfugéréa)}fdile[ualhsgtsds%e%e%gr gpgﬁbggoé'ﬁath&l MRNA
| evel s in ER4 RRppdenAplsreet ganglia explants (four ganglia per 1 ml

culture) were cultured for 24 hours, essentially as
described for chick ganglia (Figure 8, Table IV), with no
added.neurotrophic factor (control), with mouse submaxillary
gland nerve growtﬁ factor (NGF), or with recombinant rat
NT-3 (conditioned medium from COS-MS5 cells transfected with
plasmid pC8-rN3(Pl), as described above). Each ganglion was

scored for fiber outgrowth, as described (see Table IV).
The results show that, like NGF, NT-3 is highly active in
promotinq fiber outgrowth from the rat dorsal root ganglia
.explants. '



not becone readily detectable until about two weeks after
al .y 1986, Science 234:352-355); this increase occurs |on

peri-natal onset of extensive .
granule cell proliferation (eq. A tman, 1966, supra) and
fibers fromthe cholinergic neurons of the basal forebrai

1989, J. Neurosci. 9:2999-3018), but -65-~

TABLE Vv

NT-3 promotes fiber outgrowth from explants of rat embryo
dorsal rcot ganglia.

Fiber Outgrowth Score

E14 Rat DRG
Control 0,0,0,0
NGF (mouse, 5 ng/ml) 4,4,4,3
NT-3: 20 xl rat NT-3 . 3,3,3,4

COS cell supernatant

Fiber outgrowth scores (scale of 0 to 5) are given for each
of four individual ganglia per culture.

While the DRG, NG and SG explants each responded
to at least two.of the three related neurotrophic factors,
the maximal response exhibited 5y a given 'ganglion depended
on the factor used. In the case of DRG, the response to
satufétinq levels of NGF, BDNF and NT-3 was relatively
equivalent. However, with NG, the maximal response to NT-3
was greater than to BDNF, while with SG, the maximal
response to NT-3 was substantially lower and somewhat
delayed. compared to NGF.

7.2.7. EXPLORING THE SITES OF NEUROTROPHIN-3 SYNTﬁESIS
It has been established that during development
neuronal survival depends on target-der;yed neurotrophic
molecules. Continued survival, even in the adult, may
require the persistence of a neurotrophic influence (Thoenen
et al., 1987, Ciba Found. Symp. 126:82-95). In other cases
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(Figure 5A E) reveals high | evels of NT-3 expression at E1f2-{EF18 5(MAR-198D !
fg/ug total RNA) which decrease by birifyand are al nost undetectable in t hej
adult. BDNF nRNA, which is barely detectable at E12-E13, Qeaks at biTth J
(10-20 fg/ug total RNA), and then decreases in the adult. S

expressed ghrbwh@saflﬁxehselﬂe@anﬂaa;smdleulorﬁﬁzdd(eigénaSoﬁgéug total RNA),
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roles.

Teo explore the sites of NT-3 synthesis and to
compare NT-3 exp}ession with that of NGF and BDNF,
triplicate Northern blots of RNA sanmples prepared from a
variety of adult rat tissues were hybridized to probes
specific for each of these genes (Figure 10). As previously
demonstrated (Heumann et al., 1984, EMBO J. 3:3183-9;
Shelton and Reichardt, 1984, Proc. Natl. Acad. Sci. U.S.A.
81:7951-5), expression of NGF mRNA was highest in brain,
heart, and spleen; at least trace levels were detectable in
all other tissues examined. BDNF displayed a more
restricted pattern of expression; highest levels were found
in brain (Leibrock et al., 1989, Nature 341:149-52), and
significant levels were seen in heart, lung, and muscle. As
with NGF, the NT-3 transcript (1.4 kb) was detectable in all
adult tissues surveyed. However, in all peripheral tissues
surveyed the level of expression of NT-3 mRNA was at least
comparable to that seen in the adult brain, and in some
cases (e.g. kidney, spleen) was substantially higher.

We also compared the relative abundance of the
NGF, BDNF, and NT-3 transcripts in the brains of newborn and
adult mice. 1In contrast to both NGF and BDNF, the level of
NT-3 mRNA -in newborn brain was higher than in adult brain
(Figure 8). A more detailed analysis has revealed that NT-3
mRNA levels in the central nervous system are dramatically
higher during fetal development and then decrease to adult
levels.
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three proteins raises intriguing questions about the
.relevance of both precursor forms in vivo. The long forms

Nevertheless, vectors expressing the short precurs
of these factors yield biologically active materia
cells.

may be processed more efficiently than the short forms.

or forms
1 in COS

our finding that thése three neurotrophic factors

display distinct stage-specific and tissue-specifi
of expression supportg the notion that neural deve
depends on the temporally and spatially distinct e

c patterns
lopment
xpression

of discrete neurotrophic activities. The developmental
profile of NT-3 expression suggests that this factor may
play a particularly important role early in the development

of the nervous system. Our initial characterizati

on of NT-3

neurotrophic activity in vitro, coupled with the generalized
prevalence of NT-3 mRNA in both the adult brain and adult

periplhieral tissues, further suggest that NT-3 may

have a

widespread influence on neuronal function and/or survival in
the adult. The more global expression of NT-3 also raises
the possibility that this factor acts on cells outside of

the nervous system, as has been proposed for NGF (

Otten et

al., 1989, Proc. Natl. Acad. Sci. U.S.A. 86:10059-10063).
Although it has not yet been clearly demonsfrated

that neurons can be simultanecusly responsive to more than

one neurotrophic factor, evidence suggests that NGF and BDNF

may act on overlapping neuronal populations. For

exanple,

administration of either NGF or BDNF can rescue the vast
majority of DRG neurons that would otherwise die during
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NG= expresss 9i): $9es; Not ¢lisS Kk rAak ieABS bl @Ak effects of NT-3 on
chick peripheral ganglia strongly support the intriguing
possibility that individual neurons can respond to multiple,
related favors. 1If this is the case, both the mediation and
physiclogical relevance of simultaneous responsiveness would
raise fascinating questions. For example, compcnents of the
receptors and/or signal transduction mechanisms for the
three structurally related neurotrophic factors may be
shared. 1In principle, simultaneously responsive neurons
could have multiple receptors, each specific for a given
neurotrophic factor, or a single recepter which can mediate
a response to multiple neurotrophic factors. In vivo, these
various factors may be simultaneously presented to all
responsive neurons. More likely, there are spatio-temporal
differences in the relative availability of individual
factors (e.g. Davies et al., 1987, Nature 326:353-8). It
may even be possible that different factors are available to
different sites of the same neuron (e.g. a sensory neuron
may receive distinct factors from its peripheral and central
terminals) (Kaléheim et al., 1987, le Douarin, EMBO J.
§£2871-3). If multiple factors are simultaneously available
to some neurons, their actions might be either redundant or
complementary.

Elucidating the individual and potentially
complementary roles of NGF, BDNF and NT-3 will provide
information crucial for understanding normal development and
maintenance of the nervous system. Animal studies have
suggested that NGF may be of value in the treatment of
degenerative neurclogical conditions (Snider and Johnson,
1989, Ann. Neurol. 26:489-506; Fischer et al., 1987, Nature
ggg:ss-B:IPhelps et al., 1989, Neurobiol. Aging 10:205-7).
The cloning of a new member of the NGF/BDNF gene family, and
its potential interactions with the other members of the

hi gh
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8. EXAMPLE: THE CLONING AND CHARACTERIZATION
OF THE HUMAN NEUROTROPHIN-3 GENE

8.1. RESULTS
The preparation of a probe (R1B/2C) used to

identify the rat NT-3 gene was performed as described in
Example Section 7, supra. As described therein, the probe
was prepared by polymerase chain reaction (PCR) from rat

genomic DNA, using degenerate oligonucleotide primers

corresponding to two of the “boxes” of amino acid sequence
homoloéy shared by NGF and BDNF. The presence within the

R1B/2C probe of a population.of DNA molecules representing a

novel gene was revealed initially by Southern blot

- hybridization on rat'genomic DNA digested with EcoRl

restriction endonuclease; the probe detected a novel DNA
fragment, in addition to the expected fragments known to

correspond to the NGF and BDNF genes.

~ when 32p-labeled R1B/2C was used as a probe to
analyze Southern blots of human genomic DNA digested with
various restriction endonucleases, as in the case of rat
DNA, hybridization was observed to bands corresponding to

the NGF and BDNF genes, but alsc to novel bands. For

example, with HindIIT restriction endonuclease, a novel
(i.e. non-NGF, non-BDNF) band of approximately 1.8 kb was’

observed; with BamHl a novel band of approximately 15 kb was

observed:; and with EcoRI novel bands of 8 and 12 kb were

obsarved (the presence of two bands may have resulted from a
polymorphism in EcoRI restriction sites in the human genomic

DNA). These data indicated that human DNA contains a gene
for NT-3, which is well conserved between rats and humans.

%bnental roles of particul ar inportance
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The human NT-3 gene was isolated by screening a
genomic library, as described for the isolation of the rat
NT-3 gene (see Example Section 7). Briefly, a library
consisting of Sau3A partial digestion products of human
placental genomic DNA, cloned in the bacteriophage vector
AEM@LJ/SPG/T? ({purchased from Clontech Laboratories, Inc.)
was screened with the R1B/2C probe, and with rat NGF and rat
BDNF probes. A human NT-3 clone would be expected to

hybridize with R1B/2C, but not with either NGF or BDNF. One

such phage clone was identified among approximately 8 x 10°
plaques screened. This clone, designated ¢hN3(Gl), was
found to contain a human DNA insert of approximately 16 kb.
The clone was restriction mapped by conventional methods,
and selected restriction fragments were subcloned into
plasmid pBluescriptII (Stratagene) for DNA sequence
analysis. The sequence of the human NT-3 gene and the
deduced amino acid se&uence of its protein product, aligned
with the rat NT-3 sequences, are shown in Figure 11.

8.2. DISCUSSION

The results of sequence analysis show a _
strikingly high degree of conservation in hucleic acid and
amino acid sequence between rat and human NT-3. Within the
region encoding the mature polypeptide (119 amino acids),
the human and rat genes are approximately 92% homologous in
DNA sequence. However, none of the differences in
nucleotide sequence between human and rat in this region
lead to amino acid substitutions; the deduced amino acid
sequences of mature rat and human NT-3 (and mature mouse
NT-3, see Section 6, supra) are absolutely identical. This
is reminiscent of the high degree of conservation of BDNF,
which shows complete identity in the amino acid sequence of

the mature polypeptide among rat, mouse, human, and pig. By

contrast, the amino acid sequences of mature human NGF and
rodent NGF (mouse or rat) differ by approximately 10%.
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mature NT-3 polypeptide (Arg-Arg-Lys-Arg), the human

sequence lacks one codon (for Pro) that is present in the

rat sequence. O©One block of four amino acids differs between

human and rat preproNT-3, and six additional single amino

acid substitutions are scattered between that block and the

predicted protease cleavage site.

9. BIOLOGICAL ACTIVITY OF HUMAN NT-3

Because the deduced amino acid sequence of mature
human NT-3 is identical to that of mature rat NT-3, it was
strongly predicted that the human and rat NT-3 proteins
would display indistipguishable biolegical activities. The
neurotrophic activity of human NT-3 was confirmed by
inserting the cloned human gene into the plasmid expression
vector pCDM8, transfecting the resulting plasmid pC8-hN3(P1l)
into COS~M5 cells (aé described by Chen and Okayama, 1987,
Mol. Cell. Biol. 7:2745-52), and assaying for neurotrophic
activity in conditioned medium from the transfected cells.
The human NT-3 gene was amplified by PCR from bacteriophage
¢hN3(Gl), and inserted into the plasmid expression vector
pCDM8, as described for the rat NT-3 gene (Example 7); the
resulting plasmid was designated pC8-hN3(P1). The
nucleotide sequence of the entire NT-3 insert was determined
and compared with the genomic sequence determined as
described above, in order to confirm that no mutations had
been introduced during the PCR amplification and cloning
procedures. The transfection and assay methods were
essentially identical to those used in assessing the
biclogical activity of rat NT-3. '
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of further (mapaet vgjtLi ofhe ganglia were cultured (see Figure 8, Table
IV). for 24 hours in the presence of conditioned medium
{supernatants) from mock-transfected C0OS-M5 cells, or from
COS-M5 cells transfected with plasmids (all derived from the
pCDM8 expression vector) encoding recombinant human BDNF, or
recombinant rat NT-3 {ZrNT-3; plasmid pC8-rN3(Pl)) or
recombinant human NT-BI[hNT-3; plasmid pC8-hN3(Pl)]. The
BDNF plasmid was chosen as a positive control, because BDNF
is known to have neurotrophic activity on both dorsal root
and nodose ganglia. As shown in Table VI, both rat and
human recombinégt NT-3, at a modest dose (compare Table 1IV),
displayed approximately the same level of activity as BDNF
on dorsal root ganglia, and significantly greater activity
than BDNF on nodose ganglia. No difference was observed in
the activity of human versus rat NT-3.
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adult CNS, NT-3 and BDNF have dramatically different patte
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(neutal as well as non-neural) cells in the periphery than 5 MAR™1997
(Mai sonpierre et al., supra). —73- {
TABLE VI

Recombinant human NT-3 produced in COS cells is as active as
recombinant rat NT-3 when assayed on chick embryo dorsal
root ganglia or nodose ganglia in explant cultures

Fiber Outgrowth Score

DRG NG
‘Control 0,0,0,0,0.5 0,0
BDNF: 20 pl COS supernatant 3,3,3,3,3 1,3
Mock: 20 pl COS supernatant 0,0.5,0,0,0 0
human NT-3: 20 gl COS supernatant 3,2,4,3 3,3
rat NT-3: 20 ul COS supefnatént 3,4,4,3,4 3,4

Scores are a measure of the fiber outgrowth (scale 0 to §5)
seen on 1 to 5 individual ganglia at 24 h in culture. The
score for each individual ganglion is shown.

10. IDENTI%ICATION OF HUMAN NT-3 GENE PRODUCT BY
METABOLIC LABELING

The predicted size of the mature NT-3 polypeptide
(rat or human) is 119 amino acids, with a molecular weight
of 13.6 daltons. In order to determine experimentally the
approximate size of the mature human NT-3 polypeptide, cells
transfected with a human NT-3 expression plasmid were
metabolicaliy labeled and conditioned medium was analyzed
for the presence of a novel polypeptide. 1In the experiment
shown in Fiqure 12, COS-MS5 cells were transfected with the
plasmid p¢8-hN3(P1) (described above), the cells were
labeled with a mixture of [3551methionine and [3581cysteine,
growth medium was collected and fractionated by '
electrophoresis under denaturing conditions on a 15%
polyacrylamide gel, proteins were transferred to a membrane
filter (essentially as described in Towbin et al., 1979,
Proc. Natl. Acad. Sci. U.S.A. 76:4350-4354), and labeled
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of approximately 14 kDa (labeled NT-3 in the figure), that

was not seen in the control. Within the limits of
resolution of the technique, this agrees well with the
predicted size of mature NT-3.

11. EXAMPLE: NEUTROPHIN-3 SUPPORTS THE SURVIVAL
OF CULTURED DOPAMINERGIC NEURONS OF
THE EMBRYONIC RAT VENTRAL MESENCEPHALON

Cultures of El4 rat embryo ventral mesencephalon
were established as described in U.S. patent application
serial no. 07/400,591, filed August 30, 1989, which is
incorporated in its entirety by reference herein. Cultures
were seeded at a density of 50,000 cells/cm2 (Fig. 13) or
160,000 cells/cm2 (Fig. 14) and grown in the absence of

neurotrophic factor control or in the presence of increasing
amounts of COS cell supernatant containing recombinant human

neurotrophin-3 (NT-3). After 8 days in culture, cells were
fixed and stained with a monoclonal antibody to tyrosine
hydroxylase (TH), a marker of dopaminergic neurons. As
shown in Figqures 13 and 14, increasing amounts of NT-3 were
found to increase the number of TH positive cells surviving
after 8 days, with a maximum of a 2.5-fold increase over
control values with a 1:25 dilution of NT-3 COS cell
supernatant. Purified nerve growth factor appeared to be
without effect, but the effects of NT-3 were similar to
those observed for BDNF.

12. EXAMPLE: NT-3, BDNF AND NGF IN THE DEVELOPING
RAT NERVOUS SYSTEM: PARALLEL AS WELL AS
RECIPROCAL PATTERNS OF EXPRESSION

12.1. METHODS
12.1.1. MATERIALS AND DISSECTIONS
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The dissections

of adult brain were guided by conventional gross anatomical
landmarks. Cortex samples included neocortex and dorsal

portions of olfactory cortex. Diencephalon

samples were

taken using the stria medullaris and the optic chiasm as

dorsal and ventral landmarks, respectively.
samples were taken at the level of superior

Midbrain
and inferior

colliculi, dorsally, and extended to the ventral surface of
the brain up to the most rostral edge of the pons.
Hindbrain samples lacked cerebella, but included pons and
medulla. It should be noted that only rostral portions of
the striatum were sampled, to avoid contamination by
thalamlc tissue. The hlppocampal sanmples were collected
from the level of the fimbria/fornix to, approximately, the
caudal pole. The disseétions of newborn brains utilized
similar landmarks, with the exception of the stria
medullaris. Timed pregnant rats were used to obtain
embryonic tissues, with day of sperm positively designated
as day E1; the day of birth was designated FO. Adult rats

averaged 150-275 grams (6-8 weeks of age).

12.1.2. RNA PREPARATION AND NORTHERN BLOTS

Selected tissues were dissected from Sprague-

Dawley rats and immediately frozen in liquid nitrogen. RNAs
were isolated by homogenization of tissues in 3M LiCl/éM
Urea, as described (Bothwell et ai., 1990, in Methods of
Cloning and Analysis of Eukar&otic Genes, Jones and
Bartlett, Boston, MA). RNAs (10 pg) were fractionated by
electrophoresis through quadruplicate 1%
agarose/formaldehyde gels (Bothwell et al., supra) followed
by capillary transfer to nylon membranes (MagnaGraph, Micron
Separations Inc.) with 10X standard saline citrate (SSC),

PH 7. RNAs were UV-crosslinked to the membranes by exposure
to ultravioclet light (STRATALINKER®, Stratagene, Inc.) and
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wi thirn the devel opi ng nervous system shares remarkabl ej sy mTarities Wijth
that of nestin (a novel internediate filanent protein thSBSFﬁFQeP§70r ijs
charaeteristic of CNS regi ons undergoi ng neurogenesi s Len ,

1990) and SNAP (an antigenic marker of early neurite outg+ oY 0
et al., 1986, J. Neurosci. 6:3576-3594)=7@like the case mnth NGF (Clegg et
al., 1989, Devel. Biol. 134:30-37), high levels of NT-3 EXpressiron precede

the arrival of synpathetic fibers to the heart. Thus, NJ-3 m ght be
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the g”idanc%igma, Inc.), 7% SDS, 1mM EDTA (Mahmoudi and Lin, 1989,
Biotechniques 7:31-33) and 100 ug/ml sonicated, denatured
salmon sperm DNA. Filters were washed at 68°C with 2X SsC,
0.1% sDS and subjected to autoradiography for one day to two
weeks with 1 or 2 intensifying screens (CRONEX®, DuPont) and
X-ray film (XAR-5, Kodak) at -70 C. Ethidium bromide
staining of the quadruplicate gels demonstrated that
equivalent levels of total RNA were being assayed for the
different samples (as in Maisonpierre et al., 1990, Science
247:1446-1451); this was confirmed by probing several of the
blots using a probe specific for the 28S rRNA.

e

12.1.3. NT=-3, BDNF; NGF AND NGFR PROBE PREPARATION
Molecular cloning of the coding regions for rat

NT-3, BDNF and NGF iﬂto the pCDM8 expression vector (Aruffo
and Seed, 1987, Proc. Natl. Acad. Sci. USA 84:8573-8577) has
been described previously (Maisonpierre et al., supra). The
800 basepair (bp) Xhol inserts of these plasmids were
separated on acrylamide gels and recovered by electroelution
(Bothwell et al., 1990), and subsequently 32P-labeled by
randon hexamer labeling (Bothwell et al., supra):
hybridization of each of the probes to synthetic NT-3, BDNF
and NGF transcripts (see infra) demonstrated that the probe
specific for one neurotrophin did not hybridize to
transcripts from the related neurotrophins. The rat NGFR
probe was a 1.6 kb Ncol cDNA fragment that spans the rat
NGFR protein coding region (Radeke et al., 1987, Nature
325:593-597). ' ‘

12.1.4. SYNTHETIC TRANSCRIPT PRODUCTION AND QUANTITATION
The T7 phage promoter present in the
pCDM8/neurotrophin expression constructs described above was
used to make synthetic RNA transcripts corresponding to the
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transcripts. Densitometric scanning (Series 300 Computing
Densitometer, Molecular Dynamics, Inc.) of dot- and
Northern-blotted synthetic transcripts hybridized to the-
ocligonucleotide probe (hybridizaéion and washing performed
at 55* C, otherwise as described above) confirmed that
equivalent levels of the synthetic transcripts were being
used as the defined standards (representative data depicted
in Figure 15a).
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12.1.5. DENSITOMETRIC QUANTITATION
' OF NEUROTROPHIN TRANSCRIPT LEVELS

The transcript levels in various samples were
normalized to the standardized adult rat brain sample (see
supra) as follows. Equivalent aliquots of the adult brain
RNA sample were.included on every Northern blot.
Densitometric scanning of various autoradiographic exposures
for each Northern blot was.used to determine signal
intensities for every sample assayed. For each exposure
scanned, the signal intensities for every sample assayed.
For each exposure scanned, the signal intensities for each
sample were divided by the value obtained for the signal
intensity in the adult brain sample in that exposure, which
normalized all values with respect to the standardized adult
brain samples. In Figure 18, the transcript levels in
different samples are displayed relative to the levels in
the adult brain sample, with the level in adult brain
arbitrarily set at 1.0. Having determined the femtograms of
neurotrophin transcript per microgram of total RNA in the

o
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adult brain sample, we could determine the actual transcript
levels (in fg/ug) in samples normalized with respect to the
adult brain sample.
9
12.2. RESULTS

12.2.1. QUANTITATION AND COMPARISON OF NT-3, BDNF
AND NGF mRNA LEVELS IN ADULT RAT BRAINS

We utilized a Northern blot assay system in order
to guantitate and compare the expression of NT-3, BDNF and
NGF transcripts in a variety of tissue-derived samples. The

amount of each neurotrophin transcript in the different
samples was quantitated relative to defined synthetic
standards. Synthetic NT-3, BDNF and NGF RNA transcripts,
whose amounts were precisely determined (see Figure 15A and
its legend), were included on Northern blots also containing
10 ug of total RNA isolated from adult rat brains. The
blots were hybridized to radiolabelled probes specific for
each neurotrophin, and then subjected to autoradiography
(Figure 15B). Scanning densitometry was -then used to
compare the hybridization signal intensities obtained from
the adult brain-sample and the synthetic standards. This
quantitation revealed that there were approximately equal
mRNA levels (estimated as 40 fg of NT-3 transcripts, 45 fg
of BDNF transcripts, and 30 fg of NGF transcripts per ug of
total RNA) for all three neurotréphins in the adult rat
brain. An aliquot of this standardized adult brain sample
was included on all subsequent Northern blots, thus allowing
quantitation of neurotrophin expression levels in new RNA
samples by comparison (see infra). To aid visual comparison
of the three neurotrophin transcripts among different
samples, exposures depicted in subsegquent figures were
chosen so0 that the signal intensities in the standardized
adult brain sample were similar for all three neurotrophins,
thereby normalizing the signals in other tissue samples to
the defined standard.
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February 28, 1990 w m, Par kl awn
Drive, Rockville, l\/BFi’PﬂﬁﬁaEb%Zof neurotrophin gene expression in
ATCC rat embryos reveakédatiiat all three Aevestraphimsiiidisplay a

dramatic increase in their expression levels between
embryonic days eleven and twelve (E11-E12) (Figure 16A): all
three neuroptrophin transcripts are widely distributed
throughout E12 and E13 embryos. The timing of the concerted
rise in neurotrophin gene expression coincides with the
period in which neurogenesis (both peripperally'and
centrally) begins in earnest, and with the initial
elaboration of axons by these newly formed neurons (e.g.
Altman and Bayer, 1982, Adv. Anat. Embryol. Cell Biol. Vol.
74; Altman and Bayer, 1984, ibid, Vol. 8S).

. Despite this coordinated onset of neurotrophin
gene expression during embryogenesis, comparison to the
standardized adult brain sample reveals that NT-3 mRNA is by
far the most abundant in the early embryos (180 fg/ug total
RNA), while BDNF mRNA is at least abundant (5-10 fg/ug of
total RNA) and NGF mRNA is present at intermediate levels
(30 f£g/ug of total RNAi (Fignre 16A). NT-3 and BDNF
continue to display a reciprocal relationship when
expression levels are followed in the developing brain
(Figuré 16B) or in the densely innervated heart (Figure 16C)
- initially high NT-3 expression decreases while initially
low BDNF expression increases until gimilar levels are
finally attained in the adult; by contrast, NGF expression
stays rather constant. Interestingly, NT-3 expression
increases during the development of the liver and thymus,
organs which are not densely innervated and which do not
express detectable BDNF mRNA (Figure 16C).
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12.2.3. COMPARISON OF NT-3, BDNF, NGF AND NGFR EXPRESSION
WITHIN THE NEWBORN AND ADULT NERVOUS SYSTEM

To define the spatial distribution of
neurotrophin gene expression within the rat nervous system,
and to understand how the distinct developmental profiles in
whole brains relate to developmental changes within discrete
brain regions, we examined neurotrophin gene expression

- within newborn and adult brains. All three factors
displayed discrete spatial and temporal differences in their
expression patterns (Figure 17). Quantitation of transcript
levels, including thbse in peripheral tissues, is displayed
in graphic form in Figure 4. The major similarity shared by
all three factors is their uniformly high level of _
expression in the adult hippocampus. 1In contrast to the
situation in adult peripheral tissues, where NT-3 and NGF
expression are more similar in their broad distributions
(Maisonpierre et al., supra), NT-3 and BDNF display obvious
parallels in their over-all expression patterns within the
adult brain (Figure 17B, 18B); interestingly, both factors
are strikingly absent from the striatum. However, NT-3 and
BDNF also display the most interesting, and apparently
reciprocal, differences when expression is compared between
newborn and adult brains (Figure 17A,B and Figure 18A,B).
NT=-3 expréession in the newborn is highest, and far higher
than in the adult, in more immature regions of the brain
(i.e.; cerebellum, hippocampus and neocortex). BDNF
expression is lowest in these regions and highest, and
similar to adult levels, in more caudal brain regions that
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mature earlier (i.e., hindbrain, midbrain and diencephalon).
As in the adult brain, NT-3 and BDNF transcripts are not
detectable in the newborn sfriatum.

Compared to NT-3 and BDNF, NGF mRNA levels
display less dramatic differences in the newborn versus
adult brain comparison (Figure 17, 18); olfactory bulb NGF
levels are higher in the newborn, while the hippocampus and
neocortex NGF levels are higher in the adult. NGFR mRNA
levels were generally higher within the newborn as opposed
to the adult brain, with exceptiocnally high levels in the
newborn cerebellum and hindbrain (Figure 17A,B).

12.2.4. EXAMINATION OF NT-3, NGF AND BDNF EXPRESSION
DURING THE DEVELOPMENT OF DISCRETE CNS REGIONS

To further pursue the notion that NT-3 is
expressed most notably early in the development of
particular CNS regions, while BDNF is predominately
expressed later in the development of the same regions, we
analyzed neurotrophin gene expression durinqlthe development
‘of three CNS regions whose maturation follows very different
time courses. MNeurogenesis, followed rapidly by a period of
naturally occuring cel death, begins very early within the
spinal cord (E12-E13) and is completed several days before
birth (Altman and Bayer, 1984, supra). By contrast, most
neurons in the cerebellum and hippocampus (accounted' for by
their granule cell populations) are born after birth (eg. '
Altman, 1966, J. Comp. Neur. 128:431-474; Schlessinger et
al., 1975, J. Comp. Neurol. 159:149-176). 1In the later-
developing cerebellum, there is extensive neurogenesis,
neuroblast migration, and neuronal differentiation during
the first three weeks of life (eg. Altman, 1966, supra). It
has been reported that NGF mRNA levels in the hippocampus do
not become readily detectable until about two weeks after
birth (Large et al., 1986, Science 234:352-3S55); this
increase occurs long after the peri-natal onset of extensive
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granule cell proliferation (eg. Altman, 1966, supra) and the
invasion of fibers from the cholinergic neurons of the basal
forebrain (Koh and Loy, 1989, J. Neurosci. 9:2999-3018), but
coincides with further cholinergic differentiation of these
neurons (Large et al., supra).

our examination of developiné spinal cord (Figure
SA,E) reveals high levels of NT-3 expression at E12-E13
(150-280 fg/ug total RNA) which decrease by birth and are
almost undetectable in'the adult. BDNF mﬁNA, which is
barely detectable at E12-El13, peaks at birth (10-20 fg/ug
total RNA), and then decreases in the adult. NGF mRNA is
expressed at highest levels in E12-E13 spinal cord (15-25
fg/ug total RNA), but at levels 10-fold lower than the NT-3
mRNA levels at the same stage. Interestingly, the NGFR is
expressed at highest levels in the early spinal cord; this
expression has previously been correlated with the period of
naturally occurring cell death of newly formed motor neurons
in the early spinal cord (Ernfors et al., 1989, Neuron
2:1605-1613). . '
In the late-developing cerebellum (Figure 1SB,F),
remarkably high'leQels of NT-3 mRNA (500-820 fg/ug total
RNX) persist throughout the first three weeks after birth,
whereas BDNF expression begins to increase only late in this
period; very low levels of NGF expression are detectable
only in the early stages of cerebellar development. NGFR.is
expressed at high levels early in cerebellar development and
then decreases prior to the observed decrease in NT-3

expression.

In the hippocampus (Pigure 19C,G), both BDNF and
NGF mRNA levels increase from low levels at El17 to
intermediate levels at birth, and achieve highest levels in
the adult. Although all three neurotrophin transcripts are
expressed at similar levels in the adult hippocampus, NT-3
expression is strikingly higher than BDNF and NGF in the E17
and newborn hippocampus; NT-3 expression levels in the
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newborn hippocampus are as high as those seen in the peri-
‘natal cerebellum (820 fg/ug total RNA). In contrast to the
neurotrophins, NGFR expression decreases during the
development of the hippocampus.

In all three CNS regions examined above, NT-3
expression is strikingly high during their development and
then decreases to adult levels, while initially low BDNF
mRNA levels increase to reach adult levels similar to those
of NT-3. In contrast to the receiprocal profiles of NT-3
and BDNF, NGF expression does not display any consistent
patterns; it is preferentially expressed (although at low
levels) éarly in spinal'cord and cerebellar development, but
late in hippocampal development.

12.3. DISCUSSION

* Our analysis has revealed both similarities and
differences in the spatio~-temporal distributions of the
three neurétrophin transcripts. NT-3, BDNF and NGF
transcripts all display a simultaneous increase in their
expression between the eleventh and twelfth day of rat
embryogenesis, and are widely distributed in twelve and
thirteen day embryos. The timing of this common burst of
expression approximately coincides with the developmental
onset of neurogenesis (eg. Altman and Bayer, 1982, supra:;
Altman and Bayer, 1984, supra). This association supports
the notion that the three neurotrophins play developmental
roles of particular importance to the nervous system, and
may mark the period when all of the neurotrophins first
become generally required to maintain the survival of post-
mitotic neurons. However, the timing of their expression
could also be indicative of other roles for the
neurotrophins in the developing nervous system (see below).

Although the onset of gene expression occurs

simultaneously for the three néurotophiné, the levels they
achieve in early embryos differ greatly. NT-3 mRNA is by
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far the most abundant in embryos, while BDNF mRNA is
expressed at the lowest levels. This contrast between NT-3
and BDNF expression continues in almost every instance
examined. During development, NT-3 expression is most
prominent in CNS regions in which proliferation, migratiocn
and differentiation of neurons and their precursors is
ongoing, and generally decreases dramatically within CNS
regions as they mature. By contrast BDNF expression in the
newborn is most prominent in CNS regions in which
neurogenesis has already occurred, and generally increases
within CNS regions as they mature. Interestingly, the
levels that the NT-3 and BDNF transcripts ultimately achieve
in various adult CNS regions are quite similar. The
reciprocal relationship between NT-3 and BDNF expression
during development, coupled with their relatively similar
profiles in the adult CNS, indicate that NT-3 and BDNF may
in some cases act cn!the same neuronal populations in the
CNS. 1If so, our data would suggest that NT-3 plays an
important role in the development of these neurons (perhaps
during the establishment of target innervation), while BDNF
might predominately act later in the life of the same nurons
(i.e., as a maturation or maintenance factor). NGF
expression varies locally during development, but these
variations do not follow a consistent pattern as do those of
NT-3 and BDNF. NGFR mRNA levels do not specifically mirror
the expression of any one of the three neurotrophin genes,
consistent with the possibility that it might serve as a
coxmon component of the individual neurotrophin receptors
(Rodriguez-Tebar et al., 1990, Neuron 4:487-492). NGFR
expression does tend to be highest early in the developnment’
of CNS regions, and our studies reveal interesting
developnentally regulated changes in NGFR expression which
are the subject of further investigations.
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In contrast to their similar distributions within
the adult CNS, NT-3 and BDNF have dramatically different
patterns of expression within adult peripheral tissues; the
broader peripheral distribution of NT-3 transcripts may
reflect activiﬁy on a wider (and different) range of (neural
as well as non-neural) cells in the periphery than BDNF
(Maisonpierre et al., supra).

Although there is considerable evidence
suggesting that both NGF and BDNF play an important early
role in the development of the nervous system, our analysis
reveals a much more consistent and impressive correlation
between remarkably high NT-3 expression and early neural
development. NT-3 mRNA levels in the developing cerebellun
and newborn hippocampus are several fold higher than the
levels of any of the neurotrophins in any other tissue or
brain region, and more than twenty-fold higher than the
levels of any of thé neurotrophins in the adult brain. The
discovery of NT-3 as a novel NGF-related proteih which can
support at least some BDNF- and NGF-dependent neurons
(Maisonpierre et al., supra), and whose temporal expression
most clearly parallels critical periods of neural
development, raises the possiblility that-NT-3 is the
physiological agent normally responsible for some of the
developmentally important functions previously attributed to
BDNF or NGF. A re-exploration of the true developmental
roles of all the members of this family is further
emphasized because of the possibility that antibodies to
these related factors may cross-react (Whittemore and
Seiger, 1987, Brain Res. Rev. 12:439-464).

Although we have previously demonstrated that
NT-3 can act as a classical neuronal survival molecule
(Maisonpierre et al., supra), allowing for the action of
NT-3 as a target-derived factor whose limited expression
results in neuronal selection and pruninq; this by no means
excludes other developmentally important roles for NT-3 (as
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well as for the other neurotrophins). The pattern of NT-3
expression within the developing nervous system shares
remarkable similarities with that of nestin (a novel
intermediate filament protein whose expression is
characteristic of CNS regions undergoing neurogenesis -
Lendahl et al., 1990) and SNAP (an antigenic marker of early
neurite outgrowth - Yamamoto et al., 1986, J. Neurosci.
6:3576-3594). Unlike the case with NGF (Clegg et al., 1989,
Devel. Bicl. 134:30-37), high levels of NT-3 expression
precede the arrival of sympathetic fibers to the heart.
Thus, NT-3 might be particularly linked to developmental
processes other than neuronal survival, including neuronal
precursor proliferation/differentiation and/or the guidance
of migrating cells or their axons; further suggestion of
such potential physiologicai roles for NT-3 comes from
recent findings that,one of the neurotrophins (i.e., NGF)
can play a role in neuronal precursor proliferation in
vitro. Conversely BDNF, although present early in
development, may have a more generally important role long
after the initial period of neuronal death and selection.
The expression profiles of all three
neurotrophlns in the adult do share a striking similarity -
all three neurotrophins are expressed at comparably high
levels in the adult hippocampus. Disrupting the projections
of basal forebrain cholinergic neurons to the hippocampus
results in atrophy and decreased transmitter synthesis by
these neurons (reviewed in Snider and Johnson, 1989, Ann.
Neurol. 26:489-506). A similar atrophy is associated with
poor performance in memory-specific tasks in aged rats and
in humans with Alzheimer’s disease. Atrophy of basal
forebrain cholinergic neurons can be reversed in rat models
by the administration of NGF. The data presented here is
consistent with the possibility that the adult hippocampus
may nérmally supply all three neurotrophins to the basal
forebrain, suggesting that recent evidence for the
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complementary actions of NGF and BDNF on cultured
cholinergic neurons reflects the true physiological roles
for these molecules. However, NT-3 expression is remarkably
high very early in hippocampal develcpment, and then
decreases to adult levels which are similar to those of NGF
and BDNF. This high early expression agains suggests that
NT-3 may be playing a unique role in the guidance or
establishment of early connections from the basal forebrain
or.other hippocampal afferents, or in the proliferation of
dentate granule cell precursors; relatively low levels of
NGF during early hippocampal development have argued against
such a role for NGF (Large et al., supra).

13. DEPOSIT OF MICROORGANISMS
The following were deposited on February 28, 1990
with the American Type Culture Collection, 12301 Parklawn
Drive, Rockville, Maryland 20852: : '

ATCC
strain Accession Number
bacteriophage DNA éhN3 (G1) . 40763
bacteriophage DNA érN3(G1) 40764
plasmid pC8-rN3 (P1) 40766

plasmid pC8-hN3 (P1) 40765

The present invention is not to be limited in
scope by the specific embodiments described herein. Indeed,
various modifications of the invention in addition to those
described herein will become apparent to those skilled in
the art from the foregoing description and accompanying
figure. Such modifications are intended to fall within the
scope of the claims. Various publications are cited herein,
the disclosures of which are 1ncorporated by reference in
their entireties. Do
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in FIG 11 from about nucl eotide 530 to about nucl eoti d¢ [886.

5. The recomnbi nant DNA nolecule of claim1, 2, 3 or 4 whi¢ch CSMAR 3555 al
cDNA sequence. ,.6. The rectd¥i nant DNA nol e¢ulje of clain11,]2,
3 or 4 whi ¢HCROGBEANERS ¢onfefioni ¢ DNA sequence. - 7—Fhe
recofrbi nant. DNA no] ecul e, of q%gbgg%@which conprises a h n_DNA seqguence |or

subsequencdsSEHtapIS st Wiran 10 Fi G 11

Rockville, MD 20852
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8. The reconbjnant DNA nolecule of claim3 as contained ﬂ
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WHAT IS CLAIMED IS:

1. A recombinant DNA molecule comprising a
nucleic acid sequence encoding neurotrophin-3 (NT-3) or a
subsequence therecof comprising about at least 10
nucleotides.

2. The recombinant DNA molecule of claim 1 in
which the neurotrophin-3 encoding nucleic acid sequence or
subsequence is substantially as depicted in FIG. 2 fron
about nucleotide 598 to about nucleotide 954.

3. The recombinant DNA molecule of claim 1 in
which the neurotrophin-3 eqcoding nucleic acid sequence or
subsequence is substantially as depicted in FIG. 7 from
about nucleotide 508 to about nuclectide 864.

4. The recombinant DNA modlecule of claim 1 in
which the neurotrophin-3 encodiné nucleic acid sequence or
subseguence is §ubstantially as depicted in FIG. 11 from
about nuclectide 530 to about nucleotide 886. '

S. The recombinant DNA molecule of claim 1, 2, 3

or 4 which comprises a cDNA sequence.

6. The recombinant DNA molecule of claim 1, 2, 3

or 4 vhich comprises a genomic DNA sequence.

7. The recombinant DNA molecule of claim 1 which

comprises a human DNA sequence or subsequence substantially
as depicted in FIG. 11.

8. The recombinant DNA molecule of claim 3 as

contained in plasmid pC8-rN3(Pl) deposited with the ATCC and

with the accession number 40765.



10. The reeenbi-mant DNA nol ecul e of claim 4 as contained in bacteriophage
[err] rN3(d) Hﬂm‘tﬂumlt“ he ATCC and with the accessi on nunmber 40763.
11. A recoan 1 I acid nol ecul e conplenentary to the

recombi nant DNA fol'ecll e’of claim 1, 3,3 or 4. 12. A nucleic

aci @ sequence conprising a sequence encoding a protein substantially
honol ogous to the am no acid sequence depicted in FIG 2, or portions

t her eof . P3. Ehe,esPrbiprpt sBUAFREETHHASIHGin 4 as

contained in plasmid pC8-hN3(Pl) deposited with the ATCC and
with the accession number 40765.

10. The recombinant DNA molecule of claim 4 as
contained in bacteriophage ¢rN3(Gl) deposited with the ATCC
"and with the accession number 40763.

‘11. A recombinant ribonucleic acid molecule
complementary to the recombinant DNA molecule of claim 1, 2,
3 or 4.

12. A nucleic acid sequence comprising a
sequence encoding a protein substantially homologous to the
amino acid sequence depicted in FIG. 2, or portions thereof.

!

13. A nucleic acid sequence comprising a
sequence encoding a protein substantially homologous to the
amino acid sequence depicted in FIG. 11, or portions
thereof.

14. A nucleic acid sequence comprising a
sequence substantially homologous to the nucleic acid
sequence depicted in FIG. 11, or a hybridizable portion
thereof.

15. The recombinant DNA molecule of claim 1 or 4
in which the expression of nucleic acid sequence encoding
neurotrophin-3 protein or peptide fragment is regulated by a
second nucleic acid éequence so that neurotrophin-3 protein
or peptide is expressed in a host transformed with the
recombinant DNA molecule.
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17. A nucleic acid vector comprising the DNA

mnolecule of claim 1.

18. A recombinant microorganism containing the

DNA molecule of claim 1, 2, 3, or 4.

19. The recombinant microorganism of claim 18

which is a bacterium.

20. The recombinant microorganism of claim 18

which is a yeast.

21. A cell containing the recombinant DNA

molecule of claim 15.

22. A cell comprising the recombinant. DNA

molecule of claim 16.

23. A nucleic acid sequence comprising a
sequence encoding the amino acid sequence substantially as
depicted in FIG. 2 or a sequence thereof comprising an

antigenic determinant.

24. A purified protein having an amino acid
sequence substantially as depicted in FIG. 2 or a
subsequence thereof comprising an antigenic determinant.

25. A purified protein having an amino acid
sequence substantially as depicted in FIG..7 or a
subsequence thereof comprising an antigenic determinant.
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A purified protein having an amino acid

sequence substantially as depicted in FIG. 11 or a

subsequence thereof comprising an antigenic determinant.

27‘

A purified protein having an amino acid

sequence substantially as depicted in FIG. 2, comprising
from about amino acid 140 to about amino acid 258, or a
subsequence thereof comprising an antigenic determinant.

28.

A purified protein having an aminoc acid

sequence substantially as depicted in FIG. 7, comprising
from about aminc acid 1 to about amino acid 119, or a
subsequence thereof comprising an antigenic determinant.

29.

A purified protein having an amino acid

sequence substantially as depicted in FIG. 11, comprising
from about amino acid 1 to about amino acid 119 of the
mature proﬁein sequence, or a subsequence therecf comprising
an antigenic determinant.

P

30.

A purified protein having an amino acid

sequence encoded by the nucleic acid sequence substantially
as depicted for murine neurotrophin-3 in FIG. 2 or a
subsequence thereof comprising a functionally active

peptide.

31.

A purified protein having an amino acid

sequence encoded by the nucleic acid sequence substantially
as depicted for rat neurotrophin-3 in FIG. 7 or a
subsequence therecf comprising a functionally active

peptide.



nmol ecul e of cl ai m 18. A reconbi nant ni crodr gant sl oREE!
Cont ai n |!H mmmumul e of claimi1, 2, 3, or 4. A L)
reconbl mof claim 18 which is a bacteriumh ! 5 MAR 1997

20. The reconbi nant m croorgani smof ¢f,aim18 which is a yedst

21.° A cell containing the reconbi nant DNA nol ecul e of claijm™t5:
' 32. A purified protein having an aminc acxd

sequence encoded by the nucleic acid sequence substantlally
as depicted for human neurotrophin-3 in FIG. 11 or a
subsequence thereof comprising a functibnaliy active
peptide.

33. A purified protein having an amino acid
sequence substantially as depicted in FIG. 11, comprising
from about amino acid 1 to about amino acid 119 of the
mature protein sequence, or a subsequénce thereof comprising
a functionally active peptide.

34. A method for producing neurotrophin-3
protein or a fragment thereof comprising growing a
recombinant microorganism containing the DNA molecule of
claim 1, such that the DNA molecule is expressed by the
microorganism; and isolating the expressed neurctrophin-3
protein or fragment.

35. A method for producing neufotrophin-3
protein or a fragment thereof comprising growing a
recombinant host containing the DNA molecule of claim 1 or 4
such that the DNA molecule is expressed by the
microorganisﬁ: and isolating the expressed neurotrophin-3
protein or fragment. '

36. A methed for producing neurotrophin-3
protein or a fragment thereof comprising (a) growing a
recombinant host containing the DNA molecule of claim 15,
under conditions such that the DNA molecule is expressed by
such microorganism; and (b) isolating the expressed
neurotrophin-3 protein or fragment.

- s o R
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22. m j§3lime  t he reconbi nant DNA nol ecul e of cl ai m 16.

23.- AN c”u"ﬂmmm, uence conprising a sequence encoding the amno acid

sequence subst&ntfaliy as depicted in FIG 2 or a sequence thereof
nt -95- 24.
stantially as depicted in FLG 2 or a
se . | nfQht PERATS bt “rﬁ"rHr‘hp.hm'B
purified pimdtadin kaviang ragmentnahaeedf seoqueniei sy bt )amxiceliing @s depicted in

conprising an antigenic determ na
havi ng an am no aci d _sequence sug
subsequence t hereof 3donpfi &etHe

FIG.7 or a

A purified prote

recombinant host containing'the DNA molecule of claim 16,

under conditions such that the DNA molecule is expressed by

the microorganism; and (b) isoclating the expressed

neurotrophin-3 protein o

r fragment.

38. The method according to claim 36 in which

the host is a eukaryotic

cell.

19. The method according to claim 36 in which

the host is a non-human transgenic animal.

40. The method according to claim 36 in which

the host is a microorgan

ism.

41. The method according to claim 40 in which

the host is a bacterium.

42. The method according to claim 40 in which

the host is a yeast.

43. The product of the method

44. The product of the method

45. The product of the method

46. The product of the method

47. The product of the method

of

of

of

of

claim 35.
claim 36.
claia 37.
clainr 38.

clainm 39.
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_ 56.
unglycosylated.

57.
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S8.

unglycosylated.
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_ 60.
glycosylated.

27. A purified protefn
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tantlarry as depicted in FIG 2, conprising from-a &
aC| I@g ,{”!lﬂ'r no acid 258, or a subsequence t hereof c rrﬁtﬁ"glwhﬁﬁah E:_M
anti genkc t. 28. A purified protein h VI “aﬁ“ﬁﬁrho

amno acid 1 to about amno acid 119, or a subsequence t here f co
an antigeni c deterniright. The product of2glapmpd¥ i Which piot ei nf h

am no aci dgspgepeyretasdpstantially as depicted in FIG 11, co r|5|ng from
about amno acid 1 to about amno acid 119 of the mature prote+A—SequENTE,
or a subsequence thereof conprising an antigenic determ nant.

62. The product of claim 38 which is

glycosylated.

BT
™
aci d sequence subsfantlally as depi-gped in FIG 7, conprisin ggl Qﬁtﬁ97 %

63. The product of claim 39 which is
glycosylated.

64. The product of claim 40 which is
glycosylated.

65. The product of claim 41 which is
glycosylated. '

66. The product of claim 42 which is
glycosylated. '

67. An antibody, antibody fragment, or
derivative thereof which recognizes a neurotrophin-3
protein, peptide fragment or derivative.

68. The antibody, ;ntibody fragment, or
derivative of claim 67 which is produced by a method
comprising immunizing a host animal with a neurotrophin-3
protein, peptide fragment or derivative, which
néurotrophin-: protein fragment or derivative is produced by
growing a recombinant organism expressing a recombinant
nucleic acid vector encoding the neurotrophin-3 protein,
fragment, or derivative.

69. The antibody, antibody fragment, or
derivative of claim 68 in which the nucleic acid vector
comprises a nucleic acid sequence substantially as depicted
in FIG. 2, or a subsequence thereof.



30. A purified protein—having an amino acid sequence encoded| bREP AGEMENT SHEET
nuci ei ¢ aci d se antially as depicted for nurine nelrptTophii-3 |
in FIG 2 H““ wmﬁﬂ“g t hereof conprising a functionally fcti
pepti de. *\ l . n 31.*A purified protein having an am no ac dt§25%£%§§7
encoded by the nucleic acid sequence-ggubstantially as depicted 1 v
neurotrophin-3 in FIG_ 7 or a subsequence thereof conprising functionally
active pepti de. 70. The antibody, antibody fragment, or
derivative of claim 68 in which the nucleic acid vector

comprises a nucleic acid sequence substantially as depicted
in FIG. 7, or a subsequence thereof.

71. The antibedy, antibedy fragment, or
derivative of claim 68 in which the nucleic acid vector
comprises a nucleic acid sequence substantially as depicted
in FIG. 11, or a subsegquence thereof.

72. A recombinant DNA molecule which encodes a
protein or peptide which comprises (a) a first amino acid
sequence homologous to two different known members of the
BDNF/NGF gene family, and (b) a second amino acid sequence
which is not homologous to the two different members of the
BDNF/NGF gene family of (a).

73. The recombinant DNA molecule of claim 72 in
which one known member is BDNF.

74. The recombinant DNA molecule of claim 72 in
which one known member is NGF.

75. The recombinant DNA molecule of claim 72 in
which one known member is neurotrophin-3.

76. A recombinant DNA moclecule of claim 72 which
is isolated by a method comprising
(a) selecting, from among a diversity of
nucleic acid sequences, those sequences that
are homologous to both BDNF and NGF; and



32. A purified protein having an ami no acid sequence encoded by the nucleic
acid—sequence—substantial ly as depi cted for human neurotrophin-3 in FIG 11

her eof conprising a functionally active peptide.
BZ“ﬂu'lmﬂﬂlﬂﬂmm ein having an am na,_ aci d sequence substantially as
depi cted*i n" FIG. *11, conprising fromdadbout amno acid 1 to about amino acid
119 of the mature protei n s&judfedtifyingsubcenameng the suicled®pericsidng a

functional ly active peptisiuences selected in (a), those sequences
which contain sequences of about at least 6
contiguous nucleotides that are not homologous
to NGF and BDNF.

77. The recombinant DNA molecule of claim 76 in
which the method of step (a) comprises using the polymerase
chain reaction technique, in which a pair of oliqonucleotiae
primers are used which are capable of hybridizing to
homologous regions of both BDNF and NGF DNAs, such that the
sense strand primer is capable of hybridizing to a first
homelogous DNA sequence of BDNF and NGF, and the antisense
strand oligonucleotide primer is capable of hybridiziﬁg to a
second homologous DNA sequence of BDNF and NGF.

78. A recombinant DNA molecule of claim 72 which
is isolated by a method compriéinq

(a) selecting, from among a diversity of
nucleic acid sequences, those sequences that
are homclogous to both BDNF and neurotrophin-
3; and

(b) identifying, from among the nucleic acid
sequencés_selected in (a), those sequences
which contain sequences of about at least 6
contiguous nucleotides that are not homologous
to BDNF and neurotrophin-3.

79. The recombinant DNA molecule of claim 76 in
which the method of step (a) comprises using the polymerase
- chain reaction technique, in which a pair of oligonucleotide

primers are used which are capable of hybridizing to
homologous regions of both BDNF and neurotrophin-3 DNAs,
such that the sense strand primer is capable of hybridizing
to a first homologous DNA sequence of BDNF and
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34.'A-ﬁEPth—LGL~pLOdUang neurotrophin-3 protein or a fragnment thereof
conpr conbinant m cr oor gani sm cont ai ni ng the DNA nol ecul e
of cl Elﬂ iﬂﬂl ﬂLE ’ he DNA nol ecul e is expressed by the m croorgani sm
and is atlng ssed neurotrophin 3 protein or fragnent.

35° A nethod for produ0|ng neurotrophh protein or a fragment thereof
conpr|5|ng growi ng a reconbi nant host %htalnlng the DNA nol ecul e of claim

1or’4 SU%&J&trotﬂE(inDNA EﬂheﬁHéeah&é?é@Pé@%S@zderm’ élﬁ"go'ﬁ‘u%'i@@'i:@ég' sm and
i sol ating the expressed, neur tro??%éhﬁ roteln or

36. A et REd"ESr 15r G3R2PAG REUPY tpﬁcﬁé"leﬁ%d g‘W;QﬁBHF PHér eof
conpri si nge@uengeowfn@BDNF and neurotrophin=-3.

80. A recombinant DNA molecule of claim 72 which
is isolated by a method comprising

(a) selecting, from among a diversity of
nucleic acid.sequeﬁces, those sequences that
are homologous to both NGF and neurotrophin-3;
and _

(b) identifying, from among the nucleic acid
sequences selected in (a), those sequences
which contain sequences of about at least 6
contiguous nucleotides that are not homologous
to NGF and neurotrophin-3.

81. The recombinant DNA molecule of claim 76 in
which the method of step (a) comprises using the polymerase
chain reaction technique, in which a pair of oligonucleotide
primers are used which are capable of hybridizing to
homologous regions of both NGF and neurotrophin-3 DNAs, such
that the sense strand primer is capable of hybridizing to a
first homologous DNA sequence of NGF and neurotrophin-3, and
the antisense strand oligonucleotide primer is capable of
hybridizing to a second homologous DNA sequence of NGF and
neurotrophin-3. .

82. A pharmaceutical composition comprising an
effective amount of substantially pure neurotrophin-3
protein in a pharmaceutically suitable carrier.

83. A pharmaceutical composition comprising an
effective amount of a substantially pure, functionally
active neurotrophin-3 peptide fragment or derivative in a
pharmaceutically suitable carrier.
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_nggabpnaﬁr’ﬁGET#Ebntaln|ng the DNA nol ecul e of claim15, under conditions
su wwmm nDIecuIe I s expressed by such m croorganism and (b)
ﬁ \ essed neurotrophin-3 protein or fragnment.
37.. A method for produci ng neurotrophin-3 protein or a

fragnent thereof conprising (a) gramang a reconbi nant host containing the
DNA mol ecul e of claim 16,  under conditions such that the DNA nol ecule is

expréssed by the m cfbor ArPRaERAGRIYINAL SOPROFLG1PRCRRBF £8L7G a0

effective amount of a substantially pure neurotrophln-
peptide fragment or derivative carrying an antigenic
determinant, in a pharmaceutically suitable carrier.

85. The pharmaceutical composition of claim 82,
83 or 84 in which the neurotrophin-3 peptide fragment or
derivative comprises at least a portion of the amino acid
sequence substantially as depicted in FIG. 2.

86. The pharmaceutical composition of claim 82,
83 or 84 in which the neurotrophin-3 peptide fragment or
derivative comprises at least a portion of the amino acid
sequence substantially as depicted in FIG. 7.

87. The pharmaceutical composition of claim 82,
83 or 84 in which the neurotrophin-3 peptide fragment or
derivative comprises at least a portion of the aminoc acid
sequence substantially as depicted in FIG. 11.

g88. The pharmaceutical composition of claim 87
which is capable of increasing neuron survival.

89. The pharmaceutical composition of claim 87
which is capable of increasing neuron growth.

90. The pharmaceutical composition of claim 87
which is capable of supporting differentiated cell function.

91. The pharmaceutical compogition of claim 87
in which the protein, peptide, or derivative is
glycosylated. '

05 MAR 1997




neurotrophi-i-—3—p+etei n or fragnent. 38. The nethod accordi ng

to m ' gt he host is a eukaryotic cell. 39. The
netmmmmm“m'm]mrcl aim 36 in which the host is a non-human transgenic
animal.c ¢ w s =" '40. The method according to claim 36 in which the host
IS a mcroorganism : 41. The,grt hod according to claim40 in
whi ch the host is a bacterium

92. The pharmaceutical composition of claim 87
in which the protein, peptide, or derivative is
nonglycosylated.

93. A pharmaceutical composition comprising an
effective amount cf an antibody that recognizes
neurotrophin-3 pfotein or a peptide fragment or derivative
thereof.

94. A pharmaceutical composition comprising an
effective amount of a combination of substantially pure
neurotrophin-3 protein or peptide fragment or derivative
thereof, and a second agent. .

95. The pharmaceutical composition of claim 94
in which the second agent is nerve growth factor.

96. The pharmaceutical composition of claim 94
in which the second agent is braiq derived neurotrophic
factor.

97. The pharmaceutical composition of claim 94
{
in which the second agent is another member of the BDNF/NGF
family.

98. A pharmaceutical composition comprising an
effective amount of a protein or a peptide or derivative-
thereof encoded by the recombinant DNA molecule of claim 72,
76, 78 or 80. ' '

99. A method for diagnosing a disease or
disorder of the nervous system comprising
(a) contacting a tissue with a
detectably labeled nucleic acid molecule
which contains at least ten nuclectides




4 tho ording to claim40 in which the host is a yeast.
ulm :“ H a‘ t he nmet hod of clai m 35. 44. The product of
45. The product of the nmethod of claim

46. The product of the method of claim 38.
47 The product of the nethod of cl ai m 9

substantially as depicted in FIG. 11,
under conditions which will allow
hybridization to occur; and

{b) detecting any hyﬁridization which
has occurred.

100. A method for diagnosing a disease or
disorder of the nervous system comprising

(a) contacting RNA collected from
a tissue with a detectably labeled
nucleic acid molecule which contains at
least 10 nucleotides substantially as
depicted in FIG. 11, under conditions
which will allow hybridization to occur;
and

(b) detecting any hybridization which has
occurred.

101. A method for diagnosing a disease or
disorder of the nervous system comprising

(a) contacting cDNA produced from
RNA collected from a tissue with a
detectably labeled nucleic acid molecule
which contains at least 10 nucleotides
substantially as depicted in FIG. 11,
under conditions which will allow
hybridization to occur; and

(b) detecting any hybridization which has
occurred.

102. The method according to any of claims 99,
100, or 101 in which the disease or disorder of the nervous
system is a selected from the group consisting of a tumor, a
degenerative disease, and a sensory neuron disease.
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48. - The product of the method of claim40.

49.- Th
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103. A method for diagnosing a disease or
disorder of the nervous system comprising

(a) exposing a tissue to a
detectably labeled antibody molecule
which is capable of binding to
neurotrophin-3 protein or a peptide
fragment or derivative thereof under
conditions which will allow binding to
occur; and

(p) detecting ahy binding which
has occurred.

104. The method according to claim 103 which is
performed in vive. '

105. The method according to claim 103 performed
in vitro.

106. The method according to claim 103 in which
the disease or disorder of the nervous system is selected
from the group consisting of a tumor, a degenerative -
disease, and a sensory neuron d}saase.

107. A method of treating a disease or disorder
of the nervous system comprising administering an effective
amount of neurotrophin-3 protein, or a functionally active
peptide fragment or derivative thereof, to a patient.

108. The method according to claim 107 in which

the disease or. disorder of the nervous systenm is a
" degenerative disease.

heet Has Been Replaced

‘\II\I\\\llI\\\\\l\l\\ll\ e

)

KCEMENT SHEET

3
r...
i«")
Ty
:—’

05 MAR 1997

. o mmepdnsien o

of



“. The—product—of ¢l aim 35 which is unglycosyl at ed. 52. The

m B“lummm whi ch is unglycosyl at ed. — 53.—The product
1 EHM“ s ungl ycosyl at ed. 'HHSA“EﬁEéé BEENCE of claim
38 whi ¢h s tngl ycosylated 2105 PLACE

109. The method according to‘claim 107 in which
the degenerative disease is selected from the group
consisting of Alzheimer’s disease, Huntington‘’s chorea,
multiple sclerosis and amyotrophic lateral sclerosis.

110. The method according to claim 107 in which
the disease or disorder of the nervous system comprises
damage to the nervous system.

111. The method according to claim 110 in which
damage comprises a peripheral neuropathy.

112. The method according to claim 110 in which
the damage comprises diabetic neuropathy.

113. The method according to claim 110 in which
the damage comprises alcoholic neuropathy.

114. The method according to claim 110 in which
damage comprises an acquired immuncdeficiency syndrome-
related neuropathy.

_ 115. The method according to claim 110 in which
damage is caused by events selected from the group
consisting of trauma, surgery, infarction, infection, and
malignancy.

116. The method according to claim 110 in which
the disease or disorder is caused by exposure to a toxic
agent. '

117. The method according to claim 110 in which
the disease or disorder is caused by nutritional deficiency.
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55. The product—of—etai m 39 which is unglycosylated. - " 56. The

progmuﬂ l!ﬂ whi ch is ungl ycosyl at ed. — ‘@"ﬂ_‘c, he product
of ol l um IW ‘sungl ycosyl at ed. THIS _ﬁ"“ﬁﬁ}ag‘pr%“déct of claim
42 whi ch i's fingfycosyl at ed. _106- 59.LThe APEUEY ot —elfai m 35 which
I s.glycosyl at ed.

118. The method according to claim 107 in which
the disorder comprises a congenital disorder.

119. A method of treating a disease or disorder
of the nervous system comprising administering an effective
amount of a combination of neurotrophin-3 protein, or a
functionally active peptide fragment or derivative thereof,
and a second agent.

120. The method of claim 119 in which the second
agent is nerve growth factor.

121. The method of claim 119 in which the second
agent is brain derived neurotrophic factor.

122. The method of claim 119 in which the second
agent is another member of the BDNF/NGF family.

123. The method accordiﬁq'to claim 119 in which
the disease or disorder is a degenerative disease.

124. The method according to claim 123 in which
the degenerative disease is selected from the group
consisting of Alzheimer’s disease, Huntington’s chorea, and
Parkinson’s disease.

125. The method according to claim 119 in which
the disease or disorder comprises damage to the nervous
system.

126. The method according to claim 125 in which
the disorder is damage caused by an event selected from the
group consisting of trauma, surgery, infarction, infection,
and malignancy. '
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Iain136 whi ch is glycosyl at ed.
-97 |m lm Hgmnmﬂ”l he product of claim37 whic Tﬁ?sﬁrw‘} WAE IR

I aim.38 which is o7 erLaC£3

127. The methed according to claim 119 in which
the disease or disorder comprises a peripheral neuropathy.

128. The method according to claim 119 in which
the disease or disorder comprises a congenital disorder.

129. A method for isolating a gene which is a
member of the brain derived neurotrophic factor/nerve growth
factor gene family, but which encodes neither nerve growth
factor nor brain derived neurotrophic factor, comprising:

(a) selecting, from among a diversity of
nucleic acid sequences, those sequences that are
homologous to both BDNF and NGF;

(b) identifying, from among the nucleic
acid sequences selected in (a), those seguences

which contain sequences of about at least 6

cpntiguous nucleotides that are not homologous to

NGF and BONF; and

(c) isoclating the sequences identified in
(b).

130. The method accprding to claim 129 in which
the method of step (a) comprises using the polymerase chain
reaction technique, in which a pair of ocligonucleotide
primers are used which are capable of hybridizing to
homologous regicns of BDNF and NGF DNAs, such that the sense
strand oligonucleotide primer is capable of hybridizing to a
first homologous DNA sequence of BDNF and NGF, and the
antisense strand oligonucleotide primer is capable of
hybridizing to a second homologous DNA sequence of BDNF and
NGF.

—
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gl ycosyl a 63. The product of clatm 39 which is
gl'ycos 64. The product of claim40 which is
gI y @i‘ ‘“\m‘“\m 65. The product of flraiNsHEsWMERETNS

66. The proq%é_ of ¢l ai mpE2LadiXh is

glycosylated

131. A method for isolating a gene which is a
member of the brain derived neurotrophic factor/nerve growth
factor gene family, but which encodes neither nerve growth
factor nor brain derived neurotrophic factor, comprising:

(a) selecting, from among a diversity of
nucleic acid sequences, those sequences that are
homologous to both BDNF and neurotrophin-3;

(b) identifying, from among the nucleic
acid sequences selected in (a), those sequences

which contain sequences of about at least 6

contiguous nucleotides that are not homologous to

BDNF and neurotrophin-3; and

(c) isolating the sequences identified in
(b).

132. The method according to claim 131 in which
the method of step (a) comprises using the polymerase chain
reaction technique, in which a pair of oligonucleotide
primers are used which are capable of hybridizing to
homologous regions of BDNF and neurotrophin-3 DNAs, such
that the sense strand oligonucleotide primer is capable of
hybridizing to a first homologo?s DNA sequence of BDNF and
neurotrophin-3, and the antisense strand cligonucleotide
primer is capable of hybridizing to a second homologous DNA
sequence of BONF and neurotrophin-3.

133. A method for isolating a gene which is a
menber of the brain derived neurotrophic factor/nerve growth
factor gene family, but which encodes neither nerve growth
factor nor brain derived neurotrophic factor, comprising:

(a) selecting, from among a diversity of
nucleic acid sequences, those seguences that are
homologous to both NGF and neurotrophin-3:
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67. An antledyr—aﬁilbody fragment, or derivativeg—+thereet—whi-ch—ecogni zes

& TTeUT Ot I ol otein, peptide fragnent or der|i VS [SUBET HAS BEEN 68.
xuﬁmm Eﬁyody fragment or derivative ofl_clai B¥2CHHi ch ifs
od conpri sing |nnun|ﬁpgg a host animal with a

neurotrophln 3 proteln peptide fragment”or derivative, which
neurotrophin-3 protein fragﬁﬂnt.mgedﬁyyyqaglvgrbﬁ Qﬁ@ﬂgcgﬁglahéu§w¢ng a

reconbi nant organi sm exps ess a_reconbi nant ic acid vector encoding
t he neurotrophin-3 prcﬁé)éa Qé%ﬂﬁﬁﬁ se F°&8? §3t?9g those sequenggs 1o
anti body, antibody frexﬂﬁﬂh,cqnta&awscamewseéfoclabqu68atrﬂe¢stﬁﬁthe nucl ei ¢

acid vector contiguous nucleotides that are not homologous to
NGF and neurotrophin-3; and
(c) isolating the sequences identified in
(b). '

134. The method according to claim 133 in which
the method of step (a) comprises using the polymerase chain.
reaction technique, in which a pair of oligonucleotide
primers are used which are capable of hybridizing to
homologous regions of NGF and neurotrophin-3 DNAs, such that
the sense strand oligonucleotide primer is capable of
hybridizing to a first homologous DNA sequence of NGF and
neurotrophin-3, and the antisense strand oligonucleotide
primer is capable of hybridizing to a second homologous DNA
sequence of NGF and neurotrophiﬁ-a.

135. The recombinant DNA molecule of claim 15
comprising nucleotide sequence encoding a long precursor
form of NT-3. '

136. The recombinant DNA molecule of claim 16
compr;sing nucleotide sequence’ enceding a long precursor
form of NT-3.

137. A method according to claim 107 in which
the disease or disorder is Parkinson’s disease.

138. A met@od of promoting the survival of

dopaminergic neurons comprising exposing the dopaminergic
neurons to an effective concentrétion of neurctrophin-3.
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conpri ses a-puctei T acid sequence substantially as depicted in FIG 2, or a

SUB§§' ﬂ!u
3@@\“}\ tibody fragment, or derivati | which the
nucl wecdt o' conprises a nucleic acid seJ

nﬂEj | y as
depi cted in FIG 7, or a subsequence thgseof. :

139. A method of treéting disorders of nervous
system development comprising administering an effective
amount of NT-3 to a patient in need of such treatment.

140. A method of treating malignant disorders of
the nervous system comprising administering an effective
amount of NT-3 to a patient in need of such treatment.
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71. The anti body, antibody fragnment, or derivative of claim®68 in which the
nuctei ¢ acid vector conprises a nucleic acid sequence substantially as
depicted in FIG 11, or a subsequence thereof.
recorfbi nant DNA nol ecul e whi ch encodes a protein oTﬂﬁe-aka@“ﬁﬁ?@ﬁ conpri ses
(a) a first am no aci d sequence honol ogous to twq diff ERLACERnown nbers
of the BDNF/ NGF gene fam ly, and (b) a second ami no acid sequence which is
not honol ogous to the two different menbers of the BDNF/ NGF gene famly of
(a). 73. The reconbi nant , PNA_ nDIecuIe of claim 72 in which one
known menber is BDNF.

ABSTRACT

NEUROTROPHIN=-3, A NOVEL NEUROTROPHIC FACTOR RELATED TO NERVE
GROWTH FACTOR AND BRAIN DERIVED NEUROTROPHIC FACTOR

The present invention relates to neurotrophic-3 (NT-3$ a
newly discovered member of the BDNF gene family. It is based, in
part, on the identification of regions of nucleic acid sequence
homology shared by BDNF and NGF (U.S patent application Serial
No. 400,591, filed August 30, 1989, incorporated by reference
herein ). According to the presenf invention, these regions of
homolbgy may be used to identify new members of the BDNF/NGF gene
family; such methodoloqytwas used to identify NT-3. Thelpresent
invention provides for thg genes and gene products of new
BDNF/NGF related neurotrophic factors identified by these
methods. According to the invention, NT-3 may be used in the
diagnosis and/br treatment of neurologic disorders, including,
but not limited to, Alzheimer’s disease and Parkinson’s disease.
Because NT-3 has been observed to exhibit a spectrum of activity
different from the specificities of BDNF or NGF, NT-3 provides
new and valuable options for enducing regrowth and repair in the

central nervous system.

is Sheet Has Been Replaced

T

REPLACFHcMT SHEET

f
] ‘
| 05 HAR 197

suere _—

I._..,.._.. e




i's

(a)

nucl ei ¢ aci d sequences,

I n which one
qye3@pnnlogous to both BDNF and NGF; and

in which one known nenber

75. The reconbi nant DNA nol ecul e of claim 72
76. A reconbi nant DNA nol ecul e
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77. The

In which a pair
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hybridi zing to

conti guous nucl eoti des t hat

to NGF and BDNF.
such that the

whi ch the nmethod of step (a)
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from anong the nucleic acid

i ch are capabl e of

in

c

t hose sequences
priners are u

I denti fyi ng,
| east 6

(b)

sequences selected in (a),

sequences of about at
DNA nol ecul e of claim 76
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neurotrophin-3, and the anti sense strand oligonucleotide primer is capable
of "hybridizing to a second honol ogous DNA sequence of BDNF and

neur ot r ophi n- 3. 80. A reconbi nant DNA nol ecule of claim72
which is isolated by a nmethod conprising (a) selecting, from
anong a diversity of nucl ei ¢ acid sequences, those sequences

t hat _ are honol ogous to bot and neurotrophin-3;

and (b) identifying, fromanong the nucleic acid

sequences selected in (a), those sequences whi ch contain
sequences of about at |east 6 contiguous nucl eotides that are
not honol ogous to NGF and neurotrophin-3.

HEART GUT LUNG  LIVER
BRAIN | SKIN | MuSCLE|sPLEEN |

—

28 S— .

HIPPO- STRIATUM
CAMPUS  CORTEX
‘ CERE - OLFAC-
| TORY
BELLUM |MIDBRAIN | TORY
TOTAL l l HIND- I SPINAL
BRAIN BRA(N CORD
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81. The reconbi nant DNA nol ecule of claim 76 in which the nethod of step
(ay conprises using the polynerase chain reaction technique, in which a
pair of oligonucleotide priners are used which are capable of hybridizing
to honol ogous regions of both NG and neurotrophin-3 DNAs, such that the
sense strand prinmer is capable of hybridizing to a first honopl ogous DNA
sequence of NGF and neurotrophin-3, and the antisense strand

ol i gonucl eotide prinmer is capable éﬁfiﬁbridizing to a second honol ogous DNA
sequence of NGF and neurotrophin- 3. 82. A pharnmaceuti cal
conposition conprising an effective anmount of substantially pure
neurotrophin-3 protein in a pharmaceutically suitable caryier.
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83. A pharnmaceutical conposition conprising an effective anobunt of a
substantially pure, functionally active neurotrophin-3 peptide fragnment or
derivative in a pharmaceutically suitable carrier.

-101 - 84. A pharnmaceutical conposition conprising an effective
anount of a substantially pure neurotrophin-3 peptide fragnent or
derivative carrying an antigenic determ nant, in a pharmaceutically

suitable carrier. 7735
21—t wer
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RAT NT-3
4.4
2.3
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-102- 92. The pharmaceutical conposition of claim87 in which
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hybri di zation to occur; and (b) detecting any hybridization
which has occurr ed. 102. The nethod according to any
of clainms 99, 100, or 101 in which the disease or disorder of the nervous
systemis a selected fromthe group consisting of a tunor, a degenerative
di Sease, and a sensory neuron di sease.
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conprises using the polynerase chain reaction technique, in which a pair of
ol-i gonucl eoti de priners are used which are capabl e of hybridi zi
honol ogous regi ons of BDNF and NGF DNAs, such that t
ol i gonucl eotide priner is capable of hybridizing to
séquence of BDNF and NGF, and the antisense strand ol
is capable of hybridizing to a sec?ggfggnnlogous DNA
NGF. 129. A nethod for |I'ati ng a gene whyc
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130. The nethod according to claim 129 in which the nethod of

st€p (a) conprises using the polynerase chain reaction techn

a pair of oligonucleotide priners are used which are
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and neur ot r ophi n- 3. 131. A nmethod for isolating a gene which is a
menber or the brain derived neurotrophic factor/nerve growh_factor gene
fam |y, but which encodes neither nerve growh factor nor |bprapimoderhyegirET

neurotrophi c factor, conprising: (a) sel ecting, flr gm-amdAG—a——
diversity of nucleic acid sequences, those sequences_t hat
are honol ogous to both NGF and neurotrophin-3; (b) icﬁﬁt“ﬁ@ﬂ?ﬂl
from anong the nucleic acid sequences selected in (a), - t hose

sequences whi ch contain sequences of about -at |east 6
contiguous nucl eotides that are not honol ogous to NGF and
neur ot r ophi n-3; and (c) i?’rla?iyg the sequences identified in (b).
132. The method according to claim13I1n which the nethod of step (a)
conprises using the polynerase chain reaction technique, in which a pair of
ol i gonucl eotide priners are used which are capable of hybridizing to

honol ogous
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regi ons of NG- and neurotrophin-3 DNAs, such that the sense strand
ol i goAucl eoti de priner is capable of hybr| dizing to a first honol ogous DNA
sequence of NG- and neurotrophin-3, and the antisense strand

ol i goputl eotide priner is capable of hybridizing to a secon mpgg;ch§1@n\lA
sequence of NG- and neurotrophin-3. 133. The recp e
ol ecul e of claim 15 conprising nucl eotide sequence encodi n

precursor form of NT-3. 28/35 ﬁ1997
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134. Ther econbi nant DNA nol ecul e of claim 16 conprising nucl eoti de sequence
encodi ng a | ong precursor form of NT-3. 135. A neurotrophin-3
protein or a functionally active peptide fragnment or depddatisie—thereof—m
gccording to claim105 in which the disease or disorder i mEPPAC Ko AHEET

di sease, 136. A nethod of pronoting the survival ref—doparmmergi d
neurgns conprising exposing the dopam nergi ¢ neurons tojahp a‘ém?@
concentration of neuotrophin-3. 63. 7. NT-3 for use i Zd of
treating disorders of nervous system%l%( pment
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138.

NT-3 for use in a nethod of treating mallgnant di sorders of the

nervous system
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103, Anin vifro method for diagnosing a disease or-disorderof e ervous
system comp}ising:
(a)- exposing & tissue 10 a detectably labeled antibody molecule
which i$ capable of binding to neurotrophin-3 protein or a peptide
fragment of derivative thereofundcr conditions which will allow
binding to occur; and

(b)  detecting any binding which has occurred.

104. The method according to claim 103 in which the disease or disorder of
the nervous system is selected from the group consisting of a tumor, a degenerative

disease, and a sensory neuron disease.

105. A neumtrophﬁé protein, or & functionally active peptide fragment or
derivative thereof, for use in a method of treating a disease or disorder of the nervous

system.

106, A neurotrophin-3 protein, or a functionally active peptide fragment or
derivative thereof according to claim 105 in which the disease or disorder of the

nervous system is a degenerative disease.

107. A neurotrophin-3 protein, or a functionally active peptide fragment or
derivative thereof according to claim 105 in which the degenerative disease is
selected from the group consisting of Alzheimer's disease, Huntington’s chores,

multiple sclerosis and amyotrophic [ateral sclerosis.

108. A neurotrophin-3 protein, or & functionally active peptide fragment or
derivative thereof according to claim 105 in which the disease or disorder of the

nervous system. comprises damage to the nervous system.

109. A neurotrophin-3 protein, or a functionally active peptide fragment or
derivative thereof according to claim 108 in which damage comprises a peripheral

GboF Aoy
vol s oy
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110. A neurotrophin-3 protein, or a functionally active peptide fragment or
derivative thereof according to claim 108 in which the damage compﬁses diabetic

neuropathy.

111. A neurotrophin-3 protein, or a functionally active peptide fragment or
derivative thereof according to claim 108 in which the damage comprises alcoholic

neuropafhy.

112, A neurotrophin-3 protein, or a functionally active peptide fragment or
derivative thereof according to claim 108 in which damage comprises an acquired

immunodeficiency syndrome-related neuropathy.

113. A neurotrophin-3 protein, or a functionally active peptide fragment or
derivative thereof according to claim 108 in which damage is caused by events
selected from the group consisting of trauma, surgery, infarction, infection, and
malignancy.

114. A neurotrophin-3 protein, or & functionally active peptide fragment or
~ derivative thereof according to claim 108 in which the disease or disorder is caused

'by exposure 1o & toxic agent.

115. A neurotrophin-3 protein, or a functionally active peptide fragment or
derivative thereof according to cfaim 108 in which the disease or disorder is caused

by nutritional deficiency.

116. A neurotrophin-3 protein, or a functionally active peptide fragment or
derivative thereof according to claim 105 in which the disorder comprises a
congenital disorder.



1 pool arTigsaeT DIArTr
| RBEPLACEMTHT SHEDD

-

0 R s

-106-

| 117. A combination of neurotrophin-3 protein, or &farctionsity sctive—
peptide fragment or derivative thereof, and & second agent for use in a method of

treating & disease or disorder of the nervous system.

118. A combination according to claim 117 in which the second agent is

nerve growth factor.

119. A combination according to claixﬂ 117 in which the second agent is

brain derived neurotrophic factor,

120. A combination according to claim 117 in which the second agent is
another member of the BONF/NGF family.

121. A combination according to claim 117 in which the disease or

disorder is a degenerative disease.

122. A combination according to claim 121 in which the degenerative
disease is selected from the group consisting of Alzheimer’s disease; Huntington’s
chores, and Parkinson’s dise_ase.

123. A combination according to claim 117 in which the disease or

disorder comprises damage to the nervous system.
124. A combination according to claim 123 in which the disorder is
damage caused by an event selected from the group consisting of trauma, surgery,

infarction, infection, and malignancy.

125. A combination according to claim 117 in which the disease or

disorder comprises a peripheral neuropathy.

126. A combination according to claim 117 in which the discase or
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disorder comprises & congenital disorder.
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127. A method for isolating a gene which is a member or the brain derived

neurotrophic factor/nerve growth factor gene -famiiy, but which encodés neither nerve

growth factor nor brain derived neurotrophic factor, comprising:

(a)

®)

(©

128.

selecting, from among a diversity of nucleic acid gequences‘,' those
sequences that aré homolq‘gous to both BDNF and NGF;
identifying, from among the nucleic acid sequences selected in (e),
those sequences which contain.sequénces of about at least 6
contiguous nucleotides that are not homologous to NGF and BDNF,
and

isolating the sequences identified in (b).

The method according to claim 127 in which the method of step (&)

comprises using the polymerase chain reaction technique, in which a pair of

oligonucleotide primers are used which are capable of hybridizing to homologous
regions of BDNF and NGF DNAs, such that the sense strand oligoimcleotide primer
is capable of hybridizing to a first homologous DNA sequence of BDNF and NGF,
and the antisense strand oligonucleotide primer is capable of hybﬁdiziné to a second
homologous DNA sequence of BDNF and NGF.

129.

A method for isolating a gene which is a member or the brain derived

neurotrophic factor/nerve growth factor gene family, but which encodes neither nerve

growth factor nor brain derived neurotrophic factor, comprising:

(@)

®)

©

selecting, from among a diversity of nucleic acid sequences, those
sequences that are homologous to both BDNF and neurotrophin-3;
identifying, from among the nucleic acid sequences selected in (a),
those sequences which contain sequences of about at least 6
contiguous nucleotides that are not homologous to BDNF and
neurotrophin-3; and

isolating the sequences identified in (b).
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130, The method according to claim 129 in which the method of step (a)
comprises using the polymerase chain reaction technique, in which a pair of
oligonucleotide primers are used which are capable of hybridizing to homologous
regions of BDNF and neurotrophin-3 DNAs,' such fhat the sense strand
oligonucleotide primer is capable of hybridizing to a first homologous DNA
sequence of BDNF and neumtrophin—S, and the antisense strand oligonucleotide
primer is capable of hybridizing to a second homologous DNA sequence of BDNF
and neurotrophin-3.

" 131. A method for isolating a gene which is a member or the brain derived
neurotrophic factor/nerve growth factor gene family, but which encodes neither nerve
growth factor nor brain derived neurotrophic factor, comprising;

(8)  seclecting, from among a diversity of nucleic acid sequences, those
sequences that are homologous to both NGF and neurotrophin-3;

() identifying, from among the nucleic acid sequences selected in (),
those-sequences which contain sequences of about at least 6
contiguous nucleotides that are not homolqgoué to NGF and
neurotrophin-3; and

(c)  isolating the sequences identified in (b).

132.  The method according to claim 131 in which the method of step (a)
comprises 'us'ing the polymerase chain reaction technique, in which & p& of
oligonucleotide primers are used which are capable of hyb:idizing to homologous
regions of NGF and neurotrophin-3 DNAs, such that the sense strand oligonucleotide
primer is capable of hybridizing 10 a first homologous DNA sequence of NGF and
neurotrophin-3, and the antisense strand oligonucleotide primer is capable of
hybridizing to a second homologous DNA sequence of NGF and neurotrophin-3.

133, The recombinant DNA molecule of claim 15 comprising nucleotide
sequence encoding a long precursor form of NT-3.
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" 134, The recombinant DNA molecule of claim 16 compﬁs’mg'nucteuﬁﬂe-*«—wwm;

sequence encoding a long precursor form of NT-3,

135. A newotrophin-3 protein, or & fundtiona.lly active peptide fragment or
derivative thereof according to claim 105 in which the disease or disorder is

Parkinson’s disease.

136. A method of promoting the survival of dopaminergic neurons
comprising exposing the dopaminergic neurons to an effective concentration of

neurotrophin-3,

137. NT-3 for use in a method of treating disorders of nervous system

development.

138, NT-3 for use in a method of treating malignant disorders of the

nervous system.
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ABSTRACT

NEUROTROPHIN-3, A NOVEL NEUROTROPHIC FACTOR RELATED TO NERVE
GROWTH FACTOR AND BRAIN DERIVED NEUROTROPHIC FACTOR

The present invention relates to neurotrophic-3 (NT-Sj a
newly discovered member of the BDNF gene family. It is based, in
part, on the identification of regions of nucleic acid sequence
homology shared by BDNF and NGF (U.S patent application Sefial
No. 400,591, filed August 30, 1989, incorporated by reference
herein ). According to the present invention, these regions of
homology may be used to identify nevw nmembers of the BDNF/NGF gene
family; such methodology was used to identify NT-3. The present
invention provides for the genes and gene products of new
BDNF/NGF related neurotrophic factors identified By these
methods. According to the invention, NT-3 may be used in the
diagnosis and/or treatment of neuroclogic disorders, including,
but not limited to, Alzheimer’s disease and Parkinson’s disease.
‘Because NT-3 has been observed to exhibit a spectrum of activity
different from the specificities of BDNF or NGF, NT-3 provides

new and valuable options for enducing regrowth and repair in the

central nervous systemn.
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ABSTRACT

NEUROTROPHIN-3, A NOVEL NEUROTROPHIC FACTOR RELATED TO NERVE
GROWTH FACTOR AND BRAIN DERIVED NEUROTROPHIC FACTOR

The present invention relates to neurotrophic-3 (NT-Sj a
newly discovered member of the BDNF gene family. It is based, in
part, on the identification of regions of nucleic acid sequence
homology shared by ;DNF and NGF (U.S patent application Sefial
No. 400,591, filed Augusﬁ 30, 1989, incorporated by reference
herein ). According to the present invention, these regions of
homology may be used to identify new memberslof the BDNF/NGF gene
family; such methodology was used to identify NT-3. The present
invention pfovides for the genes and gene products of new
BDNF/NGF related neurotrophic factors identified By these
methods. According to the invention, NT-3 may be used in the
diagnosis and/or treatment of neurologic disorders, including,
but not limited to, Alzheimer’s disease and Parkinson'é disease.
Because NT-3 has been observed to exhibit a spectrum of activity

different from the specificities of BDNF or NGF, NT-3 provides

new and valuable options for enducing regrowth and repair in the

central nervous system.
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