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10 and to their gene products. The invention also relates to
pharmaceutical compositions conmprising effective amounts of
BDNF gene products or, alternatively, antibodies directed
toward BDNF gene products, and to methods of diagnosing and
treating a variety of neurological diseases and disorders,

15 including Alzheimer’s disease and parkinson’s disease. In
particular, the BDNF gene products of the invention *j,‘have
value in the diagnosis and therapy of disorders of
dopaminergic neurons, such as Parkinson’s disease, as well

as disorders of sensory neurons and degenerative diseases of
20 tne retina. '

‘2. BACKGROUND OF THE INVENTION

2.1. NEURONAL CELL DEATH AND THE ROLE OF NEUROTROPHIC
FACTORS IN THE: DEVELOPMENT OF THE NERVOUS SYSTEM

25 Throughout many parts of the vertebrate nervous
systen maﬂ& more neurons are present during early
development than are found in the adult animal. Periods of
early developmént are characterized by waves of naturally

. occurring neuronal cell death (Carr and Simpson, 1978, J.

%0 comp. Neurol., 182:727-740; Cowan et al., 1984, Science
gg§:1258-1265). The survival, differentiation and
maturation of developing neurons may be regulated by
environmental or 'epigengtic' factors rather than by 2
strict intrinsic genetic program. For exanmple, experimental




‘occurring neuronal cell death (Carr and Sinpson, 1978, J. 30 Conp.
Neurol ., 182:727-740; Cowan et al., 1984, Science 225:1258-1265). The
survival, differentiation and naturation of devel opi ng neurons may be
regul ated by environmental or 'epigenetic,factors rather than by a strict

| REri nsi c genetic program For exanple, experlnental 36 mani pul ati ons of
~_ the chick enbryo have shown that transplantation or extirpation of
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regul ate the Neabel.oflTEd1r<320y darsimesiser and Pidaryald7éhal.tCeklie
Biol., 68:357-374). A target field may only support a
limited number of neurons, and a normal part of the
developmental process may be the pruning of an excess number
of neurons to match the “neurotrophic" capacity of the
target tissue. The discovery and isolation of the protein
now called nerve growth factor (NGF) has led to a molecular
hypothesis of how a target may be able to regulate the
number of neurons which survive and innervate that tissue
(Levi-Montalcini et al., 1968, Physiol Rev., 48:524-569;
Thoenen and Barde, 1980, Physiol Rev., 60:1284~1335).

' It is now well established, at least in the
peripheral nervous system, that neuronal target tissues
synthesize and release limited quantities of various ‘
neurotrophic molecules which are critical to the survival of
specific types of neurons (Korsching and Thoenen, 1983,
Proc. Natl. Acad. Sci. U.S.A. 80:3513-3516; Heumann et al.,
1984, EMBO J. 3:3183-3189; Shelton and Reichardt, 1984,
Proc. Natl. Acad. Sci U.S.A. 81:7051-7955; Korsching and
Thoenen, 1985, Neurosci. Lett. 54:201-205).

10

15

2.2. NERVE GROWTH FACTOR
Nerve growth factor (NGF) is by far the most fully
characterized of these neurotrbphic molecules and has been
shown, both in vitro and in vivo, to be essential for the
survival of sympathetic and neural crest-derived sensory
% neurons du:ing early development of both chick and rat
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~ (Levi-Montalcini et al., 1968, Physiol Rev., 48:524-569; Thoenen and Barde,
1980, Physiol Rev., 60:1284-1335). It is now well established, at |least in
the 20 peripheral nervous system that neuronal target tissues synthesize
and refease limted quantities of various q;urotrophlc nol ecul es which are
crigpcal to the survival of specific types of neurons (Korsching and
Theenen, 1983, Proc. Natl. Acad. Sci. U.S. A 80:3513-3516; Heunmann et al.

1984, EMBO J. prevSMernt@lciht!dnd maigkldtitdhandiss,l dedelidpac Bibat.l 7: 66a4d.
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sensory neuron%'eté?%&gggswgétr‘rgagrv g g@%ﬁ@?dﬁfaﬁ tc‘;’ﬁoloh%ﬂ’c?%&pl Jon- -
1960, Proc. Naiendogeadus NGF by daily injection of anti-NGF antibodies
into neonatal rats has been associated with virtual
10 gdestruction of the sympathetic nervous system (Levi-

Montalcini and Booker, 1960, Proc. Natl. Acad. Sci. U.S.A.
46:384-391; lLevi-Montalcini and Angeletti, 1966, Pharmacol.
Rev. 18:619-628). Exposure to NGF antibodies even earlier
in development either by antibody injections in utero or by
passive transplacental transfer of maternal antibodies has
been shown to result in a substantial loss of neural crest-
derived sensory neurons such as spinal and dorsomedial
trigeminal sensory neurons (Goedert et al., 1984, Proc.
Natl. Acad. Sci. U.S.A. 81:1580-1584; Gorin and Johnson,
1979, Proc. Natl. Acad. Sci. U.S.A. 76:5382-5386). Until
recently, almost all studies of NGF had focused on its role
in the peripheral nervous system, but it now appears that
NGF also influences the development and maintenance of
'specific populations of neurons in the central nervous
systen (Thoenen et al., 1987, Rev. Physiol. Biochem. '
Pharmacol. 109:145-178; Whittemore and Seiger, 1987, Brain
Res. Rev. 12 439-464).

_ The serendipitous discovery of large amounts of
NGF protein in the submandibular gland of the adult male
mouse (Cohen, 1960, Proc. Natl. Acad. Sci. U.S.A. 46:302-
311) and an earlier discovery of high levels of NGF in snake
venom (Cohen and Levi-Montalcini, 1956, Proc. Natl. Acad.
Sci. U.S.A. 42:571-574) fortuitously provided sufficient
quantities of NGF to permit studies relating to the
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Sci. U S A 46:373-384; Hanburger et al., 1981, J. Neurosci. 1:60-71)..
Conversely, renoval or sequestration-of endogenous NGF by daily injection
of antiyNGF antibodies into neonatal rats has been associated with virtual
10 destruction of the synpathetic nervous-4ystem (Levi- Mntalcini and
. Boaker, 1960, Proc.- Natl. Acad. Sci. U. S. A 46:384-391; Levi-Mntalcini and
Angelettl 1966, Pharmacol. Rev. 18:619-628). Exposure to NG anti bodi es
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levels of NGF have been found to be extremely low, in the
range of picograms or nanograms per gram of tissue, compared
to thousand-fold higher levels in adult male mouse salivary
gland tissue. NGF has not been found at any appreciable
level in serum and therefore does not appear to be a
circulating gfowth factor or hormone (Suda et al., 1978,
Proc. Natl. Acad. Sci. U.S.A. 75:4042~4046).

In addition to the important discovery of a major
source of NGF protein in the mouse submandibular gland, the
development of sensitive, reliable and efficient biological
assays has played a major role in elucidating the biology
and biochemistry of NGF. Dorsal root ganglia (DRG) of the
developing chick embryo were one of the first neuronal types
to be shown to be responsive to NGF in vitro. Explant
cultures of E8-E12 chick DRG in a plasma clot, and, more
recently, dissociated neuron-enriched cultures of chick DRG
have proven very useful in bioassays for NGF activity (e.g.
during purification) and for in vitro studies of NGF biology
(Levi-Montalcini et al., 1954, Cancer Res. 4:49-57; Levi-
Montalcini and Angeletti, 1963, Develop. Biol. 1:653-659;
Greene, 1977, Develop. Biol. 58:96, ibid 58:106). The fact
that more than forty DRG can be dissected from a single
chick embryo has led to the widespread use of NGF bioassays
in many laboratories.



"Sci. U S A 42:571-574) fortuitously provided sufficient quantities of NG
to permt studies relating to the -4- physi ol ogy, protein chem stry,
and, noye recently, the nol ecul ar biology of NG (i.e. nolecular cloning of
NGF and its receptor). The function of Iarge amounts of NGF in the adult
mal.g: nouse salivary gl and remai ns unknown; 5however it appears that this
abundant source of NGF may not play any 5 “role in devel opnent or

mai nt enance of the peripheral or central nervous system In target tissues
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from mouse submandibular gland and showed, with Levi-

Montalcini and Booker (1960, Proc. Natl. Acad. Sci. U.S.A.
10 46:384-391) that these antibodies caused destruction of
sympathetic ganglia, or ﬁimmunosympathectomy.“ when
administered daily to newborn rats (lLevi-Montalcini and
Angeletti, 1966, Pharmacol. Rev. 18:619-628).

The abundance of NGF protein_allowed the primary
sequence to be determined by relatively conventional protein
chemiétry (Angeletti and Bradshaw, 1971, Proc. Natl. Acad.
Sci. 68:2417-2420). The NGF gene has now been cloned from
many species, including mouse (Scott et al., 1983, Nature
302:538~-540), human (Ullrich et al., 1983, Nature 303:821-
825); cow and chick (Meier et al., 1986, EMBO J. 5:1489~
1493), and rat (Whittemore et al., 1988, J. Neurosci. Res.,
20:402-410) using essentially conventional molecular biology
based on the availability of the protein sequence of mouse
NGF to design suitable oligonucleotide probes. The
availability of abundant NGF has also greatly facilitated
studies on the NGF receptor, which have ultimately led to
the molecular cloning of the NGF receptor from human and rat
(Johnson et al., 1986, Cell, 47:545-554; Radeke et al.,
1987, Nature 325:593-597).

It is now well established that NGF is not a
ubiquitous neurotrbphic factor. Within the peripheral
nervous system, NGF appears not to be a survival factor for
parasympathetic neurons, neural placode-derived sensory
neurons or enteric neurons, as determined both from studies
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assays has played a major role in elucidating the biology and biochem stry
of NGF. Dorsal root ganglia (DRG of the devel oping chick enbryo were one
of- the first neuronal types to be shown to be responsive to NGF in vitro.
Expl ant 25 cultures of E8-E12 chick DRGin_a plasma clot, and, nore
receﬂtly, di ssoci at ed neuron-enriched cul tT%&s of chick DRG have proven
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~2.3. 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,
progress in.puritying and characterizing these activities
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 bioassays 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, specific
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
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Mont al ci ni and Booker (1960, Proc. Natl. Acad. Sci. U S. A 10 46:384-391)

that t hese anti bodi es caused destruction of synpathetic ganglia, or
immnosynpat hectony, " when admi nistered dajly to newborn rats

(Levi -"Mont al ci ni and Angel etti,. 1966, Pharnacol Rev. 18:619-628). The

abugdance of NGF protein allowed the primary 15 sequence to be deternined

by-tel ativel y ﬁﬁeaeetwﬂal has OpLoved NETILE lah (eNtedldlniglyard siadgkaw, 1971,
Proc. Natl. % Sci. 68:2417-2420). The NG- gene has now been cl oned from
many speci es, %?ﬁ hg nouse (Scott et al., 1983, Nature 302:538-540),
human (U lrich et al., 1983, Nature 303:821- 20 825), cow and chick (Meier

et al., 1986, EMBO g, 37i1488oMBARBSON 0¥ A %W'ﬁéﬁ%’@n@un@‘mop&&% J.
Neurosci. Res., 20:402-410)FASTOR csmqn,t 2240 \WEXVE QriowmelFasyogcul ar

biol ooy based on he avabgRohebin L AR S SIS g IGE WE 0
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ul ti rr?t ﬁlnyoLegvaerbhaagvkaey&FFiahomh nﬁag‘;"dféé}ﬁiﬂgi;%ﬂé;&%gﬁuﬂ'g gm %&aargnd )
35§09 507). FAS E-fodLiBmS BELARI PeRdoeh e 9 8 AvodTe;
neur ot rophi c f dature R74hBA8)Lke Fbei phbi*aitmecamlmismmal\iﬁ'edaMEars not
to be a suryivahtfiehles ¢o RBLasYNER! h§ﬁ?<§e£‘@ﬂ§ "the r}ﬂfwénéﬂ A0 diotplerv ed
SenSOry MeUr NS ot ophic Tantor” in"the conditiohed nediwn. ° Simitar"
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
15 et al., 1982, Brain Res. 243:329-343) aﬁd in extracts of
‘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
20 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 stafting material, Barde et
al. (1982, EMBO J..1:549-553) reported a factor, now termed
25 brain-derived neurotrophic factor (BDNF), which appeared to
promote the survival of dorsal root ganglion neurons from
E10/E1l1l chick embryos. The neurotrophic activity was found
to reside in a highly basic protein (isoelectric point, pI >
10.1) which migrated during sodium dodecyl sulfate (SDS)
30 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
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in vitro and in vivo. Furthernore, NGF does not appear to be a survival
factor for devel opi ng notorneurons (COppenheim 1982, J. Conp. Neurol.

210: 1745~ 189), al though these neurons do appear to express at |east a | ow
affinity formof the NG- receptor during devel opnment (Raivich et al., 1985,
EMB&J. 5 4:637-644). - The lack of effectsgdf NGF on these neuronal types
has- pronpted the search for other neurotrophic factors, especially factors
that woul d sustain the survival of .spinal cord notorneurons and/or

par asynpat het ipreparatisverfgeihceledtirophayasjls ,orthel Gck i i tyOU4ERDNF could
NEUROTROPHI C EAGT { diaat Sl & HE S dUUTRY, I r of
neur ot r ophi ¢ act| \(/Blitsyﬁlﬁnl%irt r actusl‘%a%& reatﬁvl}ﬁ/et y ﬁk tl ssu%?farf?%{r#"ﬁ]le

condi ti oned c§RSurBards ARDThoRPNemN\IHHS [ dfe fiHaxagnes and celd a| nost  al |
has been hanpes p b e T ar L e
crml | amount & P {Hhe T g A, 1 e, e B SR e R s oo,
20 5 masicaatuxe and mokeauleg & izeicfi BINE wene wmnn sty sed
|08 a5e" DL SHE R moSRLEL ka4 it YBALEIY € Moo s
i ndi vi dual type@tpfdiffered 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
10 BDNF; (b) 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. 1In
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 stages of
development than were associated with NGF. Using
dissociated cultures of chick embryo neurons cultured on a
polycationic substrate such as polylysine or polyornithine,
BDNF was found to support the survival of more than 30 per
cent of El10-1l1 (embryonic day ten or eleven) dorsal root
ganglion neurons but seemed to have little effect on the
survival of the same neurons at E6 (Barde et all, 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
' embryos of ages E6-El12 (Lindsay et al., 1985, Develop. Biol.
112:319-328). In the latter study, the effects of NGF and
BDNF 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
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peri pheral neurons are found as discrete, easily dissectable 25 ganglia,
central nervous system (CNS) neurons are invariably highly heterogenous in
ttheir @stribution. Thus, specific nmarkers are required for either
identification or enrichnment of particular classes of CNS neurons. Progress
I n "‘produci ng such markers, for exanple, ant®odi es directed toward cell
surface or cytoskel etal conponents, or specific histol ogical stains, has
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ant i bodi es Wereganglia of the rat, while similar treatment greatly depleted
the neuronal count in sensory ganglia derived from the

10 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 NGF
supports the survival of most neural crest-derived 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 Eil2 |
(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 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



subsequently reported in cultures of nornmal adult rat brain astroglial
cells (Lindsay, 1979, Nature 282:80-82; Lindsay 15 et al., 1982, Brain Res.
$243:329-343) and in extracts of devel oping and adult rat brain (Barde et
al ., 1980, Proc. Natl. Acad. Sci. U S. A 77:1199- 1203) and devel opi ng and
merure chick spinal cord (Lindsay and Pet ér%" 1984, Neurosci. 12:45-51).
However, in.no case was the active 20 factor(s) i solated or identified, and

it remains q fﬂm% #$oti % 1&%%3 a(g“ﬂt eqﬁ.ﬂar dgie to
t he same or er ent actor(s é) rain as star I'ng materi al,
Barde et al. (&@’8‘2‘"9 inmng Gen 3}9 & PAVRLGP f BYBIN Resy (4 3RA+SE) -
brai n-derived neur ot r ot Lof a6 othé BiRdtanthirmfertoies) ethd olridIDit tde
survival of d§r$ﬂ$éﬂ£€f$g%ﬂ€n?ﬁe%€$§ Wtﬁm E1.1 Chl ck en%}ryotg! The
neurotrophlc ein

(i soel ectric peevented the(purydustion mt;;rmiati-mli‘ r@tthbdhsictmcyl sul fate
(SDS) 30 gsl FLPORT €S| - | I wei ght .
Al gl i ool ol gl BICE
was very |ow, I t 1 | Trom 1.5 kg
of pig brain. n&thbBiﬂatsonbezpuﬁeméﬁms1Eﬁmwstfﬁb¢ﬁtt£tu¢&uéfﬁifaismNF

PrOSEs e, (oRIERRLA oAR, SOFLIRRISIE Eoad - gl ST coulc
Barde, 1988, Nature 331:261-262) have, however, indicated a
10 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
die (Kalcheim and Le Douarin, 1986, Develop. Biol. 116:451-
15 466). It was postulated that this neuronal death may have
been due to debrivation 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.
20 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). In addition to its effect
on peripheral sensory neurons of both neural crest and

2% neural placode origin, BDNF was found to support the
survival of developing CNS neurons. Johnson et al. (1986,
J. Neurosci. 6:3031-3938) presents data that indicates that
BDNF supports the survival of retinal ganglion cells

- cultured from E17 rat embryos. This was in agreement with

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;



SDS (Barde and Thoenen, 1985, in "Hornones and Cell Regulation,” Vol. 9,
Dunont et al., eds. Elsevier Science Publishers, pp. 385-390). It was noted
that t+e highly 5 basic nature and nol ecul ar size of BDNF were very simlar
to the NG- nononer. However, BDNF appearedXle- have properties that differed
fromthe known properties of NGF in that (a) in the chick dorsal root

gangl i on bi oassay, antl bodi es to NG- had no apparent effect on the

bi ol ogi cal actd @t B BONP 83 0)T + MeuRgsSh s 152 BN Hfr IRyERgIDeat ed t o
be additive; ald ,(@9sm |MNGF:aBDN&SAa$-fM)t.O have no effect on the

survival of E12 chick s [ it] o durin

studies with bral n extrac 2&&? serveo{#efiégj %r%‘f’?‘g’pﬁi %%tl vity
in these sour &8y !h#?}ﬁaﬂ%ltﬂmﬁa%! @Mﬂ%nsﬁﬂ@dmscbmmtshoﬂmrtcstm of
devel opment t harrawts &S%&ﬂﬁf‘éhvaddlﬂ\' eriﬁié&ﬁ'é’ﬁ?%éﬁ@a]ﬁ%éﬁ&% of

chick enbryp neurons culture on.a_ pol catl on| C substrate suc

pol yl ysi ne or SYGNRR MeYRonRs . N 28 Held a5 dAFHohas theen shamn %9 nore

than 30 per 2Gtimtlatie FEHoridl (mgnmudayfﬁw dupt W)Dﬁ@rﬁéﬁrdr&ptln

Jame. nour ons. %‘ﬁe%*%%afﬁg’%*% Bl pftidd, Bl el

77:1199-1203 sqmswnrtens Mln%@pw & pregu e tﬂmmtmp&aic
of 30-40 percemcmresfa@ R OENERES id rume&tamlys o {%ré;eg er found

t hat when ﬂplt on a substr coated W] he extrace I matri x

gl ycoprotein | H’ﬁf\l %Lﬁﬂgﬂr &Rt eetinai BINBWagout 50

per cent of Dmhsmaﬂlsté rpmmmdntel«:oth survival and axonal elongation from
retinal ganglion cells (Thanos et al., 1989, Eur. J.
Ne_urosci. 1:19-26). A comparison of the blolog:.ca_l effects

of NGF and BDNF is presented in Table 1I.
15 :



enbryos of ages E6-E12 (Lindsay et al., 1985, Develop. Biol. 112:319-328).
In the latter study, the effects of NG and BDNF were found to be additive
when both were present at saturating concentrations. Early studies by

Levi -Montal cini (1966, The Harvey Lectures 60:217-259) on the neuronal
spegificity of NGF -9- suggested that Ngs.was not a ubiquitous

nedr otrophic factor even for sensory neurons, as NGF appeared to have no
ef fect upon neurons of certain cranial sensory ganglia of the chick,
especially the nodose ganglion of the tenth cranial nerve. Later in vivo
studi es (Johnson et al., 1980, Science AntE 916-918; Pearson et al ., 1983

Devel op. Biol. 96:32-36) showed that N prrtvation during enbryogenesis
had no effect on the Sur&buﬁhnfﬁoﬁeéi‘?foi&f@ﬁ. AERPUPETESNGSTY ganglia of
BEDNF ANEE NGF#ed

the rat, while simlar treatnent gn t he neuronal count in

sensory ganglia derived fromtne neuar al Cr est. re detarred in vitro
studi es (Lindsay and Rohrer, 1985, Develop. Biol. 112: 3GURVIVADA*S and
Li ndsay, 19%5,?% NERVOUS| SYSXEM; Lindsay et al., BENS, J. CelNGF

Sci. Suppl. 3:115-129) clearly indicated that NG- supports the survival of
most neural crest-dek)l ve®E&er@ukgk PRGEuUrons but has no apparent effedtt on
the survival of cranial EHEBAGRPRAs derived from neural™ pl acodes.:':_

El12 Chick Sympathetic neurons -
(ii) E6 - E12 cChick DRG ++ ++
10 E6 - El2 Chick Nodose ++ -
El12 Chick Sympathetic
: neurons : - ++
El12 Chick ciliary - -

(Lindsay et al., 1985, supra)
(iii) E3 - El14 Chick:

Jugular +/++ ++

15 DM-trigeminal +/++ ++
Petrosal +/++ _ -
Geniculate : +/++ -
Vi-trigeminal b -
Vestibular - -
Mesencephalic ++ -

_ (Davies et al., 1986, supra)
20 ' (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. 63031-3038)

25 -
* in chronological order according to publication date;
effects tested in vitro
** no survival:(-):; moderate survival (+):; good survival
(++)
30

2.3.2. NEURONAL TARGETS OF BRAIN DERIVED .
NEUROTROPHIC FACTOR

Sensory neurons of peripheral nerve ganglia have
been found to arise from either of two distinct, transient




The first denonstration of a neuronal specificity of BDNF distinct from
that of NGF was the denonstration in vitro that purified BDNF supports the
survi va} of 40-50% of 20 sensory neurons dissociated fromthe neural

pl acode-deri ved nodose ganglion of the chick enbryo at E6, E9 or E12
(Limdsay et al., 1985, J. Cell. Sci. Suppi133d:115-129). NG was w t hout
apparent effect on these neurons either by itself or in conjunction with

BDNF. It was |ater shown .in 25 explant culture studies that BDNF appeared
t 0.support sLﬁi%ﬁ%ﬂl99&?@%uﬂ9q499ﬂﬂﬁ§noﬂPHeiYGEPGtHEPrhbu¢a¢SbI§%®d@eural

derived sens@lacrdug.i a, Thenclemtialg criestpappeass, tgegivod! 2i8e 286 both

ventrol at er al pdy+SHRdN éﬁ?%?i h&S .6t 6 uroscl.. .

6: 1897-1904) ,n none -of%i C é;l'vig: 1 eg?%l?oﬁgda@8°§8‘]‘?§e‘32éﬁﬁbi PPN 11
all of the afRESiIRNIEYaHaANHdides 4-@-NBRGhadThe epntribupbontdt Ohser ved
activity of BidWral rewekli tareh rieunddls pllacodes €8 €Hb! ¢6PHaPEHR08E EXHMial

0 Part 1 or ortoy € by Ml nad Bl w3824l By ERE ot kbl s
Tent] o owetn] 1973 BAVEMAGR, S 2GRARIT NGRS
. ) ! ’ ) . 21 e

| muni zation ﬂ&&ﬂfﬁﬁfﬂkfé¥iF§j¥§§§1§¥§:°%a%§§LhEEN§n3ﬁ%ﬁ?&g&ﬁin?Oi;ao,
Anat. Rec. 196:71-82; Ayer-Le Lievre and Le Douarin, 1982,
Develop. Biol. 94:291-310; D’Amico-Maratel and Nodem, 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 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.

10

15

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
vestibular, geniculate, petrosal and nodose ganglia) have
been observed to be largely unresponsive to NGF throughout
embryonic development. In contrast to differences in their
requirement and responsiveness to NGF, both placode and



5 conparison to anti-NGF antibodies in their effects on neuronal
popul ati ons, and precluded BDNF/ NGF cross- neutralization experinents. Two
recent -studi es with BDNF (Kal cheimet al., 1987, -EMBO J. 6:2871-2873; Hofer
and Barde, 1988, Nature 331:261-262) have, however, indicated a 10
physﬁologlcal role of BDNF in avian PNS deyetopnent. If a nechani cal
barrier was pl aced in ovo between E3/E4 DRG (enbryonic day 3 or 4 dorsa
root ganglia) and their CNS target in the neural tube, many DRG neurons
were obser veohémrdi ec:(d@li cdm'rivmchdnsobguaaunpné%sw Deeeh Opould o{Table

116:451- 5 46Pi %ﬁ tshmvasusaaahedsm-gﬁam ﬁ%been
due to depriva |on rom neural tube) “derived neurotro

was subsequerndFHivhee % BRYE IB"ENFS% efchRdd t $985r avfr nFR an?% s‘?‘éﬂ’%‘stlc
menbr ane coul 8l: p1EvE2S ; tmmdmletieﬂt h (d8is;hpewedbpal Biol98Y)2 EdB-328 20

6:2871-2873) . g ég+ yhhoé‘ﬁd Oéezﬁﬂ-\fﬁ V‘f)IeQ‘Q%BQ qg@hkneﬂgé g, boch iound

to reduce at UI’ occurring ce e nodose ~ an effect

not seen w% hTRERT (2R Baxge (hI8Ry, Jl-QSG“QQ&FéPeJﬂ:’ZGg:’Q%Z)St“‘ﬂ-he‘&dénft|on
toits effECtbQﬂdﬂﬁg pﬂﬁﬂtéwmwmawﬁv@ﬁybahbeuear 8bNET €6t cRiEk 25

G neutons.  SBRFYS,depsal rYaE ligfiog nRiBRRE' IR bHsUTLe he 0VE! OF) 00
t hat |nd|catesonﬁéﬁtsﬁkattbpthsﬁxtﬁ$qnﬂan°¢aﬁwm=QAeFﬁ#alOQaﬁQNFon cells
cul t ured frorrrEéZptai-s rr&ﬁ&OﬁitKhhﬁgwnmiagr FRFEBDNT, t Rh30okheyi Wieh
studies whigeh,sho 2 gy, co d'f\go de PR G, TudDnaln €XLLaghs prepared
fromthe targ&? rmg dRLTHr P RiF b4 P
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
15 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 cloning of BDNF,
20 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.



ganglion cells appeared to support the survival of these neurons (MCaffery
et al., 1982, Ex. Brain Res. 48:37-386; 36 Sarthy et al., 1983, J.

Neur osci-. 3:2532-2544; Turner et al., 1983, Dev. Brain Res. 6:77-83). In
addition to its effects on the survival of.jdavel opi ng neurons in culture,
BDNE has been shown to have effects on cultured adult peripheral and
central nervous 5 system neurons. BDNF, as well as NG, has been shown to
stinmul ate axonal regeneration fromadult rat DRG neurons in culture

(Li ndsay, 1988, J. Neurosci. 8:2394-240 ugh adult sensory neurons
di d not appear to require neurotrophic ié%g%rgifor mai nt enance in vitro

over 3 or 4 weeks. 10 FurthergtRbgary DK HONF Wsig rat retina, BDNF
was observed to pronote both wym@v} ,@1% *on fromretinal
ganglion cells (Thanos et al.,~TI989 EOT. J. Neuroscl. 1:19-26). A

conpari son of p.he Redpunsite Ndwedss of NG- and BDNF |s present ed in Table
|. 15 20 2% 30

I. Cchick sensory neurons of neural crest origin in:
(a) dorsal root ganglion
(b) jugular ganglion '
(c) dorsomedial trigeminal ganglion

10 (d) mesencephalic trigeminal nucleus**

IXI. Chick sensory neurons'of ectodermal placode
origin in:

(a) nodose ganglion
(b) vestibular ganglion
15 (c) petrosal ganglion
(d) geniculate ganglion
(e) ventrolateral trigeminal ganglion

III. Rat retinal ganglion cells

20
B. Non-Responsive Neurons
I. Chick and rat sympathetic neurons
II. Chick parasympathetic ciliary neurons
25 : —
* From Barde et al., 1987, Prog. Brain Res. 71:185-189
R -See Davies et al., 1986, Néture 319:497-499
30 ' 3. SUMMARY OF THE INVENTION

The present invention relates to nucleic acid
sequences encoding brain derived neurotrophic factor (BDNF),
to the substantially pure protein, peptide fragments or
derivatives produced in quantity therefrom, and to



:12- TABLE | COWVPARI SON OF Bl OLOG CAL ACTI VI TI ES OF BDNF AND NG-*

SURVI VAL** 5 PERI PHERAL NERVOUS SYSTEM BDNF - NGF
{i) E6 Chick DRG - ++ E10 Chick DRG

- ++ E12 Chick Synpathetlc neur ons - ++ (ii) E6 - E12
Chiek DRG ++ 10 =16- E6 - E12 Chick Nodose
++ E12 Chick Synpathetlc neur ons ++ E12
Chick ciliary (Lindsay et al., 1985, supra) (iii) E3 - E14 Chi ck: 15

Jugul ar antibodies dzmp¢ted toward-ﬁpnjmnqqggyndupeptide fragments,

++ Petrosal or derivatives. +Tﬁé‘§¥i%éﬂﬁfﬂﬁbentxon makes avaii#ble, for
VL-trigem na

Mesencephal i Cthe first time, su{ é'{%s equ%}titiﬁﬂ%of WatOZGnable
(Barde et al.antdsPDNP:agtibedynpreductian w8 1tgD)support diagnostic and

therapeutic applications of BDNF.

In various embodiments of the invention, the BDNF
nucleic acids, protéins, peptides, derivatives, or
antibodies of the invention may be utilized in methods for
the diagnosis and treatment of a variety of neurologic
diseases and disorders, and, in particular, in the diagnosis .
and treatment of sensory neuron disorders and retinal
degeneration. Furthermore, in specific embodiments of the
invention, BDNF nucleic acids or BDNF gene products may be
used in the diagnosis and treatment of neuroblastoma tumor,
Parkinsgn's disease, and Alzheimer’s disease. BDNF gene
products may also be used to facilitate incorporation of
implants into nervous tissue or, alternatively, to promote
nerve regeneration following damage by trauma, infarction,
infection, or post-operatively, in additionai specific
embodiments of the invention.

The invention also relates to pharmaceutical
conpositions comprising effective amounts of BDNF gene
products or, alternatively, antibodies directed toward BDNF
gene products, which may be utilized in the diagnosis or
treatment of a variety of neurological diseases and
disorders.

In addition, by providing the full nucleotide
sequence of BDNF, the present invention allows for the
compérison of BDNF and NGF genes, thereby identifying
homologous regions and defining a BDNF/NGF gene family.
Accordingly, the present invention relates to a method for
identifying additional members of the BDNF/NGF gene family.
In a specific embodiment, the method of the invention is
used to identify a novel, non-NGF, non-BDNF member of the
BDNF/NGF gene family. The invention further provides for

10

15



CENTRAL NERVOUS SYSTEM (i) E17 Rat Retinal Ganglion Cells ++ (Johnson et
al ., 1986, J. Neurosci. 63031-3038) 25 * I n chronol ogi cal order
accordifig to publication date; effects tested in vitro ** no
survival:(-); noderate survival (+); good A< val 30 2.3.2. NEURONAL
TAREGETS OF BRAI N DERI VED NEUROTROPHI C FACTOR Sensory neurons of peripheral
nefve ganglia have been found to arise from.either of two distinct,

transi ent 36 add}eigppbgrenbers: 6ft thes BONF/NGF ianendiamily r identiflied

neyral pl acodefecdb@ingUtsl thecaliselRedus detndd’ Ard X% WhdOE Nydgarons and
satellite cells of autonom c ganglia and spinal nerve sensory Qanglia, i.e.
DRG The cont rf ?%ﬁsof t he neural crest and neural placodes to the
formation of cranial 5 nerve sensory ganglia has been studied using the

uai |l /chick chinmera transpl ati i rin (Le

%ouari n, 1973, Devel op. Bi oaa'. 20:%@&%& Bi ol .

67: 313-329;2 NaBBNEnan anbdradnagderived] aetirotrophieefactasr 71- 82; Ayer-Le
Lievre and Le meFi N, 1RGRan BDNF

CAT choline acetyltransferase
CNS ° central nervous system
DRG dorsal root ganglia (ganglion)

10 EpTA ethylene diamine tetraacetic acid
NGF nerve growth factor |
PBS phosphate buffered saline
PCR polymerase chain reaction
PNS peripheral nervous systenm

15 sps sodium dodecyl sulfate
Tris tris (hydroxymethyl)aminomethane

4. DESCRIPTION. OF THE FIGURES
Figure 1. Nuclectide sequence and deduced amino-acid
20 sequence of porcine prepro BDNF cDNA. The complete
sequence of two overlapping cDNA clones is shown in
this figure. The peptide sequences obtained from
microsequencing (Table III) are underlined. The only
consensus sequence for N-glycosylation is double

25 underlined. The start of the mature BDNF sequence is
marked by a double carat.
Figure 2. Sequence comparison between NGF and BDNF. Areas
20 with more than two amino acids found at identical

positions are indicated. The sequences start with the
first amino acids of the mature proteins and end with

the last ones before the stop codons. Fifty-one amino
acids are common to BDNF and the various NGFs (Schwarz



10 Devel op. Biol. 94:291-310; D Am co-Mratel and Nodem 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 Vilth, IXth and Xt h-xg-ani al nerves (geniculate, 15
pet rosal and nodose gangli a, respectlvely) ‘and neurons of the

vesti bul oacoustic conplex of the VIIIth cranial nerve are excl usi vel y of
neural placode ori f#th.alhe %?4%erﬂﬂéfe‘g%9@4m>n §7: 32322302y ankingluding

contai ns neurons ofth@td EyLEéinetrdd Buxke, origin (with the placode-derived
neurons 20 predom nant in the ventrol ateral pole of the maxillo- mandi bul ar

| obe) whereas the satellite cells of all cranial ganglia have been found to
be entirely ofFigumrel3cr eMt@raobiagrainmmf manthermmtmm EeoRhgwipot h

explant and 25 di sSqehad e 1{?151% r f S . i al
nerve sensogy neurons é}f een %g ‘# eé ‘9 ns ‘of neur&F
crest origin are re%%rﬁé?%ttogw q:rp%-nthwid 0??3 ditlakpked NGF
neural placodes (i n@hdOBIGF NpH6PEs. of the ventrolateral portion of the
trigem nal ganglion and the entire neuronal popul ation of the vestibul ar,
geni cul ate, petrosal and nodose ganglia) have been observed to be Iargely
unresponsi ve tBigicret 4y ouidotheznbbloni analkysispnefron |eaclotissie 20 ug

differences in theitot£f kiR REL SP1IESNANS | HEHESEnd mPiFialAld Hlarye

an 10 32P-labeled CRNA mouse BDNF probe. Note that a strong
signal can be seen at about 1.45 kB with brain tissue,
but none with the 7 other tissues analyzed.

Figure 5. Sequence of human BDNF cDNA and deduced amino
16 acid sequence, and comparison of DNA sequénces fronm
pig, rat, and chicken.

Figure 6. BDNF expression plasmid PCMV1-pBDNF.

20 Figure 7. (a) Results of ELISA determination of binding of
antisera to B5 peptide, using serial dilutions of
antisera.

(b) Quantitation of binding of 1:500 dilution of
various antisera to 50 ng BDNF.

Figure 8. Results of immunchistochemical staining for
tyrosine hydroxylase in BDNF-treated (hatched bars) and
control (solid bars) ventral mesencephalon cultures.

~Figure 9. Dopamine uptake by ventral mesencephalon
cultures. Cultures supplemented with BDNF are denoted
by hatched bars: control cultuires are represented by
solid bars.



-14- neural crest derived sensory neurons have been found (Table I) to be
responsive to the survival and neurite-pronoting activity of BDNF (Lindsay
et al.,.1985, J. Cell. Sci. Supp. 3:115-129; Lindsay et al., 1985, Devel op.
Biol. 112:319-328 Kal chei m and Gendreau, 1988, Devel op. Brain Res.
41:79-86). 5 Tebar and Barde (1988, J. Neurosci. 8:3337-3342) studied the
bi mdi ng paraneters of radioactively | abeled BDNF to chick enbryo dorsa

root gangli on Pigupasloth¢a) rThel effect aHnNBDEFeoh théhnuibeexost eaTe of

tup cl asses of BONFLEESERVAr 8e190Cu! BrbbelIA' hal NebgLothRrohe ot her

with 10 low affinit Inity receptors were serve n
synpat heti ¢ neur onsCu¥B¥rRBewn neuronal targets of BDNF were further

_revit evvted_ by B?_rde et OIaI . ]g_ﬂ:98t7roPéBfﬁaiBrahalféﬁérgtiﬁ: ﬂ:_&ﬁ:oﬂx8gh1tﬁﬁé§; ate the
i nstant invention, i.dentificatio e 0t hesi zi s no
been feasibl e due t8°Pﬁg£F58k°EfQﬁﬁcPéﬁcgﬁi#% é%raﬁfitoéggﬁFgggngpBEific

for BDNF. AStenpts 060p00paceldst per welyc(batthed hemdel wezk &reabedi witho
BDNF have been unsugggsahyinl &% fick2i | #he hGmbakSerabBhirP9ain gdjiRigdered
t he nol ecul ar cl oni ng O?E%DNF, Zg geternina??%n of the pﬁysﬁgfgg?%aF ef f ect
of depriving devel offhésndl YRE-5repbrRE VRTSHGuntugAtetafrdhsoFaBDNF in
tissues using an i mEoapazedy, and |ocalization of BDNF using
i mmunocyt ochem stry. 25
10 Figure 11. Changes in the amount of CAT enzyme activity, in
picomoles of substrate catalyzed per minute, as a
function of BDRF concentration in forebrain cholinergic

neuron’ cultures.

15 Figure 12. Astroglial cell cultures, at approximately 60%
confluency, were treated with either (a) epidermal
growth factor, or (b) BDNF for 42 hours, then incubated
with [3H] methylthymidine. Amount of 38 incorporated
was measured relative to EGF and BDNF concentration.

Figure 13. Southern blot of EcoRI restricted chicken,
mouse, rat, hybridized to BDNF/NGF probe R1B/2C. The
positions of the NGF and BDNF genomic EcoRI fragments
are indicated as N and B, respectively.

.Figure 14. Sequence comparison of NGF and BDNF with novel
member of BDNF/NGF family identified by PCR from mouse
DNA with Box 3/Box 4 primers: Novel gene [designatéd
here as M3/4), also known as Neurotrophin-3 (NT-3),
showing sequence of coding strand only, and deduced
anino acid sequence aligned relative to mature mouse
NGF and mature pig, rat, mouse, or human BDNF. Dashes
indicate a position where a deletion of one codon in
NGF is used to optimize alignment relative to BDNF and



30 36 -15- TABLE || SUMVARY OF BDNF RESPONSI VE AND NON- RESPONSI VE
NEURONS* A.  Responsive Neurons 5 1. Chick sensory neurons of neural crest

origin.dn: (a) dorsal root ganglion (b) jugular ganglion (c) dorsonedi al
trigem hal ganglion 10 - (d) nesencepPralic trigem nal nucleus** 11.
Chi ¢k sensory neurons of ectodermal placode origin in: (a) nodose ganglion
(b)y vestibul ar ganglion 15

t | i | at
ganglion (€) ventroM¥/&-al FRHSH ﬁ&éﬁéaﬁgﬁ%ﬁgﬁa* %g?’;"r’é?m%&‘ggsg"lr@uﬁ g ¥
cell's 20 B. Non- Res i ore dddisemvatiiveCamikoaadid asubghpbutiens. neur ons

Figure 15. Northern blots of RNA from a variety of human

tunor-derived cell lines hybridized to BDNF human
5 probe.

Figure 16. Effect of'depolarization of BDNF-mRNA levels in
hippocampal neurons.

(a) Time-course of BDNF-mRNA expression in
primary cultures of hippocampal neurons in the presence
of 50mM KCl. Total cellular RNA was extracted from 0.5
x 106 cells, glyoxylated and analyzed by
electrophoreéis on a 1.3% agarose gel (Biziere, K. and
Coyle, T., Neurosci., 1978, Lett. 8:303; McGeer et al.,
1978, Brain. Res. 139:381). RNA transferred to Hybond
N filters was hybridized with a 32P-labe11ed CRNA probe .
(specific activity, 10° cpm/ug) specific for mouse BDNF
and produced by run-off transcription in vitro. The
two upper bands (4 and 1.5kB) correspond to BDNF-mRNA;

‘the two bands for BDNF (4kb and 1.5 kb) are RNAse A-
resistant and represent two different transcripts which
seem, however, to be regulated in a similar manner) and
the lower (700 bp) to 10 pg of a short BDNF-mRNA
recovery standard which was added to samples before
extraction of RNA.

(b) Calcium dependency. Neurons were incubated

for 3 hours in normal culture medium (CM), in a modified

medium without calcium (-Ca) or in culture medium with

10uM nifedipine (NIF). 50mM KCl was added where
indicated (+K).

10

15

Figure 17. Increases in NGF-mRNA levels in hippocampal
neurons by potassium and kainic acid. Neurons were
incubated for 3 hours in control medium (C) or in the



1. Chick parasynpathetic ciliary neurons 25 * From Barde et al., 1987,
Prog. Brain Res. 71:185-189 ** See Davies et al., 1986, Nature 319:497-499
30 y 3. SUMVARY OF THE | NVENTI ON The present invention
.relates to nucleic acid sequences encodi ng brain derived neurotrophic
fact'or (BDNF), to the substantially pur'e“p‘rdtei n, peptide fragnents or
derivatives produced in quantity therefrom and to 36 -16- anti bodies

br csent i nvent | on icnce, 92 SORREKCPC(k POSPlsi Ralnl KPhRIFRA) e
gug?\tities of BM&"&?&%?%?‘F?:E PR YRR JfYedSoMeXRd to support
di agnostic and t Itetgmmimes ypltheaghantitdat BRNPCR (11) . The vahuesri ous
embodi ments of t hard meRd N seEMqnBRNG) nucl ei ¢ acids, proteins, peptides,
derivatives, or antibodies™of the invention may be utilized in nmethods for
the diagngsis and treatnent of a variety of neurol ogi c di seases and
di sorders? ahi#gure Mhy t iRafenrespenspecurvegntey the kaimia asddnefifect.
sensory neuron di BDppbdfmpd) detirvond wdedeiRedidten for YoM ini Bnépecific
ggbOd' ments of t g LINEIL | O v dus"UEhEE St ATt fSne o P RN niT RRAOIURRR MY
was extracted and analyzed as described in Fig. 16.
Values represent means + SEM of three experiments.
10
'Figure 19. Time-course of increases in BDNF- and NGF-mRNA
levels by kainic acid treatments. Total cellular RNA
was extracted and analyzed as indicated in Fig. 16 from
hippocampus (a) or cortex (b) at the indicated times
(in hours) after intraperitoneal injection of kainic
acid (12mg/kg). One single dose of diazepam (10mg/kg)
was injected 90 minutes after kainic acid (the two
bands for BDNF (4kb and 1.5 kb) are RNAse A-resistant
and represent two different transcripts which seem,
-howeveg, to be regulated in a similar. manner). ' Values
corresponding to 1.5 Kb BDNF-mRNA (o) and 1.3 Kb NGF-
. mRNA (o) are shown. Similar increases were observed
for the 4Kb BDNF-mRNA. Values given represent means +
SEM of three to four experiments.

15

25
Figure 20. Effect of anticonvulsants on the kainic acid-
induced expression of BDNF-mRNA. Rats were injected
intraperitoneally with diazepam (10mg/kg) (DZ):; MK-801
- (lmg/kg (MK) or Ketamine (20mg/kg) (KET) 15 minutes

before injection of kainic acid (12mg/kg) (+KA) or
saline (controls). Three hours later hippocampal
tissue was used to prepare total RNA as indicated in

Fig. 16. Values represent means + SEM of three
experiments.



used in the diagnosis and treatnent of neurobl astoma tunor, Parkinson's

di sease, and Al zheiner's di sease. BDNF gene 15 products may al so be used to
facilitate incorporation of inplants into nervous tissue or, alternatively,
to pronote nerve regeneration follow ng damage by trauma, infarction,

i nf €ction, or post-operatively, in additi®® specific enbodi ments of the

i nventi on. The invention also relates to pharnmaceutica

conp05|t|ons Shg € Liv t f BDNF gene products or,
alternatlvely?ggn%ébgg é? %%tga { ié?é%ﬁﬂF gene products, mhlch may be
utilized in the d|b§ﬁ®5|§h6$er?eaﬁﬁ%§ﬁ Mjcrpgrapheiof dhendimel Gghrsk of

di seases and 25 di eellleégowth ﬁﬂdcﬁltwre}n/1Hdneem1&gwb&% hkeaUﬁheet'de

sequence of BDNF, t ven al | ms for e |s n, of BDNF

and NGF genes, theégﬁy geﬁ? +y$ k&#ﬁh (ﬁd? 3

BDNF/ NGF gene f ani H§/N$\c3§rd¢ﬁgrybedh&t ml‘asdmxt.nvéﬂta mimeelpmatst 0 a

met hod for & denti f ypBeradd veggal (fgn‘oﬁ's g)f([d hq, BlMd N t @2 Eﬂ%' y In a
Q i

speci fic enbodi nmen nmet hod e I.nvention |s used ntif
novel , non- NGF, #bEE)Ngmﬁnﬁgﬁcg%i?Hé ARG Were diied £7 1ifent i nvent i on
furt her provi des fDDPulatiEnsadm cedbls| AchthdristwchdwridAly NEaigpede fami |y

identified " neurons (G, H) and NGF-receptor immunopositive neurons
(I). Scale bar = 25 um.
10

Figure 22. Comparison of the Response of Dissociated Septal
Cells to BDNF or NGF Treatment on the Basis of AChE
Cell Numbers.
A. Comparison of the response to BDNF (25ng/ml), NGF
(50ng/ml) or the combination of both ligands at
different plating densities. (B) Comparison of the
response of cholinergic neurons to a range of BDNF or
NGF concentrations (0-50ng/ml). The cells for these
results were grown for a period of 11-12 days in

20 serum-containing medium. The data points represent the

mean + S.E.M. of 6-9 determinations.

15

Figure 23. Bar Graph Depicts the Effect of Delaying the
Addition of.BDNF or NGF to Dissociated Septal Cultures.

% BDNF (50ng/ml) or NGF (50ng/ml) was added to
' dissociated cell cultures following a delay of 5-6
hours (+12), 5 days (-5/+7) or 7 days (~7/+5). The
cultures were maintained for 12 days. Cells were
2 scored on the basis of AChE positive histochemical

staining. The results are expressed as the mean +
S.E.M. of 4 to 5 determinations.



.

according to the disclosed nethod and to their gene products. 3.1.
ABBREVI ATI ONS AND DEFI NI TI ONS 5 BDNF brai n derived neurotrophic
fact or nBDNF human BDNF CAT - - chol ine acetyltransferase CNS
central nervous system DRG dorsal r«p¥- ganglia (ganglion) 10 EDTA
et hyl ene diamne tetraacetic acid NG- “nerve growm h factor PBS
phosphat e buffered saline PCR pol yner ase chai n reaction PNS

peri pheral nerRd¥Fes 24 -emBaT Goarh Depicking helddidyiitys fiff BONF Tt SNGF

tri s(hydroxymet hyl JtasriReymiat@nahé. NRESETE It Qid EorRelddp tidrCiRRSnbp@si €ive
Nucl eoti de sequenc deduced am no-acid 20 sequence of porcine
prepro BDNF cDNA. € conpl ete sequence of two overl appi ng cDNA cl ones is
shown in this figurBe FEuaRlafdngefaEnthe NMreraPton Was copdugtedci ng
_(Tagl eb: | )2 are undetiliwihg ;&m mr?hpcmenspmiwerquu aly- @l ueesyiak i on
I S doubl e 2§ J : t u se ce 1S
mar ked by a doubl e %@a?fz;’tifdﬁ'gur'rgga%égééﬁgédcoer%gﬁ' s%%]%%gn%%egnﬁt

BDNF. Areas with notcdemadEy RF dnin& 43P0 eolim/en”i and itneated
positions are indi ceprEinudielyespicacperibarbéevis hadye. A comparison -is

made between a saturating dose of NGF ahd a range of
doses of BDNF (0-100ng/ml). The results depicted are
10 the mean + S.E.M. of an n of 4.

Figure 25. Dose Response Curve of Septal Cholinergic
Neurons to CAT Inducing Activities of BDNF (A) and NGF
(B).
Cultures were plated on polyornithine and laminin-
coated 6mm wells and maintained for 12 days in 5 HS/N3.
The cells were exposed to BDNF or NGF 5-6 hours after
plating. The factors were replaced every 3 days when
the medium was changed. The results shown represent
the mean + S.E.M. of an n of 5-6 determinations.

15

Figure 26. Dose Response Effect of BDNF and NGF on AChE
Enzyme Activity.
Rat septal cholinergic neurons were grown for 12 days
in serum-containing medium with hormonal supplenments.
The cells were treated with BDNF (open squares) and NGF
(solid squares) as described for Figure 25. The
results are the mean + S.E.M. of an n of 6-9. The AChE
activity in the non-treated cultures was 16.4+2
nnol/Hr/Well.

Figure 27. Time Course of the Increase in CAT Enzyme'
Activity Induced by BDNF as Compared to.NGF.



first amno acids of the mature proteins.and end wth the | ast ones before -
the stop codons. Fifty-one am no acids are common to BDNF and the various
NGFs (Sehwarz 35 et al., 1989, J. Neurochem 52:1203-1209), including
the 6 cysteine residues. Figure 3. Autoradi ograph of Southern blots of
EcoRl cut human, nonkey, rat, mouse, dogT24®w, rabbit, chicken, 5 and
yeast genom c DNA, hybridized to 32P-1abel ed NGF and BDNF probes. Figure

4. Northern blot | ysis. Fram tj 2 appl i ed
per. | ane and hybr ?12\%236(:35% géqg,quggﬂt kéggﬁ%b%?g%ic%\ﬁénm%e%F pr obe.
Note that a stron@chiyddly was senducked:onpeetls phaked it 12 eansiwi £fue,
gltj)}\l _none Wi tg t hg 27.3(;t:é1€(f1d!’i)sws.s§l&ﬁ?yiﬁd-gfbﬁﬂrﬁoﬁ-vmcﬁbﬁtﬂﬁl%
F ¢ an e m noQ - se nce, .and co son o
sequences from pi gl{:,cﬁfeat n gﬁﬁafﬁéﬁiﬁhﬁaﬁg&g@éﬁ\é’%(%%@%ion pl asm d
PCW1- pBDNF. 20 Figppplements) amdseiogeppus| faptdeser nfhet¢ahliwdstendi ng of
antisera t® BS pePIxi:E*ﬂzalll?{ @?%%’édaltodbbﬁ" 8peRf sglht &8y f%or WAF (solid
Quantitation of bindi ntgL_o) 51: (2‘0 di lution o Vi\rl ous_ant | serftto 0 ng
BDNF. . sguares -6 hours after plating. The results
represent the percent of the activity determined in the
treated cultures versus the non-treated cultures (n=6,
BDNF 12 days n=3).
10
Figure 28. Comparison of the Effects of Glial Cells on the
Ability of BDNF to Induce CAT Enzyme Activity.
Septal cells were plated at a density of 2.3 x (105)
cells/cmz. Following a plating period of 5-6 hours,
the medium was changed to either serum-free or a
serum-containing medium both supplemented with 1% N3 as
detailed in the text. Cytosine arabinoside (luM) was
added for 24 hours in order to further reduce the
numbers of astrocytes. The cultures were then ,
20 . maintained for 12 days. The results represent the mean
+ S.E.M. of 4 determinations.

15

Figure 29. Bar Graph Depicts the Effect of BDNF or NGF
Treatment on the lLevel of High-Affinity Choline Uptake.

% The choline uptake was conducted on cells maintained
for 11 days, following plating at a density of 1.3 x
(10°) cells/cm®. BDNF (50ng/ml) or NGF (50ng/ml) were
present during the entire culture period. The data

20 points represent the mean + S.E.M. of 5 determinations

for BDNF and 10 for NGF.

Figure 30. Resolution by SDS page of 355_1abeled reaction
products from the enzymatic cleavage of human brain-



25 Figure 8. Results of immunohistochem cal staining for tyrosine
hydroxyl ase in BDNF-treated (hatched bars) and control (solid bars) ventral
imesencephal on cultures, Figure 9. Dopami ne uptake by ventral mesencephal on
cultures. Cultures supplenented with BDNF are denoted by hatched bars;
control cultures are represented by solid” P37 s. -19- Figure 10. (a) The
effect of BDNF on the nunber of CAT positive cells in forebrain cholinergic

RTINS TR
(hat ched bar), wer@ndPREPEAINAER ABG-Gg/n of NGF. The nunber of CAT .
innunopositive cells in NG-treated versus untreated cells was conpared. 10

Fi 11. th t of CAT |conDIes of
Substrate ca BI99R8 Bir neRAPHEL, Bepteanafitin Ok ol bRt hEpPSEPRK | n
forebrain chol|nergomphnbn9nunnreated CHG-RBDNFewith endopogtedhasek!
cul tures, Bt approx)@aEhYcAOHEBRE. UeREYr 1 HE" SutgEBlel YLt Bogtbler (@)

epldernal X
between 0 and 5 with a score of 5 representing maximal
biocactivity.

Figure 32. Phase-contrast (A) and bright-field

10 photomicrographs (B,C) of dissociated cultures of E14
rat ventral mesericephalic cells stained after 9 days
in culture with monoclonal antibodies to tyrosine
hydroxylase (TH). |
A & B. Phase-contrast and bright-field photographs of

15

the same field show the low abundance of TH+ neurons.
in these cultures. Only a single TH+ neuron (arrows)
is seen in a field containing many phase-bright
neurons with long neurites. Few nonneuronal cells are
- evident, by morpholoogy or by staining for GFAP (not
20 - shown) .

C. Bright field photograph showing two TH+ neurons
(small arrows) in a field containing about ~ 98
phase~bright cells of neuronal morphology Scale bar

, = 100 1M.
2% .

Figure 33. High magnification photomicrographs of 6 day
cultures of El4 rat ventral mesencephalic cells
showing varied morphologies of TH+ neurons, some with

2 extensive neuritic growth and extremely elaborate

growth cones (A, B). Cultures were established and
stained as described in legend to Fig. 32. Scale bar
= 25 uM.



grow h factor, or (b) BDNF for 42 hours, then incubated with [err]

met hyl t hymi di ne. Anount of [err] incorporated was neasured relative to EGF
and BDNF concentration. 20 Figure 13. Southern blot of EcoRl restricted
chi cken, nouse, rat, hybridized to BDNF/ NGF probe R1B/2C. The positions of
" thesNGF and BDNF genom ¢ EcoRlI fragnents afz6+ndi cated as N and B,
respectively. 25 Figure 14. Sequence conparison of NG and BDNF wi th novel
menber of BDNF/ NG- family identified by PCR from nouse DNA wi t'h Box 3/ Box 4
prinmers: Novel Figwre (3tsi gBBNE(PReretes sypyiyal 05 THhoviepaninergic

Neur ot r ophi n- 3 ( NT-geserdSephaEi€Vha@r6ns URH CuDEuES din 0a6éécdép@ident and

g ratmuse.  orSRuNER cEEaeRBoaf el tiFe SefTodE I PRERT Hapn L aavE " ©
del etion of one coddn i€onpErisonsef the opuibeéx cofil THhneewronsainve to BDNF
conservat _Vgoam-”ﬁé“z‘igﬁéﬁﬁiﬁf?ﬁ%? ofat r‘ﬁ*“g“fﬁ HeSfhosonal o ALOL AL O
froma vari 8ty of h¥ (8RBLAGRRFS L0k Vi thowk SBRYE, (PR dP2%S BONFIMunan
treated cultures, BDNF (50 ng/ml) was added once on
culture day 2. No difference between control and -
treated cultures was observed at day 3, but the number
of TH+ neurons in BDNF treated cultures was l1l.8-fold
10 higher than controls at day 8. Values are the average
of duplicate samples.
B. Effect of BDNF on increasing survival of TH+
neurons is doseédependent.
The number of TH+ neurons was determined in duplicate
15 cultures after 8 days in culture in the absence of
BDNF or medium containing increasing concentrations of
BDNF added at day 2.
C. NGF has no effect on the survival of TH+ neurons.

20 To assess the specificity of BDNF, cultures were also
grown in the presence or absence of NGF (50 ng/ml) for
8 days and analyzed for TH+ cells. NGF, added on day
2, did not increase the survival of TH+ neurons in
cultures examined at either day 6 or day 8. Results

% are the average of duplicate dishes.

Figure 35. Repeated doses of BDNF further increase the
survival of TH+ neurons when compared to a single
addition of BDNF at day 2.

30

Cultures were prepared as described in the text.
Recombinant human BDNF was purified from the
supernatant of C0S M5 cells. Cultures were treated
either with a single addition (SA; stipled bars) of
BDNF (50 ng/ml) on day 2, or with repeated doses of



5 probe. Figure 16. Effect of depolarization of BDNF-nRNA |l evels in

hi ppocanpal neurons. (a) Tine-course of BDNF-nRNA expression in 10
‘primary cul tures of hippocanpal neurons in the presence of 50nM KCl . Tota
cellular RNA was extracted from0.5 x 106-Zms+ls, glyoxylated and anal yzed
by :el ectrophoresis on a 1.3% agarose gel (Biziere, K and Coyle, T.,
Neurosci ., 1978, Lett. 8:303; MCeer et al., 15 1978, Brain. Res.

139: 381). RNA tr BD¥Fer(5€d ngy/md)berd days X era, wag GybdnddBz¢MAwmltiple
32P-1 abel l ed cR el fqi LA T Vyee [ C,fki r e BDNF
and produced by%ﬁgggﬁ'oﬁn?gﬁi& iqfdérfél/)n' v‘ﬁ. r‘?)éf#hértaag Hé'%éro{l%ar?gsi (4 and
1.5kB) correspond (contol-inepen kars). Ak the bimes ipdippted qultanes. 5

Sobm however, o ore: saxed¥hd MR f4F T LAANbrRANINEER - 700 bp)
to 10 pg of a sho_FFpéﬁQ& BRI, &Y, @%Mﬁ V\H&éﬁiﬂﬁ§ zegudted dm@A es
bef o[) e ZgSf 3e>r<]1zr.actﬁ:m Qﬁg‘i&%l x(xmbeﬁalaié mmd?nenﬂeneyatNagy?nadwerg

| ncubat e or U 1_Nn tr e | u yolN.a NDQglLTl e nedl um
wi t hout calciun1(38§%55g4w¥43%?ﬁ#%?#ﬁﬁi ﬁf%% Fg;rfaﬁﬁFgﬂiﬁPﬁgﬁﬁﬁﬁa. '
50mM KA was addesesrendtind csingld 4gditionref1BDNFnwaeased ittt lGl-asNA
levels in hi ppocagigly RRIFNE dPedPlPESA4YE aNdRERLILE, 2eyhidiguigp's vere

several experiments, are the average of duplicate
10 samples.

Figure 36. Delayed addition of BDNF does not increase the
number of TH+ neurons to the same extent as seen when -
BDNF is added at day 2.

Cultures were prepared as described in the text, with
the exception of the time of addition of exogenous
BDNF. all cultures were switched to serum-free medium
at day 2, and BDNF (50 ng/ml, pig brain BDNF) was
added as a single addition either at day 2, day 5 or

20 day 7 (CD2, CD5, CD7). At culture days six, eight and

ten, the number of TH+ neurons was determined in
duplicate cultures. In this experiment, a single
addition of BDNF at day 2 resulted in a 3-fold higher
number of TH+ neurons at day 10. When BDNF was added

15

2% after a delay, at day 5, an increase in TH+ neurons
over controls was seen at day 10, but was less than
2-fold, and this difference in TH+ cell number between
treated and control cultures did not increase further

- with longer time in culture. Control, open bars: .

BDNF addition at day 2, stippled bars; BDNF added at
day 5, solid bar; BDNF added at day 7, diagonal-
hatched bars. '



I ncubated for 3 hours in control -nmedium (C) or in the 35 -21- presence
of 50nmM KOl (K+) or 25[err]MKkainic acid (KA). RNA was extracted and the
-NGF- nRNA | evel s were determ ned by the quantitative PCR (11). The val ues
are neans + SEM(n = 6). 5 Figure 18. Dosgzgesponse curve for the kainic
aci.d effect. H ppocanpal neurons were incu ated for 3 hours in the presence
of* various concentrations of kainic acid. RNA was extracted and anal yzed as

descri bed i nFEggrelB7 Va|Dd§e-fdﬁ§&&Hﬁt NeegsorisSEDE OBDiPr 68 RXgRr i ments. 10

Figure 19. Tine-c ea s by kainic
acid treatnents. %%FEP#§¥ éﬁ%ﬁ éﬁ%?%ﬁﬁ%éik#@ﬁ?%ﬁmgﬂa ﬁﬁﬁ?vfﬁﬁ *as i ndi cat ed
in Fig. 16 fron1hPppmdaﬁmxrgugifxedxnnmnr(otohophhn-puﬂlfieddfrbmeeoSS

(in hours) after St c /

si ngl e dose of dlazep éﬂ#vgﬁéﬁ)m63|éégk§ abﬂ%1ﬁ§ %gré%tgq 5&%&o§2aC|d
(the two bands fofigptHona«d HRANR &t kb)x ate tubipnswasafiouadd to
represent Stwo di fhawtmemrﬁai wﬁxboﬁ@engchvityhﬂgeEﬁr SRUSK
regulated in a si manner). VaJues co respong % b

(o) and 1.3 Kb N orsal root 'ganglion. High affinity “H-GABA uptake

wvas measured following 8 days of BDNF treatment in
vitro. '

10 Figure 38. BDNF protects cultured nigral dopaminergic
neurons from the neurotoxic effects of MPP+. Cultures
were established from El4 rat embryos as described in
Figure 1. After 24 hours in vitro the culture medium
wag changed to the serum-free formulation{ After 3
days in culture the cultures were divided into four
groups of six 35mm dishes. One group was kept as a
control groﬁp, and the others received either (i)
basic fibroblast growth factor, 10ng/ml (bovine brain
bFGF; Boerhinger-Mannheim): (ii) mouse NGF, 50ng/ml:;
2 or (iii) BDNF, 50ng/ml. Cultures were kept for a
further 24 hours before 3 dishes in each group were
exposed to 1uM MPP+ (Research Biochemicals, Inc.,
Natick, MA) for 48 hours. At the end of the
experiment, 6 days in total, all plates were processed

15

2% for TH immunoreactivity and the number of TH+ cells
was determined in each group. The data presented
represent the number TH+ neurons afpe: MPP+ treatment
calculated as a percentage of the number of TH+

20 neurons in similar cultures not exposed to MPP+. All

valuegs are the'meanis.e.n. of triplicate cultures.

5. DETAILED DESCRIPTION OF THE INVENTION
The present invention relates to nucleic acid
sequences encoding brain derived neurotrophic factor (BDNF),




NMRNA (o) are shown. Simlar increases were observed for the 4Kb BDNF- mRNA.
Val ues given represent neans + SEM of three to four experinents. 25 Figure
-20. Eff.ect of anticonvul sants on the kainic acid- -induced expression of
BDNF-mRNA. Rats were injected intraperiT®%2ally with di azepam (10my/ kg)
(DZ); MK-801 (1ng/kg (MK) or Ketam ne (20ng/kg) (KET) 15 m nutes 30

befor e 1] echbofest kal B Hékditmibkilal Hilodinedl ide dpAvaral). Three

hours | ater oca tissue was ,use repare.t I ndl cat ed

R A N A AT O AR R

Figure 21. Sépﬂ.aﬁ.oﬂ‘elth@immm!stom-tlélaEhaSEeQmamcoMgi@graph of the

Time Course %mgebktﬁsﬂwtananu%&am&mcme Eebkss @i sﬁtq %anSI ty
N as crib

Cext. The &1 FETo5hR, S188E £indy CE RRITGOFE GOpATaEs, SUETLSIGN and 4 (£ F)
days. Cel I5t3qpant[isdes| of neukstantiald yu pattet aDNﬁeﬁbrtqlmmdlatums Ghe
cell's, AChE HiRlentiel agkbYraidtastd atqd ﬁﬁs & r88€e8Fou H5F RHIONF or
|nnunop03|t|%%%g%g% 8> e%eo? aLav£hg proJi d a]method for generating
sufficient immunogen. Further, by permitting a comparison

of the nucleic acid sequences of BDNF and NGF, the present
invention provides for the identification of homologous

regions of nucleic acid sequence between BDNF and NGF,

thereby defining a BDNF/NGF gene family:; the invention

provides a method for identifying and isolatzng additional
members of this gene family.

10

15 For purposes of clarity of description, and not by

way of limitation, the invention will be described in the
following parts: '
(i) purification of BDNF
(i) BDNF bioassays
20 . (iii) microsequencing of BDNF protein
(iv) cloning of BDNF encoding DNA
(v) expression of BDNF
(vi) BDNF genes and proteins
(vii) generation of anti-BDNF antibodies

25 - (viii) identification of additional members of the
: BDNF/NGF gene family
(ix) utility of the invention
(x) pharmaceutical compositions
0

5.1. PURIFICATION OF BRAIN DERIVED
' NEUROTROPHIC FACTOR

_ In order to identify BDNF encoding nucleic acid,
microgram amounts of BDNF protein may be obtained from
tissue to permit the determination of amino acid sequences




10 Figure 22. Conparison of the Response of Dissociated Septal Cells to
BDNF or NGF Treatnent on the Basis of AChE Cell Nunmbers. A Conpari son of
"the response to BDNF (25ng/m ), NGF 15 (50ng/ M) or the conbination
of both ligands at different plating densities. (B) Conparison of the
response of cholinergic neurons to a ra#e of BDNF or NGF concentrations
(0-50ng/mM). The cells for these results were grown for a period of 11-12

d [ 20 ini ' T ' t th
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(1o ThegubBopReHELA Sok id Bbin i locnodéUardoitind) i phede)

| S Were scored on the
basi s of ACEE Pdsit (4883 SEMBP chy dA4/5490553), oxtHefen@nd BardecddPB8 are

expresseds as:ag;laggnnam;zss_ffsﬁ .of 4 to 5 determ nations. -23- Figure 24.

Bar Gaph Depl ct1nG (heef0iLily, YonfiPheyObe SFebRrbR0 dalodiiy MThELS O
following detailed protocol which is presented by way of
example, and not by way of limitation; various modifications .
are envisioned for use by one skilled in the art. Because
of the rarity of BDNF, preferably about six kilograms of
brain tissue may be used in a purification procedure. Brain
tissue may be homogenized in sodium phosphate buffer at a
concentration of about 0.2 M sodium phosphate and a pH of
approiimately 6, containing 1 mM EDTA and 1 mM freshly added
phenylmethanesulphonyl fluoride, such that the ratio of
brain tissue to fluid is approximately 1 kg of brain to 2
liters of buffer. Hydrochloric acid may then be used to
adjust the pH of the mixture to approximately 4, and the
mixture may'then be stirred for about 2 hours at 4°C. The
mixture can then be centrifuged for 25 minutes at 20,000g.
After centrifugation, the supernatant is collected, adjusted
to a pH of about 6.0 using sodium hydroxide, and then
stirred with about 1 liter of preswollen
carboxymethylcellulose (per 6 kg of brain tissue) which has

~ been equilibrated with 0.1 M sodium phosphate at a pH of 6.
After several washes with a total of about 20 liters of 0.1
M sodium phosphate, pH 6, the slurry may be poured into a
column and washed with the same buffer containing 0.13 M
NaCl, preferably overnight. Active fractions, identified by
a BDNF sensitive biloassay (see Section 5.2, infra) may then
be eluted ﬁith phosphate buffer containing 0.5 M NaCl and
subsequently dialyzed against several changes of about 5
liters of 5 mM potassium phosphate at a pH of 6.8. The _

% dialyzed fractions may then be applied to a hydroxyapatite
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Cells. The immunoslating for the NG-receptor was conducted utilizing the
nonocl onal anti body 192-1gG at a dilution 5 of 1:1000. The

-di ssocikated septal cells were plated at a density of 1.3 x [err]
cells/cnerr], and treated continuously for a period of 12 days. A
conpari son -is made between a saturating dose of NG- and a range of doses

of” BDNF (0-100ng/ m). The results depictegiare 10 the nean + S EM
of an n of 4. Figure 25. Dose Response Curve of Septal Cholinergic Neurons
to CAT Inducing Activities of BDNF (A) and NGF (B). 15 Cul tures were

plated on polgarumin Hawviregnc [ked nioluneosfedbbutm 20| 3 fod eachtkilegirdmr 12
days in 5 HS/OB. prdih G dsud Girbdesiedd the ﬁWEo&Zaﬂ%ﬁééGcQMﬁ Shd&ia
pl ati ng. The factors were, repl ace very_ 3 days en the pedl um was
changed. The P%&H%?%&P#%ﬁa&&ﬁ' Bon pothggiugephosphate At of B 0f of
5-6 det erni naéi®rpridy tio eapiil idasiorResh sanplel.f eTheotobii mag thén ove ACHE
R R T
treated wiPh W‘%’Hﬁéd’m%@ and 5Q9-1ls OIfi J 08 M POFagsivBscri bed for
Figure 25. Thphosphate, apeth et e opH ofS.abddt &.8an mhef BONY. atBtvACHE
activity In tog.RPR-SEERhETh Y e Uil at' Gpptoxiatery 5880k Bo¥ELLIun .
phosphate. Pooled active fractions may then be adjusted to
a final molarity of about 700 mM potassium phosphate and
applied to a phenyl-sepharose column (having a volume of
about 5 ml for every 6 kg of brain tissue processed)
equilibrated with a solution of 700 mM potassium phosphate
having a pH of 6.8. After washing with approximately 40 ml
of the same buffer, BDNF activity may be eluted with 0.1 M
potassium phosphate, pH 6.8, and subsequently the BDNF
activity may be dialyzed against distilled water, and then
lyophilized. The lyoéhilized material may then be taken up
in an sDs-gel electrophoresis sample buffer containing 0.1%
SDS but preferably containing no mercaptoethanol, and
applied to an SDS gel comprised of a linear gradient of 10-
25% acrylamide. After completion of electrophoretic
separation, the gel may be stained for about 10 minutes with
Coomassie blue, and destained for about 20 minutes. A band '
nmigrating at the level of a cytochrome ¢ marker may be cut
out and electrophoretically eluted from the gel. SDS may be
largely removed as described by Weber and Kuter (1971, J.
Biol. Chem. 246:4504-4509). It should be noted that removal
- of SDS is generally not complete. A purification procedure
for microsequencing of BDNF was modified according to Hofer
and Barde (1988, Nature 331:261-262), and does not make use
of a gel electrophoresis as the last step of purification.
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Figure 27. Time Course of the Increase in CAT Enzyme Activity |nduced by
BDNF as Conpared to NGF. -24- The tinme requirenent for the stimulation
-of CAT..activity was conducted on cells plated at a density of 2.3 x [err]
cells/cnerr] and grown for varying lengths of time in serum containing
medt um wi t h hornonal suppl enents and exogenous factors. The cells were 5
inmtially exposed to BDNF (open squares) or NG (solid squares) 5-6. hours
after plating. The results represent the p¥-<ent of the activity determ ned
in the treated cultures versus the non-treated cultures (n=6, BDNF 12 days

n-3). 10 Figure 28. Conparjs i f of . (ial |ls on the Ability
of BDNF to | nduce CA%"EZ)E@‘@?]EE&&%P %&ﬁé&%ﬁl% iva‘}fr%%plnupv:q Sa

density of 2.3 x [err] Z2Angelsystes shith qualitatinelky rmatq'uagltﬁ&agb\deb)f 5-6

hours, 15 jin&heat®sli sNPACtIRARGCRayOpei 4SEd SEEBILLOkh@ present
serum contalnl g

: 0 : .

text. Cytosi neigygﬁga‘g‘g} 3?@?@%%?&%38&%%? ‘%i/gﬁ‘g]u?@‘ iﬁ%teg‘:tgggilf’g 1E B(rat her

reduce t he nunbbAovfneasuning satukiad orl recesbimant tBRNF activity.

s Any BDNF biocassay known in the art may be used.
For example, chick embryo'dorsal root ganglion (DRG) neurons
may be utilized in a BDNF assay, as described in Barde et
al. (1980, Proc. Natl. Acad. Sci. U.S.A. 77:1199-1203).

By way of example, dorsal root ganglia from 6 to
14 day chick embryos, and preferably 10 to 12 day chick
embryos, may be collected, using dissection techniques known
in the art, and immediately placed in a small volume of F14
medium (made from GIBCO F-12 powder, supplemented as in
Vogel et al., 1972, Proc. Natl. Acad. Sci. U.S.A. 69:3180-
3184), which should be replaced at the end of the dissection
by ca?t ana Hg2+-free phosphate buffered saline (PBS)
cohtaining‘about 0.1 percent trypsin. After about 20
minutes of incubation at 37°C, the ganglia may be
centrifuged and washed twice with F14 medium containing
‘about 10 percent (vol/vol) heat-inactivated horse serum.

'~ The ganglia hay then be dissociated by gentle trituration
(about 10-15 aspirations) using a small (about 1 mm)
diameter siliconized pasteur pipette. Remaining lumps of
tissue may then, preferably, be removed by passing the cell
suspension through a nylon mesh} having about 40 um sized
pores. The cell suspension may then be preplated for about
210 minutes on a plastic tissue culture dish; during this
period, most of the nonneuronal cells should adhere to the
plastic surface, leaving a neuron-enriched cell population
in suspension. Cells may then be diluted to a concentration
of about.-5 x 10° cells per milliliter of plating medium
(preferably Fl4 medium supplemented with 10 percent vol/vol

heat inactivated horse serum together with antibiotics) and
placed in polyornithine or, preferably,

10
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20 mai ntai ned for 12 days. The results represent the nean + S.E. M

of 4 determ nations. Figure 29. Bar G aph Depicts the Effect of BDNF or NGF
Treatmept on the Level of Hi gh-Affinity Choline Uptake. 25 The
chol i ne uptake was conducted on cells maintained for 11 days, follow ng
plating at a density of 1.3 x [err] cells3sa{err]. BDNF (50ng/m) or NGF
(50ng/ M) were present during the entire culture period. The data points

represent the nmean + S EEM of 5 determ nations 30 for BDNF and 10
for NGF. Fi gpedy@enitRéney/ianinipyceptedatisape| enltreagdebesr é&6ei on
products froghgpgyenzymatic cleavage of human .brain- -25- derived

trophi c=tactor by trypsin, and endoprotejnase Arg-C. Fi 31 G aphi
epr osentati on of t ho’ DREHBFBREIHS L onBaR, RAE LAY KAYCRTCHERIBRkA R ( FORF ¢

endopr ot ei naBg¢oaBsays whichaare CelabBREy ihsensitivet 4ooRGE mayscdned

bet ween 0 an ' f r hQg ' I 0 WVLLY I gure

32. Phase-cog?§§2%&§X§ a%ghgfgghggfﬁgﬁga?g%ig tgagkg?%#?ér%%%gph% FBEC) of

di ssoci at Bd BBGt gysbens deseribed, supra. WhichcBpYal Mpded £FeT$adined after 9

days in cult gopddieiibnE)Neelspona ot bRl BBNFOahd’ RBF)E Such relatively
BDNF-specific systems would include retinal ganglion

cultures as well as cultures of neurons derived from neural

placodes.

10 Perinatal retinal cells may be cultured according

to the methods described in Johnson et al. (1986, J.
Neurosci. 6:3031-3038). For example, retinas may be removed
from perinatal animals (in the rat the term “perinatal" here
refers to embryonic day 17 embryos through postnatal pups
within 48 hours after birth), washed in calcium and
magnesium free phosphate buffered saline (PBS), then
incubated in PBS containing about 0.05% to 0.1% trypsin for
approximately 15 minutes at about 37°C. After proteolytic
digestion, retinas may be washed in Fl14 culture medium
containing about 10 per cent (vol/vol) heat-inactivated
horse serum (Fl14-HS). The retinas may then be dissociated
by gentle pipetting in a small volume (about 1-10 ml) of
fresh Fl14-HS. Undissociated tissue may be allowed to

settle, and the remaining cells and medium pipetted off for
culture.

15

Alternatively, BDNF bioassays which comprise
neural placode derived cells may be used according to the
invention. Embryonic cranial nerve explants of, for
example, the ventrolateral portion of the trigeminal
ganglion, or the vestibular, geniculate, petrosal, or nodose
ganglion may be cultured in collagen-gel overlaid with
culture medium, as described in Davies et al. (1986, J.
Neurosci. 6:1897-1904) or dissociated according to Barde et
al. (1980, Proc. Natl. Acad. Sci. 77:1199-1203).



hydr oxyl ase (TH). A & B. Phase-contrast and bright-field photographs of 15
the sane field show the | ow abundance of TH+ neurons. in these cul tures.
@nly a single TH+ neuron (arrows) is seen in a field containing many
phase-bri ght neurons with long neurites. Few nonneuronal cells are evident,
by porphol oogy or by staining for GFAP (notﬁé shown). C. Bright

fi el d photograph showing two TH+ neurons.(srnall arrows) in a field

cont ai ni ng about - 98 phase-bright cells of neuronal norphol ogy. Scal e bar

= 100 1M 25 Figure 33. ﬁgg.-hugagw haat bQanBPEQE’vQ&OQﬁQEh§e9§oﬁs§!@¥ness

cul'tures of E14 rat vent mesencephal i ¢ cel omnng vari e [ ogi es

of TH+ neur onstos BRNF.may ber dRsreasgduteprfodroRincha gé?ﬁr&ﬁﬁlﬁrewﬁﬁorate
30 gr owt Emmt@AtrB)n olyloriwith ivwer eoeahalihtmhpdlgbdnitn&ﬂad as

3. BDNE promott 2058 B, &1 ﬁicaé%a%%r RPN RS cddsdaarreoRa PBRE ¢
culture in dos@sgewun@mq:preferably performed on laminin-containing
5 substrates. Culture surfaces may be prepared, for example,
by (i) coating the culture surface for about 8-10 hours with
a sterile solution of polyornithine; (ii) washing several
times with sterile water; and (iii) coating the culture
surface for about two hours with laminin at a.concentration
10 of approximately 25 xg/ml in PBS (Johnson et al., 1986, J.
Neurosci. 6:3031-3038).

_ In any bioéssay system used according to the
invention, a BDNF dose-response curve may be established
using methods known in the art. Using a dissociated chick
sensory ganglion assay, half-maximal survival was observed
with a concentration of about 5 ng/ml purified BDNF, and
maximal survival was observed with a concentration of

between about ten and 20 ng/ml purified BDNF (Barde et al.,
1987, Prog..Brain Res. 71:185-189).

15

5.3. MICROSEQUENCING OF BRAIN DERIVED
NEUROTROPHIC FACTOR PROTEIN

BDNF protein prepared from brain may be sequenced;

however, it must be emphasized that the extreme rarity of

26 the protein makes it unlikely that a substantial portion of
BDNF protein sequence may be reliably obtained. The
protein may be sequenced directly or initially cleaved by
any protease or other compound known in the art, including,
but not limited to, Staphylococcus aureus V8, trypsin, and

3 cyanogen brohide. Peptides may be sequenced by automated
Edman degradation on a gas phase microsequencer according to
the method of Hewick et al. (1981, J. Biol. Chem. 256:7990-
7997) and Hunkapillar et al. (1983, Methods Enzymol.
91:227-236). Detection of phenylthiohydantdin amino acids




manner, evident at culture periods |onger than 3 days.. A Conparison of
the nunber of TH+ neurons in cultures of E14 rat ventral nesencaphal on
mai nt ai red 5 with (solid bars) or without BDNF (open bars). In.
treated cultures, BDNF (50 ng/nm) was added once on culture day 2. No
di f fserence between control and treated cul tT#%®s was observed at day 3, but
t he" nunber of TH+ neurons in BDNF treated cultures was 1.8-fold 10

es _are.ihe average of ,duplicate

hi gher than controls. at day 8.. Val .

samples. B b Y Shen R R ForRed AP RRT P LoTRRe HEh! GHSBF o

dose- dependent .Clixenatodeaphy J2£:321rI2E) wasOvderkapping fragmehtsadf dbino
cultures after FifVsed t ' g¥a€i

cont ai ni ng increasiﬁﬁeﬁgﬁﬁgﬁt#%.igﬁéa%ﬁeéﬁﬁﬁggga@% a a€£2&ggﬁaﬁki9ﬂ%%rno
effect on the §ﬁ?5?§gPe%f°ﬁ}ﬁ°ﬂE PRS BeAuUence. To assess the specificity
of BDNF, cultures were also grown in the presence or absence of NGF (50

ng/m) for 8days and analyz§p f or A_%g da& 2: %Jd ngt

i ncrease the survival of TH+ ﬁéUrqug X ]
or day 8. Results 25 ar e t he=average—or—trp pH-e—o : g6 35.
Repeat ed doses of BDNF fuFR@craritycof cBDRE effectively precludesnthehese
conpared 10 a SopOstandeidi 8trateSlbE £br (GVorinGUthe' BENICGENE! EPREET as
descrrbediin th&xéﬁéié, if available protein sequence were used to generate
10 2 conmplementary labeled oligonucleotide probe, and this
probe were used to screen cDNA libraries generated from
tissue presumed to synthesize BDNF, the number of positive
~clones would be likely to be vanishingly small. The instant
invention provides for the cloning of the BDNF gene by'a
16 combination of pfocedures, comprising the purification of
suitable amounts of BDNF protein, microsequencing of the
BDNF protein, derivation of an oligonucleotide probe,
construction of a cDNA library, amplification based on the
derived BDNF amino acid sequence, and finally, selection for
20 the .BDNF gene. In this method of the invention, the
' preferred procedure for amplification utilizes the
amplification of tissue nucleic acid sequences by polymerase
chain reaction (PCR) (Saiki et al., 1985, Science 230:1350-
1354), in order to expand the number of BDNF sequences
25 available for cloning. A detailed description of the
preferred method follows:

Firstly, the amino acid sequence derived from
purified BDNF protein may be used to deduce oligonucleotide
primers for use in polymerase chain reaction. Because of

30 the degeneracy of the genetic code, in which several nucleic
acid triplets may specify the same amino acid, several
oligonucleotides should be synthesized for a given amino
acid sequence, in order to provide for multiple potential




Reconbi nant human BDNF was purified fromthe supernatant of COS Mo cells.
Cultures were treated either with a single addition (SA: stipled bars) of
BDNF (50 ng/m) on day 2, or with repeated doses of 36 -27- BDNF (50
ng/m) on days 1, 2, 4, 6 and 8 (MA°‘nultiple additions; solid bars), or
were grown mnthout BDNF (control; open bars% At the tines indicated
cuttures were fixed and stained for TH i mmu Breactivity. Repl eni shi ng BDNF
by nmultiple additions resulted in a 5 2.7 fold higher nunber of Th+

neurons at dayp é&lggqgagegggﬁegggtEghﬁlttlggﬁgs Eﬂﬁa ghggﬁhbncrease seen

with a single a Ion_of ess t after 11 days.
Resul ts, typi cetigenysleotides,arenErferrafctenasadeggperatedppinesse 10

's?rrg:frs Figure 36. Del appe Mdy?ua&asef cheih éegatmeh I(ng?giéqﬁhli‘eaugbﬁée
0 neurons 0 saneg ten see S a e
Ul L cn e o FERaRs 4% Ferds e Budl-ReRAe BERRRA PriReRE  cxaBhPEBinELY s 1a

time of additi mg@me@aageemigcm\ﬁeohliﬂecpru.lnee'scmrespmddhthpoBDNF

serumfree rdigyir R34 seqithddPiay( PR el asPpiled PoBOBRE BRA
strand, and a second primer, homologous to a commonly
occurring DNA sequence, such as a stretch of thymidine
residues resulting from reverse transcription of the
polyadenosine tail of mRNAs, may be used as primer for the

10 second DNA strand. These primers may then be used in
polymerase chain reaction with nucleic acid template
presumed to contain BDNF encoding sequences, such as genomic
DNA or, preferably, cCDNA prepared from mRNA collected from
tissue presumed to synthesize BDNF. The DNA reaction
products may then be analyzed by electrophoresis to
determine whether the DNA reaction product has a molecular
size similar to the expected size of the BDNF gene and,
preferably, by nucleotide sequence analysis.

However, because the use of two degenerate primers
in PCR increases the likelihood of amplifying nucleic acid
sequences which do not encode BDNF, a preferred method
provides for the use of only one degenerate primer, the
other primer corresponding to exact BDNF sequence. In order
to identify exact BDNF sequence, the amino acid sequence
determined using purified BDNF protein may be used to design
both degenerate sense and anti-sense oligonucleotide
primers. The DNA reaction product resulting from the use of
these primers in PCR reaction, using BDNF encoding nucleic

" acid as a template, should be a nucleic acid fragment
encoding the stretch of amino acids used to design the
primers, and may be of a predictable size (e.g. at minimum,
the number of amino acid residues, multiplied by a factor of
three, base pairs in length). Sequence analysis of the DNA
reaction product may be compared to the ascertained amino

15



added as a single addition either at day 2, day 5 or 20 day 7 (CD2,
CD5, CD7). At culture days six, eight and ten, the nunber of TH+ neurons
*was determned in dUpIicate cultures. In this experinment, a single addition
‘of BDNF at day 2 resulted in a 3-fold higher nunber of TH+ neurons at day
10, When BDNF was added 25 after a=d®l=ay, -at day 5, an increase in
TH+ neurons over controls was seen at day 10, but was |ess than 2-fold, and

this difference jn TH+ cell, nunber between.tr ed a nt r ol cultures di d
not increase RETIERIP I%%g%?nf‘?k?fbrﬁvff 38} q@‘ "Eén’t ‘{ MeimRcisgg
BDNF addi t i orsesuetage Zays; |jap|mw.arencm\|mmdmwpewicse mmx’aar BDNF

added at day ‘F?g,gg@ mq%ﬂ?
response of &&ﬁ¥3§y§¥5ﬁ¥ Inity Fﬁake |nqﬂ§§bocanp cu ures
Parti al | y- pura®t asmmm%%morifpm mre&fqu%q:@ MBS B8 nat ant s) was
added to the ﬁdémﬁemwmﬁﬂ Weétitha IV mdtHok (Sdridexidtitd0n, was

oot gangs oS T8 o Rd HASL o ehtn S all 4l ARG ngs daye
of BDNF treatSequencing tmay ke #ccompl shedDiding el tpuxified ek ni gral
dopami nergi C preferably, cloned DNA reaction product. The sequence of

the DNA reaction product may then be used toward designing

an oligonucleotide primer corresponding to exact BDNF-

10  encoding sequence. This primer may then be used together
with a second primer, which may be degenerate, to extend the
amount of BDNF-sequence beyond that represented by the
fragment of exact sequence initially determined. For
example, and not by way of limitation, the sense strand
primer may correspond to exact BDNF nucleotide sequence,
whereas the anti-sense primer may be a degenerate primer
homologous to a region of sequence likely to be found
"downstream of the sequenced fragment, e.g. the polyadenosine
tail of mRNA, as reverse transcribed in the cDNA. It may
then be necessary to use a similar method to retrieve
sequence upstream of the sequenced fragment; for example,
the anti-sense strand primer may correspond to exact BDNF
‘nucleotide sequence and the sense strand primer may be a
degenerate primer homologous to a region of BDNF éequence
upstream of the sequenced fragment, e.g. a 5’ polyadenosine
tail added at the 5’ end of cDNA using terminal
deoxynucleotide transferase. Accordingly, the sequence of
the entire BDNF gene or mRNA may be assembled.

- DNA reaction products may be cloned using any
method known in the art. A large number of vector-host
systems known in the art may be used. Possible vectors
include, but are not limited to, cosmids, plasmids or
modified viruses, but the vector system must be compatible
with the host cell used. Such vectors include, but are not

15



neurons fromthe neurotoxic effects of MPP+. Cultures were established from
E14 rat enbryos as described in Figure 1. After 24 hours in vitro the

»cul tur.e medi um was changed to the serumfree fornmulation. After 3 15

days in culture the cultures were divided into four groups of six 35mm

di shes. One group was kept as a control group, and the others received
efther (i) basic fibroblast growh factor380ng/mM (bovine brain bFGF
Boerhinger-Nhnnhein) (ii) nouse NG, - 50ng/ m; 20 or (iii) BDNF,

50ng/ m . tur t, fo further 24 haours before 3 djshes in each
group were eﬁj’d‘é’g@#\e 4) W\*‘F&‘ 3% Jahfe derivafdves, ek,

MA) for 48 hqkasmids tdm:lerlds qsan:mmmam,l mtsltﬁesiamsptm (strdtagdne)ol at es
were process ti nﬁﬁg cells was

det erm ned |§ﬁ %jrabéup &Cat \a/ﬁéé/ esen ng?r epr esen‘? t%{#rﬁﬁrber TH+
neurons after Ww%tmﬂe hest s @m&qm&@m@@im. ttransfectiad,
TH+ neurons iinsedtid, ma&g@p@ﬁtﬁ@po%to MPP+. val ues are the

TSB! ot L2t Cahfe Hbik Sihe e w#fe%?ﬁ%‘!%’%%&%&“ﬁ% r

encodi ng br aiwhichican bemsedopbi trinsfarn( BNnsfect; 28r infect
appropriate host cells so that many copies of the gene

-seqﬁences are generated. This can be accomplished by
ligating the DNA fragment into a cloning vector which has
complementary cohesive termini. However, if the
complementary restriction sites used to fragment the DNA are
not present in the cloning vector, the ends of the DNA
molecules may be enzymaticaily modified. It may prove

. advantageous to incorporate restriction endonuclease
cleavage sites into the oligonucleotide primers used in
polymerase chain reaction to facilitate insertion into
vectors. Alternatively, any site desired may be produced by
ligating nucleotide sequences (linkers) onto the DNA
termini; these ligated linkers may comprise specific
chemically synthesized oligonucleotides encoding restriction
endonuclease recognition sequences. In an alternative _
method, the cleaved vector and BDNF gene may be modified by
homopolymeric tailing. .

In specific embodiments, transformation of host
cells with recombinant DNA molecules that incorporate an
isolated BDNF gene, cDNA, or synthesized DNA sequence
enables generation of multiple copies of the gene. Thus,

' the gene may be obtained in large quantities by growing
transformants, isolating the recombinant DNA molecules from
the transformants and, when necessary, retrieving the
inserted gene from the isolated recombinant DNA.

According to a preferred embodiment of the
invention, once a cDNA-derived clone encoding BDNF has been
generated, a genomic clone encoding BDNF may be isolated

10

15



as well as BDNF protein, peptide fragments and derivatives produced. in
quantity using these nucleic acid sequences. In addition, the invention
rel ates-to pharmacol ogi c conpositions and therapeutic uses of BDNF, having
provided, for the first time, the means to generate sufficient quantities
of substantially pure BDNF for clinical use:3gke invention also relates to
anti bodi es directed toward BDNF or fragnents thereof, having provided a
nmet hod for generating sufficient imunogen. Further, by permtting a

conpari son of MFdNMEANdaRd Ferhpiavsss l@TOVBDNIh e G t IRoIpresaanilel a
i nvention proviidgseled ﬁdzﬂéiafradifd Cp’sxtdwﬂ Q}éﬁBﬁfﬁ@,eﬁ BONES! €1 ¢
flnlng

ene

aci d sequence b tmeen F an ther de
family; the i n\? ‘5%‘ stfég te rﬁﬁ’?ﬁfd‘ q‘b‘éﬁ %q%&}amq@.elc
addi tional nenaeyisd dfyhﬁﬁdizﬁrmrf,aruéi;ng,Fc&omwm oftid Q{éﬁ.ﬁbd)fset forth

description, ang, HIntdh \/gﬁe Yavidl J_zg.;.,on,sé t&?‘%ég J%b)vm be descri bed

F bi oassays
BRI ¥ Ctogedl ol ki e ST
DNA (V) ex preassd O INatfl .B%d Visei. B a0e78S Wy Ho¥s) o éila)sml
Tonbers of the 1inFdids " el Ved Clores Ty Kizug ancglya}':dedl By
restriction-fragment mapping and sequencing techniques
according to methods well known in the art.
10 Furthermore, additional cDNA clones may be
identified from a cDNA library using the sequences obtained

according to the invention.

5.5. EXPRESSION OF THE BRAIN DERIVED
15 NEUROTROPHIC FACTOR GENE

The nucleotide sequence coding for a BDNF protein,
or a portion thereof, can be inserted into an appropriate
expression vector, i.e., a vector which contains the
necessdry elements for the transcription and translation of

20 the inserted protein-coding sequence. The necessary
transcriptional and translation signals can also be supplied
by the native BDNF 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

25 limited to mammalian cell systems infected with virus (e.g.,
vaccinia virus, adenovirus, etc.); insect cell systens

" infected with virus (e.g., baculovirus); microorganisms such

as yeast containing yeast vectors, or bacteria transformed
with bacteriophage DNA, plasmid DNA, or cosmid DNA. The

0 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. .




BDNF/ NGF gene famly (ix) . utility of the invention (x) phar maceuti cal -
conposi tions 30 5.1. PURI FI CATI ON OF BRAI N DERI VED
» NEURGIROPHI C FACTOR In order to identify BDNF encodi ng nucleic acid,
m crogram anounts of BDNF protein rmay be obtained fromtissue to permt the
dgterm nation of am no acid sequences 35-40=-30- which may then be used to
desi gn ol i gonucl eotide probes. The extrenme rarity of BDNF protein

practically limts the_amount, of anjnho. acid sequepce_ whic y_be

etorm ned BONE may bAARr OBaFBA RRLHPYE PErUraieyy e RoRoHRoRTr e | n
Barde et al.ingéf82onEOB(DBA frégfehts)into aovectondmdarbe Ydéd8to5 Nature
331: 261- 262) b e ox dj | 1 owi ng
detail ed pro?gg%ﬁgﬁﬁﬁch¥P§§%%Eggﬁ¥g§€%PéWgéﬁg?igggﬁp§eéﬂg% %%p&%@gmay of
limtation; ¢apséssingdrfi 2ppreRsiate éﬁ%ﬁ%?ﬁﬁeﬁi?ﬁilﬁgéa%ﬁl%ﬁtﬂ%%lIIed in

the art. Becasferd? sighl®sranilt ¥nef pBBbEin PECALRGDEEqaEREs ST XTHkéd®Tr aNs

of brain g ssu be used.in a,puritfication ocedu Brain tissug may

be hoaneniz@ﬁgpﬁgéoﬂaniﬂﬁﬁggﬁaig»3$££8rr5f°ﬁgiﬁﬂﬁ nﬁﬁﬁi?ﬁ %X“é&ﬁ&féo.z M

sodi um phosphketbniques phidofin vivo recombinations (genetic
recombination). Expression of nucleic acid sequence
encoding BDNF protein or peptide ffagment may be regulated

'by a second nucleic acid seguence so that BDNF protein or
peptide is expressed in a host transformed with the
recombinant DNA moleucle. For example, expression of BDNF
may be controlled by any promoter/enhancer element known in
the art. Promoters which may be used to control BDNF
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 296:39-42): prokaryotic expression
vectors such as the ﬁ-lactanase 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-
94; 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

10
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approximately 6, containing 1 mM EDTA and 1 nmM freshly added 15
phenyl met hanesul phonyl fluoride, such that the ratio of brain tissue to
fluid ks approximately 1 kg of brain to 2 liters of buffer. Hydrochloric
acid may then be used to adjust the pH of the m xture to approximately 4,
and-the mxture may then be stirred for abthA~2 hours at 4[err]C. The 20 .
m Xture can.then be centrifuged for 25 mnutes at 20,000g. After

centrifugation he_supern t 1 | e adj.ust §0) of about 6.0
usi ng sodiun1ﬁva&8§¥%ﬁ§h%ﬁéﬁt Eﬁmé?ggfe vM{bP%ﬁéR§b§§%?f%$ g¥hﬁ?%gmollen
car boxynet hy| cpréomoter, (pbkabing phophatase i prorgten; candathes5Lokbowing

equi librated val{ind lePAseCE PPt PEREDNEERLAS] arddidns O- v ERT eRRYBLR! L 1ESHES
with a total of abp 1 Oliters of 0.1 hﬂsgf u pgﬁéghate, RE 6, the slurry
may be poured FREGLEICEY AN a¥ehean pERL1#ed IR Eransaehic aRiRARS: 0. 13
M NaCl , preferebagtaserdigéhe dohtrelfregionmehichieisi dctilveyinOpanSpbkt i
sensi t1ve Doassayatoge) FECLEANeD. fe hNT I 2ofRY SDED 5. wt-sgs\?f ity ot
phosphat e buffer contarni ng 5.§ ] C+ ahd subSequent '§|al ell agarnst
several changealei 1886: GoldiEpring aanhpposﬁga+uaupnbspaépi.a§2a399r®e9:

6.8. The d!a'Yﬁﬁébéﬁaﬁél0ﬂ§8ﬁ?¥ﬂbﬁ8ﬂo?8%?pﬁkifg-sﬂs ; NYHEQXYAPgEhkecontrdl-
colum having 2,5¢8rVohtlE 26 3201Ye2Pn "pahdteSEEE ELLS%S&‘ES (Hanahan,
1985, Nature 315:115-122), immunoglobulin gene control

10 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, lymphoid 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 (XKrumlauf et al., 1985, Mol. Cell. Biol.
5:1639-1648; Hammer et al., 1987, Science 235:53-58); alpha
i-antitrypsin gene control region which is-active in the
liver (Kelsey et al, 1987, Gehes 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
muscle (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 BDNF gene inserts
can be identified by three general approaches: (a) DNA-DNA
hybridization, (b) presence or absence of "marker" gene
functions, and (c) expression of inserted sequences. 1In the

16



of brain tissue processed; the hydroxyapatite colum should be
-pre-equilibrated with 5 nM pot assi um phosphate at a pH of 6.8 prior to -
“application of sanple. The columm may then be eluted with a |inear gradi ent
conposed of 500 m of 5 mM 5 potassi um phosphate and 500 m of 700 niV
potassi um phosphate, both at a pH of aboutgf.8. The BDNF activity shoul d

. optimally be eluted at approxi mately 500 nmM pot assi um phosphate. Pool ed
active fractions may then be adjusted to a final nolarity of about 700 niv

pQt assi um phogphet cappriod€h apthe eprésence heh \d - Sepdbgn spene| ingeteyiitg a
vol unme of abo V. Kk fra Or i | d) equilibrated
with a sol ut i%;rl] %‘Hgﬁ%gmpgééggfu%gh%%p a{%%%éaét%p‘g%ﬁﬁi)? 6.8. After
washi ng with BYprigizatiep using probes cemrrisingrse@ippcestthat army be
eluted with Ondmélégeesaesi afl PRoEPESd CBDI derfe. aNth St CsaGond y the BDNF
activity may be_dial yzed agai nst Slst | | ed mg}er and then | yophilized. The
| yophi |'i zed ndPRFPAFN piheLERCRED ER%% YﬁP?ﬁrdm°%if$§E$¢%I%%¥r hor esi s
sanpl e buf PeridentifihedgafidlseEestedt based cupdih ytheprésence nor absence

mer capt oet hangl, ' t ' opprlse '

gradi ent of 18-k Eggggggyfgﬁ?ﬁgg"Aﬁ?gg g%ﬁ%?ﬁé?%nva .Tg%§$%éﬁéﬁgs?%nase
separation, tAEti¥ithayresistangeqtooantibbiotics i kranstornatignnassie

bl ue, and desphRefietype!, abelusiBnbsdycsormdtondini Bachlovishs) heétdeyel of

h be. d, el h | | I
from the qol . c20Red hy "Bher SpgRryien, 88  1ORE S CERRER 10h thE et s

(1971, J. Wi okxagpde, 2£6the0BDNFOGEne| issinserted withintthe markenlgene
sequence of the vector, recombinants containing the BDNF
insert can be identified by the absence of the marker gene
function. In the third approach, recombinant expfession
vectors can be identified by assaying the foreign gene

15 product expressed by the recombinant. Such assays can be
based, for example, on the physical or functional properties
of the BDNF gene product in biocassay systems as described
supra, in Section 5.2. _

Once a particular recombinant DNA molecule is
20 jgentified and isolated, several methods known in the art
may be used to propagate 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 processes the gene product in the specific
fashion desired. Expression from certain promoters can be



of SDS is generally not conplete. A purification procedure for

m crosequenci ng of BDNF was nodi fied according to Hofer 30 and Barde
(1988, Nature 331:261-262), and does not make use of a gel. electrophoresis
as the last step of purifjcation. - 32432 2. BRAIN DERI VED NEUROCTROPHI C
FACTOR Bl OASSAYS Any system whi ch qual i tat Ively or quantitatively indicates
BDNF activity may be used according to the present invention. Such

bi oassays nmedeate®iin tie i;slﬂraéﬂ& W Ve ineardicds Naihis or

reconbi nant BDNE aciivity. sa no be ysed.
or exanpl e, SAFLELSH O TS S9AA s PRy HRE sosaEN ey b
utilized.i n coBBrFlieday, Furthermorde iﬁfm ms‘lalcel(hQSChVGPr oc. Natl.

Acad. Sci. UnghPactdrididfe 1243)spddi ey icariiBie £6t0r &R nA
from6 to 10 14 day chic lﬁgfqéa and referably 10 to 12 y chic

enbryos, may2 R RSP LIRS %irf‘q Ahi BRRALLIGRAIPR n(4f ar t |
and i mTedBat@lyc@ép]:eﬂidam, acwabagdpl ofrepriteinls JTe AApperdpietd reen X3 BGO

U S A 6o abbie 5P AR Epgkine P aé b%*%er%i%%ae%% BB pegfin >
di ssection byo@i&icahﬂowgaadfpwwwmm% mf@wmmmqmg cont ai ni ng
about 0.1 peéﬁﬁi‘éséédPS'ﬁorpéiﬁﬁpfbo%xﬁﬁeéﬂfbﬁeﬁnoi bACLOR{A PsPdten
3rlerr]C theagagg g usecg151 é/o produce an unglycosylated core prctein
10 product. Expression in yeast will produce a glycosylated
product. Expression in mammalian cells can be used to
ensure "native" glycosylation of the heterologous BDNF
protein. Furthermore, different vector/host expression
systems may effect processing reactions such as proteolytic
15 cleavages to different extents.

In a specific embodiment of the invention, DNA
encoding preproBDNF may be cloned into pCMV plasmid,
anmplified, and then used to transfect COS cells by the
calcium phosphate method (Chen and Okayama, 1987, Mol. Cell.

20 piol. 7:2745-2752); BDNF activity may then be collected from
cell culture medium (see Example Section 10, infra).

5.5.1. IDENTIFICATION AND PURIFICATION
OF THE EXPRESSED GENE PRODUCT

25 Once a recombinant which expresses the BDNF gene
is identified, the gene product should be analyzed. This
can be achieved by assays based on the physical or
functional properties of the product.

Oonce the BDNF protein is identified, it may be

30 isoclated and purified by standard methods including
chromatography (e.gs, ion exchange, atfinity, and sizing
column chromatography), centrifugation, differential
solubility, or by any other standard technique for the
purification of proteins. The functional properties may be




centrifuged and washed twice with F14 nediun1cdntaining 20 about 10
percent (vol/vol) heat-inactivated horse serum The ganglia nmay then be

di ssociated by gentle trituration (about 10-15 aspirations) . using a snall
(about 1 mm dianeter siliconized pasteur pi pette. Remaining |unps of
ti’'ssue may then, preferably, be renoved " { passing the cell suspension

t hrough a nyl on nesh, having about 40 [er 1n15|zed pores. The cell

suspensi on may then be preplated for about 210 minutes on a- plastlc ti ssue

culture di s &1#5 |c su e&ﬁf%é@ﬁ%éﬁ?@?si?””ﬁ%

q%%nd
adhere to the | eavi ng a neuron-enric c 1I ation in

suspensi on. tﬁmiﬁeﬁn§°th€hi%§ embrye Q%5%10€9Rﬁwﬁ¢Q&¥%m-dPe§§%ﬁ¥a% xaterr]
celI's per nitétind®rceils) abrfeddl Upl4Podé edadi yed ldewrohsm suppl enent ed

th 10 t |/ t h i th
antibiot | sy and. ol acetmPREbahbRY  RHREag e F ?’%B%fggé " Hon
polyornlthlnbraén1ﬂlasueatbacauseubhenliuvelueshas astinahistep,
A'ternat"E|%re§99a€Q§ebgeﬂﬁ¥185tfbih&fééf@; ﬁgﬁfabbfé§§é¥53ﬁﬁtcbh

relatively ihsensitive one Circunstances, ;dgre erable to

n
syst ens, sucﬂaﬁs“PﬁefglﬁﬁGP§§§Y8n¢BGsE9 the prgsencenpEnrasiduahatPScertain
conditions, gBapdedaha@ {rhbenBh)\F1888, Nih. "SorhonekahhidieCEll Regqulation,®

Vol. 9, Dumont et al., eds., Elsevier Science Publishers,
pPp. 385-390). In contrast, the present invention permits
the isolation of BDNF which is produced from recombinant
nucleic acid molecules and which is free of SDS therefore
possesses full activity. For example, and not by way of
limitation, the anti-BDNF antibodies of the'invention (such
as antibody directed toward the B5-33 amino acid fragment of
porcine BDNF, described in Section 11, infra) may be used to
collect recombinant BDNF by immunoprecipitation or affinity
chromatography, thereby producing detergent-free, fully
active BDNF.

In a further embodiment of the invention, prepro
BDNF may be converted to active mature BDNF enzymatically,

using, for example, endoproteinase Arg-C (see Example
Section 17, infra).
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5.6. BRAIN DERIVED NEUROTROPHIC FACTOR
25 GENES AND PROTEIRS

Using the methods detailed supra and in Example
Sections 6 and 9, infra, the following nucleic acid
sequences were determined, and their corresponding amino
acid sequences deduced. The porcine BDNF cDNA sequence was
30 determined, and is depicted in Figure 1. The human genonmic
cDNA BDNF sequence was determined, and is debicted in Figure
5 which also presents DNA sequences from pig, rat, and
chicken. Each of these sequences, or their functional
equivalents, can be used in accordance with the invention.




BDNF- speci fic systens woul d include retinal ganglion cultures as well as
cul tures of neurons derived from neural placodes. 10 Peri nat a
‘retinal- cells may be cultured according to the nethods described in Johnson
et al. (1986, J. Neurosci. 6:3031-3038). For exanple, retinas may be
renmpved fromperinatal animals (in the rat~fAe term "perinatal” here refers
to enbryonic day 17 enbryos through postnatal pups 15 within 48 hours after

birth), washed,i,n.cal ci and. magnesi free osphat ffered sal.ine
(PBS), then inéﬁgéggﬂnqukBsggﬁng&VﬁP#gbﬁb56}gg955§ft§D8¥1Q?Pffpgpﬂ f or
appr oxi mat el y protednsecdsalakieduifron] portinejif bovipest £ell\ine; dwvdesti on,
reti nas may be d | t We.e ey iRekaigal b p nt
(vol /vol) heatFﬁﬁggEva?egiﬁgﬁgé g&rSEF?F§4-§%§H Q%hggPE?f%agﬂhhégyhgﬁh%g
di ssoci at ed by Sgefies dnpwhdichy BONF, aghiVvatyor¥dEtEabodhel inyemtions iy esh
F14- HS. Undi ssgurthed diredtedtodsudsequefices oft BDRF addlelie aeidsni ng
cells and nqgi% i e&yed ff ch Sylture Al t. Lnativeby,g?pNF bi%%é§ays
whi ch conpr i se STERFAE I, A%y denRY F&n BuFLEchidess BULY SUPECTRICES ( he

i nventi on. Enbeopmprdsing hybridizablep pertdons, ofothex RDNF: seguence which
ventrol ateral pavd el oif ! ir Hididic3 Aci AN Bybdlaidacltn YashiyByl ar
geni cul ate, petrosal, dr ndddse ganglion may _be cultureg I n cqll agen-ge
overlai d with Southernmand, Hordheras hlofe anad YBLH,c &6 afThe mgr*tgpn
Neurosci . 6:18%2sPhovdided Fonet i BUNF proteiti,nankdo fiagiemtis and

10 derivatives thereof, according to the amino acid sequences
set forth in Figures 1 and 5 or their functional
equivalents. The invention also provides fragments or
derivatives of BDNF proteins which comprise antigenic
determinant(s) or which are functionally active. As used

15 nerein, functionally active shall mean having positive
activity in assays for known BDNF function, e.g. chick
embryo DRG assays.

For example, the nucleic acid sequences depicted
in Figures 1 and 5 can be altered by substitutions,

20 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 1 and 5 may be used in the practice of the present

25 invention. These include but are not limited to nucleotide

sequences comprising all or portions of the BDNF genes
depicted in Figures 1 and S5 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 BDNF proteins, or
fragments or derivatives_thefeof, 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 1 and 5 including



al . (1980, Proc. Natl. Acad. Sci. 77:1199-1203). -34- Because it has
been observed that responsiveness to BDNF may be increased ten-fold by
* changing the growt h substrate from pol yornithine to | am nin-pol yornithine,
(Barde et al., 1987, Prog. Brain Res. 71:185-189), BDNF assays are
preferably perfornmed on Ianinin-containiﬁﬁGB substrates. Culture surfaces
may be prepared, for exanple, by (i) coating the culture surface for about

8-10 h ] il h I
Cimes witn oehPePed BebhEndRe th et At PRARLIY: okl latRaE. BHu58 .07
two hours wi abiBamesidues areosubstituted tgroreappueauwﬂthiy BBe[err] g/ n
in PBS (JOhn§Q&u@hc§|resﬁ?%@ngJin“Euéﬂiﬁht éh§Q & 30B8Y- ekBnplY¥, D6RESSAY

system used accord to e | n\ient I on ose-resgonse CUI’VG my be

est abl i shed B8Ffyg ﬁo&§& n&&R PHthﬁiE??“ ?nﬁeguﬁpg o8t B8 chick 15
sensory gangbubstitated byl &nttkervaminovavid efsaobimiyad polardty

t ' / d |
cbeerved o « Andenodtts de'd Runpiionad etiilla1afif, "RELAT i M) Yh'8 o 1Pony
BDNF ( Bar de @dtgratipgg7, sabggitsmssnfn@san7§miae agdfl. withinsthe
M CRCSECUENCEMGu@ECBRﬁhy BeRsk¥iected from other members of the class to

which the amino acid belongs. For example, the nonpolar
(hydrophobic) amino acids include alanine, leucine, _

10 isoleucine, valine, proline, phenylalanine, tryptophan and
methionine. The polar neutral amino acids include glycine,
serine, threonine, cysteine, tyrosine, asparagine, and
glutamine. Theipositively charged (basic) amino acids
include arginine, lysine and histidine. The negatively

15 charged (acidic) amino acids include aspartic acid -and
glutamic acid. Also included within the scope of the
invention are. BDNF proteins or fragments or derivatives
thereof which are differentially modified during or after
translation, e.q., by glycosylation, proteolytic cleavage,

20 1inkage to an antibody molecule or other cellular ligand,

etc.

Additionally, a given BDNF can be mutated in vitro
or in vivo, to create and/or destroy translation,
initiation, and/or termination sequences, or to create
variations in coding regions and/or form new restriction
endonuclease sites or destroy preexisting ones, to
facilitate further in vitro modification. 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. '



NEUROTROPHI C FACTOR PROTEI N BDNF protein prepared from brain may be '
sequenced; however, it nust be enphasized that the extrene rarity of 25 the
protein;makes it unlikely that a substantial portion of BDNF protein :
sequence may be reliably obtained. The pggbgjn may be sequenced directly
or #+nitially cleaved by any protease or other conpound known in the art,

I ncl udi ng, but not limted to, Staphylococcus aureus VS, trypsin, and 30

cyanogen ‘brom de. Pepti des,oay EENERAYEORCOFbxNeviBRATRIDERAfBHpdegr adati on:

on_a gas phase.nicrosequencer aqNBURD EHIdiaacmmhcdmmmdﬂmnsm>et al .

(1981, J. Biol. Chem 25 YE 75 d Eﬁg !! [ ;;FQBS thhods
Enzynol. 91:227-236). JCQ? r? %pfg&ylﬂlﬁn% 0| n a% 10 zi'tﬂ'ds

may then be perfivagments @ cﬂ&@-‘t&tﬂ!ﬂa dhereof,] OB, hﬁlﬂlﬁﬁﬁ@aﬂpﬂmnogen

- 326:321-327) . Qeeidetttdte (JiiEENF (ntA B i) dwmm to

determ ned and us t o deduce, | onger, stretches of cqQntiguous sequence. 5
5.4. CLONI MG @r%ﬁmm AN BT GRRAg TosRonSE (B&STONA The rarity
of BDNF effect mnéch:nes:tulﬂ;espdéﬁhm;e mfcaiwdm ctlﬁ reviaidi epudrmtitiewion

t he BDNF gene. LY | e
generate 10 a c%&* enent ar I a%flfﬂc#ﬁ?l goér%gf eot’l Eﬁﬂ% i%é &g 3’%%"%41"“
of relative abundant amounts of BDNF protein using
recombinant techniques for protein synthesxs (based upon
10 ‘the BDNF nucleic acid sequences of the invention), the

problem of insufficient quantities of BDNF has been
obviated.

To further improve the likelihood of producing an

anti-BDNF immune response, the amino acid sequence of BDNF

15 may be analyzed in order to identify portions of the '
molecule which may be associated 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,

20 Proc. Natl. Acad. Sci. U.S.A. 78:3824-3828) which has been
successfully used to identify antigenic peptides of
Hepatitis B surface antigen. Alternativély, the deduced
amino acid sequences of BDNF from different species could
be compared, and relatively non-homologous regions

26 identified; these non-homologous regions would be more

-~ likely to be immunogenic across various species.

For preparation of monoclonal antibodies directed
toward BDNF, any technique which provides for the
production of antibody molecules by continuous cell lines

30 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



probe were used to screen cDNA libraries generated fromtissue presuned to
synt hesi ze BDNF, the nunber of positive clones would be likely to be '
vani shi-pgly small. The instant invention provides for the cloning of the
BDNF gene by a 15 conbination of procedws®s, conprising the purification of
sui t-abl e amounts of BDNF protein, mcrosequencing of the BDNF protein,
derivation of an oligonucl eotide probe, construction of a cDNA library,
anpl i fi cat i okeghBiguete ereduce pmmnmonecionadi anddhgdies, (Sadefewal |y,

seI,]cect i 03 f0a120 19esPDiNr Yedsoe ; sclénd NiantyiRida B qésoﬁnaheararenth_eﬂapy?e _
preferred pr e a icati.an ubilizes. .t i on tissue
nucl ei ¢ aci dggggﬂghcégé?)yng%+yrﬁhsﬁﬁcﬁgi r?“?‘eZ‘é‘t‘ﬁ g%%ékf ?gg"kf‘ g{le al .,
1985, Sci enc&cope: 985the IBEasent ninyrentiiaro expand the nunber of BDNF
sequences 25 avail abl eth@rméh6E168a1 ahtcidicliledd 36 hieapeit?t H5€ may

preferred hod follows: Firstl he, am no aci.d sequence derived, from
purified égﬁgep Col =] bt (7 8nﬁie%hF£P?ﬁ&ﬁﬁx?§Mq 3%%%??5@'5?Pﬁ§r§°70r use
i n pol yner asothlei species) omonéeltonak artilmailes .dejmamampnokclohalgenetic

code, in whi ght3gsaiak RHG! BeCnadb by Ak} EF fiertRi itethnluedRn8Wh e
aci d, several _ol.i nggleo i des shgul be synt hesi zed_ f iven amno acid

r a
sequence, in ‘& Ealayi AENEORE R pt %xngﬁﬂq%ﬂuaéi'-ﬁﬁ-d' Sci.

U.S.A. 80:7308-7312; Kozbor et al., 1983, Immunology Today
10 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 BDNF.
For the production of antibody, various host animals can be
immunized by injection with BDNF protein, or fragment or
derivative thereof, including but not limited to rabbits,
20 nmjce, 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 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 BDNF 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) mhy be used to construct nucleic
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nucl eoti de sequence conbi nations; the resulting oligonucleotides are
referred to as degenerate priners. The pol ynerase chain reaction (PCR)
requires sense strand as well as anti-sense strand priners. Accordingly, a
degenerate ol igonucl eotide priner corresf8nding to BDNF 5 anino acid

sequence nay be used as prinmer for one DNA strand, and a second pri ner,
honol ogous

v dime. r B4R, B8RBesr Nk AAEBVE: B HERaRdanil, Aok boihgotstule, or

pol yadenosi natiigen hﬁ.nmm,regiy:rbe:hm'e@fas primer foor the 10 second DNA

strand. These priners e 4t 6224 els" i ﬁﬂﬁﬁ on with
nucl eic acid tenpl ate presune tolcont g:sn gl\lyEE co |€1i%%se%a~{12%c%y§‘ such as
genoni ¢ DNA Qa + «c BRUROAPFOIP trioH, hﬁiqunntlssue

pr elsurreg todmmgmﬁiwlz ﬁhﬂwﬂ‘d@ﬂmﬂd Qﬁ?ﬁﬁ % %d’f&iﬁﬂd”' qhild et
anal yze [esd S. 4 er_the reggtion, prodyc
nae 5 moltos Hentemi B Guid FHERRAAlIY IO or & qoR kLo dlanRp L.

preferably, e8€«qucl eoti de sequence anal ysis. However, because the use of
two degenerate priners i wodi-rEtAnaRse wtliith |ddedtd @1‘3%-{%6 Id¥
nucl ei ¢ aci c{*?e uence V\:hl ch no{ﬁenco e‘@YB%: aéarﬂ?e redi cfy
provi des for-tth e A% l?ﬁleg {ﬂm priQ¥er
correspondi r@:ampmamuﬁDl\FrWemdmdn dsut tn-e ckwm | Iimived ttd3DNRhe
sequencewthie fﬁé %ﬁg '
may be usedt des? n %P eg energ‘?eg?e%égan ant é%éﬂb g‘gnuc’f&bt
the antibody molecule. the Fab’ fragments which can be
generated by reducing the disulfide hridges 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

)2

15  reducing agent. _

Example Section-11l-describes the preparation of
polyclonal antisera directed toward the B5-33 peptide
fragment of BDNF protein.

20 . $5.8. IDENTIFICATION OF ADDITIONAL MEMBERS

OF THE BDNF/NGF GENE FAMILY
Sequence analysis of the gene encoding BDNF and
deduction of its amino acid sequence revealed that this
protein has many structural similarities to NGF (Figure 2).
26 The primary sequence of mature BDNF, as well as the general
structure and probable mode of processing from a precursor
protein, suggest strongly that the NGF and BDNF genes may
have evolved from a common ancestral gene. Within the
region of the mature polypeptides, if only three gaps are
30 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 and
‘human BDNF. These identities include all six cysteine
residues, suggesting that the NGFs and BDNF share very




prinmers. The DNA reaction product resulting fromthe use of these priners
i n PCR reaction, using BDNF encodi ng nucleic acid as a tenplate, should be.
:a nuclgic acid-fragnent 30 encoding the stretch of am no acids used to
design’the priners, and nay be of a predictable size (e.g. at mininum the
nunber of am no acid residues, nul tiplied%y-a factor of three, base pairs
in length). Sequence analysis of the DNA reaction product may be conpared

to t-he ascertalgﬁ’ am no 3 -37- acid se%ngnce to corroborate that the
anplified nuclSd | FeSORFRRY o SHEYCIRe f 4t FUBTRYRO e TN SRERENFS
fragment. Altflfugixame- mathodndhonacidsccanlHbsequmntmruhiuhnucﬂs1ﬂwmm art

Corminati on ot Eheepedial T1bBell; fabl Sud Bl WSO B abe |
72: 3918- 3921) .eidhake Q%& Lea) hOT2 84 5ERT | BYicRO BPFY ERean AkoUS @neyr
preferably, clmmmemm aeeduehbsibeusfauencm@é the fNA reaction

product maygt g I,mer
corresponding to exﬁ%&ﬁ:\%&ﬂﬁ% {’ Négq%%% QBHFT%Q d? %erbemay t hen -
be used togetkﬁ%°%ﬁ¥¥1%F%ﬁ&ﬁﬂu?ephﬁ#BrOfmhlgﬁnﬁaﬁanblnegenerate to extend
the ampunt of BDNF-sequenceataviad earchepopsSaadedibNal Neembers of the

BDNF/NGF gene family may be carried out using an approach
that takes advantage of the unanticipated existence of the

10 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
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selected sequences, those that also contain nucleic acid
sequences which are non-homologous te 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
20 BDNF sequence. '

A preferred embodiment of the invention provides
the following method. Corresponding to each of the four
conserved segments ("boxes") described above and set forth
in Table III, infra, sets of degenerate oligonucleotide

25 probes of at least 18 nucleotides may be synthesized,
representing all of the possible coding seguences for the .
amino acids found in either NGF or BDNF over six contiguous
codons. Numbering with respect to the amino terminus of

2 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; DNA sequence as depicted in Figure 1).



fragment of exact sequence initially determ ned. For exanple, and not by
way of limtation, the sense strand 15 priner may correspond to exact BDNF
nucl eot L de sequence, whereas the anti-sense prinmer nmay be a degenerate

pri mer honol ogous to a region of sequence likely to be found downstream of
t he ,sequenced fragment, e.g. the polyadenoSPA& tail of mRNA, as reverse
transcribed in the cDNA. It may 20 then be necessary to use a simlar

met hod to retrieve sequence upstream of the sequenced fragnment; for
exanpl e, the apmt '

rt—SeRse—Sstrandprrer—may—correspont—to—exact—BBNF——
nucl eoti de sequence and the sense stran@ABLENIIIvy be a degenerate prinmer
honol ogous to a region of BDNF sequence 25 wupstream of E%§%$§%¥§§ﬁ§§
fragnent, e.g. _.a 5'. polyadenosine tail added at the 5 e i ng
terninal deoxy®@¥-ddtide transftfase. i TgSPT4he sequence of the
entire BDNF gene or nRNA may bepDN®senblcays DNA szadid on [B8WHEL6 nmay be

cl oned using a .hod known i he ar c@ |ar, mber of vector-host
systens known M’ art my beﬁbu%ed. ssssl le Vv cgdurjs i ncl ude, but are not

limited to, cosmids, plasnids BN fildeSA r rs&YsTRt t WELADIRADr system
must be conpat igdse 35 with the gt celdiyegyed.- Aggyaectors include, but

are not -38"Timted to, bacé&u_ ophanl(aY§67suc_h A?pJ:anbdaléj-teHsVlat I ves, or
Box 4: NGF Trp99 - Cysllo '
10 : BDNF Trplo0 - Cyslll 863-898

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
20 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 séquence 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

15



pl asm ds such as pBR322, pUC, or Bluescript[err] (Stratagene) plasmd
derivatives. Reconbi nant nol ecul es can be introduced into host cells via
“transfoormation, transfection, infection, electroporation, etc. 5

The BDNF gene is inserted into a cloning vector which can be used to
transform- transfect, or infect appropriar®2host cells so that many copies
‘of the gene sequences are generated. This can be acconpli shed by | i gating

t he DNA fragnent in%o a oni n vec%or fhich has.10 conpl enent ary cohesive
termini.  FowEUBPIEEE ERNASH DeRERiG, Glone, | TBiBn &N BUTHsctitd PREBREN:
the DNA are nthepdeterminatiba ofothegunknown, gehe’sndempletaenibllectide
mol ecul es ey sBGuBREKTREHEAhN1TRTL b itk FBYeBERYR, AMkANERGEOUS 1O

i ncor por ate restriction endonuc ase eavage sites In
ol i gonucl eot | BECPRFHPR @fcdtEnPEEFeiRr RERAURE; AOFcARFERORBLf aBRlYSESe
insertion into vectors. shecapprbuehydestyibedicaBoger RdsNBe¥ehcuseqdgeed by

| ' | ' | .nk LRI th li d
|1 biker sy cSaBPraEY S BBVEY bgngn ERiesel, So, RBRELPONE' BhA iae 888 oo
encodi ng rest descrdbedndonExample Sectiont L1dn $ndrances. In an alternative
method, the cleaved vect qp %Bﬁi@@Uﬁ,9€ﬁ§O§§¥sQﬁtnﬁﬁ¥EhE§oﬂg ?g@&?gEVEEEiC

tailing. In specific enbodi nents, trans mat1 on of host ¢ .
reconmbi nant ' DRReMSE: Qe $hen BONF(HNGF 8equengs hepripgdespip GBRedeEbER, or
synt hesi zed Dif moyedncecomdinantgantechies whiohl arel nefbpresosf thee gene.

Thus, 10 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.
Primafy 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, including the novel member described
in Section 13 may be constructed.
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$5.9. UTILITY OF THE INVENTION
The present invention relates to the nucleic

acid sequence of BDNF and to the substantially pure -
protein, peptide fragments, or derivatives produced
therefrom. BDNF may be produced, for the first time, in
quantities sufficient for diagnostic and therapeutic
applications. Likewise, anti-BDNF antibodies, also
available for the first time as a consequence of the




the gene may be obtained in |large quantities by grow ng transfornants,

I sol ati ng the reconbi nant DNA nol ecul es fromthe transformants and, when
‘necessary, retrieving the inserted gene fromthe isol ated reconbi nant DNA.
According to a preferred enbodi nent of thgsipvention, once a cDNA-derived
cl ehe encodi ng BDNF has been 35 generated,”a genom c cl one encodi ng BDKF
may be isol ated usi ng standard techni ques known in the art. For exanple,

a | abel ed nuci¢éneLofl, PARACBORY REcIEiEVAEid SFobas, BRAY K&0Rei1 poda Uskd
to.screen geqﬁglc DNQ.lerar es by n glelc cid ggbrldlzatlon, usi ng, for
exanpl o, the GiAFRESLIC 207 FAFFARERELS 2PRLiERTLoE o7/ FOBRRSEe 100. 180)
for 5 bacteriputposes| bitr issprefiefablet €0 nusedBb¥Pngenes 10r5geReoc. Nat | .
Acad. Sci. U. =3 = 3 ) ] Lhr 2§ | ripgved cl ones may
t hen be analyé%éagég?eg?é?cgﬁgn§%§ég§é%?ﬂ%%p%+€gé%%§§g§g%%né?n t echni ques,
accor di ng t o Haerepeutiic| PurEBosesn aktheugh gpross-species whilktynefe,

addi ti onal 5cDpBNE| pagsbariis@eul dent speesiriEognBodthéntsbbar ¥hesi ng the
sequences obtglnedtgccordlng to the Tnvention. 5.5. EXPRESSI ON OF THE BRAI N
DERI VED 15  thvention. NEUROTROPHI C FACTOR GENE The nucl eot i de
sequence coding for a BDNF protein, or a portion thereof, can be inserted

Into an appropriate 5.9.1. DIAGNOSTIC APPLICATIONS
The present invention, which relates to nucleic
10 acids encoding BDNF and to proteins, peptide fragments, or
derivatives produced therefrom, as well as antibodies
directed against BDNF protein, peptides, or derivatives,
may be qtilized to diagnose diseases and disorders of the
nervous system which may be associated with .alterations in
5 the pattern of BDNF expression. '

In various embodiments of the invention, BDNF
genes and related nucleic acid sequences and subsequences,
including complementary sequences, may be used in
diagnostic hybridization assays. The BDNF 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 BDNF expression,
including, in particular, conditions resulting in sensory
neuron damage and degeneration of retinal neurons. Such
diseases and conditions include but are not limited to CNS
trauma, infarction, infection, degenerative nerve disease,
malignancy, or post-operative changes including but not
limited to Alzheimer’s Disease, Parkinson’s Disease,
Huntington’s Chorea, and degenerative diseases of the
retina. For example, total RNA in a tissue sample from a
patient can be assayed for the presence of BDNF mRNA,
wherein the decrease in the amount of BDNF mRNA is




expression vector, i.e., a vector which contains the necessary elenents for
the transcription and translation of 20 the inserted protein-coding
Sequence. The necessary transcriptional and translation signals can also be
supplied by the native BDNF gene and/or its flanking regions. A variety of
host-vector systens may be utilized to expriess the protein-coding sequence.
These include but are not 25 limted to mammalian cell systens infected

wi th virus (€. ghaidAedlide Mdurondl dydidifat R ) RATEER LI igH St s

infected with V|rus (e &15 bacul ovi r us) anjsms such “as yeast

cont ai ni ng yead<® NE %e‘??‘? t}?ea?&f fhed ey NA,
pl asm d DNA, o&ummehﬁ\lﬁ(aé’@@é’@tbmprmslmuemsdoﬁaim)s.e vectors

vary in their g déé xﬁl diépfciﬁéééif m{%‘% %@%P%ﬁ@e 1RShe V&S O
systemutilize f a nu ranscriptron an
transl ation el%%?ﬁ’e omyohHelnareased 1m1%®fmm&élmmowfﬁr@wmy

described f&r é@ﬁd'ﬁf&ﬁéé%ﬁfb%ﬁﬂﬂé@n{ﬁ aﬂagnasaeﬁé@foms@@malsed to
construct exprgssion vectors, contain e co SIStI
appropriate trareeFt pt Bﬁa?*??ﬁﬂgfﬁt#Bﬁafeﬁﬁ#?rﬁk Eﬁ@ a?%“ ﬁs%ﬁ% h?%teln
codi ng sequencmest Thissuésneéhdds BBNFi mRNAda partncubaryyoubeﬁahttﬁmwrand
synt hetic techgbgﬂg§ and in vivo. reconbi nati ons (genetic

In alternate embodiments of the invention,

10 antibodies directed toward BDNF protein, peptide fragments,
or derivatives can be used to diagnose diseases and
disorders of the nervous system, including, in particular,
sensofy 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
§i§g hybridiéation techniques using tissue samples obtained
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 BDNF
present in tissue or fluid samples; similarly, the
antibodies of the invention can be used in Western blot
analysis to detect and/or measure BDNF present in tissue or
fluid samples. An antibody of the invention which binds to

BDNF in ELISA and Western blots is described in Section 11,
25 infra.

15

"In further. embodiments of the invention, BDNF
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,
iabeled BDNF protein or peptide fragments can be used to
identify tissues or cells which express the BDNF receptor
in order to identify aberrancies of BDNF receptor

expression and consequently, potential abnormalities in the
tissue or cellular response to BDNF.



reconbi nati on). Expression of nucleic acid sequence encodi ng BDNF protein
or peptide fragnent may be regqul ated by a second nucl eic acid sequence so
“that BDNF protein or 10 peptide is expressed in a host transforned wi-th the
reconbi nant DNA nol eucl e. For exanpl es Xpressi on of BDNF nay be controlled
by -any pronoter/enhancer el ement known in the art. Pronoters which may be
used to control BDNF expression include, but are not limted to, the Sv40

early 15 pronoter region (§e§nglstTﬁﬁﬂaﬁﬁgﬂﬁgngpﬁﬂﬁéaggbggre 290: 304- 310),
the pronoter contained in the 3 erin oUS_sar conme, Virus
n TR

(Yamaroto, et al., 1980Th&RFess t"%e %t
pr onot er (V\a@q:éidsetem:lod,inlﬁamNHDr (amd I‘tlatl pnminﬁclpeptfad\ frdgrenied A45) ,

1552 0! o S el Ul I8 eyl
[err]-lacta etfr"tﬁﬁ)t’&a REQVIEFLN etPeRtidesy or mexivatives acad.
SCiI UAS 35 gd?}gwmﬂzed)rtd f'tﬁ:zéaiﬁ? dﬁﬁﬁﬁléﬁ d@ﬁ?ﬁor&éz‘é}'of €183, Proc.
Feconbi nani RS, Syatem Edh v, Y adhe et el el €afSelgdt an
expr essi on veéidterpattemm i af RPN cexprass ion gmtwmiehmwjdnemafitegrm_
Virus 355 RN &%‘?%en?%%ra‘%‘&”*ﬁ 29‘5*?’”3% sod{fer™ i LS“%QS”“S%D
and the promoter for theIBHRAEE 9?& %ﬁﬁﬂ&ﬁebeﬁ¢%s%n%¢5ﬁégbha§

car boxyl ad@ (pkstein; pépeide traghentd I, ddbivaeivdd: ¢dh-8a0); pronoter
el ement s fron&&gfn s@éreéhgo patients in whom the nervous system has
been damaged by trauma, surgery, ischemia, infection,
metabolic disease, nutritional deficiency, malignancy, or
toxic agents. The invention in particular can be used to
treat conditions in which damage has occurred to sensory
neurons or retinal ganglion cells by administering
effective ther&beutic amounts of BDNF protein or peptide
fragments or derivatives. 1In various specific embodiments
of the invention, BDNF can be locally administered to
sensory neurons which have been 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; and the
mesencephalic trigeminal nucleus. It may be desirable to
administer the BDNF-related peptides or BDNF 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'trom diabetiq
neuropathies, e.g. mononeuropathy mnltipiex. In further
embodiments of the invention, BDNF protein or peptide
fragments or derivatives derived therefrom, can be used to
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fungi such as the Gal 4 pronoter, the ADC (al cohol 35 dehydr ogenase)
pronot er, P& (phosphogl ycerol kinase) pronoter, alkaline phophatase
"pronoter, and the followi ng animal transcriptional control regions, which
exhibit tissue specificity and have been utilized in transgenic aninals:
el astase | gene control region which is adf<«e in pancreatic 5 acinar cells
(Swft et al., 1984, Cell 38:639-646; Onitz et al., 1986, Cold Spring

Har bor . Synp. ant. Biol.,K 50:399-409; MacDonal d, 1987, Hepat ol ogy

7: 425-515) ; ‘%‘-‘rﬁ% CRRERN AR ARG HA NS B d}P‘i‘%"%’rﬂ*’r’%Pefﬁ Yo SRR et a
cells ( Hanahadmeliffng Ndbut endd I iifked Ao, ixlzheihearns idigase control 10

55, 647- EﬁéChEﬁm 19 ¢ el ORGP B fady (i Vol

1987, Mol . CHaTkinspniam symphoms)resiikLremrdegenerakion rof cont roI
regi on whi ch dep@sineegid he&stons) Arsudh eﬂstpr& JPE591 ¥ B FBRicYédr S

JENRN e b et TR
al pha- fetopr0@IivngpnhocenebellaeghtmbphychOPGAnptSNp-Dragemfsyndrwméauf et
ggS,Séggg) kamﬁfégélﬁabgél?éslggﬁ e’ c%ﬁ??%? re |o ihls actlve I n
the liver (KEﬁ%E?"E%ﬂaF°m2§8¥y Eﬁﬂ “%HH“EE?@fs §h262317&9 partlcular,

' the invention can be used to treat congenital or
neurodegenerative disorders associated with sensory nerve
dysfunction and degenerative diseases of the retina. For
example, the BDNF protein, or peptide fragments, or
derivatives of the invention can be used in the treatment

of hereditary spastic paraplegia with retinal degeneration
(Kjellin and Barnard-Scholz syndfomes), retinitis
pigmentosa, Stargardt disease, Usher syndrome (retinitis
pigmentosa with congenital hearing loss), and Refsum
~syndrome (retinitis pigmentosa, hereditary hearing loss,

and polyneuropathy), to name but a few. It is possible
that a defect in BDNF synthesis or responsiveness may be
the underlying etiology for syndromes characterized by a
combination of retinal degeneration and other sensory _
dysfunction.

' In a specitic enmbodiment of the invention,
administration of BDNF protein, or peptide fragments or
derivatives derived therefrom, can be used in conjunction
with surgical implantation of tissue in the treatment of
‘Alzheimer’s disease and/or Parkinson’s disease. As
discussed in Sections 12 and 18, infra, BDNF may be used to
promote the survival of dopaminergic substantia nigra
neurons in a dose-dependent manner (Figure 34), supporting
the use of BDNF in the treatment of disorders of CNS
dopanminergic neurons, including, but not limited to,
Parkinson’s disease (particularly in light of data

10
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bet a- gl obi n gene control region which is active in nyeloid cells (Mgram et
al ., 1985, Nature 315:338-340; Kollias et al., 1986, Cell 46:89-94; nyelin

" basicwprotein gene control 25 region which is active in oligodendrocyte

cells in the bran (Readhead et al., 1987.g42ll 48:703-712); nyosin |ight

chain-2 gene control region which is active in skeletal nuscle (Sani, 1985,

Nat ure 314: 283-286), and gonadotropi c rel easi ng hornone gene control region
whi ch is actpweséntédeihypectidonns, (Mfrw, evhidh . sHOES, tifet CBONF may

et o1 o b WS G RPAYUEE SIRSEIR ALY SRR Sl Sk 1
presence or whichcis oissociated with thecinductiondofcd Rapkimsonfs of

i nserted seqygpe&de-11iRe ! 8Pndrome] : 42In "addi€ioRPPEBRF has NBephesence of a
foreign gene |nsert3d in_an_expression vector can be detfcted

by DNA- DNA
hybri di zat i oPPBEFYEE pFReustaiR, FRE BUEELYRLRE NS cheLinergio ReRT RS an
i nserted BDNEsgetionsnihandetepdingpapaand, t i pacbituban; dasabr/ host

of “cortarn - iarebfath thaF1A0F18 AEGFGna T Hla ORELAG SRAESRBRE Ly e CnCC
resi stance t¥sefulbintthe treatwentnofidisprdevsybavobeing schel boergic
formation i nneagsh8yi {He81ulifig) but not limited to, Alzheimer’s
disease. It has been shown that approximately 35 per cent
10 of patients with Parkinson’s disease suffer from
Alzheimer-type dementia; BDNF produced according to the
" invention may prove to be useful single agent therapy for
this disease complex. Similarly, BDNF produced according
to the invention may be used therapeutically to treat
% aAlzheimer’s disease in conjunction with Down’s Syndrome.
BDNF producéd according to the invention can be used in the
treatment of a variety of dementias as well as congenital
learning disorders. It has also been found that BDNF
appears to suppress the proliferation of astroglial cells,
20 supporting the use of BDNF for diminishing scar formation
in the CNS (for example, following surgery, trauma, or
infarct) as well as the use of BDNF in the treatment of
astroglial derived CNS tumors. In yet another embodiment
of the invention, BDNF may be used to upregulate the

%  eoxpression of NGF receptor, and thereby may be
advantageously administered prior to or concurrently with
NGF to a patient in need of such treatment.

As exemplified in Section 15, infra,
20 administration of kainic acid may be used to induce an

increase in BDNF expression (and, to a lesser extent, NGF
expression) in neurons, including hippocampal as well as
cortical neurons. It has been observed (Section 15, infra)
that inhibition of non-NMDA receptors blocked this kainic
acid~-mediated increase in BDNF expression. Accordingly,



caused by the insertion of foreign genes in the vector. For 10 exanple, if
the BDNF gene is inserted within the marker gene sequence of the vector,
reconmbi nants containing the BDNF insert can be identified by the absence of
the marker gene function. In the third agproach, reconbinant expression
vectors can be identified by assaying the ¥oreign gene 15 product expressed
by the recombi nant. Such assays can be based, for exanple on t he physi cal

or funCt'0n3|e:P§&£E‘é£ér?5q£)fo§ﬁl€ ﬁ(&“&we‘rﬁﬂu}:t pépt {H Stems as
On cu reco |nant

described supya, in Section 5 f f‘ nol ecul e
is 20 identi fIRYEREAPH SAvRe induced ingtikye Yive Ry fhe may be used
to p[)f)paﬁazje admzﬂmammblleamﬂ: wﬁdmal‘dlba;ﬂ:mvtd:bmdﬁmdsoisjhs are .
est abl i she nt on e pr n repare
o auant ity GEESEEAOEN nESBLERAG D loX A Eh BB 0ol SERPELE A IGE S C

be used |ncILERFrQEﬁ-dY%iﬁbta¥¢nf@@ddttp haie ipinblangeffects sinrviteo r

derivativeS: &¥ngR @1va%fabyvagaﬁ£§t§ush RénYMSA g Put/ahalfe O e SEPEONE I US;

i nsect viruses SU bacul oviru yeast vect act er ha vect OI'S
(e.g., |anbdaf® @ |3§%a which candmenk, ox ainie the aghio u’g a few.

addi tion, a hasethpbhonne» nhﬂragzahﬂuehoeenbmhdyhininﬂul aInduttionxpf eNGF on
f the i t
f’he Sge'm”fsfg §9§§SQEE ﬁeﬁag"&lEEXbL' Sécéﬂﬂ PEREESH Sa&ﬂfnﬂ&é?r?ﬁ&"ﬂ&i

I on eS| ression ron1cer aln pronoters-can
or related molecules or agonists of non-NMDA

10 receptors.

In further embodiments of the invention, BDNF
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: BDNF cah be used
together with NGF or with skeletal muscle extract to
achieve a synergistic stimulatory effect on growth of _
sensory neurons wherein synergistic is construed to mean
that the effect of the combination of BDNF protein, peptide
fragment, or derivative and a second agent achieves an
effect greater than the same amount of either substance
used individually. It is envisioned that BDNF may function
synergistically with other CNS-derived peptide factors yet
to be fully characterized, in the growth, development, and
survival of a wide array of neuronal subpopulations in the
central nervous system.

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

15



-43- elevated in the presence of certain inducers; thus, expression of the
genetically engi neered BDNF protein may be controll ed. Furthernore,
“different host cells have characteristic and specific nmechanisnms for the
transl ati onal and post-transl ati onal proce$&8+ng and nodification (e.g, 5
gl ycosyl ation, cleavage) of proteins. Appropriate cell lines or host .
systens can be chosen to_ensure_the desired nodification and processing of
the foreign protein expr&8s&41ilEofuskhes enbedimentisoRf the iaveatisn,

system can beauseﬂoaaelalr ddweetad mlhrﬂoapm't pg-owm,pw Pepti@epr oduct .
Expression in L I y oguct . ressian.in
manmmal i an cekfggggkng% ggﬁggggggﬁgggg &§§¥%§g§ §¥§hg§§F§FﬁﬁﬁS§FEFﬁet°

het er ol ogous BBREeptst sufferingh&remr e, variesyemt nepualdgist ddsordesison
systems may ehhacuiRedEeEsatd WAL laire3nS Heled@ D SRIAP Ittdatmbnts! €gpRges to
different gxtents. .In a gpecific enbodi ment, of the invention, DNA encoding
pr epr oBDNF naf"ﬁ@’p&@oné’d‘qawﬁﬁapm FuEEeTq Trom, e¥Gess ive, prasmetion ot
transfect COSBDNF salyy behdrc alesdi o snohh dreatmdntdl ( G -BDRFCkayana,

1557, 01 e Al cah Bl S, NS 4 ARkl 0o ool ot
| DENTI FI CATI OvegepenatiorCoff @ensory neurons (e.g. post-operatively),
' or, as discussed supra, in the treatment of chronic pain

10 gyndromes. In light of the high levels of BDNF mRNA found
in neuroblastoma tissue, it is possible that BDNF serves as
an autocrine tumor growth factor for neurcblastoma;
accordingly, anti-BDNF antibodies can be administered
therapeutically to achieve tumor regression in a specific

15 embodiment of the invention.

5.10. PHARMACEUTICAL COMPOSITIONS

The active compositions of the invention, which
may comprise all or portions of the BDNF gene product,
including protein, peptide fragments or derivatives '
produced therefrom, or antibodies (or antibody fragments)
directed toward BDNF protein, péptide fragments, or
derivatives, or a combination of BDNF and a second agent,
such as NGF or skeletal muscle extract, may be administered
in any sterile biocompatible pharmaceutical carrier,
including, but not limited to, saline, buffered saline,
dextrose, and water. .

BDNF protein, peptide fragment or derivative may
comprise an amino acid sequence or subsequence thereof
substantially as depicted in Figure 1 or Figure S$: it may
be preferable to use BDNF protein comprising, in
particular, all or a portion of the amino acid segquence
from about amino acid 134 to about amino acid 252, as
depicted in Figure 1, or a functionally equivalent




OF THE EXPRESSED GENE PRODUCT 25 i Once a reconbi nant which

expresses the BDNF gene is identified, the gene product should be anal yzed.
This cap be achi eved by assays based on the physical or functional .
properties of the product. Once the BDNF protein is identified, it may be
30 i'sol ated and purified by standard net+@¥s i ncl udi ng chronat ogr aphy

(erg., ion exchange, affinity, and sizing columm chromatography), '
centrifugation, differential, solubility; o of her standard_t echni que
for the puri ff’%@f?’%‘ﬁe of2%r =ity sf’ﬁgegﬁ'ﬁc{? %ﬁ%‘f%{)e 4 icé’?pﬁéﬁebghe -44-

eval uat ed usi fignahionab\peENm ofsihe BRRF mpleculri rBRANF mayt bd to, chick
oG o Ao Estedonain seduinas sorkabpasting e oy seleglor
b ai 41 sue. SPEcERLERTre AR, thea UBLRGE Spie Bed LA eo T himah
el ect r ophor espdg,wsatd ?hzkkﬁﬂh BRME WiedehsheepP noyodtl |catactbabbiuceto. t he
presence of.snresi dual SDSrpSadsburd G£TRORREProt&SR, péptidd ErRmeard Cel |
gt on - eBes R fheflay icn BHEEDE! pREASER, MOS0
BDNF whi ch i s tresgment ofom parbimilnmdisgrierconcrandbtion widladepghdch is
free of SDS t g ¢h@ @ature 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 ﬁitro, e.g. in the BDNF 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 BDNF protein concentration of between about
5 and 25 ng/ml, and, preferably, between 10 and 20 ng/ml'of
BDNF. In an additional specific embodiment of the
invention, a pharmaceutical composition effective in
promoting the growth and survival of dopaminergic or
cholinergic neurons may provide a local BDNF protein
‘concentration of between about 10 ng/ml and 100 ng/ml.

Methods of introduction include but are not
limited to intradermal, intramuscular, intraperitoneal,
intravenous, subcutaneous, 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.
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possesses full activity. For exanple, and not by way of limtation, the
anti - BDNF anti bodi es of the invention (such as antibody directed toward the
B5-33 amino acid fragnent of 15 porcine BDNF, described in Section 11,
infra) may be used to collect reconbinant .gRNF by i nmmunoprecipitation or

af fi'nity chromat ography, thereby producing detergent-free, fully active
BDNF. In a further enbodi mnent of the invention, prepro 20 BDNF nay be

converted to active mat uFfarBher,critymay dbal kdesixable thomdmmnnﬁuer the

d i 7 D
NEUROTROPH! & ERETApCsitieaT iigosittond] ok ang ritlentlan, Sodd iy cd-Ehne"
net hods det ai P&@asdpr negdd afh toeatpantse thishay hey arhiewed; b&trhef"r

fol I owi ng nucleXatpl@,d a3 YR ¥y WRIE diethmumoxﬁ.mddﬁ rimidmpondl ng

am no aci d seguences deduced. .Th ne BDNF _cDNA s éﬁguencqﬂﬁé§ b

det ermined, . aMPEANGH SHESERY « YL igTiectiony, Y, Aeans, ST BY

sequence W detmaﬁad!,n dmpllmtiepsa:ﬂtdadmpidiﬂgtbeirfg Wi @h posy asEnt S

DNA sequences Jfd. é)lg) r i jaach id helr

functi onal Lﬁ ent s, r can abe used I’l%lr(l'f\éa}:ccor ‘dance Wt%l on

- 45- as sialastic membranes, or fibers.

' The invention also provides for pharmaceutical
compositions comprising BDNF 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 BDNF and BDNF-related products.

It is envisioned that it may be possible to

10

15 introduce cells actively producing BDNF, BDNF related
substances, BDNF antagonists, or anti-BDNF antibodies into
areas in need of increased or decreased concentrations of
BDNF.

20 6. EXAMPLE: MOLECULAR CILONING AND CHARACTERIZATION

OF PORCINE BRAIN DERIVED NEUROTROPHIC FACTOR CDNA
The extreme rarity of BDNF protein in tissues
precluded the use'of standard strategies toward cloning the
BDNF gene. Instead, a limited amount of protein sequence
26 data was expanded, utilizing DNA amplification technology,
~ as follows:
(1) Microgram quantities of BDNF were purified from
kilogram quantities of porcine brain.
(ii) Purified BDNF was analyzed by protein
0 microsequencing techniques, and the amino acid
' sequence of a stretch of 36 amino acid residues
was deternmined.
(11i) Based on the amino acid sequence determined in
(ii), oligonucleotides were synthesized and then




Additionally, the invention relates to BDNF genes and proteins isol ated
from porcine, bovine, feline, avian, equine, or canine, as well as primate
"sourceg and any other species in which BDNF activity exists. The invention
is further directed to subsequences of BDNF nucleic acids 5 conprising at

| east ten nucl eotides, such subsequences=6@rpri sing hybridi zabl e portions
of* the BDNF sequence which have use, e.g., in nucleic acid hybridization
assays, Southern and Northern blot analyses, etc. The invention also

provi des for BDNF prot eM$edadf PTARENS Mo RPlymeFase, shaiss neastdon,

?600rdi ngl to the th' no &@%dxgswmegs s'i;@ilexfi@rﬁ k011 ichQise eDhad @ 5 or their
unctional equival ents. invention al so provi.des fragnents or
derivatives of BDNF-pr ottgﬂli"é‘% c?d'{iﬁxi i'-'é’ m&d&& ﬁﬁd‘e%@r"tﬂ the,,

whi ch are functionally sefilned aminese¢ith fragrent.functionally active

shal | nmean havi ng (AR 1 ipte A \Wdaktid J‘progcrﬁgls)ngFs f g € 9.

chi ck enbrgyo DRG assays. For exanple, t nuclelic a equences depi ct'ed
in Figures 1 and 5 can By t er ed by substitutions, 20 additions or

gel etions th?t pr low)?edfcﬁnfe_wpﬁxidmj |M£§Bﬂ\itﬂiléﬂﬁid&)|pi€$ﬂé¥s vaie to the .
egeneracy of nucl eoti . S€ . e yences whi.ch encode
substantially the sanme }%%%@%%&1&4&%&%0 %ﬁ%eqﬂsg%rc&ga and 5
may be used in the practiteaction with aereims superion colientl usicDide but
are not linmited to nucl aQ i §knSRate GRS PP | Fhhdntd PPiNPNs of the

BDNF genejg _representing BDNF mRNA upstream as well as
downstream of sequences encoding the original 36
amino acid fragment. Thus, the complete coding
region for porcine BDNF was molecularly cloned

_ in two overlapping fragments.
15 The details of each of these steps, as well as further
characterization of the BDNF gene, are set forth below.
. 6.1. MATERIALS AND METHODS
6.1.1. PURIFICATION OF BDNF FROM PORCINE BRAIN -

. 20 Purification of BDNF from porcine brain was
performed by the procedure essentially as set forth in
Hofer and Barde (1988, Nature 331:261-262).

Six kg of pig brain was homogenized with an
Ultra~Turrax homogenizer in 0.2 M sodium phosphate buffer,
25 pH 6.0, containing 1 mM EDTA and freshly added
phenylmethanesulphonyl fluoride (1 mM) at a ratio of 1 kg
of brain to 2 liters of buffer. The pH of the supernatant
was brought to pH 4.0 with 1 N HCl and stirred for 2 hr at
2 4°C. After centrifugation for 25 min at 20,000 x g the

combined supernatants (adjusted to pH 6.0 with 1 N NaOH),

" corresponding to 3 kg of brain, were stirred for 2 hr with
1 liter of preswollen carboxy-methyl-cellulose which had
been equilibrated with 0.1 M sodium phosphate, pH 6.0.
After two washes with a total of 20 liter of 0.1 M sodium



v

depicted in Figures 1 and 5 which are altered by the substitution of
different codons that encode a functionally equival ent am no aci'd residue
Wi thin £he sequence, thus producing a silent change. Likew se, the BDNF
proteins, or fragnments or derivatives thetred¥, of the invention include,
but~are not linmted to, those containing, as a prinmary amino acid sequence,
all or part of the anmino acid sequence substantially as depicted in Figures
1 and 5 incl uehegphte, pH46.0, theeBlurhvieWaesPPUradi éntpuacepdnmni gnd

equi val ent anﬂzﬂ@h@&'Qvé@ﬁl?li‘&fiﬁ[\ﬁhéubiﬁétBﬁﬁde&oboheaiﬁﬂﬁé 0.8 g Whe:. g
sequence res ent_ . chan r 0 e anm no aci
regldues MAtH$ﬁ£¥ﬁ% gﬁﬁﬁgiegscgﬁrﬁeggﬂﬁga Yg§5n8b§sgﬁ8§ﬁeP ggﬁﬁo acid of a
simlar pol ar¢onptsinkhghOabt¥ HaCi andcsubaaquequlyaﬂénﬂyzeésabhingtin X
sil ent aIteraglQgte§ug§t5tﬂke§oﬁggs§gmaghag W%Ehgngthengqggggﬁzgay be

sel ected fgom ot her nbers_o | asS to am .no acl ongs.

For exanpl ?ﬁécﬁéﬂﬁﬁlﬁFsPﬂ§éPSpﬁSBPc?r8ﬁFﬁ§ &Elasxlﬁcﬁﬂdé fashardng
| euci ne, 10 lnateniameweréla 1iﬂaotbna,1Bbeﬁllbbanwaaumbrh@HQbhgapa&dte

Chreoni ne. " cySeaRRE vpiEl hia ?s%ﬁp%ﬁél ﬁgus S CGRL AT Ra S A
charged (basi pptassivmaphdsphate, pH 6.8. The column was then eluted
with a linear Qradient composed of 500 ml of S mM and 500
ml of 700 mM potassium phosphate, both pH 6.8, whereby the
BDNF activity was eluted at approximately 500 mM potassium
phosphate (see Barde et al., 1982, EMBO J. 1:549-553). By
addition of 1.0 M potassium phosphate, the pooled active
fractions were adjusted to a final molarity of 700 mM
potassium phosphate and applied to a 5 ml phenyl-sepharose
column equilibrated with 700 mM potassium phosphate, pH
6.8. After washing with 40 ml of the same buffer, BDNF
activity was eluted with 0.1 M potassium phosphate, pH 6.8
dialyzed against distilled water, and lyophilized. The
lyophilized material was taken up in an SDS-gel
electrophoresis sample buffer containing 0.1% SDS and no
mercaptoethanol as described in Barde et al. (1982, EMBO
J., 1:549-553), before being applied to an SDS-gel
comprised of a linear (rather than exponential) gradient of
10-25% acrylamide. After completion of electrophoretic
separation, the gel was briefly stained (10 min) with
Coomassie blue, destained for 20 min, and a band migrating
at the level of cytochrome c was cut out and
electrophoretically eluted from the gel. SDS was removed
as described Barde et al. (1982, EMBO J., 1:549-553). The
purification procedure that eventually led to the
microsequencing of BDNF was modified (according to Hofer

. . and Barde, 1988, Nature 331:261-262) and does not make use
of gel electrophoresis as the last step of purification.

10
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I nclude arginine, lysine and hi.stidine. The negatively 15 charged (acidic)
am no acids include aspartic acid and glutam c acid. Al so included within
tthe scope of the invention are BDNF proteins or fragnents or derivatives

t hereof which are differentially nodified during or after translation,
e.g.y by glycosylation, proteolytic cl eavag'e6,4'20 | i nkage to an anti body
nmolecule or other cellular ligand, etc. Additionally, a given BDNF can be

: nutated_in vitro or in yivoz tosg&ggge gﬁgﬁg& dgﬁbﬁg c& nslation, _
initiation, and/or term nation sequences-ur-gv-creaﬁe—gg variations in

codi ng regions and/or for BNy Yas@ithen Feanrrnerd ciirectivs(%h PRaYe B3
![Dreﬁxi sti n]9 OneFatdrn jrasd Iﬂkyz a&ﬁriwratim drfhlw'é:[ég, r@ﬁl{imtixlﬂi’ti_ﬁ' i?ld ?f
echni que for enesi wn in art, C u i ncludj n no
limted to, inrﬂ\ﬁt °n"s? th‘?‘a?fﬁb%t%imt "g’@ﬁé&ﬁ l(fﬁi‘ﬁf’h%’on?r e‘Edi%?q"e 1?73,
J. Biol. Chem £x5i3a3&5i) 5 use 10 AABDNR niixron (Phiikffexrent prteparatichs)
5.7. GENERAYI -éﬁV% é;%ﬂ ﬁgﬁgﬂ{gfiﬁ | .
According to t%ﬁv‘ﬁir\ﬁal%n pr%%&ér\ll, or gn&?@%ﬁjﬁg%/a '|v57s$8°1”g

thereof, may beSusAMEens Vi Miles) MaeRA9ed £7itS -AHBDNA i 2 H
Pr evi ous attenpmm4¢mh, PH 8.0 containing 10% acetonitrile (total volume:

50 pl) and incubated overnight at room temperature.

Trypsin: 1 ug TPCK-treated trypsin (bovine pancreas,.Sigma
10 Type XIII) was added to 8 ug BDNF in Tris-HCl (0.1 M, pH
8.0) containing 10 mM CaCl2 (total volume: 40 pi) and
incubated overnight at 37°C. Cyanogen bromide (CNBr): 10 ug
BDNF were incubated for 3 hours at room temperature (total
volume: 60 upl) with 10% (w/v) CNBr in 70% (v/v) formic acid
(final concgntrations). After addition of 500 ul H,0 at
the end of the reaction, the sample was concentrated to S0
sl in a speed-vac. 50 pl Tris-HCl (1.0 M, pH 8.0) were
added together with 5 gl g-mercaptoethanol and the sample
was incubated overnight at 37° C. After addition of 5 xl
iodomethane, the'sample was evaporated to dryness on a
speed-vac. Reduction and alkylation of BDNF after CNBr
¢1eavage were found to be necessary: no fragments were
obtained without reduction, as revealed by HPLC and Swank-
Munkres SDS-gel electrophoresis (Swank and Munkres, 1971,
Anal. Biochem. 39:462-477). This indicates that disulfide
bridges are present in BDNF, and arrangéd in such a way
that none of the cleavages can give rise to free peptides.
After all cleavages, the dried samples were resuspended in
0.1% trifluoroacetic acid (TFA) and applied onto a reverse
phase C8 microbore HPLC column (Applied Biosystems) and the
peptides eluted at 0.1 ml/min, using a 60 min linear
gradient of 0-60% acetonitrile in 0.1% TFA. Detection was
at 214 nm with a Waters 441 UV detector. The peptides were
sequenced by automated Edman degradation on a gas phase

15



5 produce an anti-BDNF i nmune response have been unsuccessful, possibly
because of the small quantities of purified BDNF avail able. By providing
Tor the;production of relatively abundant anounts of BDNF protein-using

r ecombi nant techni ques for protein synthesigg{based upon 10 the BDNF
nuclei c acid sequences of the invention), ‘the problem of insufficient
quantities of BDNF has béen obviated. To further inprove the |ikelihood of

produci ng ‘an anicrdidduencene(nadebnEE0A tApphiedoBicsystensiencacobr&Ig 15
Ty be analvzoh WG T (1dhd 491 | BYoPO'ERER Shelh5eiR)EEH Cai oh Y De

associ ated with increase no no acid
sequence nay Bgnyﬁﬁ?%blikl(¥PQ§M¢M#E#°%§aE9§Y§°¥0 £227236)s f aBetection
epi t opes, accqmll tmf‘ﬁniﬁéf‘@di&é er@paendemeeﬂseélﬁﬁlmees &ieg. Natl.

Acad. Sci . - 3828) whi c e uccessfully used to
i dentify antlgg é%t OB 28D at s§%£ §S7SCe antigen. Alternatively,
t he deduced®ani no acid sequences of BDNF fromdifferent species could be

conpared, and relatively qﬁog raom)l B SF Dl WslA®E these
u mgg¥gﬁgégiﬁq;TﬁanTﬂﬂﬂﬂmﬁﬂﬂTf

non- honnlogous regi ons wo acr oss
vari ous species. For prepﬁiﬂt96&°E#°nBNchBﬁaFSQAPFBGdFS§°H¢Féﬁt§8 £b&ar d

BDNF, any techﬁeﬂuedwbrCheﬁfﬁahﬂeanaorribehaﬁedwqbsoo Betheasbedyyavlccul es
by conti nuous Lé i O in culture may be used. For exanple, the
hybri doma tech i BF ally devel oped by Kohler and MIstein

For preparation of cDNA, total RNA was obtained

from a 6 gram sample of superior colliculus of pig brain.
The tissue specimen was obtained, dissected and frozen in
liquid nitrogen at a local slaughterhouse. Standard
methods (Okayama et al., 1987, Methods Enzymol. 154:3-28)
were utilized to extract the RNA. Eighty ug total RNA was
transcribed with the reverse transcriptase of the Moloney
murine leukemia virus (BRL, according to the manufacturer’s
instructions except for the addition of 1 ul RNasin and the
omission of actinomycin D), using the primer mixture
CGGATCCGAATTCTGCAGTTTTITTTITTIT with A, C or G as terminal
3’ nucleotide (oligos; designed to match a 3/ poly-A

stretch and containing recognition sites for BamHI, EcoRil
and PstlI).

15

6.1.4. POLYMERASE CHAIN REACTION
. Polymerase chain reaction (PCR) was performed
according to the method described in Saiki et al., (1985,
Science 230:1350-1354).

6.2. RESULTS AND DISCUSSION
6.2.1. RESULTS OF PROTEIN MICROSEQUENCING
The results of protein microsequencing are
presented in Table IV.




(1975, Nature 256:495-497), as well as the trioma techni que, the human

B-cell hybridoma techni que (Kozbor et al., 1983, |munol ogy Today 4:72),
and t he EBV- hybri doma 35 -48- techni que to produce human nonocl onal
anti bodies (Cole et al., -1985, in "Mnocl onal Antibodies and Cancer
Therapy," Alan R Liss, Inc. pp. 77-96) Z®f&rthe |ike are within the scope
of- the present invention. The nonocl onal antibodies for therapeutic use my
5 be human nDnocIonaI antlbodles or chlnerlc hunan nouse (or other speC|es)
nonocl onal af u TrorotHe ; .

5 +—of
numer ous techni ques knomn in the art EAE@E__!Teng et aI : 1983 Proc Nat | .
Acad. Sci. U. S. A _80:7308-7312; Kozbor et al 1983, | mmunol o Today 10
4:72.79: Q sson EXPERIMENGALIY, DETERMINED,PERFIDE BPOUENGE-OF BONE | body

nmol ecul es { epar ed containing en-bi nding domain with
human const a tg?ﬁgf %@ (Morrison et al® ﬁé@%eﬁé$g Nat|. Acad. Sci.

U S. A 8lg6851y¥8Takeda et al., 1985, hﬂYﬂA&DKKﬂAﬂBZ) 15 Vari ous
procedures knogyg in the art may be useﬂv§9§ ypgEction of polyclonal
antibodies to gﬁltopes of BDNF. For the uc?%gn o# antlbody, vari ous
host ani mals c&¥BBe i muni zed by i nj ec¥ WVFYPEKEEKF $dtein, or fragnent
or GYTKEGXRGIXRGI
Trypsin - (T)AVDMSGGTVTVLEK
10 Trypsin. ALTMDSK -

Combined sequence ' VTAADKKTAVDMSGGTVTVLEKVPVSKGQLKQYFYE
underlined amino acids represent sequences encoded by
oligonucleotide primers used in PCR; see Section 6.1.2.
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Four contiguous segments of amino acid sequences were

determined using Edman degradation, which could, in turn,

be used to deduce a sequence of 36 amino acids representing
20 approximately one-third of the entire amino‘acid sequence.

6.2.2. SYNTHESIS OF OLIGONUCLEOTIDES AND
USE OF PCR TO OBTAIN DNA ENCODING
AN AMINO ACID FRAGMENT

Two fully degenerate 17-mer oligonucleotide
26 primers were chemically synthesized, based on the coding
sequences for segments of six amino acids near the amino-
terminal and carboxyl~terminal ends, respectively, of the
36 amino acid residue fragment described in Section 6.2.1.,
supra. In particular, two separate mixtures of 17-mer
30 oligonucleotides (corresponding to all possible codons and
designated oligol and oligo2) based on the sequence AADKKT
(sense) and KQYFYE (antisense) (underlined in Table III)
.were chemically synthesized, and 150 pmole of each primer
“were added to 1 ug pig genomic DNA template. Thirty-Five




‘derivative thereof, including but not limted to rabbits, 20 niCe, rats,
etc. Various adjuvants may be used to increase the inmmunol ogi cal response,
dependi-pg on the host species, and including but not limted to Freund's

(conpl ete and inconplete), mneral gels sugdyas al um num hydroxi de, surface
acti-ve substances such as |ysolecithin, pluronic polyols, 25 polyanions,

peptides, oil emulsions, keyhole |Iinpet henocyanins, dinitrophenol, and
potenti al | y usefplificetionjcpcies werd parfBothédBusing O npolwndrmse n)
and, Coryneba i - SEd Ny ' BONE
epi't ope can b?’ﬁ‘%‘?}%‘%ﬁn‘?ﬂe i ufel?n@RoeS%hngi ﬁgﬂﬁwﬁyﬁfhﬁ)ﬁol ogy
(see e.g., Mafiaufaghurgre (GRPReARp| oc Ferkinghlmer 2etWSbratory Manual ,
Col d Spring Hlajém!tdﬁmtm olty's Cﬂc:i do&nc i fgr Honéomindew, YPrkherbanh€aliseg t o
construct nuclgic - 49- [ ' o] n o} .
ant i body no] ecat? efé.g? ?\’fi%enrl\f,& n%‘ﬁ% %?%n%éggggﬁ %ﬁt?%ggygﬁ%l g%f‘%é
may be puri?i ekl DNA ek ofctie gpuedicted, sizeu(dabsbpptvas cut out from
| munoaf fi ni tya i CAGARGEEPG¥L ﬁ&&ﬁé&%ﬁﬁﬂ'éwﬁabﬁﬂsbﬁaﬁhdéf kR&C (high 5
performance |iquid chromato rgg-xl or a conbin tlgn t hereof, etc,
asymnetricall plified as described by Innis et al.
(1988, Proc. Natl. Acad. Sci. U.S.A. 85:9436-9440) with a

100-fold excess of either oligol or oligo2.
10
6.2.3. NUCLEOTIDE SEQUENCE OF cDNA FRAGMENT
The resulting sense and.antisense.DNA fragments
were sequenced by the dideoxynucleotide chain termination
, method (Sanger et al., 1979, Proc. Natl. Acad. Sci. U.S.A.
15 72:3918-3921) using the 32p end-labelled oligonucleotides 1
and 2 as primers. The observed nucleotide sequence
contained only one open reading frame uninterrupted by a
chain termination codon. The deduced amino acid sequence
for this open reading frame was completely consistent with

the actual amino acid sequence determined for this region
of porcine BDNF.

6.2.4. CIONING OF THE ENTIRE PORCINE BDNF cDNA
The complete coding region for porcine BDNF was

molecularly cloned in two overlapping segments. In order
to obtain the 3’ portion (relative to the sense strand) of
the BDNF cDNA, a 30-mer oligonucleotide primer containing
21 bases of exact sense strand BDNF sequence, from within
the region described above, was synthesized to serve as a
"gense primer". The nucleotide sequence of this primer was
oligo 4, (5’)AAACTAGTCGACGGCAGTGGACATGTCGEG(3’)
{underlining indicates the sequence corresponding to sense
strand of hDNF, from positions 643 to 663 on Figure 1,
encoding the amino acid sequence Thr-Ala-Val-Asp-Met-Ser-




Ant i body fragnments which contain the idiotype of the nolecule can be
generated by known techni ques. For exanple, such fragnents include but are
not lisited to: the 10 F(ab')[err] fragnent which can be produced by
pepsi n digestion of the antibody nol ecule; the Fab' fragnents which can be
gererated by reducing the disulfide bridggg-of the F(ab')[err] fragment,
and the 2 Fab or Fab fragnents which can be generated by treating the

anti body nol ecule with papain and a 16 reducing agent. Exanple Section 11

descri bes thelyr fdrati ewcobaselsyoifocaly sodiongna dmhechdditewnad he B5- 33

REBT ol s aR e s A A B S o fFXIWEY%éa‘& | Bete Q"%@I‘léiogf B
gene encodi nPrepiides forgeniento Festrics ion radanucleage: sleavagealsideshat

this protei nfrea»sswyt S gall 8l frTuse iin #dllerulde Cliing.2) A 25 The
primary sequg__ ce okﬁg&sge BDNF, as wel | §§1it he nera,l struycture and
probabl e nod draed igey prd@med; M3yl v t hat
the NGF arkl ngzﬂe&mme funnm]mmdnxmi—yf Wnaamm aﬂtqﬁmya-lA gene.

}N;\E Plogufsgg rﬁgeﬁﬁﬁ&tﬂxq nces o op z’e rfaltofcﬂ%r}l ol h:{heéteaﬁ%q“%fe %fq:a%
aci d identitis GNA cARDEQ FaH@in é&ﬁmlﬂ'—mwﬁ-ﬁﬁéﬁr &herany speci es
and to porci neestyl deieH dlddnudidiced G, BcdrYC, Wi Pdesl X hest ei ne
residues, SUQQEStIrELtr¥H IEE antisensgﬂ]grlmer (oliag 3) was
10 (57)CGGATCCGAATTCTGCAG X(3'), where X=a, C, or

G. The synthetic oligonucleotide primers were utilized to
amplify sequences from the porcine superior colliculus cDNa
preparation described above, by PCR. Specifically, the 3’
amplified DNA was obtained by using 10 ul of the reverse
transcription reaction, 150 pmole of the sense primer
(oligo 4) and 150 pmole of oligo3 as antisense primer in a
PCR reaction. A Southern blot analysis was performed on
the amplified DNA products and the band giving a
hybridization signal with the 32P-end—labelled
oligonucleotide AAGGATCCTGCAGTTGGCCTTTCGAGACGG (oligos,
used as antisense primer in the 5/ reaction described below
and containing recognition sequences for BamHI and PstI)
was cut out, extracted by the glassmilk method (gene
clean”, digested with EcoRI and SalI, cloned into a
Bluescript st plasmid (Stratagene) and sequenced. _

In order to obtain the remainder (upstream or 5’
portion) of the BDNF coding sequence, cDNA was prepared as
described above, and poly-A tails were added at the 5’ ends
using terminal deoxynucleotide transferase. The sanme
mixture of three 31-mer oligonucleotides each containing a
stretch of 12 consecutive_T residues, described above, was .
used to give a primer complementary to these added poly-A
tails. A unique 30-mer oligonucleotide primer containing
2% 17 bases qorresponding to the complementary strand of éhe

15



36 simlar secondary structure. Furthernore, four segnents of six or
nore am no acids can be seen in which NG-s fromall of the species |listed
“above and from porcine BDNF are either identical, or differ by no nore than
about one conservative am no acid substitaggon. Thus, it is 5 reasonable to
concl ude that NGF and BDNF appear to be closely rel ated nenbers of a gene
famly. A rational search for additional nenbers of the BDNF/ NG- gene

fam |y may b@DRF rdettingitsedpieryen appmhﬂh redgntdan asiteed afper of t he

unanti ci pat e 938 %}ﬂg@ ) ogy
bet ween NGF a te W ogne%ga}rﬁr‘p a |'t"|-0nal :ﬁgr t# gene

fam |y may bé‘h%aﬁmm IRE i tpRkper (VAR anong a di verS| ty of nucleic
acid sequence(fs')tabmmmmmdm@m@m {1 8504, P, and

further |dent|f The, .15 sel ctea uences, tMHos hat al so
contain nucl ert %%%M%aqﬁﬁﬁ cﬁ‘P%\r’ée ?f‘h%m TR N2 t}?ﬁl HHRES
The term "horstnand @b kite mod ing coegiencel 0O BRER, atrmglmsintnmms CD08 ai ns
at | east abouyle GegPrdd wg Sed atg é‘@%k‘é
nucl eoti des (l}f'ffer from Qa;%i ’2%% chienlc-]ue g%h éeé?erre odi nent of
the inventi orﬁmﬁmmst%em%mm 9 seqwence C%F?é%‘b%%dw@ BasescPL of t he
f our codon) ~Val-Ser-Lys-Gly~-Gln. The primers were added to the
poly~A-tailed cDNA, and amplification by PCR was carried
10 out as above. The reaction products were cut with PstI and
cloned into Bluescript vector and the nucleotide sequence

was determined by the dideoxynucleotide chain termination
- method.

15 6.2.5. NUCLEOTIDE SEQUENCE OF PORCINE BDNF cDNA
The combined nucleotide sequence determined from
the overlapping porcine BDNF cDNA clones is shown in Figure
1 together with the deduced amino acid sequence. _The
sequence comprises an open reading frame for a polypeptide
2 of 252 amino acids. The identification of the initiator
) Met codon (ATG) is based on the presence of two adjacent
chain termination codons (TAG-TGA) in the same reading
frame, beginning 36 base-pairs upstream. The amino
terminus of porcine BDNF, determined by direct sequence

25 analysis on purified protein corresponds to residue Hisl34
of this polypeptide. Thus, the sequencing data show that
mature BDNF is derived by processing from a precursor
polypeptide. The residue Hisl134 is preceded immediately by

2 the sequence Arq-Val-Arg-Arg. Such sequences of one basic

amino acid residue followed by a neutral residue and then
two more basic residues have been implicated as target
sites for proteolytic processing of precursor polypeptides.
The deduced amino acid sequence of mature BDNF predicts a
protein of 119 amino acids (molecular weight 13,511



conserved segnents ("boxes") described above and set forth in Table 111
infra, sets of degenerate oligonucleotide 25 probes of at |east 18
nucl eoti-des may be synthesi zed, representing all of the possible coding
sequences for the am no acids found in eitf;g.hK}ior'BDNF over siXx
cont iguous codons. Nunbering with respect t©9°The ami no term nus of the
mat bre pol ypeptides (so that [err] of preproBDNF is 30 treated as Hisl in
the mature proigids - e bg,£harac |z1%g ol | ows
(nunbered rel atﬁ/e.?so)t %ﬁ%xg%n%%‘g%eé%ro B ﬁ%f DI\%%%%Ue ceg%ééldié%i cted in
Figure 1). 35 consigtentppyith prexicwscharactexization of BDREK by dylO
- Ser19 BDNF evé&lyd#tion &erBfologbSaihyCadtBes factor afteEFNEF g L¥S50
- Cys58 BDNF c 713- Box, 3: . \ -
Asp72 BDNF g*%‘;?&-‘?%%gé? twaldiadidioRi ge1 electypphitresis pogrne
Cys110 10 ~ amino §°1d seg@pRce OITpQﬂtionﬁyet1&DNF86€t83@iﬁg®thmtic_
%L?E“Ffl e0B| goefiulaivggﬁi-aem;ﬁéﬂeﬁﬂge(Qataéaira@ E§CalPXESacEd FOELIGuLL)
y is gn complete agreement with the amino acid sequence
deduced from the nucleotide sequence of .cDNA clones
(underlined in Figure 1). The sequence of the precursor

polypeptide is consistent with processing of BDNF in at

10 least two steps: first, a signal peptide of perhaps 18
residues would be cleaved from the amino terminus, followed
by cleavage between Argl33 and Hisl34 to liberate the
mature polypeptide. 1If this model is correct, then the
precursor could be designated preproBDNF.

15

7. EXAMPLE: BDNF GENE IS DISTINCT FROM THE
NGF GENE IN DIVERSE VERTEBRATE SPECIES

7.1. MATERIAIS AND METHODS
7.1.1. PREPARATION OF NGF AND BDNF DNA PROBES

20 : A plasmid containing a synthetic gene encoding
mature human NGF, incorporating the normal human NGF coding
sequence with a few conservative codon substitutions to
introduce convenient restriction endonuclease cleavage
sites, was purchased from British Biotechnologies Limited.

26 A pair of 18-mer oligonucleotide primers were synthesized
to permit amplification of a 270 base pair segment of this
gene, cbrrespgnding to the coding region for amino acid
residues 9 to 111, by PCR. In order to cbtain a labeled
DNA probe, a PCR reaction of 10 cycles was carried out with

30 32p_acTP. A BDNF probe was obtained by similar procedures, -
except that amplification was carried out using porcing
genomic DNA as the original template, and the segment
amplified corresponded to the coding region for aminoc acids

28 to 111 of mature BDNF. A complementary strand
» _ S




15 as priners to anplify by PCR sequences froma source (RNA or DNA) of
potential interest. This m ght include nRNA or cDNA or genom ¢ 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 (nanely: a primer 20
framBox 1 with a priner from Box 2; Box-&imﬁth 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 segnents
of conserved (Yantdsensadt)wpaineer corteBpihdingf tondhehaegdent 0f2amino
synt hesi ze s I I t e T h b ' y stil
Q6 196 ik Al dﬁ@p e{%?rﬁh%sﬁ.z'e\%‘%t %nfcp hatPth %qg'ehf:ga

be possible to carry out a com search a reasona mal " nunber
of PCR react i (319 AGATACAGHGRMGTIENG3 -0 PaBpnack sixand;eldgopucleotide
hybri.di zat i lorpr.ciﬁmii twad prépRrkdd) oy rohieg ridgd oiCd S edfiiricontid Q'e%|ik10‘dsl;] or 30
greater or 5 € ce rit tween the
unknown %ﬁgeﬁ?m%ﬁ%w&}%gﬁf&gﬁqd p?é\}ll%ﬁes )"d‘%novm menber

of the BDNF/ Nobrjchizatinm y(Senthern 147 Ssudoedtihd B0 h B8 :SOImSI7 Inay be
mol ecul arly GrpRieCldie SBM SpEerks ikl a7l At i Sdingeritate a .35
-52- complete ¢ rﬁgﬁﬁg&%c é#g e, This, inturn, will permt the

det er ni nat i or°Y? o % A% Hhi%t e nucl eoti de

7.1.2. SEQUENCING OF BDNF GENES FROM VARIOUS SPECIES
The same two 18-mer oligonucléotides_bracketing
the coding region for amino acids 28 to 111 of mature
porcine BDNF, described above, were used as primers to
amplify, under standard PCR conditions, 252 base pair
segments of genomid DNA of pig, rat, chicken, and human,
and the resulting DNA reaction products were sequenced by
the dideoxynucleotide chain termination method (Sanger et
al., 1979, Proc. Natl. Acad. Sci. U.S.A. 72:3918-3921). 1In
some cases the band of amplified DNA was cut out and
- extracted after agarose gel electrophoresis, and
reamplified prior to sequencing. In other.cases
reamplification was not essential.

10
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7.2. RESULTS AND DISCUSSION
Prior to the instant invention, BDNF protein had
"been purified only from pig. It was of paramount
" importance to demonstrate unequivocally that BDNF is not
simply the porcine nerve growth factor beta subunit (beta-
NGF, or simply referred to herein as NGF), the purification
and molecular cloning of which has not been reported to
date. This was especially critical because the previously
reported physical properties of porcine BDNF are virtually
identical to those of the S~NGF monomer from a variety of
species. The lack of a neutralizing antibody against
porcine BDNF, and the previocus lack of amino acid or




sequence, the analysis of its expression, and the production of its protein
product for functional analysis. The approach descri bed above has been used
to 5 identify a novel gene related to both BDNF and NG-, and described in
Exanpl e Section 13, infra. In addition, t¥e2present invention provides for
t he-'use of the BDNF/ NGF sequence honDIogles Iin the design of novel

reconbi nant nol ecul es which are nenbers of the 10 BDNF/ NGF gene fam |y but
whi ch may nothusleeptide mequenceoinfoamattonapd porchpewBDNBf madei d&tion, a

E: gcoﬂ)ls Infra]mt gﬂﬁé&%ﬁ%?ﬁdﬁgﬁih@tﬁ@eaéﬁﬂé@ EGl&ElBHthﬁ.ﬂ‘éﬁlanggﬁ BDNF
exﬂ?blt p?oBéPF*3§55 sot¥ AR ﬁf?ﬁeﬁﬁggfgﬁﬁFagStQﬁd°RE$rHﬁ gétEfrEengesove

profile of biin dpickbdgical vactieity nbétnean BONRi ahd NeFwamlighes for

t t F | b dict
?Qr??sr”'ys r OHEELY, SEMTY Pele) SR afBEe HehclRY 18 ROE BeNRREn 1B BR°
" Wbods, Terka Na@thencanecges (eogu. Bousey3: 982nightayesBbNFLrNGF
chi neri c reC%@ff‘éﬁéu@ﬁﬂf%é&ﬂkﬂch@iéﬁsbgnﬁﬁe' Rk abbtefin%aaet:atlborﬁ

bet ween tertl structu e and hi ol og Ii funpction. Likew se, chineric
genes conpri s é ﬁB?FFoF sgpeg {ecHe B 9nBFéiﬁeﬁﬁ§P§soP°BBRFFR&PV§§Wé
fam ly, incl uglland) heoaotebmnnaaefidambnbednaave&tamuyotini:&omy:elae into

coreturtes ond olLbATacr e LU OIS SRR cRRIR, Bl g © 10
brain.

If BDNF were found to be clearly distinct from
NGF, it was of great interest to determine whether the BDNF
gene is present in other species, notably man. Prior to
the instant invention, no information was available
concerning this point, because BDNF was purified from only
one species. The presence of neurotrophic activity
apparently distinct from NGF in a variety of crude extracts
and conditioned media did not imply the existence of a

substance identical or substantially equivalent to porcine
20 ppNF. | '
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" Comparison of the predicted amino acid sequence
of porcine BDNF with the known sequences of NGF from a
number of species (human, bovine, guinea pig, mouse,
chicken, and snake) indicated that BDNF is significantly
less closely related to any vertebrate NGF than the NGF'’s
are to each other (Figure 2). A striking feature of the
primary structure of mature BDNF is its similarity to that
of NGF; with only 3 gaps introduced in the NGF sequences to
optimize matching, 51 identities are common to the various
NGFs (from gnake to man) and BDNF (Figure 2). Importantly,
those identities include all 6 cysteine residues. Though'
the exact arrangement of BDNF’s disulfide bridges are not
yet known, it is clear that such bridges are present (Table
% III, legend). The 3 tryptophan and 2 phenylalanine



protein, peptide fragnents, or derivatives produced therefrom BDNF may be
.produced, for the first tinme, in quantities sufficient for diagnostic and

t herapeytic applications. Likew se, anti-BDNF anti bodi es, also avail able
for the first time as a consequence of the735 -53- invention, and BDNF
nucl.ei ¢ acid probes, may be utilized in diaghostic and therapeutic
applications. For nost purposes, it is preferable to use BDNF genes or  gene
product s froﬁﬁﬁﬁ?@ﬁﬁmﬁ%ﬂ@&ii§ BONF azenfound st tidenbical cppsipdens, in
aL%hgygh Cr ONGBPEMESaLisd! hbteoth?tBB:\lEsmhf%: ﬁﬁ?lci#riﬁdﬁegrihtbﬁt of 7
enbodi ments of_t ventign, 5.9. 1. sent
I nventi on, V\/r?{'bwgt 2u tg H&i‘ligﬂec (fgtag\ég?-lier&%%i%ﬁemg\gﬁdlﬁﬁggigggi ns,
pepti de fragreesitionsdini naimimaddagy NERs:@rich BRNF om Theseeb| aminanachdsgi es
directed agai islofhlF eREORBRRE BRA'Y W5t HFIAUALYESIABRY BT bektadn! ©
di agnose djseases and disorders of the nervous system which nay be
associ at ed® wi e a2 t BFatedns.i n Conversedd + there ixgmsemsrsgynﬁﬁngln

various enbodayppépefibebnBeitied BUNF RN LEDoNGREd T ¢hahaditdehcite hid
sequences and_subsequences,

3 gaps already mentioned, there are also 21 positions at

which the amino acids are identical in all NGFs, but
different in BDNF.

10 Most of BDNF'’s precursor sequence is unrelated

to that of NGF, with 2 exceptions: the putative secretory
signal sequence of BDNF shows 5 amino acid identities (out
.of 18 amino acids) and an overall striking relatedness with
the signal sequence of mouse NGF, where cleavage has been
~demonstrated to occur after an-alanine residue found in
position 18 after the translation initiation methionine
(Edwards et al., 1988, Mol. Cell Biol. 8:2456-2464). It
seems likely that the alanine also found in position 18 in
BDNF represents a potential cleavage site for the removal
of BDNF’s signal sequence. The other similarity with NGF
'starts at the only N~glycosylation consensus sequence
(double underlined in Fig. 1), corresponding to asparagine
126. This asparagine is located 8 amino acids before the
cleavage site giving rise to mature BDNF. The same
arrangement is found in several NGFs, as well as the _
sequence Arg-X-Basic-Arg as the last 4 amino acids of the

precursor (Schwarz et al., 1989, J. Neurochem. 52:1203-
1209) '
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Proof that NGF and BDNF are encoded by distinct
genes in a variety of vertebrate species was obtained by
preparing DNA probes from molecularly cloned human NGF and
porcine BDNF, and carrying out Southern blot hybridization
with with genomic DNA digested with restriction
endonuclease EcoRI. Genomic DNAs were analyzed from the



I ncl udi ng conpl enentary sequences, nmay be used in diagnostic hybridization
assays. The BDNF nucleic acid 20 sequences, or subsequences thereof
‘conprising about 15 nucl eotides, can be used as hybridization probes.

Hybri di zdti on assays can be used to detect, prognose, diagnose, or nonitor
condi tions, disorders, or disease states-a4sociated with changes in BDNF
expression, 25 including, in particular, conditions resulting in sensory
neuron damage and gegeneratlon of retinal neurons, Such di seases  and

condi tions i ACF4EEIRH: BIRECREF | PHPRBy RENERE: { FALmaBORRLar 8PFonPoVine.

i nfection, degbbétat chiéchenyeadds yeast . TaDNAnwasydigespedt whphr ECoRE,
changes i ncl

! t i
D sease, Hunggﬁa nQ! z ga %gegg §%é?gFH§é élseagggggﬁgaﬁéiggggﬁa For
exanpl e, tot ¥AtRNA |nPalFb§§Gé §§#ﬁﬂe“ﬁ?o§?§b9aﬂnén9 percineaBblifed for the

presence of BbYhelRN&in yw PlandswefCbpdeeved Witha@Reh! p%bBDNE &RNA s
35 -545 |nd|cat|ve

I t Rel at I f
BDNF. mRNA S SEIBBAR SERL AN PR d OBt ast ARl 58" SheSBa™8kct | on
14, infra, ftybddiddizing widttotdien®iGF, and BDNFe priobesedmodinyeeneof t he
i nvention, delfldith Yerd' YL H T dratt 210t Rl i1y, el C

although in some cases (e.g. mouse DNA), the EcoRI
fragments hybridizing to NGF and BDNF probes were of

10 approximately the same size, and could not be resolved
under the electrophoretic conditions used (Figure 3).
A portion of the coding sequences for mature
BDNF was amplified by PCR from genomic DNA of pig, rat,
chicken, and human, and the nuéleotide sequences
15

determined. DNA sequence analysis of the amplified region
from porcine génomic DNA exactly confirmed the sequence
results obtained with molecular clones from porcine brain
cDNA. The genomic sequences of rat, human, and chicken
BDNF for this 252 base pair segment were also determined

20 (Figure 5). Remarkably, in rat and human the deduced amino
acid sequence for the regiqn'of at least amino acids 28 to
111 was identical to that of porcine BDNF, although a
number of nucleotide differences (e.g. conservative changes
in the third position of a codon) were observed among the

2%  yarious species. In chicken a single amino acid
substitution was observed in this region; residue 61 of the
mature protein is a lysine in chicken compared to a
methionine in mammalian BDNFs. The sequence data, together

20 with the Southern blot hybridizatipn'experiment described

above, provided unequivocal proof that BDNF is encoded by a
highly conserved gene distinct from that encoding NGF.



5 acid probes can be utilized to di agnose neurobl astoma tunor. The
extrenely low | evel s of BDNF synthesized by nost tissues render BDNF nRNA a
particufiarly useful tunor marker. In alternate enbodi nents of the
~invention, 10 antibodies directed toward BpPBE protein, peptide fragnents,

or derivatives can be used to diagnose di seases and di sorders of the
nervous system including, in particular, sensory disorders and

degenerative di sease8. ofERhHPLSBlBXPRSSSEQNIOESBDHGSBNAIIUruEURouaa
di seases listed supra. TF 2 sed, for

exanple inin situ hybrldlzataoa teghqgggggsuauﬁgugug@@g sanples obt ai ned
froma patient in need of such §£€Iuﬁrr’_"r‘-"_TUTTﬁET‘EXanple t he

anti bodi es of the invention can £3ed§§H¥EEE§E2§AEEéEﬁ&es to detect
and/ or neasure anpunts of TBPAE REApwaseceixtiractiesis from adulitd femallectmice

s ing} 'yi.”syi Oghetaeauged;,eéo%ihget ”Bﬁ@%ﬂﬁ e ae Y9887 “n\é‘%ﬁ%as“zw &%ﬁol.

detect and esent I n t Ssué
An antibody of 1BA&3r28dnt i B¥iMfilan tﬁrment sissne WED@QM%@& P15 & s

i s described i %uS@ﬁHlinuinl thidcyaiate, khel 1idatle YEMTITRYed o Hahove

I nventi on, BDNg n tide fg?ﬁgg“%f or erlvatlves can_he used to
di agnose di sea$ &i"‘bdg?%‘é‘r supe PY&E SRt 2 £ e Qfar
enbodi ment and qenstidny i f lafortdadetatieo adjaG tddaltsn ed deibldi y aifeiln Sar g/ml.
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swinging bucket rotor (Beckmann), the RNA was resuspended
and precipitated with ethanol and 8 M ammonium acetate and
stored at -70°C. Electrophoresis was according to Lehrach
et al. (1977, Biochemistry'l§=4743-4751) on 1.3% agarose-

1s formaldehyde gels. The RNA was transferred to nylon
menbranes (Hybond-N, Amersham) and hybridized overnight at
62°C in 1 ml 2 X SSC containing 50% formamide with a 32p.
CRNA mouse BDNF probe (107 cpm, see below). Washing was
for 60 min at 65°C in 0.1 X SSC. After washing , the blot

20 Wwas incubated for 60 min at room temperature with 0.1 ug/ml
RNAse A (Pharmacia) and the film exposed at -70°C (with
intensifying screen) for 48 hours.

8.1.2. PREPARATION OF cRNA PROBE

25 A mouse brain cDNA library was screened with 2

independent BDNF oligonucleotides. ' Double positive clones

were isolated and subcloned into the ECORI site of a

' Bluescript skt plasmid (Stratagene). The nucleotide

seguence corresponding to nucleotides 350 to 829 of the pig-
30 sequence (see Fig. 1) was determined. 1In this sequence, a
total of only 4 amino acid differences were found between
mouse and pig BDNF, indicating a remarkable degree of
conservation of this domain between pig and mouse BDNF. A
single stranded RNA probe was prepared using this template



in order to identify aberrancies of BDNF receptor expression and
.consequently, potential abnormalities in the tissue or cellular response to
BDNF. -35 - 55 - 5.9.2. THERAPEUTI C APPLI CATI ONS The present invention,
which relates-to nucleic acids encoding BDNF, and to proteins, peptide
fragnents, or derivatives produced theref+mgs as well as to antibodies
di'rected agai nst BDNF protein, peptides, or derivatives, 5 may be utilized
to treat diseases and disorders of the nervous systen1mh|ch may be
associ at ed wiand thertl ipptynerase (Rromegabi BUMN- speebeic oncoivity obf rray

benef i t fronmgggpggf@béqwgg»{kamﬁg BDNF anti bodies. In various
enbodi nents of the invention proteln, peptide fragnments or

derivatives can be adm nistered to patients in whomthe nervous system has
been danmged by traunme, surg®.p. | RESULTS AND @ISOUSSION abol i c di sease,

par {1 cular-can be ueed (AOEERRPEM108 abeIVEIENES oadCes EAbele e o
to sensory5ne%XBﬁ§s§1°Be@$napNgangﬂhohncn¢$sﬁb§1aﬂqrauste@nﬂgeutﬁaal|ve
therapeutlc agPEBhés Of ﬁnghéfﬂtSlBtOénﬂfféégew£fégﬁEPf§rﬂédd@élﬂetbaﬁée
various speCILigsggg? affowing more rapid processing for RNA extraction
than pig tissues. A 2P-cRNA probe detected a signal at
about 1.45 kb in the brain (Fig. 4) and spinal cord (data
10 not shown). Significantly, no signal was detected in any
- other tissue including kidney, gut, lung, liver, spleen,
heart and muscle (Fig. 4). Assuming the size of the pig
mRNA to be similar to that of the mouse, the cDNA sequence

shown in Figure 2 represents over 80% of the complete mRNA
15 gequence.

A sigﬁificant observation in the delineation of
BDNF’s physiology is that the mRNA coding for this protein
was only found in the central nervous system and not in 7
non-CNS tissues. BDNF mRNA was found not only in total
brain (Fig. 4), but also in the spinal cord and the
superior co;liculus (the sequence presented in Figure 1
derives entirely from a superior colliculus cDNA témplate).
These data support the idea that BDNF is a target-derived
neurotrophic factor and that BDNF~responsive neurons are
either intrinsic to the CNS or directly connected with CNS
structures. 1Indeed, all the neurons known to respond to
BDNF so far. either project into the CNS, like the dorsal
root or the cranial sensory ganglia (Lindsay et al., 1985,
Dev. Biol. 112:319-328; Davies et al., 1986, J. Neurosci.
6:1897-1904), or are CNS neurons like the retinal ganglion
cells (Johnson et al., 1986, J. Neurosci. 6:3031-3038).
Clearly, detailed studies need to be done to examine the
exact distribution of the sites of synthesis of BDRF in the
CNS, but it is already evident that the distribution of
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of the invention, BDNF can be locally adm nistered to 20 sensory neurons
whi ch have been severed, including, but not limted to, neurons in dorsal
root ganglia or in any of the follow ng tissues: the geniculate, petrosal,
and nodose ganglia; the vestibul oacousti c=2&8rplex of the VIIIth cranial
nerve; the ventrol ateral pole of the maxillo- 25 nandi bul ar | obe of the
trirgem nal gangl.ion_ ang the ne ephalic trigem nal nucleus. It may be
desirable to & anyérthgeﬁﬁNagggF epg ﬁ€BPigBétoFGEDRFNbroFEPﬁdb}n
adsor pti on onmanyg nenkCNSctissyesa (Heuaahncetealt angosahagMsoudd be

i mplanted in §h oxh Bty vered e. p nt yi.agengign can
al so be used ?6§1g§aé%ﬁg'iﬁﬁkégpgnéﬁgg?ﬁé ggégVe?%ng ggiﬁénegg ﬂf%g i'ng
from di abet i cUn8uPopBRATEE1-E985) roNONeur opat hy nul tiplex. In further

- enbodi ments of the invention, BDNF protein or peptide fragnents or

derivativeg derivgd t . qxi -56- treat congenital
At T %%m,mmmm 3 to,
2 n

condi tions or neufbd ‘
Al zhei ner' s di sease, 8 < H - _
whi ch Parkinsgnianpfgnftonsvregakt gggggggggggg?nggggggdopaninergic
?gj;grz R zﬁ;rdgs'on- a gz?vx's Tf.S{ , A M GUA LIBRARIES t rophy
(OPCA), Shy-Drager SyndrReadult human retina cDNA library, in lambda-
10 ZAPII was obtained from Stratagene. A human placenta
genomic DNA library in EMBL3/SP6/T7 was obtained from
Clontech. A human fetal brain cDNA library in igtll was
obtained from Clontech. A rat genomic DNA library in
EMBL3/SP6/T7 was obtained from Clontech. Both genomic
15 libraries were prepared by partial digestion of genomic DNA
with Sau 3A restriction endonuclease and ligation into the
BamHI site of the vector. A rat brain cDNA library in
lanbda~ZAPII was obtained from Stratagene.

20 9.1.2. PREPARATION OF BDNF DNA PROBES
32?—1abeled BDNF DNA probes were prepared using

the same oligonucleotide primers described in Section
7.1.1., supra in PCR reaction with human genomic DNA in
order to amplify the coding region for residues 28-111 of

26 human BDNF. 1In parallel, a rat BDNF-specific 32P—labeled
probe was obtained, using rat genomic DNA as a template for
PCR.

9.1.3. SCREENING OF LIBRARIES
20 Lambda phage libraries were screened according
to standard methods (Benton and Davis, 1977, Science
196:180-182; Maniatis et al., 1978, Cell. 15:687-701),
hybridizing in 50% formaldehyde with dextran sulfate and
Denhardt’s solution at 42°C. Filters were prehybridized at




(rmul'tiple systens atrophy), and Guamani an Par ki nsoni sm denenti a conpl ex,

- and Huntington's chorea; in particular, the invention can be used to treat
congentital or 10 neurodegenerative disorders associated with sensory nerve
dysfunction and degenerative di seases of the retina. For exanple, the BDNF
pr-dotein, or peptide fragnents, or deﬂ\wﬁiggs of the invention can be used
I'n the treatnent of hereditary spastic paraplegia with retinal degeneration
15 (Kjellin and Barnard-Schol z syndrones), retinitis pigmentosa, Stargardt

di sease, Ushei eV s féﬁhéxﬂi&és REBEDE 0SPo WV Bdhie o | . a7y

i ol yncur Sty e vk chid4 4, FHE AL el e o los,

BDNF synt hesﬁxbnidimlwmeearma baat hin mmgumg:mﬁe:t ogEcdnly

- syndrortes Cheige! SEhREHaDYs SEARRLIRAD £ 1] | RlndlP WAL A Bl A her

sensory dysfunction. 'I'n ecl odi ment_ o

adnmi ni st r at i ®n RIBBAF ?P%t $,ars SROpETR §‘%%t"@’%ﬁ qRitted | v@sft(fé:rl ved
t heref ron$ cnybbmﬂssﬂim zﬂmwtﬁmv&ﬁhwrﬁ ceé-dnplmma’ﬁ iBDNPOf tissue

the t t h di d/o
i scussed | rPeke Yae 4884 6 doreds ndh getont DHE Hnd ﬁﬁ?@ﬁ
survi val . of Hﬁpaarﬁesglmtubmnmrebmngaa used te screaaniasaa'-
manner “(Fi guﬁﬁhﬁﬁd BERPR' EbRA 1i{6résfed! Eﬂ% % ewéz"@a%mtsé}(eened
| udi ng,

di sorders of am nergli c neurons, 1 Nnc ut not limte
human and rat NGF probes, prepared as described in

10 section 7.1.1. supra.

9.2. RESULTS AND DISCUSSION
At least 670,000 plagques were screened from each
library. Positive human clones were considered to be those
15 which hybridized with the human BDNF probe, but not with
the human NGF probe described above. BDNF genomic clones
were obtained from both the human and rat libraries at a
freqﬁency consistent with representation of the BDNF gene
at one copy per haploid genome. For both rat and human
20 genomic libraries, gpproximaiely one million plagues were
screened. Three positives were obtained from the rat
genomic library and one was obtained from the human genomic
library. Positive clones from the human retinal and rat
brain cDNA libraries were obtained at a frequency
2  consistent with a gene expressed at very low levels; in rat
brain cDNA, 2 positives were identified in 670,000; in
human retinal cDNA library, one in 670,000 clones were
identified. No positive clones were detected among 670,000
from the commercial cDNA library prepared from human fetal
brain. Nucleotide sequencing was carried out on human BDNF
cDNA and genomic clones, using synthetic oligonucleotide
primers representing exact sequences from within the human
and rat BDNF coding region, as determined in Section
7.1.2., supra. The longest human cDNA clone obtained had




Par ki nson' s di sease [particularly in Iight of data 35 -57- presented in
. Section 21, infra, which shows that BDNF may be used to prevent

neur ot;oxi city caused by MPP, a toxin which is associated with the |nduct|on
of a Parkinson's disease-like syndrone], 4 %n addi ti on, BDNF has been
observed to sustain the survival of CNS cholinergic neurons 5 (Sections 12
and 16, infra) and, in particular, basal forebrain cholinergic neurons,

i ndi cating 47ain@OPE §BYapgrusehutelp the toeat LBeRbpOf alasOkder s | nvol ving
chol i nergi c_neur on

| h di It
has been shﬁﬁﬂe?ﬁﬁé'aﬁﬁ?gﬁgﬂﬁgngeSSxﬁgF %ghPeTSeonpﬁﬁthgg%ﬁf pRot
Parkinson'shdmaaasannuaéeerﬁineﬂAhfherndireppeadpiéﬁﬁcatiBDNErpmouume@

accordi ng tgeﬂgﬁanﬂﬁﬂt'QE achgggég §q b eE%%BH'?S nt t herapy for
this diseas e produced accor "he i nvention
may be usedDFﬁégiﬁéuFP€HPF9eté“FﬂE&éSIQfAF?HﬁlEPWAS(§1§@E§e 5)n<d@eunct i on
wi th Dowh' sréyedledeanBbpenpireddiag ceaﬁédeﬁh@ddqﬁghe Yipeptideanhe used

in the trea

di'sorder s, PAInaELaplpeiae, FARIASEIEL RARE dRRCa, %eu%&a'? e

proliferati dengthaprecyrisar ¢cel tmxcﬁ.&&ewu Within the ofeghionF for
di m ni shi ng c3eeshdn@hg° o the mature BDNF polypeptide (e.g. from the
‘ codon for Hisl34 to the chain termination codon) no
differences in deduced amino acid sequence were found; all
nucleotide substitutions between pig and man were
conservative with respect to coding specificity. The
remainder of the putative BDNF precursor polypeptide showed
some amino acid sequence differences between human and pig,
most notably the absence in the human BDNF gene of 5 of 6
consecutive Ser codons seen in pig, resulting in a slightly
shorter polypeptide (247 versus 252 amino acids).

Libraries prepared in vector EMBL3 have inserts
of between 10 to 23 kbp of foreign DNA. The exact insert
size in the human genomic BDNF clone analyzed in detail was
not determined. Hoﬁever, the clone contained a single
EcoRI restric;ion endonuclease fragméent of approximately 4
kbp that hybridized with the labeled BDNF probe used to-
screen the library. This fragment is the expected size,
based on the results of Southern blot hybridization of
human genomic DNA with the porcine BDNF probe described
above. Seqhence analysis was carried out on the human
clone, using synthetic oligonucleotides representing cDNA
éequence to prime DNA sYnthesis from the bacteriophage DNA
template. The sequence of the coding sequence for the
putative human BDNF precursor was found to be identical to
that in the human cDNA clone, with the exception of a
single nucleotide substitution in the prepro region,

% corresponding to an amino acid substitution of methionine
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in the CNS (for exanple, follow ng surgery, trauma, or infarct) as well as
the use of BDNF in the treatnent of astroglial derived CNS tunors. In yet
anot her-: enbodi nent of the invention, BDNF nmay be used to upregul ate the
expression of NGF receptor, and thereby may be advant ageously adm ni stered
prior to or concurrently with NGF to a pat+80%# in need of such treatnent.
As-exenplified in Section 15, infra, admnistration of kainic acid may be
used to induce an 30 increase i n BDNF expression‘gand to a | esser extent,

NGF expressi ofATR rfar Mt inec(GREng ak &8 | imFipimne &
nedrons. It hamuhse&m dtipe et XX Tholyndtphidaln itHe Hidnn génome.

non- NVDA rece ocked t hj Ci crease | . BDINF

expr essi on. q'-g‘f Cape of é}ﬁé gg‘é‘%ﬁ 'P?éméjﬁl\’?—e o] pepti des
of the invent |mum}c¢;e wem@etewadtwixmmuthmmhwtmmw&r dthen
of kainic aci Go@at Se!iith 9F Carkee "Obra N bygdyid i n,

or rel ated ounds tcgy{ é\“?igﬁlch are found to have55|mlar ?fects in

vitro 5 or %ﬁF% e %g%%ﬁ%?% ¥f non-NVDA gl ut amate receptors or other
drugs mhich augnent or mmc the action of acethycholine, histamne, or

bradykinin. | nduct i ony 6! NEEaR¥RE €S ShRB BBk Gr "RedGRRIRANT EhiePY
10.1. MATERIALS AND METHODS
10.1.1. PREPARATION OF A BDNF EXPRESSION VECTOR
The sequence corresponding to pig preproBDNF was

obtained by using the oligonucleotide primers. (150 pmole
each) ATAATCTAGATGACCATCCTTTTCCTT (sense)
ATAATCTAGACTATCTTCCCCTCTTAAT (antisense) in a PCR reaction
using 1 pxg of pig genomic template (each primer has an
15 added XbaI site). The amplification reaction was as
describedq, exéept that the annealing temperature was 50° C.
After digestion with Xbal, the amplified DNA was ligated in
the XbaI site of the plasmid pcxv to produce pCMV -pBDNF -1
(=1 denotes sense orientation in Figure 6 and corresponds
to COS+ in Table V), and the plasmid was introduced into
XL-1 bacteria by electroporation.

10

10.1.2. EXPRESSION OF BDNF IN COS CELLS

PCMV1-pBDNF plasmid DNA from positive clones
(checked by hybridization with oligo5, Fig. 2) was cut with
both XbaI and PstI. The size of the resulting products
allowed us to determine the orientation of the inserts, and
both plasmids were used to transfect COS cells by the
calcium phosphate method (Chen et al., 1987, Mol. Cell
Biol. 7: 2745-2752), and the growth medium collected after
24 h. BDNF activity was tested in the chick embryo dorsal
root ganglion bioassay discussed in detail supra.




acid or related nol ecul es or agonists of non-NVDA 10 receptors. In further
enbodi nents of the invention, BDNF protein, fragnents or derivatives can be
used in conjunction with other cytokines to achieve a desired neurotrophic
effect. For exanple, and not by way of limtation, according to the

i mzenti on BDNF can be used together with or with skeletal nuscle
extract to achieve a synergistic stinulatory effect on growth of sensory

neurons wherein synergistiyfis, € he effect of the
conbi nati on of BDNF prot ei ;o zgept y BL E@&o rivative and a

second agent achi eves Efh Qi¥Qk (SRARAL FeRFARY heusans wesenplates t her
subst ance l{%f-;@oloniie\ﬁ Gltéll)y inculsa®eyi s6pngd hhahdBanted fasted qn h

synergi sti w.th . ot ept e, fa t ta.be f
characteri (zig‘&"%lsﬂ YR f Wt %%/e ‘(%‘gr‘e gg8125 -I‘VI% &(r?s) ar ray
of neuronaWa@M@annﬂ&uthmsmemnshefcbniphicatevdetenmmnmtldnsrs further
envi si osed §ﬁgr f h C B | ecul e,
novel pepti ékééﬁva?#égg éﬁ& k&?a %%gﬁJgEE lqg?éfbeloped
30 whlchemQ?QQ&nﬁﬁﬁtkﬂn%cﬁtnghéghanﬁugvﬂlsF§rUﬂﬁﬁinis(ﬂbﬁﬂﬂvﬁﬁ vich

bi ol ogi cal dipieds ofgcebr BDNEosFueh eBPAFtaNER12Y tranBtedtedispith in the

sel ective abl ati of sen neur o fqQr examl e, sin the treatnent of
chr oni ¢ pmgg 7 5 conta nlxg %ﬂ EDNF gnsert n the sense

orientation, COS- to cells transfected with plasmids
containing the BDNF inserts in the reverse orientation.

COS refers to non-transfected cells. At dilutions higher
than 1:20, no survival above control was seen with either
COS- or COS conditioned medium. In all experiments without
NGF, a monoclonal anti-NGF antibody (Korsching et al.,
1988, Proc. Natl. Acad. Sci. U.S.A. _8_g:3513-3516) was used
at lug/ml. _

As shown in Table V, only the medium obtained
from cultures of COS cells bearing pCMV1-pBDNF plasmid in
the sense orientation was associated with chick sensory
neuron survival above control values. Therefore, the
recombinant BDNF is biologically active. Further, addition
of BDNF isolated from pig brain did not increase the
survival of sensory neurons significantly above survival
levels resulting from recombinant BDNF alone, indicating
that the recombinant BDNF is capable of saturating BDNF
receptors. Recombinant BDNF was also observed to have an
additive or synergistic effect toward promoting chick
. sensory neuron survival when used together with NGF.

10
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-59- In still further enbodi ments of the invention, antibodies directed
toward BDNF protein, or peptide fragments or derivatives thereof, can be
adm ni st-ered to patients suffering froma variety of neurologic disorders
and di seases and who are in need of such tr®&tnment. For 5 exanple, patients
who guffer from excessive production of BDNF may be in need of such
treatnent. Anti-BDNF anti bodi es can be used in prevention of aberrant
regeneration = j | sC

supra, in the treatment of chronic pain ABEEMWrones. In |ight of the high
| evel s of BDNF nmRNA found in neuroblastoma tissue, it is possible that BDNF
serves as an autocrine tunor growh factor for neurobl astoma; accordingly,
anti - BDNF anti bodi es cSURNZVALYON SCUI/TRRED (SENSORY { REURONSvVe t unor
regression in a specific 15 enbodi ment of the invention. 5.10.
PHARMACEUTI_CAL COMPCSI TI ONS The active conpositions of the invention, which
may conpriéb all or portions of the BDNF gene product, 20 including

protein, pepticghs fﬁammmt(s:maﬁeauatwﬂg progyged t hengfggom ory 3yg bodi es
(or antibody fragnments) directed toward

DNF protein, peptide fragnents, or
derivatives,(ﬁég%conbination of BDNF and a second a eﬁ&oiﬁﬁ§1%ﬁ§5&§i};
skel etal nuscl@sxtract, may be adm ni steredll+16

CcOoSs 250+87
10 BDNF + COS+ B 2,516+209

NGF + COS+ : 5,770+72

BDNF alone 2,718+424
15

11. EXAMPLE: GENERATION OF ANTIBODIES TO BDNF
11.1. MATERIALS AND METHODS _
A polyclonal antiserum specific for BDNF,

20 designated sera 4, was generated in a NZ white rabbit by

immunization with a synthetic peptide.

11.1.1. PEPTIDE SYNTHESIS AND COUPLING TO CARRIER
A peptide consisting of 34 amino acid residues,
% _dgsignated BS, was synthesized by conventional methods. It
has the following amino acid sequence, corresponding to 33
residues of mature BDNF (residues 153 to 185 of the
complete porcine preproBDNF sequence shown in Figure 1)
with an additional cysteine residue at the amino-terminus
20 (shown in italics) to permit coupling to a carrier protein.
using m-maleimidobenzoic acid-N-hydroxysuccinimide (MBS),
if desired: ' .




25 in any sterile bioconpatible pharmaceutical carrier, including, but not
_limted to, saline, buffered saline, dextrose, and water. BDNF protein,

pepti de fragnent. or derivative nay conprise an am no acid sequence or
subsequence thereof 30 substantially asggpicted in Figure 1 or Figure 5
i t~-may be preferable to use BDNF protein cdnprising, in particular, all or
a portion of the amno acid sequence from about ‘am no acid 134 to about

agnono aci d éﬁaq-vai-Qﬁ&t-mledmraJﬂwsg;xl.yﬁ-'ﬁaiit-mawaﬁl-hypfﬁlét;tQE%tﬂt |

- sequen ue i.s belleve e_the functiona
portion of %ﬁg %@Nthar§EB|§% éﬁﬁi TR T WY S ﬁafrggPsiﬁﬁeﬁEEs ys=
correspondlGQyPGlbh@e&DN&ayamnfmyrany sui t abl e speci es, including, but not
limted to, human, plg ra hgep rabbit,
etc, 5 ThoThE B Tl G ol o8 EBNRORIRL skt
derivative, adbumin {B&SAWMsingvibisystiaze elcemédinet NBDBoeat Fenesho BB
particul gr Qh%ob‘i%ba@!eéqx di8b IV di,l, d‘gse?:,gg QEnEPQxB@L cd Q t he di sorder

or condition term ne I nicC tec ni ques Wher e

10 possi bl edipmine 9‘%‘:’@*‘?3@' o‘é‘?‘éﬁ‘-h‘i‘ﬂ‘é f-ﬁ@’ndg e Ocidy ®Tarft 2 he
phar maceut i galHEAEH tn@msam thgs | dye8b1eaal Lhsh. lonm\ll tur ® atd).added he

BONF b oass%y %t%ngnzdféfne solution, and stirred for 1 hour at 4°C.
21 mg of BSA was dissolved in 3.0 ml of 0.16 M borate, 0.13
10 M NaCl,'pH 9.0. Approximately 15 mg of lepeptide was
dissolved in 1.5 ml borate-NaCl buffer, pPH 0.0. The
peptide solution was added to the BSA solution, and placed
~in ice. 1.0 ml of BDB was added to the BSA-peptide
solution, and the reaction mixture was incubated with .
stirring for 2 hours at 4°C; the pH was monitored and
maintained in the range of 9.0 by the addition of small
amounts of 0.5 M NAOH, as required. The reaction was
terminated by addition of 0.2 ml of 1% phenol~-buffered

solution. Excess reagents were removed by dialysis against
20 phosphate buffered saline (PBS).

15

, 11.1.2. IMMUNIZATION .

A total of six rabbits were immunized according
to the following protocol:

Rabbits 1 and 4~--peptide B5 coupled at its C-
terminus to BSA, using BDB;

Rabbits 2 and 3--peptide BS coupled at its N-
terminus to BSA, using MBS;

Rabbits 5 and 6--peptide BS mixed with powdered
nitrocellulose.

In all cases the first immunization used 1 mg of
immunogen (100 ug BS/500 sg nitrocellulose for rabbits 5
and 6) in 0.5 ml PBS plus 0.5 ml ml complete Freund’s

- adjuvant. This mixture was injected subcutaneously into




had
.

supfra, and then in useful animal nodel systens prior to testing in humans.
Based on in vitro data, in a specific 15 enbodi nent of the invention, a
pharmaceuti cal conposition effective in pronoting the survival of sensory
neurons may provide a | ocal BDNF protein_gggcentration of between about 5
and 25 ng/m, and, preferably, between 107and 20 ng/m of BDNF. In an
additional specific enbodi nent of the 20 invention, a pharnaceutical

composi ti on effPEIEMe dTteY B0 Hoek 0" ?wghsgeénagmwﬂizé){i@?@ ner gi ¢
or cholinergi ns rovide a.loca rotei n_concentrailon o
bet ween aboutéﬁi¥¥%)rﬁ“é§¥§€ﬁﬁ)Wﬁ§%ﬁ 1 HoaggngFnﬁsﬁﬂﬁg??bht?ﬁE»%de but
are not 25 |ifixe% except rthad rxiconpleteniizeund’s adjuwanti vaseased in

i ntravenous, ﬁl&@éﬂéfmﬁbﬁbléié“FréﬁHﬁ4sn5F3%§§ﬁE;_'Quﬁggggéﬁﬁ’b6$SQQY_be
desirable to | ntroduce th har maceut i cal “conposi t1ons e rnvention
into the centPEFUTRFY AL WEAIR oSl e r 3abRitpnverei bled 1

i nt ravent r Pcuveek aagtent umiretzd tior c@ndothel antdserar reutfihel ) €5ééweg nay

be facilitate X e I i L an r, [ tached to a
reservoir, sugﬁngfg%imgﬁéées%%iBf%%% - Q%Oeagﬁﬁgﬁn}cganay be
desirabl e to 3WAPRPEPEPeRfassay (ELISA).

11.1.3. DETECTION OF ANTIBODY BINDING TO BDNF
100 ug of antigen (B5 peptide) in H,0 was added

to wells on a microtiter plate and allowed to dry
overnight, then washed briefly with H,0 and blocked with
100 pg 1% gelatin for 30 minutes at room temperature.
Wells were washed three times with distilled water, and
then 100 xg of antisera was added and allowed to incubate
at 4°C overnight. Wells were then washed three times in
PBS/0.05% triton X-100, after which 100 ug peroxidase
labeled anti~rabbit immunoassay (1/1000 dilution) was added
to wells and incubated at room temperature for three hours.
Wells were washed twice, and 100 ug ABTS solution (10 mg
ABTS (Sigma) dissolved in 10 ml 0.1 M NaCitrate pH 4.0 plus
10 ug Hz°z) was added and incubated for about 5 minutes,
until color developed. The reaction was stopped by the
addition of 10 ug 1% NaN,. Samples were diluted 1i5 with
Hzo and optical density was measured at 415 nm.
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11.2. RESULTS AND DISCUSSION

‘The antiserum from rabbit 4 (sera 4) showed the
highest titre, (Figure 72) and was utilized in subsequent
experiments. Antibodies from sera 4 were partially
purified by precipitation with ammonium sulphate; to a
portion of antiserum an equal volume of saturated ammonium
sulfate was added slowly, with stirring, and the solution
was stirred for a further 15 minutes, then centrifuged at




N

pharmaceutical conpositions of the invention locally to the area in need of
treatnent;. this may be achieved by, for exanple, and not by way of
limtati-on, local infusion during surgery, by injection, by neans of a
catheter, or by 5 means of an inplant, sai€Bs+plant being of a porous, non-
porods, or gelatinous material, including nmenbranes, such as sialastic
menbranes, or fibers. The invention also provides for pharmaceutical

conmposi ti ons crRR9 ¥ . BINFE Pet ek swagnshed fveipenin, 549 saturated
derivatives achsnoreih esuMpiiate POERER SrediS£ODREA | Th €8BS Oin Mh CHOLERSU! €S-

I n various enbodigents the inventiopn, | be useful to use such
conposi ti ons t%ggﬁﬁﬁ%gﬁgiﬁgggﬁréhpr%¥ﬁ%§%§%f3€%$¥9a BERER 1 o) ApRGnium
products. It isukphate onesl rémoved byydbalysisi djainst 1Sevenal ochargese! bs
actively produsgglg BERNE, q BONFzE8! C 3&E§E a oni 8§ S
anti - BDNF agti bo ?es 'nt% are%%&iﬁaﬁgggggf??ﬂcggé ed o? gég?égsé% vollmes
concentrati BnsaBt SRIected X AMPORNi MEERELPARISLUE] A PREI CYRRACTER ZATI ON

SFDNEORCI lVE_ BRAAmPER w&m&g&ﬁ&fﬁ%&s%&hﬁe?iﬁ tea?s rﬁiit kégfgnd
cloni hg the BoREEEERoEor nEERehEVEey i ERCPARGTAS 65 By cbEfbRechtantesos
dat a was expanfieundutéd| reaaty Bhlraadplutiont 06nlt 0000l ogy, as follows: (i)
gﬂogggggag} quantities of BpbiydgbRabUahtiBdaiembl O AEHELEE! bbbELag'

3b ' (B5) corresponding to a 33 amino acid fragment of porcine
BDNF were generated by immunizing rabbits as described
above. . Sera 4, which showed the highest titre against the
synthetic peptide, showed reactivity with purified BDNF.
from porcine brain by ELISA (Figure'7b). Weak reactivity
was also detected by immunoblotting (DATA NOT SHOWN).
However, the antiserum was unable to block the activity of
BDNF in a biological assay on chick embryo dorsal root
ganglion sensory neurons.
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12. EXAMPLE: NOVEL BIOLOG;CAL EFFECTS OF BDNF
The following observations indicate that BDNF is

capable of (i) sustaining the survival and inducing the
fully differentiated state of CNS dopaminergic neurons;
(ii) sustaining the survival of CNS cholinergic neurons:;
and (iii) suppressing the proliferation of astroglial
.cells. These hiological effects of BDNF have not been
described previously. As dopaminergic neurons, cholinergic
neurons, and astroglial cells may each be associated with
neurclogical diseases or disorders, BDNF may prove to be
useful in the treatment of neuropathologies involving these
cell populations. :




(ii1) Purified BDNF was anal yzed by protein 30 : m cr osequenci ng
.techni ques, and the am no acid sequence of a stretch of 36 amno acid
residues was determned. (iii) Based on the am no acid sequence determ ned
in (ii), oligonucleotides were synthesizgg_.and then 35 -62- used as
pri-ters in polymerase chain reaction, using porcine superior colliculus
CDNA as tenplate in order to anplify DNA encoding the defined amno acid

fragnment. (iv) The DNA reagsd i ph nummmzang Np iNETRODS equenced, 5

and (v) Cbrrespon lig i g ed and
utilized in pol yrrer cﬁrau nﬁ%gggggﬁgg}%{ L ﬁ%{}%@%&%@‘gﬁ? | 1'i cul us cDNA
to generate overlapplng frag nting BDNF
mRNA upstream as wel | engaads Mesanceprhadgne wass disssated Ewenobrgingl 36

am no acid Brfamnhmbm Vil 19l hﬁh?ec@i'b&g mg%ifcoa ngl &y BDNF was

nDIecuIarIy oned |n tmo Kerl zcéil %g%naittereTm%r%Fu%EEFi%fe%%?h of

t hese stdps® he
experiment. The dissection solution had the following
composition: NaCl, 136.8 mM, KC1l, 2.7 mM, NaZHPo4.7H29, 8.0
mM, anpo‘, 1.5 mM, glucose, 6 mg/ml, and BSA, 0.1 mg/ml,
PH 7.4. This solution was prepared and subsequently filter

10 sterilized through a 0.2 uM pore filter. The dissection

was performed under non-sterile conditions. Once the
tissue was dissected from all the brains, the rest of the
procedure was carried out under sterile conditions. The
- tissue fragments were placed in a 35 mm culture dish and

15 minced using a fine scissors. Two ml of F-12 nutrient
media . containing 0.125% trypsin was then added to the
tissue, and an incubated at 37°C. At the end of this
incubation period, DNAseI was added to the slurry such that
the final concentration was 80 ng/ml. Another identical

20 incubation was carried out, and the tissue slurry was -

’ subsequently added to 8.0 ml of growth medium consisting of
Minimal Essential Medium (MEM) supplemented with 2 nM
glutamine, 6 mg/ml glucose, 5 units/ml penicillin, 5 mg/ml
streptomycin,and 7.5% fetal calf serum (FCS). The sample

25 was centrifuged in a tabletop centrifuge at room
temperature at 500 rpm for a period of 5 minutes. The
medium was aspirated, and 2 ml growth medium was added to
the cell pellet. A fire polished pipette with an opening
of 1 mm was used to triturate the cells eight times. The

X0 remaining tissue fragments were allowed to settle by _
gravity, and a small aliquot of the supernatant was taken
to assess cell number by counting in a hemocytometer.
After cell density was determined, the cells were plated
into tissue culture plates at a density of 50,000/cm2.

).)

4
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characterization of the BDNF gene, are set forth below. 6.1. MATERI ALS AND
JVETHODS 6.1.1. PURI FlI CATI ON OF BDNF FROM PORCI NE BRAI N 20

Purification of BDNF from porcine brain was performed by the procedure )
essentially as set forth in Hofer and Bare®7«1988, Nature 331:261-262). Six
kg ef pig brain was honobgenized with an U tra-Turrax honogenizer in 0.2 M
sodi um phosphate buffer, 25 pH 6.0, containing 1 nmM EDTA and freshly added
pheny! et hanesul phonyl fTberﬁétP!ewpﬂa$PSawﬁﬂﬁ(PRﬁPQI*@ of theidayo 2

liters of buf;ﬁﬁarTes akea&cthansur)qria%h@tpl%é)rpwmeip P ém@/%wgl N
HC and stirred for hr at g& % After .centrjfugation for m
20,000 x g tHEEE® P‘t’%ﬁBPﬁs& %@r Lyernithing  eplecyiay weight 1 N

NaCH) , correspopoioog70p08okg/ablr,aions wry/mlst |atre|ebéwrt8m ratibelebict 8r
s v pponAAFRY AR Bl L S SRR R L
0.1 M sodi 8im @8bsequéstlyhtreatied qilﬁmmusmelmintxy, Waisugyiml pdat ntoom
So11'Tn TS eERESeENEkORby 3 WSS AMU T eal ALl bl gl
and subsequeﬁVFyealaﬁy!bﬁwsgaﬂnﬁ tpqubated overnight at 37° ¢ ina

hunidified atmosphere consisting of 5% coz, 95% air, in the

presence of growth medium. The medium in the plates was

10 removed the following day and replaced with fresh growth

medium.

Once the cells were plated onto the culture
plates, the cells were placed in an incubator set at 37°C
and 5% coz/ss%_air for a period of 24 hours. The culture
medium was changed to a serum-free formulation (SFM) having
the following composition: a 1:1 (vol:vol) mixture of Basal
Eagle Medium (BEM) and nutrient mixture F-12 with glucose
(33 mM), glutamine (2 mM), NaHCO3 (15 mM), HEPES (10 mM),
supplemented with insulin (25 pg/ml), transferrin (100
sg/ml), putrescine (60 puM), progesterone (20 nM), sodium
selenite (30 nM), penicillin (5 U/ml), streptomycin (5
mg/ml), and T3 (30 nM). In some experiments, purified BDNF
was added to the cultures after the media change to SFM
on culture day 2.

The solutions used for culturing dopaminergic
neurons were prepared using water taken from a Milli-Q
reagent water system. The tissue culture media
formulations were obtained through Gibco Laboratories
(Santa Clara, California), as was the fetal calf serum (lot
number 43N1086) and the mouse laminin. All other media
components’ were purchased from Sigma Chemical (St. louis,
MO), and were cell culture tested grade. The polyornithine
and DNAseI were also obtained from Sigma. Trypsin was
obtained from Worthington (Freehold, NJ), lot number 3667.

15
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5 liter of 5 nmM potassi um phosphate, pH 6.8. The dialyzed 5 fractions
resulting fromprocessing 2 x 3 kg of starting material were applied to a
130 m -bed vol ume hydroxyapatite col um whi ch had been previously
equilibrated with 5 mM potassi um phosphat®®JpH 6.8. The col um was t hen
eluted with a linear gradient conposed of 500 mM of 5 mMand 500 10 ml of

700 nM pot ass idéﬂnﬂ?@ipgaggsmﬁeafs Pk fe Sof %fﬁé’iém fldde ,agagxir\éh'é)éeﬁas

el uted at approxi mate nM pot ass| u sphate (see Bar et al., 1982,
EMBO J. 1:549f36® Bake a&&PP?Sﬁ?oﬁ-‘a"liglﬁ%‘b*%‘gsi% ph&gtﬁw&"é‘," {58948 ed

active fracti dhesecexpedinentd wasaparifiiedofzon tpigfbiiih Y D .pat.aasi um
phosphat e and gaidlel €4 PRABYHESES S &E@ 4l i br. d with
700 M pot assi um pHosS%gfg}ﬁgmtg. S’ﬂ A*’fe? ?\g{éﬁl%oﬁt 4%9;#1 of ]'t%tk?? same
buf fer, BDNF A8YBE2)y was eluted with 0.1 M potassi um phosphate, pH 6.8

di al yzed adg®inst distilled water, and |yophili zed. The 20 lyophilized

material was taken y _.;J‘, ':ﬂ"--‘ “%%Eesghéggﬁgt al |

| n,an §
cont ai ni ng 0. 1% SDS gh#ﬂ‘%b Syder:)
oT ¢ ri sed of
VA

(1982, EMBO J., 1:549-553), be et s =

a linear (rather than ex;%ﬁ@ﬁii oJukdPast wereopreparedof xRSl | £o% Rach

(Afl E) er 'c;)rrp! e:] | @Xp&f 1drecs I EUO e os_wimrgt bqnty_t-bsigeljhyaﬁo:bjiagé y(TH)aj. ned
mn) wt i grating at

the | evel 4P c&%gﬁf’gﬁi‘g v\l{/gass g‘ﬁ'ﬁ%&%ﬁ&%ﬁé@?ﬁkgﬁo?ﬁt ?gﬁgﬁ?%g%%t ed from

the gel. SDS vebosphatedwifer. d&he iSsrensendbuifey| wagipeeparebdy .

1:549-553). Thgading a 0.2 M solution of KH,PO, to a stock of 0.2 M

NaZHPo 4 until the pH reached 7.3. The paraformaldehyde was
subsequently added to the solution and briefly heated, to

15 allow it to be dissolved, and cooled to room temperature
before use.

To begin the procedure, culture medium was
removed from the culture dishes by gentle suction, and the
proper fixative solution was gently added to the dish. 2

20. room temperature incubation of 20 minutes was carried out.
Three washes in Sorenson’s phosphate buffer, for 5 minutes
each, with gentle rotation, followed. The cells were then
incubated in a quench sclution for 30 minutes at room
temperature with gentle rotation. The quench solution for

26 the cultures to be stained for TH consisted of Sorenson’s
phosphate buffer containing 2% normal horse serum. Next,
the cultures were incubated in permeabilization buffer at
room temperature for 30 minutes with gentle rotation. The
solution consisted of Sorenson’s buffer containing 0.2%

30 saponin, and 1.5% of normal horse serum for the cultures to
be stained for TH. Following the permeabilization step,
the cultures were incubated in the presence of primary
‘antibody overnight at 4°C. The antibody against rat TH was
a mouse monoclonal antibody of isotype IgG2a. It was used



purification procedure that eventually led to the m crosequenci ng of BDNF
-was nodi fied (according-to Hofer and Barde, 1988, Nature 331:261-262) and
does not meke use 35 of gel electrophoresis as the |ast step of

purification. -64- 6.1.2. PROTEI N SEQ8BMNCI NG BDNF was either sequenced
dlrectly (55 pnol e as detern1ned by amino acid analysis, with an initial

yiel d of 40 nDIe fo e an1n rmn hi stidine) or cleaved as follows:
5to 10 [err?Yy (W éi“giﬂﬁ 4% &faP¥ RBR)  5SRel¥ ¥pElyel: 2%

accordi ng tos&henimlﬁﬁwﬂrﬁy;Nnniihwing theB pifimariyg afit ibodguinetibadibags) was
added to 5 [gf mfﬁ'}{F ﬂwé’ré Méx?éd ls finds G0N uiinitelO¢ndBCiANLRE! | ©
(total volune: 50 Z. ated overnlght at room tenperature.
Trypsin: .1 pBPE: t%ﬂr‘l‘?’ ?‘b’cﬂﬂ tferer edlexts fhe syLEpEesXi | 1)
was added toweréelnbgbifhaiwﬁtﬂ?seeéﬁaatj)dhﬁmquyEh d)j uatied &bng 10 mvi

t I /[
E;gaLgénog?on1§£E?E Eﬂgt[fé %&gtj mere |%§&L ﬂ%ﬁ (N'Q§'h0
t enperature incsphptienuwas ecarried| eyt at rawm tegneratigre ifwl’-‘?MP( v/ V)
formi c acid hoursfwith genegat i—ataeﬂsa Widids aflilnt i 10fco@@dser ]| [err]

2L obe, 200 okl ERAhERY, REGENR, ME OISR L e T] | 11 2
[err] [err]- #DF@&B&G@IﬁanSheanneshBCSaﬂﬁle preformed avidin-
- 10 pjotinylated horseradishperoxidase complex (ABC reagent,
Vector Laboratories, Burlingame, CA) prepared according to
~manufacturer’s protocol. After a 30 min. incubation at
room temperature with gentle rotation, the cultures were
washed as described above. The cultures were subsequently
incubated with 55 mM Tris-Cl pH 7.3 containing 0.5 mg/ml
diaminobenzidine and 0.01% hydrogen peroxide. The
¢eve16pment of reaction product was allowed to proceed for
2-5 min. after which the solution was removed and the
cultures were washed several times with ice cold PBS. The
number of positive cells/cm2 was then ascertained.

The paraformaldehyde and the glutaraldehyde were
obtained from Fluka Chemical. Vectastain kits containing
normal serum (used as a blocking agent), biotinylated, i
affinity-purified anti~-immunoglobulin, avidin DH, and
biotinylated HRP-H were purchased from Vector Laboratories.

The diaminobenzidine was cbtained from BRL (Gaithersberg,
MD) .

room
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12.1.3. METHODS USED IN MEASURING 3H-DOPAMINE UPTAKE
0 _ IN VENTRAL MESENCEPHALON CULTURES

3H-dopamine (3H-DA)-uptake was performed as
described by Dal Toso et al. (1988, J. Neurosci. 8:733-745)
with minor modifications. The uptake buffer had the
following composition: NaCl, 136.8 mM, KCl, 2.7 nM,




was i ncubated overnight at 37[err] C After addition of 5 [err] 20

I odonmet hane, the sanple was evaporated to dryness on a speed-vac. Reduction
and al kykati on of BDNF after CNBr cleavage were found to be necessary: no
fragments were obtained wi thout reduction.g@s reveal ed by HPLC and Swank-
Munkres SDS-gel el ectrophoresis (Swank and Minkres, 1971, 25 Anal. Bi ochem
39:462-477). This-indicates that disulfide bridges are present in.BDNF, and
arranged in s@@&ﬂ?ﬂwayﬂbﬁatBRQnDHGfKBQEOQLehm&gHS.oahugﬁsemr5£n3unxfree
pept i des. AftQIacQJ l2 clle@vwesmbbe dil 60mAANREESTYEE Cad £i8 S@g in 0.1%
trlfluoroacetlc a gﬁn& agﬁ% gnhe 0_a reverse phase m'‘crobore
HPLC col urm (AR & heﬂﬂﬁﬁtVﬁﬁgsﬁ?EYEdsaﬂ W1 nd/min,
using a 60 m rbdnmigr%aheaytlath AB3TY wast addedi te tnemli%ﬂ'éfmuﬂRmct ion
was at 214 nmwith a VAt g %alwu@%easeﬁeawggaemweg:%é&ééﬂﬁeﬂggf by
aut omat ed nan d

equencer

radatlon on gas
470A Appl i ed B%Rﬁigﬁ e%rcéd}ddlrﬁglﬁeeﬁlemték Pydeml Bptd%lbu 2 cm
256: 7990- 7997)welld. HTHemultarrdsl Ste Whehopggebneubated o225 -®4H) -at

ot ormtonr ST TR s g TR, L P DA, B

uptake buffer (250 nM, 40 Ci/mMol), was added such that the
final concentration of JH-DA in the buffer was 50 nM. The
cultures were incubated at 37°C for 15 min., followed by
four washes at 4°C, 0.5 ml each, with uptake buffer. Two
additional washes with ice cold PBS (10 mM NaPQ‘, 150 mM
NaCl, pH 7.6) were carried out as well. After the last
wash was conmpleted, 0.2 ml/2 cmz_well 0.5 N NaOH was added
to the cells, and allowed to stand at room temperature for
two hours. The NaOH extract was subsequently collected,
and counted in a scintillation counter (Packard, LS 500TD)
- with 10 ml "ultimagold" scintillation fluid. Specific
uptake was defined as that uptake which was abolished in
the presence of 5 pM B2T. Typically, this represented 70-
90% of the total uptake cbserved.

3H--DA was obtained from NEN (Boston, MA).

Ascorbate, pargyline, BZT, and glucose were obtained from
Sigma (St. Louis, MO). The ultimagold scintillation fluid
was purchased from Packard (Sterling, VA). |

10
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12.1.4. METHODS FOR PRODUCING CULTURES OF BASAL
FOREBRAIN CHOLINERGIC NEURONS

Primary cultures of basal forebrain cholinergic
30 cells waere produced from embryonic day 17 rats.
Specifically, the cholinergic neurons used in this study
were derived from the medial septal nucleus and the nucleus
of the diagonal band of Broca. This neuronal population
projects primarily to the hippocampus. The dissociated




Pi g genom ¢ DNA was isol ated according to the nmethod of Herrmann and
Frischauf (1987, Methods Enzynol. 152:180-183). 10 For
preparatton of cDNA total RNA was obtained froma 6 gram sanple of
superior colliculus of pig brain. The tissue speci nen was obt ai ned,

di ssected and frozen in liquid nitrogen at2¥r-l ocal sl aughterhouse. Standard
met hods (COkayama et al., 1987, Methods Enzynol. 154:3-28) 15 mere utilized

to extract th : h p transcrlbed mn reverse
transcri pt aseﬁ%@@he%%#é gnrr%‘r?%%é %I\#i\g@fja )V|"f 6’P'd| to the
manuf act ur er" §°1h§¥iﬂ€tpﬁﬂgeéﬂﬁept The Q¢R$Q&kﬁQann(ﬂaﬂ.qiastteﬁNixen and
the omi ssion Qi-oﬁcmaoauﬁtauﬁmngswaswﬁ #Hd 'FemdVed Uorrthe fetal

CGGATCCGAATT TTTJITTIITT] 3' nucl.eotide
(ol i go3, des%_%gg‘§f ‘#B 3sge B%??ei %??%ttghe’ér%"%géf?'al%‘??&dr &ddi ti on
sites for Banﬁplsﬁeﬁﬂulaaddttsatyd £26r 20 minutes at 63701 witRO1ZVERASE

CHAI N REACH or, g to
the met hod d%&@“ﬁﬁ*ﬁec@ﬁ*ﬁiﬁa‘?““%%‘é@éﬁ%%ce zéﬁfﬁ%f?ﬁg &

RESULTS AND D dﬁeé ym) (Du crodiEied NEAg bRamdiymy
results of precontaimingoisqpendciglincandesenéptonycinpl 5% Iﬁbréﬁiserum,

and 1% N3, a hormone supplement). A single cell suspension

was produced by tritpration of the digested tissue
10 fragments with a fire polished pasteur pipette. The
dissociated cells were counted on a hemocytometer and
plated at the appropriate density in the plating medium.
Test ligands were added to the cultures five to six hours
after plating and the cells were then grown in vitro for
ten days with medium changes being made every three days.

15

12.1.5. CHOLINE ACETYL TRANSFERASE ASSAYS
Following the treatment period the cells were

either used for choline acetyltransferase (CAT) enzyme
assays or processed for immunohistochemical_sﬁaining for
CAT by the following protocol. The monoclonal antibody to
CAT was purchased from Boehringer Mannheim Biochemical Co.
and has been characterized elsewhere. At the end of the
experimental period the cells were rinsed twice with DMEM.
The cultures were tixed'by a two step procedure; 50 pl of
4% paraformaldehyde was added to 50 uxl of DMEM for a 10
minute incubation period. This solution was removed and
replaced with 100 1 of 4% paraformaldehyde and the
incubation was continued for 30 minutes at room
temperature. Following the fixation, the cells were rinsed
three times with phosphate buffered saline (PBS) and
permeabilized by a 30 minute incubation with saponin (0.5
mg/ml). The detergent was removed with three washes of
PBS, and a blocking solution of 5% normal rabbit serum was



-66- TABLE |V EXPERI MENTALLY DETERM NED PEPTI DE SEQUENCE OF BDNF N-term nal

- HSDPARRGELSV 5 V8 XVTAADKKTAVD V8
KVPVSKEQLKQYFYE CNBr XGGTVTVLEKVP(V) (S) CNBr
GYTKEGXRG XRG Trypsin ' -@B-AVDVMSGGTVTVLES 10  Trypsi n-

ALTNDSK Combi ned sequence VTAADKKTAVDMVSGGTVTVLEKVPVSKGALKQYFYE underli ned
am no aci ds represent sequences encoded by oligonucl eotide prinmers used in
PCR, see S@ddesh for) 39 m%&“-\f(ﬁﬁr c IR PIIFR e antibedyt Wéﬁil added @atsaquences
were deterg irmtiw RE BdRirray addid@l rabgt w@ stibsiéigiente tésed to

deduce a s en of 36 0,acl r epr ting 2 ro natel

one-third %?'Lét é:ﬁhﬁa b cgc eoﬁ.i.ﬁﬁogx,z %%Kl‘ﬁl"é ¥:ere

- CLIGCNUCLEdﬂKEE@tﬁdDdﬁﬁ?ﬂl@b!jatTG‘@BTAENEDHNMEW&QM N@n&NLANhQEkAQID
FRAGVENT  Twipsfpdl vy 43#¥533 VAl igggp re

chem cal y%lnt hesi ze base %Zrét'ﬁﬁigécﬁo I N ?e%gesng'gas | &rt;ﬂé‘r‘?r;eoﬁllt \gpof Si X

anmino actdst qlipbuldm yas dekerhed, by ’haV\ d@ethod.

respecti velpiamfndbenzidene tetrahydrochlor;de (DAB) was used as the

substrate for the peroxidase reaction which was usually
carried out for one to five minutes. The reaction was
stopped by rinsing the cultures two times with 0.1 M tris-
10 HC1 pH 7.2. The cultures were stored in 50 mM tris, pH 7.6
containing 0.15 M NaCl, 42% glycercl, and 0.15% Zephiran
(Pierce Chemical Co., Rockville, IL) at 4°C. "

12.1.6. METHOD OF GENERATING PURIFIED
15 ASTROGLIAL CELL CULTURES

Purified glial cultures were prepared
essentially by the method of McCarthy and DeVellis
(McCarthy, XK. D., and DeVellis, J., 1980, J. Cell Biol.
85:890-902) from postnatal day 1-2 rat hippocampus.

20 Hippocampi were removed from five pups and minced with
- scissors. The tissue piéces were then digested in 2 mls of
0.125% trypsin for 20 minutes at 37°C. The protease was
inactivated by dilution, with plating'medium (10% fetal
bovine serum Gibco, DMEM, 0.5% penicillin (5000 mcg/ml)} and
26 0.5% glutamine). A single cell suspension was produced by
passing the digested tissue fragments through a constricted
pasteur pipette. The cells were pelleted by
centrifugation at 900 rpm for five minutes, resuspended in
plating medium, and then counted on a hemocytometer. The
30 single cell suspension was divided into three, 75 cm®
tissue culture flask and the cells were grown to
approximately 80% of confluency. The cells were then
subcultured by a trypsinization protocol similar to that




36 ami no acid residue fragnment described in Section 6.2.1., supra. In
particular, two separate m xtures of 17-mer 30 oligonucl eotides
(corresponding to all possible codons and desi gnated oligol and oligo2)
based on the sequence AADKKT (sense) andgqQYFYE (antisense) (underlined in
Tabke 111) were chenical Iy synthesized, and 150 pnol e of each priner were
added to 1 [err]g pig genomc DNA tenplate. Thirty-Five 36 anplification
cycl ﬁs ver e juatf desttibeidig ‘L'Ih&f rqlli;&lemmz Ge(&tﬁiﬂtefcem}d qilz(tﬁﬁ?k )atIa(zcor di ng
to.the instryct t neAnp[ err Per ki n- El mer

Cetus) EEné#%?g .oﬁﬂiaéhSFRE éﬁﬁ%@gﬁ%inone mnute, priner annealing at
45[err]C for 2 min. and priner extension at 72 Cfor 2 min. 5 A DNA band of
the predicted size (101 bp) was cug;qgt f ReBuRrg? agarose gel (stained with

ethldlun1bron1d nd asym trical plTTTed as descrlbed b Innls et al.
(1988, Proc. %%GHU ¢ Y E ,°' ' o} '

of elthersollgol or ol i ga& ‘ ERHAL :
The resulting sense andmnnmwéahgﬁminim@; easmmﬁdedbyim he

Nt - Acad, SGreiofi i gy B o i Wik 8RRk ks Tone @ffdec ¥
ol i gonucl eot BRRE qn the number of tyrosine hydroxylane (TH) posztlve
cells (Figure 8). A maximal increase of more than 200
.10 Ppercent of control was observed by day 8 in BDNF stimulated
- cultures of ventral mesencephalon cells. A very slight

increase was observed as early as culture day 3 in BDNF-
~stimulated cultures.

15 12.2.2. THE EFFECT OF BDNF ON DOPAMINE UPTAKE _
UPTAKE BY VENTRAL MESENCEPHALON CULTURES

3H-dopaming (3H—DA) uptake was measured
according to the method of Dal Taso et al. (1988, J.
Neurosci. 8:733-745) with minor modifications, as described

20 in section 12.1.3, supra. A slight increase in dopanmine
uptake was observed in BDNF stimulated ventral

mesencephalon cultures by day 8 in culture (Figure 9).

12.2.3. THE EFFECT OF BDNF ON CHOLINE ACETYLTRANSFERASE
EXPRESSION BY FOREBRAIN CHOLINERGIC NEURONS

25 Figure 10(a) depicts the effect of BDNF on the
number of CAT positive cells following a growth period of
12 days in vitro. A 5.9 fold increase in CAT cell number
was observed with the addition of 100 ng/ml of BDNF, while
2 the EC50 was calculated to be 10 ng/ml. As a positive

control, cultures at 260,000 (Black bar) or 150,000
(hatched bar) cells per well were treated in an identical
manner with NGF (Figure 10(b)). The 260,000 cell per well
density corresponds to that used for the BDNF study. This
increase in the number of CAT immunopositive cells is



and 2 as priners. The observed nucl eoti de sequence contained only one open
reading frame uninterrupted by a chain term nation codon. The deduced am no
aci d seguence for this open reading frane was conpl etely consistent with 20
t he actual am no acid sequence determined for this region of porcine BDNF.
6.2.4. CLONING OF THE ENTI RE PORCI NE BORB4TDNA The conpl ete codi ng region
for porcine BDNF was 25 nolecularly cloned in two overl appi ng segnents. In

CDNA '2%8%%%%?%5%&%%%2 GRiEh HES ' BEah rhpSsted Brdkishfiys, FhE roe
strand BDNF petebhial founBRNFhta -ant engrhalinergitctieubons, wassalso

synt hesi zed &s_eaﬁsﬁas B .ﬂeA'ﬁaaia PEAFEENE ég%gﬂ%a t'ﬁg, §SﬂHﬁid3‘:‘e.|79f this
primer was oligo C ynder |l | ni ng

i ndi cates th e@ﬁﬂﬁEﬁEéSE%Yreggﬁ a?ﬁ@r?ﬁgg 22~ st FAHUTSY BD@PLIFFSthe
posi ti ons 648hang€8§3innCATgpredficednwdtthng BDNFatreataent.selnethés

Thr- Al a- Vgl - - Met. - Seh- -68- fi : S v..sodan)].
The addition§?9§'nhc égtF gg % c?%gsgiﬁg%dhgﬁagkﬁg ggﬁﬁeéa&egé/F%cggded to

provi de convBRNEnanfActhe ECS5On vasdsaderdated: toabegblsngémli.or Spe | and
Sal | for use in nolecular cloning. A

12.2.4. EFFECTS OF BDNF OR EGF ON ASTROGLIAL
CELL CULTURES .

10 Type II astrocytes have been demonstrated to
have high affinity receptors for a variety of
neurotransmitters and neuropeptides.' Thus astrocytes are
éapable of responding to neuronally derived signals. For
this reason and because'the type II astrocytes represent a

15 cellular cohponent in the primary cultures, a possible
direct effect of BDNF on glial cells was tested. The cells
were kept in vitro for four days prior to the addition of
growth factors to allow them to reach approximately 60% of
confluency and were then treated for 42 hours with'EGF or

20 BDNF. For the last 18 hours of the incubation
[3H]methylthymidine was present in the medium. The effect
of EGF is shown in Figure 12(a). As has been previously
reported, EGF was found to be mitogenic for the astrocytes.
The maximal response was observed with 10 ng/ml of EGF

25 which produced at 5.2-fold increase in [3H]methy1thymidine
incorporation. Figure 12(b) dépicts the effect of BDNF on
[3H]methy1thymidine incorporation. The response to BDNF
appears to be biphasic: very low doses (0.1 ng/ml)
produced a slight increase in thymidine incorporatioh:

M while doses greater than 1 ng/ml BDNF inhibited the
incorporation of [2H]methylthymidine. BDNF at a dosage of
5 ng/ml produced an inhibition of 24% suggesting a decrease

in the rate of glial cell proliferation over the treatment
period.




three-fol d degenerate 31-mer oligonucleotide priner was 5 designed to be

- conplenentary to a stretch of poly-A preceded by any nucleotide (T, G or
C) on‘the sense strand of cDNA, and to contain recognition sites for the

restriction endonucl eases BanHl, EcoRlI y9and Pstl. The sequence of this

~ "antisense" primer (oligo 3) was 10 '

(5’ )CGGATCCGAATTCTGCTGCAbI|||||||||||(3' where X=A, C, or G The

synthetic ol igonucl eotide prlneﬂg “ver el Rt o anplify sequences from
t.he porcine superior @hdsednuyitPNAeppepimaentsnciiearlybshioabetver, by PCR

Speci {1 cal | Racka HIDIHd QhWiR2108,00ha0ARH. BieUEligy10 [err] of the

reverse 15 transcription reactlon nol e ,o e sens rlner (oligo 4)

and 150 pndliffgrentipred s §§%§€PBP| REXIif ReprRNEcafithd. A Sout hern
bl ot anal ysdsvemsp:tmj fmmmhnutsdtﬂwmlgﬁl edsDHAophoByCEeaaﬂﬂn hgopand

ng aghy e el ol i, gopucl eot i de
([:]la\r“r] g(of’l g g%éz% ense%gl aiﬁ.ﬁet %gtgig & ?uiﬁuﬁg'gg#ged be: ow
and contalnthgs¢eQQEFQR$cﬂ# rﬁ29v1amhr3&mmp Fa4 mesenpcepbaton. ouds
extracted byhébe &késeré ! Ked®die b AcgetdHate’ lin FadRih88nst h EcoRl and

sequenced. fi=grasr £6 fhSrebife %ﬁda&%?&?ﬁr‘ Rieo tPBEABEREEG ) of (e
BDNF codi ngpetgubhal, inRarkinsen & iisshse efdher byl reidecd ngahdspoby- A
t ﬁgl s _woe Addednat ot "By SinRESs 1% Nthd A e RPLYMINROh oLy RRSECr ase.
(the rate limiting enzyme in dopamine synthesis) or
possibly both.
Furthermore, like nerve growth (NGF), BDNF
appears to have an effect on the survival of cholinergic
neurons of the rat basal forebrain as shown by increased
choline acetyltransferase (CAT) staining, increased CAT
‘activity and increased acetylcholinesterase staining in
cultures of rat embryo medial septal nucleus and nucleus of
the diagonal band of Broca. Accordingly, BDNF alone or in
conjunction with NGF may be useful in the treatment of
diseases or disorders that affect the cholinergic neurons

of the basal forebrain, including, for example, Alzhezmer s
disease.
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13. EXAMPLE: IDENTIFICATION OF A NOVEL GENE
IN THE BDNF/NGF GENE FAMILY

The approach of identifying novel members of the
'NGF/BDNF gene family by utilizing PCR with degenerate
oligonucleoctides, based on the segments of amino acid
30 sequence conservation between NGF and BDNF (Boxes 1-4, see
section 5.8), was first tested by determining whether pairs
of such primers could be utilized to amplify both NGF and
BDNF gene seguences from genomic DNA of several species.
This method was then used to identify a novel gene which




m xture of three 31-ner oligonucl eotides each containing a stretch of 12
- consecutive T residues, described above, was used to give a priner

conpl erentary to these added poly-A tails. A unique 30-mer oligonucleotide
primer containing 17 bases correspondi ng-96-t he conpl enentary strand of the
36~ -69- BDNF coding sequence, and with r'ecognition sites for restriction
endonucl eases BanHl  and Pstl was synthesi zed. The sequence of this priner
was [err] (8PPEES, hempiagy RaER | ¥&F RPpd RIE WY 3l | BR*e8nBlenent ary

t o the sensenomelogydnotetibe codi ng sequence of BDNF, from positions 709 to
693 on Figure 1); this corresponds to the segnent encoding the ami no acid
sequence Pro(last two bases of codon)-Val-Ser-Lys-Qy-A@n. The priners
were added to the poly-A-tait®dc : by PCR was carri ed

10 out as above. The reaci3on, pr ooIYMERANSE CHAIN REABTTONand cloned into
Bl uescri ptg vector and t nucl eot i u termned . h

di deoxynucl eot i de chai_nq’t%& %%ﬁ’aplegggﬁé?%ogggggg?glw K ??&'%E‘%ﬂ DE
SEQUENCE OF FEgRigm BONBURIEA The conbi ned nucl eotide sequence deternined
from the overl appi ng porci ne BDNF c3\NA c! gisriass shown in Figure

13.2.1. AMPLIFICATION OF BOTH NGF AND BDNF
SEQUENCES FROM GENOMIC DNA

10 Degenerate synthetic oligonucleotide primers
were synthesized corresponding to portions of Box 1 and Box
2 of amino acid sequence conservation between NGF and BDNF
(see section 5.8 above), and utilized in a PCR reaction
with rat genomic DNA as template. The exact primer

16 sequences were as follows (positions of degeneracy, with
mixture of two or more bases included in oligonucleotide
synthesis step, shown in parentheses; underlining italics
indicate tails with multiple restriction endonuclease
cleavage sites provided to facilitate ligation to vector in

20 a subsequent cloning step:; A=adenine, G=guanine, )
C=cytosine, T=thymine, N=mixture of A,G,C,T):

Box 1 (sense), primer 1B:
5 ¢ -GACTCGAGTCGACTCGGTCTG (C, T) GACAG(C,T) (A,G)T(C,T,A)AG-3"
Box 2 (antisense), primer 2C:.

26 5/-CCAAGCTTCTAGAATTCCA(C,T)TT(N)GT(C,T)TC(A,G) (A, T)A(A,G)AA

(A,G) ,TA(C,T) TG~3" _ |
| 300 ng of each degenerate primer mixture was

added to 500 ng of rat genomic DNA in 1oo'miqroliters of
the standard reaction mixture for PCR. 35 cycles were

30 carried out, each consisting of incubation for 1 minute at

94°C, 2 minutes at 43°C, and 2 minutes at 72°C. The

anticipated size of the product of PCR amplification of

either the BDNF or NGF gene using these primers would be

175 base pairs, including the two 17-mer "tails"




1 together with the deduced am no acid sequence. The sequence conprises an
epen reading franme for a pol ypeptide 20 of 252 am no acids. The
identifrcation of the initiator Met codon (ATG is based on the presence of
two adjacent chain term nation codons (TAG TGA) in the same reading frane,
begi-hni ng 36 base-pairs upstream The anmin87terninus of porci ne BDNF,
deferm ned by direct sequence 25 analysis on purified protein. corresponds

i due- Hi h
rmture BONF | SRR AHCIRE 8y LoiSentBRcB I BEb00uBhE SIqHAS
resi due Hi s13F%epPsHyr e@é@&fnqameaia ?fbﬁhﬁh§89§§é§nceiﬂ§r%’a1>nmg 9.

Suc hdsequegcesmztymtqztmaé YTyterdl qeueyuduaeaou ﬁ&@drbgaﬁd nggt ralt
resi due and t r S &£ en i ated as targe
sites for pr ot e i‘{Hp) %é%sﬁ Cté’ ?’%&%@EF%&? 53??@3?%%? The deduced
am no acid sequence of mature BDNF predicts a protein of 119 am no acids

(rol ecul-ar Bei gt o . Slgerdor UENCES \toMbrERE ange I $£,99),
properties cong?s% e%t VKRG mégg 0?; % wwuwwgggggNgghgﬁgsam 2 i on

el ect{ ophor esi 5. " The. am MRSCHE 300 AL "B AOPRVGAL S50 tRe RFSLARARR by
gel by electroelution, and amplified further in a second
PCR reaction of seven cycles, under identical reaction
10 conditions to the first except that the concentrations of
dGTP, dATP, and TTP were lowered to 50 pgM each, and alpha-
32P-dC‘I‘P tracer was utilized in place of unlabeled dCTP.
The radiolabeled DNA product was separated from reaction
components by chromatography on a sizing column. This
15 probe, designated "R1B/2C" (for rat DNA amplified from
.primers 1B and 2C), was then utilized to detect
complementary sequences in genomic DNAs of various
vertebrate species (reshlts with rat, mouse, and chicken
are shown in Figure 13), after digestion with EcoRI
20 restriction endonuclease and blotting to nitrocellulose by
the method of Southern hybridization on EcoRI-digested
genomic DNAs, as shown in Figure 13.
The sizes of the EcoRI fragments of genomic DNA
containing NGF and BDNF sequences were determined in
25 controls on parallel blots using radiolabeled human NGF and
BDNF probes, prepared by PCR from cloned genes. The
positions of the NGF and BDNF gencmic EcoRI fragments are
indicated in Figure 13 as N and B, respectively. The
results of a similar analysis were presented in Figure 3,
and equivalent results were obtained using a human BDNF
probe as with the porcine BDNF probe shown in Figure 3. &s
noted above, NGF andBDNF probes each hybridized to single
EcoRI fragments in a variety of vertebrate genomic DNAs.
For example in rat DNA the BDNF probe detected a band of




5 protein mcrosequencing (a total of 64 amno acid residues) is in

. complete agreenent with the am no acid sequence deduced fromthe nucl eotide
sequence of CcDNA clones (underlined in Figure 1). The sequence of the

precursor pol ypeptide is consistent with processing of BDNF in at 10 |east

two steps: first, a signal peptide of P&¥haps 18 residues woul d be cl eaved
fromthe am no tern1nus fol | oned by cl eavage between Argl33 and Hi sl134 to

or et sor SR HRSuEE REP RS, hlabihte EF o oA Rk EBLepd A,
DI STI NCT FROMABPECXBRTENE 18- §I KERSE VERTEBRATE SPECI ES 7. 1. MATERIALS AND
METHODS 7. 1. 1. PREPARRd| sBefFinCrighbe BOAL DNAePBQFE&pQQms tested A

ncor por at KRGLRHBARER niPEERARKAGE BORPR=BHBBRLCENP LB/ P VP REer va i ve

codon subshybnidhaedtb0|atDndubandomndmseﬂnguéshabme|ﬁnonnﬁbahclease

cl eavags sybghe ¥i5aPHobABC ok BTRBR hiUeBl OheoBaohoghRy Lim ted. 25 A

pair of 18 gonu perm t
anpl i fi cat ivdistingniehphie gmm sbg#eﬁdeotiﬁpé gﬁnghecapubfspmuang to the

codi ng regi(an inahsam gRedfGH aaal BORT gehemiélzcbmP@Baghaneédsavéo obt ai n
a | abel ed robe, .a PCR rea on_o was C rr|e out with 30
32P- dCTP. éﬁé B S e R A
anpl i fi cat approximagelyedl1os-12sionkb)cer clthds demonstrates that the

10 gdegenerate oligonucleotide primers 1B and 2C can be
utilized to amplify sequences from both the NGF and BDNF
genes. - It was noteworthy that in some cases additional
bands were observed in the gencmic Southern blot hybridized
with the R1B/2C probe. For example, in EcoRI-digested
mouse genomic DNA at least two additional bands (labeled X1
and X2, of approximately 19.0 kb and 1.5 kb, respectively),
corresponding to neither NGF nor BDNF, of were observed.
Similarly, at least two additional bands were observed in
hybridization to rat DNA (X1, X2, of approximately 7.3 and
1.2 kb, respectively), and at least one in chicken DNA (X,
approximately 2.6 kb). Additional bands, not labeled
explicitly in this figure, were also observed in scme
cases. The presence of bands not attributable to NGF or
BDNF suggested the possible existence of additional
menber(s) of the gene family. Similarly, bands ciearly
distinct from those known to contain the BDNf and NGF gene
sequences were found utilizing other sets of primer pairs
and genomic DNA templates (data not shown).
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13.2.3. IDENTIFICATION OF A NOVEL GENE
RELATED TO BDNF AND NGF

A specific test of the hypothesis that novel
genes related to NGF and BDNF could be identified by PCR
using degenerate oligonucleotide primers was carried out




genom ¢ DNA as the orlglnal tenplate, and the segnent anplified
corresponded to the coding region for amno acids 28 to 111 of nat ur e BDNF.
A conplﬁnentary strand 35 . -71- ("antisense") prinmer corresponding to the
region of amno acids 106 to 111 was syntﬁ%glzed and had the sequence

(5" ¥YACATACACAGGAAGTIGTC(3') . A sense strand ollgonucleotlde prinmer was
prepared for

s e
[ (5') GeAGTaA W L ﬁgﬁ §ECEt PN 1 SRS
1975, J. Fh) mouge mosnliﬁ DiA @st kesplaks - pr BﬁﬁgnﬁﬁétEaPF%W%wetmder
stri ngent conch;tnmuedzdf $He alequ@neeskC. 7. 1.2. SEQUENCI NG OF BDNF
GENES FROM VARI QUS SPECI Bs d}qh sense The same two 18-ner
ol i gonucl eoti des bracketing the cod 3 region for amno acids 28 to 111 of
mature porC|ne5tﬁﬂ@sskmﬁﬁﬁ¢4ﬁiTQﬂﬂhﬁé(GméﬁﬁIG§ééTd§:§nhné5§-56 anplify,

-under stand&rd PCR condi tggns4 siddisr segments of genomi c DNA of
pig, rat, chicken le A e.r eagtion products
wer e sequencedgb;'r?%hc o) 1@3‘%%%3%&4&%%%3gm hod (Sanger et
al ., 1979, Pro(G=¢hahindcal-adBmine| S-Aytosizels T33hymine; Isivosines the
band .of anpli fhﬁﬁt%"‘@f fidte OthaR Bhe Halstl 0] 22 i%g12090232 1088/ in the

el ectro horeS|s
P iigonucleotide shown in parentheses). Note that inosine

was utilized at some positions corresponding to the third
("wobble") base of a codon, to allow for the degeneracy of
the genetic code. It is also possible to utilize a mixture
of the four conventional DNA bases rather than inosine, and

essentially identical results have been obtained with such
primers.

10
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With the degenerate Box 3/Box 4 primer pair, PCR
from the genomic NGF and BDNF sequences in mouse DNA would
be expected to émplify a segment of approximately 90 bp.
Utilizing the primers shown above, PCR was carried out for
four cycles with an annealing temperature of 45°C, followed
by 31 cycles with an annealing temperature of 49°C. The
products were analyzed by gel electrophoresis, and a major
band of the expected size was observed. In the mouse the
NGF gene contains a HindII restriction endonuclease
cleavage site in the region between Box 3 and Box 4, while
the BDNF gene contains a site of cleavage for teh enzyme
Apal in this region. Therefore, digeétion of the product
of PCR amplification with HindII and Apal would be expected
to eliminate NGF and BDNF sequences from the major product
band. however, when the PCR product was digested to
apparent completion with these two restriction enzymes, a
digestion-resistant band was found to persist in the
amplified DNA. This suggests that, in addition to NGF and
% BDNF genes, at least one novel gene had been amplified.



20 reanplified prior to sequencing. In ot her cases reanplification was not
_essential. 7.2. RESULTS AND DI SCUSSION Prior to the instant inventi on,

BDNF pr:otein had been purified only frompig. It was of paranount
| nportance to denonstrate unequivocally that BDNF is-not sinply the porcine
nerve growth factor beta subunit (beta- . or sinply referred to herein

as NGF), the purification and nol ecul ar cloning of which has not been

reported to date. HY.2.48S CHARACTERYZATIONCOF RCROVEE NIMBHXN @F Ously
reported physical properti ecHE BDOFZNGE BENME BAMILYrtually identical to

t hose of the [err]-NGF OBy o a 0 p e | of a
neutral i zi ng antl body a;@}ns pgrq"g'lgh ré%h%@&%t §F§ 59?‘3‘?/?%}2‘ a]lg'lk% J anm no
acid or 35 from.a fgpledndatiddzedcas ﬁﬁspkatr-o#mohsm%tmc B made it

i npossi blble to:@b&ﬁhmswgm hﬂxig?fﬁ@flﬁlﬂrabln@n%‘fl aebwgm?BDNEe é\ffe It was
BONF and Ner T gﬁérsef 35 BRSRATE A ARG TR mOLR K PRERER SLoT rters timen
pig and 5 cepriherot Hﬁ;is;mmt(ré.q anpldgdcatdonnpgimitted| thér om .
differential ppdahtesbhads Oéiﬂéﬁ-llfécz-a?fd&fde phATRegbYheekNsdiEAB1ENfol | SSUES
(e.g. pig bral nquvgrrzgyng ngyu sghes actllavin >Q:erxninat:ion method. The sequence
analysis of the novel gene (designated here as "M3/4" but
10 2also referred to as Neurotrophin-3) was extended further by
PCR amplification of sequences between an exact primer
located between Boxes 3 and 4 and the polyA sequence at the
3’ end of the gene’s transcript, using the strategy for
“rapid amplification of cDNA ends"“ (RACE) described by M.
15 A. Frohman, M. K. Dush, and G. R. Martin, Proc. Natl. Acad.
Sci. USA, 85:8998~3002 (1988). The results of DNA
sequencing revealed that a novel gene had been amplified,
comprising an open reading frame capable of encoding a
polypeptide distinct from both NGF and BDNF but closely
20 related in amino acid sequence to both (Figure 14).
" Preliminary evidence that this new gene encodes
a neurotrophic factor was obtained by determining its
pattern of expression in rat tissues by northern blot
hybridization. This analysis indicated that the novel gene

26 is expressed much more strongly in brain tissue than in any
other tissue examined. o

13.3. DISCUSSION
As shown above (Figure 13), the DNA probe
30 obtained by PCR amplification using primers for Boxes 1 and
2 with rat genomic DNA as template (R1B/2C) hybridized to
novel bands in addition to those known to contain NGF and
BDNF gene sequences in EcoRI-diggsted DRA of every species
tested. A similar analysié wag carried out using a



gland), or from nodifications inadvertently introduced into the protein at
sone step(s) during purification frompig 10 brain. If BDNF were found to
be cleatly distinct fromNG-, it was of great interest to determ ne whether
the BDNF gene is present in other speciegsqqiotably man. Prior to the

I nsttant i nvention, no information was avaﬁ1ab|e 5 concerning this point,
because BDNF was purlfled fromonly one species. The presence of

neurotropm<:gzﬁﬂdddtnv&ugaaembhbddb&bbaCEoEreﬁbhﬁﬁvém geNarampyipieqr ude

extracts and d t h ubst ance
i dentical or sﬁbq'gé q?a |‘y%d‘ %an’}t% Pgmorggngegéhié&ﬁg @6%%3?. son of
t he predict ecPa®h ER&g thee Hc@@ep@ﬂé’rﬁéilBNFtw ehsinglenoadoscbardces

odeGF L rom aof UEBHY -1 et BDNdE YerbHIRTDNAQV ith@t ?ubnaalsaaaftm%ﬁ tgei cken,
vert obr at & NP e g ing oy SlE Rk pRRRsREERy ECHRbRY S
feature of® th@ot#¢rﬁh§tsﬂhQuﬂqnxi(ﬁragmanus BINReno psmsusabaraty aodthat
of NGF; with oRiyxeén I SBEEAMYE Iuyﬁﬂfaihﬁiiwu:&%e%n@u@pw réBe
mat ching, 51 identities are como vari ous N rom e _to nman)
and BDNF (Fi gBF€& 2% eY®bHHrtafift 1S° 9?&Eﬁ9§(ﬁ£%H1ﬂ“§§°&ﬁ§h&d€°¥F a B8t ei ne
re3|gues Thoaghaihedehmchyhmid&sztnn uﬁtﬂﬂiﬂi:ﬁhﬁﬁ?ﬂ'bgdrsbrlmgefeaaﬁsyot
¥ﬁte B“f‘r"c%opﬁgé g%;agﬁfhiioﬁg Q#&%Six?rn?oﬂee%ﬁ& &128he FilGhre 8957
7. gment in rat DNA (X1 in Figure 14), and the

2.6 kb band in chicken DNA (X in Figure 14). This suggests
that portions.of the same gene were amplified from rat DNA
using the 1B/2C primer pair, and from mouse DNA using the
3/4 primer pair. Thus, at least one novel gene apparently
shares homologj with NGF and BDNF genes in all four of the
boxes of homology noted above.

The concept of the homology boxes between NGF,
BDNF, and additional members of the gene family (e.qg.
"M3/4" also known as NT-3) has been expressed here
primarily in terms of primary amino acid sequence, and
methods for the identification of novel genes in the
family. However, it is important to note that there are
‘likely to be additional implications for the secondary and
-tértiary structure of these neurotrophic factors, their
interactions with specific receptors, and rational design
of novel molecules with potential therapeutic value.

For example, there are 6 Cys residues in NGF,
and all have been shown to be involved in disulfide bonds.
Numbering them frdm_mbst N-terminal to most C-terminal as
Cysl - Cys6, it is known that the disulfide bridges involve
Cysl-Cysé4, Cys2~-CysS5, Cys3-Cys6. The positions of all 6
Cys residues are conserved between NGF and BDNF, and the
positions of 3 Cys residues in the portion of "M3/4"
sequenced to date line up exactly with cys4, CysSs, Cyss,'of

18



35 -73- residues found in BDNF are found at identical positions in NG-.
. W also note that 6 aspartic acid residues (out of 7 in BDNF) and 7 valine
(out of 9) are present at identical positions in manmalian NGFs and BDNF.

These 5 amino acids account for about F3%%7of the amino acid identities
between 5 the 2 proteins. Conversely, thefre are sone striking differences

bet ween B n I Sk B aQGLL] t e g d . oped,
t here areDgﬁgg gaép%gl Tonghg gﬂ?%hggﬁeegﬁgn%ﬁgc?§§°g?é§?déﬁ??§%?9€n al |
NGFs, but dPffaitnmepheppn\pf the gene familypuwayobeppipselyreelated,
_Sequetnce isaﬂﬂrﬁhﬁééﬂytee‘hhﬁhéﬁéd , thket BoRsaxvesat gy_azrebmauaut atgye ¢ 18
secretory signal .sgequenge .o shows ami po_acid i.dentities (gqut o

am no acidsfﬂgﬁgdaﬁgovgﬁﬁplLQFEPEPﬁg PBP ?gﬁngggeﬁiPRIP§E5SPB§aFg§equence
of nouse NGBPNRhand NGEacayerh&solfcthelb @ysoresddues t(Sysdcan Bbxel, an

al ani ne mBesj i ougdel B PRSkhI 18.af ker n i Rt kation
nmet hi oni ne i% aaégsggf gf.&§f38§?dwéfi Eélf&%?oFEQB: 4%6?§4g§¥.h?ﬂ seens
likely that ThAE BURRPRESathe Adeadthat sbeseoRyesresidnes Adg: &beirs a

potential clgneddate heighboriae playoudl izpoetaBBNrolesiigndetecniaiag. The
oL per oM ! Thie" helerdiNEertltie U bhead"nbullotrtiaTY FlcRe- AN SRS
structural determinants for specific interaction with high
affinity receptors for each of the neurotrophic factors
presumably reside in unique portions of each molecule.

Accordingly, novel chimeric genes may be
produced by recombination between family members (e.g. by
in vitro reconhination; or by direct gene synthesis) at any
of the four homology boxes already described, or elsewhere
in the molecule. Such chimeric proteins are likely to have
similar secondary structure, because of conservation of Cys
residues, and other amino acid residues, but may have novel
biological properties. For example, a BDNF/NGF chimeric
protein may be bifunctional in terms of interaction with
both BDNF and NGF receptors. Chimeric proteins may also
differ from parent molecule(s) in terms of dimerization,
and other physico-chemical properties. Chimeric proteins
might also be able to'function as antagonists of either
parent molecule. _

Active fragments of BDNF/NGF may be used to

' design other family members based on knowledge of critical
“core" regions for appropriate folding, plus information
regarding which regions are required for type-specitic
“interaction with receptors.

COmpariéon of nev family members (e.g. "M3/4")
with already known family members may be used to reveal new
boxes of homology that can help guide the search for
additional members of the BDNF/NGF gene family. For

10

15



(doubl e underlined in Fig. 1), corresponding to asparagine 126. This
asparagine is located 8 am no acids before the cleavage site giving rise to.
mat ure BDNF. The same 25 arrangenent is found in several NG-s, as well as

t he sequence Arg-X-Basic-Arg as the |ast

é am no acids of the precursor
(Schwarz et al., 1989, J. Neurochem 521f 03-" 1209) Proof that NGF and BDNF

are-encoded by distinct 30 genes in a variety of vertebrate species was
obt ai ned by pm&m@nhng"Ebwwprcﬁmpaﬁﬂuum wi kB CBDYF | yewddre omenaae ¥ and
por ¢i ne BONF, bbkBE. OUbnSWE Hairt 1BLOAr NYhEd Al tirRid1 Wk Neyd th
genom ¢ DNA ‘-‘(f]-}q:h W th r strlctlﬁ%endggucle se EcoRI . om c DNAs
were anal yzedt gppserve 4cy§o’f? Use B 0RLY PRAIPE ABWERS, rat,
mouse, dog, bpwevigualybbotedcBoxesil-4nd Thexet ismm}dlage@ttbdrvmth

[Eg?rRi » ?gg angbye eéiedaen'ioutfheaanéi@}tdxng:on%ardual b dhé ddiders, with a

obser ved wi aﬁaﬂfw%@ B280°07 ol SR Pl AR RS e
cases the banegshyemiinqmungmwﬂwh t RbsNOP-Hen-BBRFGRRoBES~ (AXR®F one
or gani sm ver e 19k) dirhf PHaN loxe IsRet) ~eRASI Séx GorMaibir) -iryr-hl hkgHRla+1eQRE cases
(e.g. muse Dk, tRfebeRndd IUGRShooRY UdHiF 'didose BEF1 80 RF probes
: homology boxes for the synthesis of useful degenerate
10 oligonucleotide primers (e.g. His~Trp-Asn-Ser-Gln-Cys
" requires only 96-fold degeneracy for an 18-mer primer, or
48-fold degeneracy for a l7-mer; Tyr-Val-Arg-Ala-Leu-Thr
would also be a useful box).

15 14. EXAMPLE: INCREASED EXPRESSION OF BDNF
IN NEUROBLASTOMA CELLS

14.1. MATERIALS AND METHODS °
14.1.1. CELL.LINES
CHP100, CHP126, CHP134 CHP234, LANl, LANS, NB9,

20 SYSY, Y79, FOl1l, BU2, HOl, HLSO, and COL320 are cell lines

maintained in the_laboratory of Dr. Fred Alt, who provided

RNA for the Northern blot used in Figure 15. All cell

lines were human tumor cell lines. CHP100 is a

neuroepithelioma cell line; CHP126, CHP134, CHP234, LAN1,
25 LANS, NB9, and SYS5Y are neurcblastoma cell lines; Y79 is a

retinoblastoma cell line; FO1, BU2, HOl1l aré melanoma cell

lines, HL60 is a promyelocytic leukemia cell line, COL320
is a neuroendocrine colon carcinoma cell line.

- 30 : 14.1.2. PREPARATION OF RNA

RNA was prepared and Northern blots pertormed
essentially as desribed in Section 8.1.1, supra, using a
 full-length human cDNA probe. 10 ug of total RNA was in
each lane of the gel used to produce the Northern blot of



10 approximately the same size, and could not be resol ved under the

et ectrophoretic conditions used (Figure 3). A portion of the coding
sequences for nature BDNF was anplified by PCR from genom ¢ DNA of pig,
rat, chicken, and human, and the nucl eoti de sequences 15 determ ned. DNA
sequence analy5|s of the anplified region A% porcine genonic DNA exactly
confirmed the sequence results obtained with nolecular clones from porcine

brain cDNA. The se r ChIC n B r thls
252, base pai r sef%%é“%? s UPRREC Ry Bhe AURDy PG S PO S R,

rat and human .t B® G@G éﬁ’F’nE‘fﬁXl Gngeﬁﬁﬁﬁeﬁmbroﬁh@héghbn RNA atad ewd
amno acids 28 to 111 was identical to that of porcine BDNF, although a

nunber of nucl eotide differences (e. g er. changes in the third
position-of a codon) were observed amon e?ggﬁ&ri ous species. In

chi cken a single am no aC|€i§@59tﬂ§udﬁp chastbeseeseutsrpftﬂqrthgrnnblot
resi due 61 Ofstf’&ita{wsﬂé?dﬁ(ﬂtﬁﬂnﬁﬁb% hyswa;hadcébCK AR tﬁdﬁ]cgaﬁnples

met hi oni ne in uence data, foge

Sout hern bl ot hf%?#r %”b)?pé’ﬁrﬁéﬁg sBPPRBCebL,Lings oy AR AbUndance

unequi vocal procdf (REA WBUNA ihybmiddeed by BDNFghirpbeowasr dete@tead. 1h sti nct

fromthat encodi @gp?4d amtP LANS €11 lines, and lower amounts were found in
CHP126 and CHP134. All of the positive lines were derived

10 froﬁ human neuroblastoma tumors.

15. EXAMPLE: ACTIVITY-DEPENDENT REGULATION OF
BDNF- AND NGF-mRNAs IN THE RAT HIPPOCAMPUS IS
MEDIATED BY NON-NMDA-GLUTAMATE RECEPTORS

15 15.1. MATERIALS AND METHODS
15.1.1. TREATMENT OF RATS WITH KAINIC ACID
The rats usually received diazepam (Valium) 90
minutes after intraperitoneal injection of kainic acid
12mg/kg to suppress extensive seizure activity. As shown
20 in ?ig. 19, Valium given after kainic acid did not
interfere with the further increase in BDNF- and NGF-mRNA
levels. Rats which did not receive valium showed similar
increases of BDNF~ and NGF-mRNA 1evelé in hippocampus 3

hours after kainic acid, compared with animals given kainic
25 acid followed by Valium.

15.1.2. PREPARATION OF HIPPOCAMPAL CULTURES
Hippocampi were prepared from Ei17-day old rat
embryos, dissected and incubated for 20 minutes at 37°C in
20 phosphate buffered saline (PBS) without calcium or
magnesium ions, but containing 10mM glucose, img/ml
albumin, 6usg/ml DNAase and 1mg/ml papain. After washing
with the solution without papain, the hippocampal cells
were carefully dissociated with a fire polished pasteur



8. EXAMPLE: EXPRESSI ON OF BDNF RNA | N NEURONAL VERSUS NON- NEURONAL Tl SSUES

- 8.1. MATERI ALS AND METHODS 8.1.1. PREPARATI ON OF RNA Tot al _RNA was
extracted fromadult female mce 5 tissues according to Okayana et al.

(1987, Methods Enzynol. 154:3-28). Briefl frozen tissue was honogeni zed

i 5.5 M guani di ni umthiocyanate, the Iyééﬁé centrifuged to renove debris,

- dnd the supernatant overlaid onto a cushion of cesiumtrifl uoroacetate

I35 PORERLT) Byt otk B g gy o

resuspended ﬁﬁﬂeﬁreEﬁﬁ?ﬁef%%e$n¥% R{EMn GFuRRieReniedn it h03c Le4ed and
stored at - 7@h2Er bErukl andrppivedson phestic cuitiprd @istiysaqio. et x@ho% 1977,

Bi och t 743-4 's. The RNA

e ot o ee3] 63’ 48 dmp Mtk RO ﬁ‘g‘a‘f\f}% "C% Vs

_overni ght at Oszl&h#pe (A.3mgym}) xa M%ﬁn(-’r@@b-fommﬂedamh a[err]
7 cRNA nouse a8 praken ?;Otﬁenheambeégv&hanm hdon Wﬁ@é 'Urfe at

65[err]Cin Q SSC shin b] ot ., 20 ated for 60 nin
~at room terrpé'rhé'tcﬁr €°\ﬂtﬁﬁnﬁg & P1'8 ﬂh?mﬁkﬁg ﬁ%’\rz\ﬁéec‘# %ﬁ“{% M m
exposed at - Tytaarn CBpwinhRestcAFE 65001389k nl)ut okaciging gkatanated.
PREPARATI ON (fauidiia PRuE8Enéa viable up to/tHPEESwlERs 561? QNG £datY 3ng Was
screened with 2 Ind%Pﬁﬂ ent §D¥ khgonucle tides. p05|t|ve cl ones
were usua use exper ments a y % after
10 plating.

15.1.3. AMPLIFICATION OF RNA

Total cellular RNA was extracted as described by
Chomcynski and Sacci (Anal. Eiochem., 1987, 162:156-159)
from 0.5 X 10% cells after the addition of a shortened NGF
CRNA recovery standard (30 fg). NGF mRNA and cRNA were
coamplified in a combined one tube reverse
transcription/polymerase chain reaction (RT/PCR) containing
1/5 of the extracted RNA, 1xRT/PCR buffer (10mM Tris-HCl pH
8.3, SOmM KCl, 1.5mM MgCl,, 0.1lmg/ml gelatin, 0.1% Triton
X-100), 0.25 mM ANTP, 0.1 uM each 5/ and 3’ primer, SU
RNasin (Promega), 3.2 U AMV-reverse transcriptase (Life
Science) and 2U Taqg Polymerase (Genofit) in a total volume
of 25 xl. The mixture was overlaid with mineral oil,
incubated at 41°C for 30 minutes, heated to 92°*C for 60
seconds, primer annealing at 55°C for 60 seconds and primer
extension at 72°C for 60 seconds). The amplification
products (203 bp for NGF mRNA and 153 bp for recovery
standard) were separated on a 3% NuSieve/Agarose 3:1 gel
(FMC Bioproducts), alkali-blotted to a Hybond N plus
membrane (Amersham) and hybridized as described (Heumann,
R. and Thoenen, H., 1986, J. Biol. Chem. 261:9246; Lindhold
et al., 1988, J. Biol. Chem. 263:16348). For absolute )
% gquantification, known amounts of in vitro transcribed NGF

15



were isolated and subcloned into the EcoRl site of a Bluescript SK+ plasmd
.(Stratagene). The nucl eoti de sequence corresponding to nucleotides 350 to
829 of -the pig 30 sequence (see Fig. 1>m£%§ determ'ned. In this sequence, a
‘total of only 4 amino acid differences Wer@ found between nouse and pig
BDNF, indicating a renarkable degree of conservation of this domai n between

pi‘g and nnugﬁu§p§§, &ﬁgggh this
tenpl ate 35 heﬂll'gé 0 yner?s\%‘%Prone%gj)St%e S?Lé#cll C activity
of this pr olféa%'a%i%lﬂer r‘}e ié-rrﬁg“ ar meghad wap dessaudsdpNor t her n
bl'ot anal ysiwansettsa, t@mlmgﬂim*ﬁeexpxm) pn of BDNF nRNA in
neuronal versus non-neuronal tTssues.. Northern blot anal yses were performed
usi ng nouse tissues, allow ng nore rapld processing for RNA extraction than

pig tissues. A [err] probe Hei2ct RESUETS AND RISECUWSSIAN A5 kb in the brain
(Fig. 4) &nd spinal cor g&gm@é | nal
was det ected i n an soiFldda Wor nﬁ'el ng I(;I?]e&gg ééﬁ‘?ﬂfn%gﬂi**'%ﬁ!g

they tiss nclu
spl een, hear¥PeRy c?’é{’Q‘Fl %‘:f@f) demt Wn@L'Pfh@-’%‘FlZeera%he P8P nRNA to be
sinmlar to thatupé 34E: 095, The BONScaréas ceribieVwtiictlguééngderved

represents °&8£a§9£53Tc6H€a£828'Slénﬂﬁm@hese domains are the 6 cysteine
residues most probably involved in the stabilization of the
three dimensional structure of these molecules, which is
necessary for their biological activity. However, there
are also variable domains in BDNF and NGF which determine
their different neuronal specificity (Lindsay et al., 1985,
Dev. Biol 112:319; Johnson et al., 1986, J. Neurosci.
6:3031; Hofer, M. and Barde, Y. 1988, Nature 331:261;
Rodriguez-Tebar et al., 1989, Dev. Biol. 136:296).
Moreover, the difference between these two neurotrophic
molecules is also indicated by their sites of synthesis.
NGF is expressed both in the periphery (Korsching, S. and
Thoenen, H., 1983, Proc. Natl. Acad. Sci. U.S.A. 80:3513;
Ebendal et al., 1983, Exp. Cell Res. 148:311; Heumann et
al., 1984, EMBO J. 3:3183; Dhelton, D.L. and Reichardt,
L.F., 1984, Proc. Natl. Acad. Sci. U.S.A. 81:7951) and in
the central nervbus.system (CNS) (Korsching et al., 1985,
EMBO J. 4:1389; Shelton, D.L. and Reichardt, L.F., 1986,
Proc. Natl. Acad. Sci. U.S.A. 83:2714; Whittemore et al.,
1986, Proc. Natl. Acad. Sci. U.S.A. 83:817; Large et al.,
1986, Science 234:352). The densities of innervation by
NGF-responsive neurons reflect the levels of NGF in the
corresponding target tissues (Korsching, S. and Thoenen,
H., 1983, Proc. Natl. Acad. Sci. U.S.A. 80:3513; Ebendal et
al., 1983, Exp. Cell Res. 148:311; Heumann et al., 1984,
EMBO J. 3:3183; Dhelton, D.L. and Reichardt, L.F., 1984,
% Proc. Natl.- Acad. Sci. U.S.A. 81:7951; Korsching et al.,

10

15



15 sequence. A significant observation in the delineation of BDNF s
physiology is that the nRNA coding for this protein was only found-in the
central -nervous systemand not in 7 non- Jissues. BDNF nmRNA was found
not only in total 20 brain (Fig. 4), but also in the spinal cord and the
supefior colliculus (the sequence presented in Figure 1 derives entirely
froma superig8sgoEMBOUbUS 4cDBB9 eBhedtoh, Dheseandt Redchaedt,t e F.dea t hat
I ta;gﬁk‘dﬁ—b&ed ?‘é‘f OhEgRN! §ﬁEaC 5, i“dafsh%ﬁDNEm&%%%%&%e %ﬁ:
neurons are rinsic to connecte t
structures. Phdecd988l| Pree. nyaﬁénsﬁﬁﬁéwnsFé r Bafold @é.BDMF §9rg£’e§|ther

prL 0] gct i nt Oallhe @Ngs ! BKﬂ.eTng:% d@msalsz Qot %ar ot rastnitd ui%&bﬂs?wm%gl i a
(Ln0ses oL B onob{hine " erhefobidos sl T g e 3 v
cells (Jorﬁwsanveasalof amus—;nnm Rarer consideradiis m:smer @hear ithostetcd | ed
hes 20 A AL B SRS, e Y |t i
di stributi onpP&x weral TRIVGYS- syaten s NRF \Lsjisymthasized hy mrmms MRNA,
found in manydiphediodls B&a (ﬁﬁmrmaetdﬂow ew&a FN87, EMBO J.
6:891), whereas in the brain it is mainly localized in
neurons, as demonstrated by in-situ hybridization (Rennert,
P.D. and Heinrich, G., 1986, Biochem. Biophys. Res. Commun.
138:813; Ayer-LelLievre et al., 1988, Science 240:1339;
Whittemore et al., 1988, J. Neurosci. Res. 39:403).

However, cultured type-1 astrocytes have also been shown to
produce substantial quantities of NGF (Lindsay, R.M., 1979,
Nature 282:80; Furukawa et al., 1987, Biochem. Biophys.

Res. Commun. 142:395). The relative contribution of

neurons and astrocytes to the NGF synthesized in brain is
not yet known.

10

15

In view of the predominant expression of both
BDNF- and NGFP-mRNAs in central nervous system neurons, we
investigated whether the levels of these two mRNAs are
influenced by neuronal activity and if so, which
transmitter(s) could possibly be involved in the
regulation. In a first series of experiments, we prepared
neuronal cultures from embryonic (E17) rat hippocampus..
As shown in Fig. 16a, depolarization of the hippocampal
neurons with high (50mM) potassium resulted in an increase
in BDNF-mRNA. Maximal levels were reached between 3 and 6
hours after increasing the potassiﬁn concentration. The
potassium-mediated increase in BDNF-mRNA could be inhibited
by omitting calcium ions from the medium and it was also
reduced by inhibiting calcium influx by th§ calcium channel
blocker nifedipin (Fig. 16b).



3:3183-3189; Shelton et al., 1984, Proc. Natl. Acad. Sci. U S A
81: 7951-7955). 5 9. EXAMPLE: MOLECULAR CLONI NG AND CHARACTERI ZATI ON OF
HUMAN AND RAT BDNF GENES 9.1. MATERI ALS AND METHODS 9.1.1. GENOM C DNA AND

cDNA LI BRARI ES An adult human retina ctwuxélbrary, in | anbda- 10 ZAPI |l was
obt & ned from Stratagene. A human pl acent %enon1c DNA library in

- EMBL3/ SP6/ T7 was obt ai ned fron1CIontech A human fetal brain cDNA I|brary

in Agtll was obtained frgup{d«n hi ﬂoﬁhit59@s| r
EMBL3/ SP6/ T7 was_obj ai ned fagom %t ec m S hQé& ¥°‘l‘£|15ted

rari es were
prépared by 2Ft3dp ’Eﬁ'%é%‘ll?‘ﬂr‘PW’bé’rfmﬂe&‘rmﬁ \ﬁg‘ﬁgggﬁg"SAngg?F?EPl on
endonucl ease pattérmmtopreransmitterBand receptor ekpression, werstufiedn

S0 i 4 S U S B speotar

eST er e
prepared usi nBIPRESER RN BPEM ANS NGRrNRNA -beEthrS§§1F§n

t7hl 1. N supr apras&fifed eint TaHL &V V1 SHOWRRIGAN VT culil\l/khlegsubdeanbesalrml ify

e coding re pagal le a

ot BONF cpectPREeas R EBLY EEIEC 4 Gulariite L*"‘?e’i@é'?n“agfgeﬂ P RBheShan

a tenpl ate foetPak.,919883, AmREEM-V\IGR!FamMRI moxigol. 29: 365). Larmbda

phage |ibrari Eiomeeassyesaﬁdtﬁe@éﬁeﬁt&@éé&wrﬂx mmﬁm(@%ton and
th

as

Davis, 1977, igg%gmpal neurons. In contrast, other molecules, such as

carbachol (a muscarinic receptor agonist) and to a lesser
extent histamine and bradykinin, elevated slightly, but
'significantly, BDNF-nRNA (Table VI). Because the levels of
NGF-mRNA in the hippocampal neurons were very low, we
established a quantitative polymerase chain reaction (PCR)
method suitable for determining changes in NGF-mRNA. Using
this method we found that, like BDNF-mRNA, NGF-mRﬁA levels
were also increaséd“by potassium and kainic acid in
hippocampal neurons (Figure 17).
As shown in Figure 18, the maximal increase in -

BDNF-mRNA in the hippocampal neurons was obtained with
about 25 ;M kainic acid. A further increase in the kainic
acid concentration resulted in a decrease of the BDNF~-mRNA
levels, which most probably reflects toxic effects of the
high concentrations of kainic acid on hippocampal neurons
(Figure 18). A glutamate receptor-mediated neurotoxicity
has previously been reported (Choi et al., 1987, J.
Neurosci. 7:357; Rothman, S.M. and Olney, J.W., 1987,
Trends Neurosci. 10:299; Choi, D.W., 1988, Neuron 1:623)
for various central neurons following the application of
analogues of the excitatory amino acid glutamate. However,
the concentrations of kainic acid necessary to enhance the
expression of BDNF- and NGF-mRNA in the hippocampal neurons
could clearly be separated from the concentrations
resulting in neurotoxicity.

10

15



196: 180-182; Maniatis et al., 1978, Cell. 15:687-701), hybridizing in 50%

- formal dehyde with dextran sulfate and Denhardt's solution at 42[err]C
Filters were prehybridized at -78- 42[err]Cin 50% formam de, 5XSSCPE,
10% Denhardt's, 0.5 ng/m Sal non sperm DNA, 0.1% SDS, and 10% dextran
sukfate. Hybridization was carried out inlP8e sane buffer except that
Denhardt's solution was at 2% Sal non sperm DNA was at 0.1 ng/m, and SDS
and dextran sulfate were omitted., After 5 hybridi zatlon fllters wer e washed
at 68[err]C. Human BDNF T dBWemtlqaka) the &SRt Riarkaidhisiacihidind

reti na cDNA Fmdtreataeefanr,atwe?»%djred)mnmw&hé drreresse Mol BENOYERRNZONA

and brain c ri d rat
NGF probes, D%d;} 5% crllﬁé@ﬁ%%?ﬁ)ﬁ Wdé%égapéj‘gg& ESULTS
" AND DI SCUSSI @nmgqxﬂaﬁ;xs mmam Rl nerk® &% nnrw. fR@m celharnacohy y .

Positive hurr%,&&nes RS FPONSI ®fef i hecid0SE Broydi shediyPihdi zed wWith
t he hurran robe, DUt not with the NGF obe descrl bed above.

uman
BDNF genom c Q,Ji R (XECRRLAT ARTRIRIREH 2R M a?m at®libraries at
a frequency ccompetitiver ikhilbteseof aonw+NMDA t hec&bbbrge(Monaghan ebpy per

hapl oi d genong, ' Foje ot My f38. 3REw NUBRE-HLOSIT CrbkPEsi | ©3g. 588 Ox Mately one

mllion plagues® Were
completely blocked the kainic acid-mediated increase in

BDNF-mRNA in hippocampal neurons (Table VII). oOn the other
10 hand, MK 801, which specifiéally blocks NMDA receptors, was
ineffective in blocking the rise of BDNF-mRNA in these
neurons. Moreover, NMDA itself did not change BDNF-mRNA
levels (Table VI). This shows that kainic acid acts
directly via its receptors and that the effect is not due
to the release of endogenous glutamate (which also acts on
NMDA receptors). It can thus be concluded that kainic acid
in vitro elevates BDNF-mRNA levels via non-NMDA glutamate
receptors.

15



screened. Three positives were obtained fromthe rat genomc |library and
one was obtained fromthe human genomc |ibrary. Positive clones fromthe
human retinal and rat brain cDNA |ibraries were obtained at a frequency 25
consistent with a gene expressed at very=13R- evels; in rat brain cDNA 2
posi tives were identified in 670,000; in human retinal cDNA library, one in
" 670; 000 cl ones were |dent|f|ed No. p05|t|ve cl ones were detected anong

670, 000 from AR :

brain. Nucl eotide sequenC|ng was carrleﬂunEIVUh hunan BDNF cDNA and ~genomi c
cl ones, using synthetic oligonucleotide prinmers representing exact
sequences from within theEﬁgﬁﬁﬁ @ﬁdvhaioﬁﬁﬁkﬁﬁﬁaTﬁl AGQNE&TSas deterntned
in Section 7.1.2., sugd ) JREY

an insert’ of apprOX|nater 1 6 to 1.8 kbp, and as expected contalned t he

exact sequgncg aiti portion of human BDNF deternlned after direct
anplificatio man genom ¢ DNA, as described in Sectieﬂzlgg_E_gﬁpra
Det ai | ed sequgggpe analysis of this cDNA (Figure 5) clone 5 revgﬁb aﬁ open
readi ng frame encodln a OL&?eptlde of 247 am no acids, siml bet not

identical to FﬁEbFGPP K8RgeM) precursor to porcine BDNF. Wt hi B20hg RBgi on
CorreSpondlngchﬁbhbaouaqsbegﬁPNE aefaﬁsﬁélﬂs (fqp. fromthe 85

+ 15
nicotin (100 uM) _ 110 + 7
histamine (50 uM) - 150 + 12
serotonin (100 uM) 95 + 6
dopamine (100 uM) 115 + 7
norepinephrine (25 uM) ' 75 + 10

15 substance P (1 uM) 85 + 9
somatostatin (1 uM) . 110 + 8
bradykinin (1 M) 155 + 15
kainic acid (25 uM) 1365 + 70
NMDA (25 uM) 105 + 10

20

25

30



codon for His134 to the chain term nation codon) no 10 differences in

- deduced am no acid sequence were found; all nucleotide substitutions

bet weett pig and nan were conservative with respect to coding specificity.
The remai nder of the putative BDNF precolddr pol ypepti de showed sone am no
aci-d sequence differences between human and pig, 15 nost notably the
absence in the human BDNF gene of 5 of 6 consecutive Ser codons seen in
pig, resulti
acids). Libraries prepared in vector TABLB ViEYe inserts of between 10 to 23
kbp of foreign DNA. The exact insert 20 size in the human genom c BDNF
clone analyzed in detail was BBFECEt@F PANBAGORBSRBGTO t he cl one contained a
singl e EcoRl restricti JFHEBREERENE CLYEMAARTE RECE QB&lﬂﬂtel 4 kbp that
hybridized with tHEESATREC PAED (ENPUCED JBXPRESST . This

f ragnment §s the expected size, 25 based on the results of Southern bl ot
hybri di zat i uman genom ¢ DNA with the porci ne BDNF r8be descri bed
above. Sequ ysis was carried out on the human %nger93§£ﬁg

synt hetic oI gucleotides representing cDNA sequence to pipHes

synt hesi s front he bacteri ophage DNA 30 tenpl ate. The sequence—o t he
codi ng sequeheénigraefd (R5aeMie human BDNF precursor wasl280nit 68 be

i dentical toryhatenhfict 88iQURNmAPNA clone, with the exceptigo @f & single

1 o090, A7 BCRE N, KU CP' RaERELOReAEO S8BT k2 10

CNQX (10 uM) 109 :': 6
CNQX (10 xM) + Kainic acid (25 2.9 105 + 7
MK-801 (5 pM) 96 + 5
MK-801 (5 pM) + Kainic acid (25 uM) 1130 + 80
15
_ To evaluate the physiological significance of
our in vitro observations, we studied whether similar
20

mechanisms were also operating in vivo. We treated adult
Wistar rats of both sexes weighing 180-200g with 12mg/kg of
kainic acid. After various time periods, we determined the
changes in BDNF- and NGF-mRNAs in the hippocampus and
cortex by Northern blot analysis. Fig. 19 shows that o
kainic acid elicited an increase in the levels of BDNF- and
NGF-mRNAs in both brain regions. The increase in BDNF-mRNA
was substantially larger than that of NGF-mRNA. Moreover,
for as long as 24 hours after administration of kainic
acid, the mRNA levels remained elevated. The time-course
of BDRF- and NGF-mRNAs changes showed that the maximal
increase in the hippocampus was reached approximately 3
hours after the administration of kainic acid (Fig. 19).

It is interesting to note that the increase in BDNF- and
NGF-mﬁNAs in the hippoéampus was preceded by an increase in



(ATG for Valine (GIG, at nucleotide 785, in Figure 5. This change may
rTeflect a polynorphismin the human genone. As in the case of the human NGF
gene, no intervening sequences were detected within the codi ng sequence for
the putative human preproBDNF. Rat cDNA sequence data is also 5 presented
in Figure 5. 10. EXAMPLE: EXPRESSI ON OF | NANT BDNF 10.1. MATERI ALS
AND METHODS 10.1.1. PREPARATI ON OF A BDNF EXPRESSICN VECTOR 10

The sequencegCepge Ji plat [ e
ol gonuel cot Faaos, PAARY' Pl Sul B e AP AR R
(sense) ATAAYRPACRCERREYT PARE FQﬁtF§§ﬁs EPT BeAABAR PEXVE SFteFing 1
[err]g of pigegébani(Hehgepieat et(@dch M990Er Prot.aNatl .addad Xisdi.site).

h lifi N |
{emperatur o JaE & B2 AP "3 18Resas); WepelieR daifly L BHNR 0l
| i gat ed in- t ABcxeasesiofe both ﬁ@lﬁﬂ'a@ndjwﬂﬁ] Jt!b‘qma)dlmbral cortex

pCW[err] $pB a:reh ékhdemt qsxci@m qrd Qﬂ{eatﬂi%dd&dﬁt@”%ﬁe?ﬁd
corresponds ép %g%: in. T 3f9 plasn1 mas i nt roduced into
XL-1 bacteri Feasing: 4 N cos CELLS
pCW1- pBDNF pdmestilaw\dﬁ amnmsartd ummlapm&&:(mhamedxmpd’qdmpﬂ Zat i on

“‘th ol i gos, J@H&r'%kd¥ﬁsf§&iaﬂéj] This observation is in keeping with.
- ‘previous reports (Morgan et al;, 1987, Science 237:192)

10 showing that the increase in c-fos elicited by the _
convulsant metrazole occurred first in the hippbcampus and
then in the cortex.

' After previous studies had provided evidence
that NMDA receptors are involved in the regulation of
hippocampal mRNAs, such as NGFI-A (Cole et al., 1989,
Nature 340:474), we then studied whether or not the NMDA
receptor antagonists MK 801 and ketamine could block the
increase in BDNF-.and NGF-mRNAs in vivo. However,
confirming our results in vitro, MK 801 did not inhibit the
kainic acid-mediated increase in hippocampal BDNF-mRNA,
although it effectively suppressed seizures.resﬁlting from
NMDA receptor activation (Fig. 20). Most probably this
NMDA receptor activation results from endogenous glutamate
released by kainic acid (Biziere, K. and Coyle, T.,
Neurosci., 1978, Lett. 8:303; McGeer et al., 1978, Brain.
Res. 139:381). Likewise, the increase in NGF-mRNA in
hippocampus after kainic acid treatment was neither
prevented by MK 801 nor by ketamine. 1In a previous study
(Gall, C.M. and Isackson, P.J., 1989, Science 245:758), it

was shown that electrolytical lesions causing limbic
seizures elevate NGF-~mRNA in rat hippocampus. However, the
present results obtained with MK 801 and kainic acid showed
a clear dissociation between induction of seizures and

- increases in BDNF and NGF expression. Diazepam (Valium)

15



both Xbal and Pstl. The size of the resulting products .allowed us to
déterm ne the orientation of the inserts, and both plasm ds were used to
transfect: COS cells by the cal ci um phosphate nmethod (Chen et al., 1987,

Mol . Cell 30 Biol. 7: 2745-2752), and the growth nediumcollected after 24
h. BBNF act|V|ty was tested in the chick™é& F'yo dorsal root ganglion

bi oassay di scussed in detail supra. 10. 2. RESULTS AND DI SCUSSI ON E8

ﬁhl CE spi n?I (St M@Wﬂ&ﬁtﬂebﬁig%agsdké%%goa@fé w&atéd U?i‘tzed for 24
and counted a a .

319-328). The va‘}ees?: ély hﬁ P‘ﬁé ﬁgeof'“???‘b?? it B er‘fﬁ%aﬁq ESTRRNASS in

st andard devi éherrat BRppPosatpPNEF (Régeres20) at The@Idckxanaetfdcdd iodnNs at

whi ch mexi mal stiadoel drs c8las ehedauil Brehbiter Lag e BBRr ddtiers Lo cell's
transf ect ed vmthg)qbgmds Stntal ning the BDNF insert In e sense

orientation &9 §F88‘t &BemFPﬂpﬁ?%%W'Hs°ﬁ_G‘emaéi AGtd iy
BDNE i nsert$ ivia Hehe cndvidd torye GABRergic st eh o1 sHowe v, tomnsirmaiesd

|1 At dil . ontrol was seen
\?\net hSEI t herI Céf@éh? mgm?gngﬁt | oneégn 8? ﬁHiﬁ\{ié{aﬁ ggrﬁgrr'bnt s wi t hout NGF,

a nonocl onal aﬁ??r?\ﬁ“%\ triY ”(iﬁb‘tté’fh?ﬁﬁeﬁt the Bti‘Bt afgsonnplaionat | .
Acad. Sci. U. ke BicHéxte %iLGQDNEa-S andeNGREmRRRI ¢d@ldino longer be

blocked by diazepam, indicating that a relatively short
period of augmented activity may be sufficieht to initiate
the cascade of events leading to an augmenﬁed expression of
the mRNAs of the two neurotrophic factors.

The present investigation showed that non-NMDA
receptors may be involved in the regulation of BDNF- and
NGF-mRNA in hippocampus, thus distinguishing this
regulatory mechanism from that pre#iously described by Cole
et al. (Cole et al., 1989, Nature 340:474) which concluded
that hippocampal mRNAs encoding early genes seemed to be
regulated via the NMDA-subtype of glutamate receptors. It
has been reported that some of the effects of kainic acid
on neurons can also be mediated by the quisqualate type of
glutamate receptors (Monaghan et al., 1989, Annu. Rev.
Pharmacol. Toxicol. 32:365). _

In conclusion, the present study showed that
neuronal activity regulates the levels of mRNAs encoding
the neurotrophic factors BDNF and NGF in the rat
hippocampus and cortex. Of all the substances tested,
kainic acid, actiﬁg via the non-NMDA glutamate receptors,
elevated BDNF- and NGF-mRNAs both ‘in vivo and in.
hippocampal neuronal cultures. In contrast, in the
.periphery there is no evidence that NGF synthesis in non-
neurocnal cells is regulated by conventional transmitter
substances or neuropeptides released by innervating (NGF
% responsive) neurons (Barth et al., 1984, J. Cell Biol.
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As shown in Table V, only the nedi um obtained fromcultures of COS cells
beari ng pCWL1- pBDNF plasm d-in the sense orientation was associated with
chick sensory 20 neuron survival above control values. Therefore, the
reconbi nant BDNF is biologically active. Further, addition of BDNF isol ated
from pig brain did not increase the surwtMai- of sensory neurons
significantly above survival levels resulting fromreconbi nant BDNF al one,
indicating 25 that the recombi nant BDNE is_capable of saturating BDNF
receptors. Re@3iBPRantebERRIWBE 3k wo 1958ar F¥B-t GehlvReSn LiBfi8)ve BPNF
synergi stic efisepretiondnanplynexpresssd do $brSONS apdrthesairds wal lehse used
toget her wi t h NgGrt3d) 35ver1afdoethARiE tYeSHBNLYAL PRefAFURER (G CK SENSORY
NEURONS 5 COS y%}u fina |Iut|oq2 1: 20 1750 1: 200 "COS+

2 510+263 2,8 Apa as a neurotransmitter and Efg;ggs(gipwn to be '
250+87 10 BDNrelaCd®ely rich in BDNF- and NGF-mRNA, §E6£809%et\GR .-, GMBO

5, 170+72 5. J., in press:; Monaghan et al., 1989, Annu. Rev. Pharmacol.
Toxicol. 29:365). 1In particular, there are striking
similarities between the distribution of NGF-mRNA as
demonstrated by in situ hybridization (Hofer et al., EMBO

J., in press) and kainic_acid receptors visualized by
autoradiography in hippocampus, cerebral cortex, and

cerebellum (Monaghan et al., 1989, Annu. Rev. Pharmacol.
Toxicol. 29:365). The observations are compatible with the
interpretation that glutamate represents the physiological

transmitter regulating BDNF- and NGF-mRNAs in the CNS.
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l16. EXAMPLE: BRAIN-DERIVED NEUROTROPHIC
FACTOR INCREASES SURVIVAL AND
DIFFERENTIATED FUNCTIONS OF RAT SEPTAL
CHOLINERGIC NEURONS IN CULTURE

16.1. MATERIALS AND METHODS

16.1.1. PREPARATION OF DISSOCIATED CELLS
AND CELL CULTURE CONDITIONS

The septal region from rats (Sprague-Dawley)
after 17 days of gestation was dissected free from the
surrounding tissue. Tissue fragments were pooled, washed

25 three times with Ham’s F-10, and then transferred to a 35mm
tissue culture dish and minced. A single cell suspension
was made by incubating the tissue with 0.25% trypsin for 20
minutes at 37°C. PFollowing the inactivation of the trypsin
by a five minute incubation at room temperature in growth

0 medium (infra), containing 50uq{m1 deoxyribonuclease type 1

(Sigma), the cells were dissociated by passing the fragments

repeatedly through the constricted tip of a Pasteur pipet.

The dissociated cells were then centrifuged at 560xg for 45

seconds. The supernatant was removed and recentrifuged.




BDNF al one ‘ 2,718+424 15 11. EXAMPLE: GENERATI ON
‘OF ANTI BODI ES TO BDNF 11. 1. MATERI ALS AND METHODS A pol ycl onal anti serum
specifi-c for BDNF, 20 designated sera 4, was generated in a NZ white rabbit
by i mmuni zation with a synthetic peptide. 11.1.1. PEPTIDE SYNTHESI S AND
COUPLI NG TO CARRI ER A peptide consistimt¥~ 34 am no acid residues,

desi gnated B5, was synt hesized by conventional nethods. It has the

fol | ow ' aGi ' ' f .mat BDNF
(residues 1294 3oppe ER1LRI1ets bERRTLELNARERLA R CORR BRa R0000, T
Figure 1) waxewth aediiumenand: cadlr ¥deddevas desezminedt byniisesos0a

(shown in i hanoestdnetRel.M Finaudki,N¢he0cellar Wee mgftaehn _m%ghamm
vl " R G R R SR W Rl 15 (A8 m1) ana
A y- d y- Thr daxinmhy -(0sg/ed)@ uThescedl- PiebillitBewaky shecked, after 24

A y-d n- LufHais~ B ' Vi.ne al bum n
(B Usi ng oreidl DL FhiP e 4B ATy ADAHE (21007l e3EIHEL

di ssol vi ng T &t ne- HA  (p- diéninodiphenyI-HO , Obtained from
Sigma) in 9.0 mM of 0.2Zhe normal growth medium, 5HS/N3, for cultures

composed of neurons and glia contained: 5% (v/v) horse
serum (Gibco), 1% N3 additives (v/v) (Romijn et al., 1982,
Dev. Brain Res. 2:583-589), 0.5% (v/v) glutamine (200mM,
Gibco), and 0.25% (v/v) penicillin-streptomycin (10,000
units/ml, 10,000 mcg/ml respectively, Gibco) in Dulbecco’s
modified Eagle’s medium (DMEM). Neuronal~enriched cultures
were prepared by replacing the growth medium, five to six
hours after plating, with DMEM containing: 1% N3 additives,
0.5% glutamine, and 0.25% penicillin and streptomycin. 1In
both conditions, treatment with cytosine arabinoside (1M
for 24 hours) was used to limit glial cell proliferation.
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16.1.2. ASSAY OF CHOLINE ACETYLTRANSFERASE ACTIVITY
The growth medium was removed from the cultures

by rinsing the cells twice with 100ul of PBS. The cells
were lysed via one freeze-thaw cYcle and a 15 minute
incubation at 37°C in 50mM KH,PO, pH 6.7 containing 200mM '
NaCl and 0.25% (v/v) Triton x~100. Two microliters of the
cell lysate was removed and assayed for CAT activity
according to the micro-Fonnum procedure (Fonnum, F, 1975, J.
Neurochem. 24:407-409). The final substrate composition
consisted of 0.2mM [14CJ Acetyl-CoA (NEN, 54.4, mCi/mmol),
300mM NaCl, 8mM choline bromide, 20mM
ethylenediaminetetraacetic acid, and 0.1mM neostigmine in
50mM NaHZPo4 (PH 7.4) buffer. At these enzyme and substrate
.concentrations, the enzymatic reaction was linear for 90-120
minutes. The specificity of the induction for choline




N HCO . 35 ng [err] was dlssolved in 1.0 mM [err] -and added to the benzidi ne
solution, and stirred for 1 hour at 4[err]C. 21 ng of BSA was dissolved in
3.0 m af 0.16 Mborate, 0.13 10 MNaCd, pH 9.0. Approxinmately 15 ng of B5
pepti de was di ssolved in 1.5 ml borate-M&Qsinﬁfer,'pH 0.0. The peptide
sol ution was added to the BSA solution, and placed inice. 1.0 nl of BDB
was added to the BSA-peptide solution, and the reaction m xture was

i ncubat ed wi t AceSyitransfexrdan %?ﬁuﬁﬁs§e§tblothchedﬁﬁttmﬂ;GMDMIBoﬁedfand

mai_nt ai ned i nihhenieegco chr dviviity, a@kdhyaeaxgétﬁﬁpid- @wunts of 0.5 M

NACH as reqU| S n,.Qf 1%
phenol - buf f er & Sqn?%??ﬂ%fﬁ%iﬁfé%%eg%@ W%re re aéar)g ﬁﬁ%ﬁtfgl gn}o(gal nst
20 phosphat e B#f CA¥ALEE4LP neC(PBS)1970L. ? 2NeuFNﬁhPPZAHI(@&WQﬁkﬁ&%) of six

rabbits were inmmuni zed according to the follow ng protocol: 25
~Rabbits 1 agd 4-- | ol S SA..4S)-hg BDB;

Rabbits 2 and 3-3 ég'tlde gg—é&@imm@s ~geind MVES;

Rabbits 5 and 6--pepti deTBE heyel of tAChioRreseat3dnnthe ckysatgesas | n al |

cases the fir sﬂea!smmn b?t the Héetrods Ner WotitER(poetet |00, T £/ r:]sgsf;S/a‘éOO
E:ginr:)} gt 2' H gﬁ?&; "‘lrm%sé%lo% a Qbﬁxgeéim&\%z@ 'ﬂh rgpiuﬁcsPBf‘sgléjéo %056) amg1
) Johnson and Russell (Johnson, C.D. and Russell, R.L., 1975,
Anal. Biochem. 64:229-238) with several modifications.
Lysates prepared in 50mM KH2 4 butfer pH 6.7 containing
200mM NacCl and 0.25% (v/v) Triton x-100, were combined with
(3H] acetylcholine iodide (NEN, NET-113, 73.3 mCi/mmol),
ethopropazine (0.1mM) in 50mM KH2P04 pH 7.0; Following a 15
minute incubation at 37°C, the reaction was terminated by
the addition of 100ul of a stop buffer solution containing:
1M chloroacetic acid, 0.5M NaOH, and 2.0M NaCl. Specific

AChE activity was determined in the presence of 1.0 (10 6)M
neostignine.
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16.1.4. MEASUREMENT OF H:!ZGH AFFINITY CHOLINE UPTAKE
Choline uptake via a high affinity, Na+-dependent

mechanism was assayed essentially by the procedure of Vaca
and Pilar, 1979 (Vaca, K. and Pilar, G., 1979, J. Gen.
Physiol. 73:605-628). The cells were washed once with 100
‘8l Ham’s F-10, followed by a 100 gl rinse with Tyrodes
solution. Following a 10 minute depolarization induced by
Tyrodes solution containing 25mM potassium, the cells were
incubated for 20 minutes at room temperature with [3H] _
choline (NEN, NET-109, 0.11pM, 86.7 Ci/mmol) in normal Na+
or Li+ containing Tyrodes solution. The uptake reaction was
stopped by rinsing the cells twice with PBS. The
accumulated choline was extracted by incubating the cultures
"for at least 20 minutes with 100 gl of cold acetone




adjuvant. This m xture was injected subcutaneously into 36 -84- multiple
"sites on the back. The second i muni zation was carried out three weeks

| at er,-sand was identical to the first except that inconplete Freund' s

adj uvant was used in place of conplete Freund' s adjuvant. Subsequent boosts
occUrred at intervals of 4-6 weeks. Rabbild~were bled 1 5 week after

| muni zation, and the antisera routinely checked for binding to the pure B5

tide b K bept | CTI ON OF
DRt Ge Dy, SIANECH el MRS USET Rl R o s ARt | o)
in [err] wasremtnetl tandwetountrda he apeshtin amplaime alptahel itso tdvey
overni ght, tdefrdBenied petwddy Whd MY lofRb N 0GR thd aldd [err]g 1%

gelatin for 30, m nutes, at n1te rature. Wells were washed three tines
with distillHROGRER en%ﬁﬁhﬁg RE MNP pg of antisera was added and al | owed -

to incubate at 4[err]C overnight. Wlls were then washed three tlnes I n
PBS/ 0. 05%gt ri t'qp %- %00, .

anti -rabbit |nnunoassay FFE600 o ' e e
at room tenperature forc’c‘ﬁlééeﬁﬁhﬁzs"ebtﬁm#'% %@#@M@Yw ce, and 100 Pg
ABTS sol ut i oni&¢8chendEd Dl ¢ Soatning Ss6t Vacetyl doTinéstetad Gy raate pH 4.0

plus modification of the staining method of Geneser-Jensen and
Blackstadt, (1971, Z. Zellforsch. 114:460-481). Following
fixation of the cultures in 4% paraformaldehyde, the cells
were incubated 5-6 days at 4°C in the presence of the AChE
substrate solution composed of the following: 4mM
acetylithiocholine iodine, 2mM copper sulfate, 10mM glycine
and 10 ug/ml gelatine in 50mM acetate buffer pH 5.0.
Visualization of the reaction product was accomplished as
previously described (Hartikka, J. and Hefti, F., 1988, J.
Neurosci. 8:2967-2985).
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16.1.6. IMMUNOHISTOCHEMICAL STAINING FOR THE NGF-RECEPTOR
Cultures were washed twice with DMEM and then

fixed with 4% paraformaldehyde. The cells were then treated
for 3-4 hours with a sodium phosphate buffer pH 7.4
containing 5% bovine serum albumin, 0.02% triton x-100 and
5% sucrose (Hartikka, J. and Hefti, F., 1988, J. Neurosci.
8:2967-2985). The NGF-R was detected utilizing the
monoclonal antibody 192~IgG (Taniuchi, M. and Johnson, E.,
1985, J. Cell Biol. 101:1100-1106; Chandler et. al., 1984,
J. Biol. Chem. 259:6882-6889) and at 1:1000 dilution in
buffer containing 5% horse serum. The cultures were
incubated with the diluted antibody for 15-18 hours at 4°C.
The bound mouse immunoglobulin was detected utilizing
biotinylated horse antimouse IgG (1:200 Vector). The
immunoreactive cells were identified by using 37,3



10 [err]g [err]) was added and i ncubated for about 5 mnutes, until color’
devel oped. The reaction was stopped by the addition of 10 [err]g 1% [err].
Sanpl es Were diluted 1:5 with 25 [err] and_optical density was neasured at
415 nm 11.2. RESULTS AND DI SCUSSI ON ThEY3fATi serum fromrabbit 4 (sera 4)

showed the highest titre, (Figure 7a) and was utilized in subsequent

experi ments. g idadines dindMagCtRe 4P Eratd it loheP YobhiCHePYxidase
precipitation mntqaannonlun1sulphate; to a portion of antiserum an equal
vol ume of sattEEY- ammoni um sul fate was added slowy, with stirring, and

the solution was stirred for a further 15 mnutes, then centrifuged at 35
-85- 2,000 x g. The pel | e§, yep. WasfiadrrichTeon BrOBBNE NG Ai@d anoni um
sul phate, then redissol % in PEF |§éa VOL OorJ es onalng*to the origina
vol ume of gerum Ammoni s AHAEEARASR SRR o f TR, RPECINg BFALR ra
changes of PBYSF ThEren Matee monsey shbrarkbl HYY) whagdl i was. Gontluetedmes 5 and
" subj ect ed todaueminq:aid cﬁ[rewd%1§ tﬁﬁﬁfﬂzﬂ?&-pﬁt&ﬂ%ﬂl's?t(%farﬁﬂ]ét‘la?ﬂé | bggy
.Was resuspen n erdo_and . or, reactivity w | de

by ELI SA, andgggg'f undq'o zlf'egé{‘](?t %?’ 'aizpsﬁﬂoﬁt o?el’l': ARF3 - P&T’ycggaéf _
anti bodi es t 013253391328 ). pdhe crecombinant BDNF, used for a portion of
these studies, has been characterized previously
(Maisonpierre et al., 1990, Science. 247:1446-141).
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16.2. RESULTS

Cultures of septal cells produced elaborate
neurite outgrowth on polyorhithine-laminin coated wells,
with many of the cells displaying a characteristic neuronal
phase-bright soma by 24 hours (Figure 21A and B). Continued
neurite outgrowth resulted in a progressive increase in the
extent of cell-cell contact at days 2 and 4 in vitro
(compare Figure 21 C, D with E, F). There were very few
non-neuronal cells in the cultures even after 4 days, as
noted by the absence of flattened phase-dark cells. To
assess the effects of BDNF on septal cholinergic neuron
survival in culture, a histochemical stain for AChE and a
immunohistochemical stain for the NGF-receptor was used.
Typical morphologies of AChE positive neurons are shown in
Figure 21G, H. Several NGF-receptor positive neurons are
shown in Figure 21I.

BDNF elicited a 2.4~fold increase in the number
of AChE positive cells in low density cultures (defined as
cell densities between 66,700 - 133,300 cells/cmz) of
embryonic rat septal cells as shown in Figure 22A. At the
same cell densities the effect of NGF was slightly less
(1.9-fold). The finding that BDNF as well as NGF can
% produce an increase in the number of AChE positive neurons

15



10 (B5) corresponding to a 33 am no acid fragnment of porcine BDNF were
generated by inmunizing rabbits as described above. Sera 4, which showed
the highest titre against the synthetic peptide, showed reactivity with
purified BDNF. from porcine brain by EIIl SA (Figure 7b). Wak reactivity 5
was al so detected by i nmmunobl otti ng ( DATA-NE-SHOM). However, the :
antiserum was unable to block the activity of BDNF in a biol ogi cal assay on
chi ck enbryo dorsal root ganglion sensory neurons. 12. EXAVPLE: NOVEL

Bl OLOG CAL EF RS2 lp o thres RURRtes A& %amine whiethier theseBONG i s

capabl e of (j)fasatdirs radtg drh:m simiiled omdistimitgiddi®nall lpppulations.

differentiate sustalnln the
survival of C&g %‘ ner iC ngﬁm§%’%& %?J(ﬂ'%re( &Hﬁ es?sorﬁz
proliferation adksion, At satmratingievels ¢ifo PR A NGR ldathF maov e
not been descrgiestdy ciriciisdse A tdiwammﬁrzgldr RHED Pos itV Hehdons than

eurons, an lial calls be associ ated "wi th neurol ogi cal
gi seases or gdﬁﬁb*ggﬁ étﬁ'r!‘ rﬁéﬁé%%qt&%és]@%efm terms, Of newxandl of
neuropatholog|QEtViMQiAM#hp&éMﬂnsui#d suggdstt ithet the -difbl ikidrhidVikBoRoNsS
AND METHCDS 1234 - dat NEgtd® SiTtdds Wl idn X34 Bonr or NGF must e

closely overlapping populatlons.

The effect of BDNF upon the survival of AChE
positive'neurons was dependent upon the density at which the
cells were grown (Figure 22A). At high plating densities
(200,000-266,000 cells/cmz)neither BDNF alone nor in
combination with NGF produced an increase in the number of
'AChE expressing neurons. This may be due to increased
endogenous levels of neurotrophic activity, or
alternatively, survival promoting effects of the increased
cell-cell contact occurring at the higher cell densities.

At low cell density, the number of AChE positive cells
increased as a function of BDNF concentration, with a
maximal response observed at a dose of 10 ng/ml, which
increased the number of AChE positive cells/well from
control values of 169.2+12.9 to 388.0+26.2 (a 2.5 fold
increase) in treated cultures. 1In comparison, a maximal
response to NGF was observed at 50 ng/ml and produced an
increase in AChE positive cells/well from 121.0+7.6 to
231.7+12.9 (a 1.9 fold increase). The plateau phase in the
response curve appeared to be stable for both BDNF and NGF,
in that there was no reduction in the number of AChE
positive neurons at doses as high as 100 ng/ml.

- It is apparent that in low density cultures, both
BDNF and NGF are capable of increasing the number of cells
' detected by AChE histochemistry. It is possible that this
increase is due to a rescue of cholinergic cells dying in
culture in the absence of growth factor, to recruitment of
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SUBSTANTI A Nl GRA NEURONS Ventral mesencephal on was di ssected from brains of
rat enbryos varying in age fromenbryonic day 13 to 5 enbryonic day 15.
Typical by, two litters were used in each experinment. The dissection
solution had the foll ow ng conposition: Ne@gq-136.8 nM KC1, 2.7 nM [err]
8.04M J[err], 1.5 mM glucose, 6 ng/m, and BSA, 0.1 ng/m, pH 7.4. This
solution was prepared and subsequently filter 10 sterilized through a 0.2
[err] pore fi [REGCUTARE @eddEat P3n ERadhgeirgnrEdonnas thenchebinergic

C(r)\ndl ti 0”3 Omxtém. tiatche WIS dltﬂ:ﬁﬁliﬂted.of awmah—bnthatbrT andfig theéséest of
t
fraghent s meﬂ*@% Fife el iVRl Bhfte fe GaRet AlALe UBHE SRHSucted.e

mnce
sci ssors. iggre23) dn & sariesdiof @@Afcarsﬁngaénteéwﬁr §ori a tetal hen

addeg to the 5 SLE, Al arbrid @dRicrd cul) titlew, kEeabed! Fevendootikhéurs
I ncubation ger

concentration %\ggé%(up\t‘ssffﬁ J e d to th%Czl r?é% SR%%%&%‘ g O%HEDQEFPFG%GF

out, and the ttgsu&glem_;i,mvazsz stm-qudhtaepcaws@tt ot8c®llmures yaswt h
nmedi um consi st iggani 1 dhed mtﬁ@@r&t&tméﬁam %ualabﬁﬁsahedh&ht h 2 mM

| ut , t3/ 1 [ strept d
7 5% Tetal cal FEEBFAM {Rek)BONHCR HAR S Ghe YAk AVRTodoNA A-bdRbtop |

centrifuge at When1camperhmgrthe$e58@br$zté(nfecqitunn&,oth& respbase ¥be
medi um vas. ¥ et 8¢, paff! 3%&&:95%? SESA PN WAS RAGEdre dalle GE' kaBe! | et

A fire polishe p| enlqg
obse ed when the cells were grown continuously in the

presence of the factors (compare solid and cross hatched
bars in Figure 23). The results were strikingly different,
however, in a third set of cultures in which BDNF or NGF was
only present for the final 5§ days (-7/+5) cultures). Under
these conditions, neither NGF nor BDNF was capable of
enhancing the number of AChE positive cells. In other
experiments, it has been established that exposure of septal
neurons to either NGF or BDNF for as little as 3-4 days is
sufficient to produce a large increase in AChE enzyme
activity, and thus detection of cells by AChE staining.'
Therefore, the lack of a detectable increase in the number
of AChE positive neurons in the “47/+5" cultures was not due
to the possibility that the time of exposure to growth

factor was insufficient to allow for an induction of AChE
positive cells.
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_ It has been shown in vivo (Montero, C. and Hefti,
F., 1988, J. Neurosci. 8:2986-2999; Higgins et al., 1989,

- Neuron. 33547-256) as well as in vitro that NGF is capable
of regulating the levels of its own receptor as measured
both at the mRNA and protein level. Since BDNF was found to
display similar effects to NGF in the induction of
cholinergic phenotype and cell survival in septal cultures,

% ‘the potential that BDNF may regulate the levels ‘of NGF-



of 1 mmwas used to triturate the cells eight tines. The 30 remaining

t'i ssue fragnents were allowed to settle by gravity, and a snmall aliquot of
t he super natant was taken to assess cell nunber by counting in a
henocytoneter. After cell density was detld&dm ned, the cells were plated 2
Intotissue culture plates at a density of 50,000/ cm -87- The culture

| ates were prepared on the day. 2 ior 1o dissection. Jiss | ates (24
e o o AT PR G i BRaE LESHPR I ShoED8, ARBRERE PRORERORER ol ont
30,:000- 70, O0Dmmpimaposi®ive ngedls, avasobestedper Atulo hgymld ,hBDNF. The

| at es were Loy d; 34 t en, d i th
gnuse Iamrﬂéﬁgéﬁ%%gr y?ﬁ?érgti*%gﬁ?%gn%érgggr2§F§%Q§6238??F¥$%% p_ateg
vere then wasPRANOPesitive rcallsy s, shaun ABuEiguyeoedrni Fntexestingly.c

in a hum di faedhighes pbeheeritpatibhid (36-200[ agyhl)9tHedieffect 0Fe HDNFSENCE
of gromﬁhsnegiun1rThe nggiug%ig the ﬁ%ﬁ%ﬁs m&ﬁ %0 renmoved the folgpmdn day
and repl aced APt REPPESRE Y G n - RET B ¢e BSag| ﬁ@?@ ﬁ%ﬂﬁﬂ?(ﬁn t he
cul ture pl attbist instahte wascnptabidy didfferentufxop thet smbsEiwed [forand
5% [err]/95%pgkr ekPbc® B2’ BBNFObnZotheY parkieteds! Y€ these cultures,

g.é., number of AChE positive cells. As a positive control,
the cells were treated with NGF at a concentration of 50
ng/ml, which also resulted in a 3-fold increase in the

number of positive cells. Therefore, on the basis of IgG-

192 staining, BDNF has an approximately equal effect to NGF

on up-regulating the expression of the NGF~-receptor.

In addition to effects on cell survival, the
possibility that BDNF could promote cholinergic phenotypic
traits was investigated. A linear increase in CAT activity
was found in septal cultures grown in the presence of
incfeasing levels of BDNF up to 50 ng/ml, where the response
saturated at a level of 1.8 fold over control values, as
shown in Figure 25. Induction of CAT activity in parallel
cultures treated with NGF reached a plateau at 25 ng/ml,
representing a 3.4 fold increase over control values. The
response to either BDNF or NGF showed no significant decline
at three times the concentration sufficient to produce a
saturating response. The induction of CAT activity with
either BDNF or NGF did not effect the level of [N-
hydroxyethyl—-4-(1-napthylvinyl) pyridium] HNP-independent
transferase activity.

- In light of the finding that BDNF as well as NGF
elicited increased CAT activity in septal cultures, the
response to concurrent treatment with both factors was
studied (Table VIII). For these experiments, two
concentrations of BDNF were used, 5 and 25 ng/ml, which
% increased CAT activity by 1.4 and 2.6 fold, respectively.

10
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15 medi um was changed to a serumfree fornulation (SFM having the

follow ng conposition: a 1:1 (vol:vol) mxture of Basal Eagle Medi um ( BEM

and nutrient mxture F-12 with glucose (33 mM, glutamne (2 MM, [err] (15

mV), HEPES (10 mM), supplenented with insulin (25 [err]g/m), transferrin

- (10Q 20 [err]g/mM), putrescine (60 [err}hMea~progesterone (20 nM, sodium
selenite (30 nM, penicillin (5 Um), streptonycin (5 ng/m ), and T3 (30

nM. In some experinments, purified BDNF was -added to the cultures after

t he nedi a cMhﬂﬁaﬂﬁfEiﬂ@cngtmdlur@hﬂey 2lonrg increased enzimesartivéh¥ used

WG ened W{““W“‘%@%ﬂﬂﬁnﬁﬁéﬁé@%ﬁ”“?d e o s were
obt ai ned th?‘}ﬁr}"g%\l%%c’be 5?3‘?0?? iefg nt& éé?‘giveaﬁ%lt Fg%rai’é@ &éﬁ? he
fetal calf ok urhe|cdtnSéntmabions3tfOBBNFandetihe anpuyelyariddiitival efdeer
medi a COWO’?&t@nwr&‘ pg&fhagaia#%slwaa £hehedleq l& 2 2 52 gnd
were cell ure teste yor ni thine an were al so
obt ai ned ?roﬁ?%ﬂgnﬁ?sﬂ?9ﬁgVﬁlﬁas°8§FaPﬁB&rPﬂoNP@BPFhlné?GhQPﬁﬁﬁﬂﬂﬂcl NJ) ,

| ot nunmber 3¢&Yuesbwere- 83tuddIiE somewhaltcfiotd thael additival.ytical grade,
purchased from Baker Chem cal (Phillipsburg, NJ). The BDNF used in

TABLE VIII
10 EFFECTS OF CO-ADDITION OF BDNF
AND NGF ON CAT ACTIVITY
. CAT Activity . _
Concentration (ng/ml) (pmol/Hr/Well) % Control
15 Control 561.3 i 34.8 2 memee-
NGF (50) 1546.3 i 89.7 280
BDNF(5) 768.0 + 25.4 140
BDNF (25) - 1470.1 + 66.2 260
NGF(50) + BDNF(5) 2767.6 + 177.2 490
20 - NGF({50) + BDNF(25) 3742.0 + 669.3 670

- Septal cells were grown for a period of 12 days in SHS/N3 in
the presence of the indicated concentrations of trophic

26 factors. CAT activity was determined as described. Values

represent the means + S.E.M. of 4-5 determinations.

The possibility that the biological response
30 observed with BDNF treatment was due to a BDNF-dependent

release of endogenous NGF was testéd. To examine this
question, a monoclonal antibody to NGF (antibody 27/21,
Korsching and Thoenen,.lsaa) was used to block any NGF-
related response. As shown in Table IX, the effect of NGF



t hese experinments was purified frompig brain by Dr. Y.-A Barde, according
to the procedure of Barde et al., 1982 (supra). 5 12.1.2. METHODS FOR

| MMUNOCYTFOCHEKI CAL STAI NI NG OF VENTRAL MESENCEPHALON CULTURES Fi xative
solutions were prepared fresh for each expe¥23rent. For the staining of
tyrosi ne hydroxylase (TH), 10 the fixative was 4.0% par af or mal dehyde in

Sorenson's phos b e n buf.fer s prepared by adding a
0.2 M solution §? e?agéﬁgjétg?&:{%fe Q@ﬁ? ﬁﬁ‘gsr—f‘“’ﬁgt gT’g?'FPéG%H éﬂ‘ge7 3.
The. par af or mal dBRY8zinguced presprnag Wasiessensinddysuhatfectahd Onef |y
Be?t ed, to 1_?_ akheul it nbﬁebehdbékﬁéﬁ,vﬂﬂ:lq[ta&@xecﬁgbﬁi i@vé?oaft&?f&c%ﬂ{%g
efore use. To i rQGe, re ium yas [ egov rom

cul ture dishes ggggﬁ{lpgegu%fi%&aﬁ% H’Z‘ SPorEFEEi &%ﬁf’gﬁds‘ﬁfmiw*/ﬁﬁsf‘
gently added toaiﬁéedi 3f. campared dianundineatedy controlbat | Bevertlddl ess\uttie

was carried &ut obEereedEfibeEaked ﬁor@w%ﬁvﬁft%%ak‘égﬁg%fﬁ%ﬁ%%% g im'n”;t es

each, wth gent ot at.i on, | owed.. The cell s re

quench -sol uti onb%(?;ggﬁ%nﬁ{uPé&‘a?p‘?mt & &t &&g‘e\ﬁﬁ pifeqt and ek on.
The quench sol umediated b3 anhcincreasesin endogemmusedcFor TH consi sted of
Sorenson' s phosphat-e buffer containing 2% normal horse serum Next, the
cultures were incubated in perneabilization buffer at roomtenperature for
30 m nutes V\4°th gentle rotation. The
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sol ution consisted of Sorenson's buffer containing 0.2% 30 saponin, and
- 1.5%of normal horse serumfor the cultures to be stained for TH Fol | ow ng

the perneabilization step, the cultures were incubated in the presence of
primary antibody overnight at 4[err]C. Th&&fTi body against rat TH was a
nouse nonocl onal anti body of isotype Ig&RRa. It was used 36 -89- at 40
pgétm in a solution of 10 MM [err], 50 mM Nad , 0.2% saponin pH 7.5.
Fol | owi ng t he ' ' ' '

prery—anttbody—reubat om—tte—cuttures—were—wastred—5te
for 15 minutes each in the appropriate EABEEREA| zation buffer. Next, the
SR G50
U

cul'tures were incubated wi 0 i.yga tQ 5 biotin,

that is biotinylated hOﬁ ﬁé ég ﬁgﬁg;' : ﬂf%;gggizﬁgrried out
at roomtenperature for ' efrtFe—Ttotat — t+dentical to
t hose descri bed above foll owed, and the cultures were then incubated in the
presence of & paef aceBy¢iayi din- 10 biotinyl ated horseradi shperoxi dase

conpl ex (ABC r copeshtrietbar (ggz@mtoriem@%@g CA) ¥ CRNteG1
according to urer's protocol. Afte . incubation at room
t enper at ure mﬁ?ﬂybgﬁéle rotation, the culté}gﬁ ﬁggéfmashed as descri bed

above. The cul BPNFL2®dre subsequently 15102hcébIR@@d with 55 nMIB7% s-C pH

S

P

7.3 contai ni ng NeFy s/ M 1139.0499.1 220
j0 Control + Anti-NGF 418.7427.0 81

BDNF + Anti-NGF - 819.2+68.8 158

NGF + Anti-NGF 551.0+27.0 107

Following a 12 day growth period in 5HS/N3 in the presence
of the indicated ‘concentrations of trophic factor the septal
cells (plated'&t a density of 2.3 (105) cell/cmz) were
harvested. CAT activity was determined as described in the
Experimental Procedures section. Values represent the mean
+ S.E.M. of 6 determinations.

The possibility that AChE activity is
coordinately regulated along with CAT activity by BDNF or
NGF was also tested (Figure 26). In contrast to CAT
activity, the dose response of AChE to BDNF or NGF appeared
quite similar in that the enzyme activity increased linearly
up to a concentration of 50 ng/ml. At this concentration,
NGF and BDNF increased AChE activity 274% and 234%
respectively, as compared to the non-treated control values.

The time course of BDNF or NGF induced increase
in CAT activity was investigated (Figure 27). CAT activity
in cultures treated with 50 ng/ml of BDNF increased to 170%
of control values by 3 days. This increase continued until
day 6, where it plateaued,at 2.5-fold above control values’



di am nobenzi di ne and 0. 01% hydr ogen peroxi de. The devel opnent of reaction
product was allowed to proceed for 2-5 mn. after which the solution was
renopvedsand the cultures were washed several times with ice cold PBS. The
20 nunber of positive cells/cnferr] was-idwh ascertai ned. The

par af or mal dehyde and the gl utaral dehyde were obt'ai ned from Fl uka Chem cal .
Vectastain kits containing normal serum (used as a bl ocki ng agent),

bi ot i nyl at ed thioughiong- five reaaiader- pinthegperipinteatedi n Dhi, Cofer st ,

3. oti nylbat ed fﬁ?dwe% @&f&eﬁstg qsnvagyta%> Lahﬁ&ﬁlgttﬂﬁicig hgas more
i am nobenzi di.n ne rom | fKD
USED | N MEASCR ‘ﬁé,vaiﬁ%%: E‘ IfLEfgeg;a"""““’{‘i"?’ 2. FI\N@%?Q‘A? contro
VESENCEPHAL ORYCHaERURES [The lincrease da CRSr apHimAryuponkénued perfisered as
described by 13a{eahdSp, Heathirlgl WBFalde UQU'SQQC'fola 6%3r/ ¢ Bbhbrsigor
nDdlflcatlgn The %P%?ke buff'er had the follow ng conposition: HaC, 136.8
MM KA, 2 7 3ffends daxsk,.

[err], 8.0 mM [err] 1.5 ™ glucose, 5.0 nV
[err], 1 0 rrM [err], l1.Xstrdcytesyr igrowanciio cmrurm fpxr gy pendéedOof niV] pH

praweguﬁge@%y h"a"p Bé&dd IR 2d WYt dmaRe & vakBet)y wes added to the

neurotrophic activities, in addition to NGF (Lindsay, R.M.,
1979, Nature 282:80-82; Lindsay et al., 1982, Brain Res.

10 243:329-343; Alderson et al., 1989, Dev. Brain. Res.
48:229-241). Althbugh we have ruled out the possibility
that our present observations on BDNF are mediated through
an increase in levels of NGF, it is conceivable that BDNF
may act indirectly by modulating expression of other

15

neurotrophic factors, especially in glial cells. To assess
the possibility that nonneuronal cells might influence the
effect of BDNF on CAT activity in septal cultures, we
compared the response of cholinergic neurons to BDNF in
mixed glial-neuronal cultures and neuron-enriched cultures
20 (Figure 28). In neuron-enriched cultures, the response of
’ CAT activity to BDNF displayed a bell~shaped curve; a
maximal increase was achieved at a dose of 5 ng/ml of BDNF
and at a concentration of 25 ng/ml there was a significant
decline in enzymatic activity (p>0.001, comparing 15 to 25
ng/ml of BDNF). Similar to the result shown in Figure 25,
the CAT response to BDNF in the presence of a confluent
glial'layer was linear, in this case up to 25 ng/ml of BDNF,
the highest dose tested. In the presence of nonneuronal
cells higher levels of BDNF were required to produce an
equivalent increase in CAT activity to that found in
similarly treated neuron-enriched cultures. '
Notwithstanding, the ability of BDNF to maximally stimulate
CAT activity in the septal cholinergic neurons was



The cells were washed once with prewarnmed (37[err]C) 5 uptake buffer, and
replaced with 0.4 ml uptake buffer/2 cn2 well. The cultures were then
preincubated for 5 min. at 37[err]C. At the end of this preincubation 0.1

m 3H DA, in uptake buffer (250 nM 40 C /mWl), was added such.that the
final concentration of 3H DA in the buff¥6éwas 50 nM The 10 cultures were
i ncubated at 37[err]C for 15 min., follomed by four washes at 4[err]C, 0.5
m each, with ' h ce .C BS (10 niV
lerr], 150 nfPReReidy shk o8 AThid 3isolBl 68 dhiched BeBhial s (iash
was conpletedcebl% n1/2 [err] well 0.5 N NaCH was added 15 to the cells,

and allowed to stand at Qrodivet bapis ad£IrGAT @amdt AChBoactiviliys I‘ilaOtbextract

b BoRRd t
| \(/vgzcigrzqungﬁ af&lvi etﬁ{aﬂfi aoﬁ? ca U&@%iﬂﬁﬁ&l %' kd;ﬁ 1:%:?. g&ﬁgpem i

gﬁ‘)‘ { ﬁ%‘ oId" cintillation

upt ake was dePPREYNEEIIF RBRMIEYR °\Aﬂ? l?oF?‘gﬁéﬁel?PlfOfH’F& BFesence of
5 [err] M BET. thgpeffedly of [HDNFr opr uaenxmum ad-dependentnt dlighpt ake
BT and gl uoa T intEotiReTIE vRRalbns éfbedLo&u chag bagy Bagie TT
scintill atgl On%??lll daﬁb Eiﬁ%’ﬁbf(?&' E}oﬁg’ﬁ% e(gfgf;f*f'ﬁﬁ °§/A{° nggm i 9
NETFKIIS FOR PROBEBCR ar-chol ipaspe ;I;EXEQNQVBCHQﬁﬂNE¥§I(FHWQJR@NS

Primary cul t ungfe @bnbegaatéd cditiiolsCholhnedied0 cuithkes e Nrzeduced
IL.O? S?wa G/ ) 1 {nb@kea £EY £oidl Nerddife SP!dn3T1HEC OEHANE 14D 1 N

16.3. DISCUSSION

In comparison to its established effects 6n
peripheral neurons (Barde et al., 1982, EMBO J. 1:549-553;
Lindsay et al., 1985, Dev. Biol. 112:319-328; Davies et al.,
1986, J. Neurosci. 6:1897-1904; Hofer, M, and Barde, Y.,
1988, Nature 331:262-262), the neuronal specificity of BDNF
within the central nervous system is less well
characterized. To date, the only known responsive CNS. .
neurons are a small subpopulation of Thy-1 ﬁésitive retinal
ganglion cells first identified in cultures of E17 rat
retina (Johnson et al., 1986, J. Neurosci. 6:3031-3038).
Further studies have also established effects of BDNF upon
adult retinal ganglion cells in explant cultures (Thanos et
.al., 1989, Eur. J. Neuro. 1:19-26). In this study, we have:
shown that BDNF increases the survival of cultured
cholinergic ﬁeurons from the embryonic rat septum, as shown
by AChE histochemical staining, and increases the expression
of various cholinergic phenotypic markers,'i.e., enzymatic
activity of AChE and CAT and high affinity choline uptake.
In addition, BDNF was found to increase expression of the
NGF receptor in septal cultures.

In initial experiments, we found that BDNF
increased the number of AChE positive neurons in E17 septal
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were derived fromthe nedial septal nucleus and the nucleus of the diagonal
band of Broca. This neuronal population projects primarily to the

hi ppocagpus. The: di ssoci ated 36 m xed cultures (neurons and glia) were
produced by the follow ng procedure. The ggpyal region was dissected free
fromthe surrounding tissue, and renoved fromthe fetal brain. The tissue
pieces were then pooled, mnced with scissors, and treated for 20 m nutes

at 3%[ erlr] C wém&&w)@t%ymﬁm&c}q 2 A Vs icaiqn@at Emrt eqduaytdkkation
In the plating,ne co' 11 | pt.al ni ng
1% penicil li ng%hdﬂé#%%%ﬁfw, %%or{'eq&ﬂ%&é”?'fé)%%%o%%e

suppl enent) . reSfeck cwag| nosk apparent s YavbReddd depaitilesrtat i on of the
di gested tissugntfredst 828Gy} Scovddueidd HNUGE A EIHCWerR Agkifectile

di ssoci ated cells we counted. on a hemcytonete pl at.ed at t
appropri at e_deh®i FYFFRSE nEGYSRF P rﬁgbaf Jﬁiﬁ’ﬁfst"{ i%?qﬁé‘g‘é‘v&dﬁgg‘iﬁow f&
cultures fi¥e thesiavebucksefved i sthepreaende afldither growth Fachorin

vitro for 15 tghofays #hif %ﬂémﬂ%%&%m SR L Phalt BIRFIANA: NGF
12.1.5. CHOLI NE ACETYL TRANSFER@ﬁg ASSAYS ?%Iéwmng t he treatnent, peri,od

the cells wer e38Ft ABFIGLEUPEP | B3RS R ionrof AeptEdarhalingrgise

assays or proceewednger i nmunohi stochem cal staining for
As initially reported for NGF (Hefti et al.,

10 1985, Neuroscience 1:55-68), BDNF did not enhance
cholinergic neuron survival in cultures established at
relatively high cell densities. As a proportion of the
cells plated, cholinergic neuron survival was found to be
higher at high cell density than at low cell density, even

“in the absence of any neurotrophic factor. There are
several possible explanations that may account for this
including increased cell-cell contact, beneficial effects of
increased numbers of nonneuronal cells or a more than
proportional increase in endogenous neurotrophic activity.
In terms of the latter possibility, we found no indication
of substantially increased levels of endogenous NGF since
addition of an excess of anti~NGF to untreated high density
cultures only reduced basal CAT aétivity by 20%. In such
cultures, exogenous NGF was able to produce as much as 3.4
fold increase in CAT activity.

As observed both at the level of protein and
mRNA, there are now many reports which indicate that NGF can
upregulate the expreésion of its own receptor both on
cultured neurons and in vivo. 1In this study, we used the
monoclonal antibody IgG-192 to detect the NGF-receptor.
This monoclonal has been characterized on both rat sensory
neurons and in rat brain (Taniuchi, M. and Johnson, E.,
1985, J. Cell Biol. 101:1100-1106). While confirming the
£indings of Hartikka and Hefti that NGF can up-régulate the

15



CAT by the follow ng protocol. The nonocl onal antibody to CAT was purchased
from Boehri nger Mannhei m Bi ochem cal Co. and has been characterized

el sewher-e. ‘At the end of the experimental period the cells were rinsed
~twice with DMEM 25 The cultures were fi xsg a two step procedure; 50
[err}l of 4% parafornmal dehyde was added to 50 [err]|l of DVEM for a 10

m riut e i ncubation period. This solution was renoved and replaced with 100
[err]l of 496mavelobﬂaidehrdeephdrthﬁ sepulat cabtusescoasi notedfoy 3R

i noed thr ce (ReRsnEs; R,k ﬁ“?ggt PR g18p, Lhdbhilost BEVETERRIRET e

by a 30 nlnutbaﬂﬁcaééﬁFéﬁnﬂi ¥ Seppdi fhat. §DH§/#ﬂFre¢ﬁ§5d§b§r§Enbeﬂa§f
removed with uat;eqs\aamﬁneim%&vénéenal 8¢kupoteohuebd. of TRE& PaERBhse

bbi t dd 0 Th t d
Laded at o dl G BONF aE. BLPRAGES, dh SPAtibABh SonGARteRtRentnt gﬁﬁﬁems
removal of & heranigec loifn @ 5+-di00t ngymlandatiledc tiot predurer asi darget ad over ni ght
t 4 C T ' [ .t h
PES vash The stordd dh t8E “E‘E@?n%s%'e?%é%e?%“"ﬁ‘ Vs, heERM e °

met hod. Di ani b Wene IeresFingdyothds °\%§°§§e€e&E°Pﬁ§ ¥aBstrate
for the peroxiglpite GiFftdrant\E:on Wt e )tor the BDNF induced increase

in the number of AChE positive neurons. In the latter, no
reduction in the maximal effect of BDNF was seen at high
concentrations. It should be noted that the low-affinity
NGF receptor has recently been shown to also bind BDNF with
 similar affinity, suggesting that the NGF and BDNF low-
affinity receptors might be identical (Rodriguez-Tebar et
al. 1990, Binding of Brain-Derived Neurotrophié Factor to
the Nerve Growth Factor Receptor Neuron. 4, 487-492).
Possible similarities in the mechanism of action
of BDNF and NGF were suggested by the findings that BDNF was
equipotent with NGF in the induction of AChE activity.
Although BDNF was also found to promote cholinergic neuron
survival to a similar extent to NGF, the effect of BDNF on
CAT enzywatic activity was not as great as NGF. Over
several experiments maximal CAT induction with BDNF ranged
from 1.8-2.6 fold, while values of greater than 3-fold were
seen routinely with NGF. Thus, although there may be some
. similarities in the mechanism of action of BDNF and NGF, it
is quite probable that there are subtle differences in the
expression and regulation of their respective receptors and
the coupling of these receptors to the second messenger
pathway(s) necessary to induce CAT activity.

The supposition that differences in the level of
induction of CAT activity produced by BDNF or NGF might
represent differential regulatory pathways was further
supported by results from time course studies. Cultured

10
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carried out for one to five mnutes. The reaction was stopped by rinsing
the cultures two tinmes with 0.1 Mtris- 10 HA pH 7.2. The cultures were
stored iny50 mMMtris, pH 7.6 containing 0.15 M NaC , 42% gl ycerol, and

0. 15% Zephiran (Pierce Chemical Co., Rockvit328-1L) at 4[err]C 12.1. 6.
METHOD OF GENERATI NG PURIFIED 15 ASTROGLI AL CELL
CULTURES Purified E cul tures merg Brgﬁagag entially é&t neth of
McCarthy and De9EPFR (’ﬁBE&PFh§°3R°“ g d \‘7er' 8, 23, risfg egp:pvxty
Bi ol , 85: 890- 908htfilodagost a&t whichy tin2 the hepponsnpappem&edepp@aampau
were renoved fr S d E delspiiiis el

wer e then dlges?ghEPﬁefage iﬁﬂg@h&%@ iﬁ;EEFﬁSF%EQB%yﬁ}%hrgg at §€f§f§?@

The protease waShPWeS: AvRELSTAFLED Jinesr wise Srem g teedidufayeoy e
bovi ne serum G kessabiol of. 2%axier din lthe (:.Wtfmgi L) cmda&iv& tyrat 6

| | d d
Ul Ssue 11 agmont e Ao moire; SRR St heli Wi b HaR RS 1 00
pel | eted by cendevielppnentald: chahgeprhnf dhef iexpreasicrs off exitdyean e iBONF
plating medi um ﬁ&gﬂ!ﬁ“ OW it el RIMHOHAHEUS] thl &etipoiistd patdfldy .

suspensi on was di ed into three, 75 cnP tissue culture flask d t he,

cell's were growfivem thakithe qupberof RRHNAEEAF newrong | AGhE Psidive
subcul tured by méum)nlmind)rirpmmdemimy aultuidmtafter 12 days

10 appears to be independent of exogenous BDNF or NGF, it seems
unlikely that differential neuronal cell death would account
for the time course differences found in the induction of
CAT activity by these two growth factors.

In the initial experiments involving BDNF
treatment of basal forebrain cholinergic cells, no
assumption was made as to the primary cell‘type, neuronal or
glial, respohsive to this neurotrophic factor. Although
studies conducted on highly enriched cultures of peripheral
neurons strongly suggest that BDNF has its effects directly

. on neurons (Lindsay et al., 1985, Dev. Biol. 112:319-328;
Lindsay, 1988, J. Neurosci. 7:2394-2405), it is conceivable
that the neuronal effects of BDNF seen in the present study
‘could have been mediated through a primary action of BDNF on
astroglia or other nonneuronal cells. However, BDNF was
found to be equally effective in the induction of CAT
activity in the presence of a confluent monolayer of
predominantly astrogiial cells or in cultures greatly
depleted of glial cells by treatment with the mitotic
inhibitor, cytosine arabinoside. An intriguing observation
from these experiments was that the shape of the dose
response curves to BDNF was distinctly different in the two
cases. In the presence of a glial monolayer, the response
to BDNF was linear with an increasing concentration of BDNF.

- In neuron-enriched cultures, the dose response to BDNF was

15



-93- just described. The glial were counted and plated at a density of
10,000 cells/0.9cnferr]. 12.2. RESULTS 12.2.1. THE EFFECT OF BDNF ON

TYROSI NE HYDROXYLASE 5 PRESENT | N VENTRAL MESENCEPHALON
CULTURES | mmunocyt ocheni cal staining, as3@scribed in section 12.1.2,

supra,” was used to neasure the effect of BDNF on the nunber of tyr05|ne
200 20" per coMPAREE o $he, do 13 o PPEBpgbinbe cBRRIRRRELSR FFRF ShaPR Ll L ur oo
of ventral mwém:ﬂaom& the alﬁer ¥helmsghvesnuapakpnass ctve BRNF as
early as cul tage 3 tinusBRidwe té@fﬁéilﬁéeéonééntration Iof e THE
EFFECT OF BD&%? %§}ﬁ§¥A§§}UPT PTAKE B ETRAE $ c EEALCN CULTURES
[ err] H dopanmi &L & LereREOr 4o5RLF 8 NGR  BEYF Tt hod of
Dal Taso et autqmﬂﬁavely,theosmppr&sﬂ?e?ef}feMt bfnastroopties i c:mlid)rlma as
o cnaarves SHLARE b RIS ol oneelh hoaigt Lopdhaanchals
cul ture (Fi guFecenton expressigy; d@ tegnfornexpEpl REDY gredtly
ACETYLTRANSFER&&efé@REFﬁﬁdﬂ&OGBm CHELmAERE GbbeiRebiSoRs guave 10( a)
gfgb\fhspgt‘fogﬁéﬁtrﬁow B B U UndPhertl REBEEiXRaCCl! SahQ! AOKELY A .
F., 1988, J. Neurosci. 8:2967-2985) and Honegger and Lenoir
(Honegger, P. and Lenoir, D., 1982, Dev. Brain Res. 3:229-
238). It has been demonstrated that glial cells of
different brain regions can greatly influence the morphology
of neurons associated with them (Prochiantz et al., 1979,
Proc. Natl. Acad. Sci. U.S.A. 76:5387-5391; Prochiantz et
al., 1981, Nature 293:570-572). Thus, septal glia may have
_instrinsic properties either of a membranal or secretory
nature which may act to suppress the expression of the
cholinergic phenotype. The regulatory properties of
astrocytes derived from the hippocampus under similar test
conditions is now being investigated.

On the basis of the data presented, it is apparent
that BDNF and NGF are both capable of incteasing septal
cholinergic neuronal function. It is interesting to
speculate as to the possible physiological relevance of two
highly homologous neurotrophic factors apparently acting on
a single neuronal population. There has been some
suggestion that the actions of BDNF and NGF may initially
overlap during early development of peripheral neurons,
especially on sub-populations of dorsal root ganglion
neurons or their preéursors, and then later segregate to act
independently on distinct populations (Lindsay et al., 1985,
Dev. Biol. 112:319-328; Ersberger, U. and Rohrer, H., 1988,
Dev. Biol. 126:420-432); Barde, Y.A. 1989, Neuron. 2:1525-
% 1534). This has not, however, been definitively established
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12 days in vitro. A 5.9 fold increase in CAT cell nunmber was observed with
the addition of 100 ng/m of BDNF, while the EC50 was cal cul ated to be 10
ng/mM. As a positive control, cultures at 260,000 (Black bar) or 150, 000
(hatched bar) cells per well were treated¥Ph~an identical manner with NGF
(Figure 10(b)). The 260,000 cell per well density corresponds to that used

for*the BONF Sidihy abiprbpriakeifrkirs o dPiie dndsbdulBianasll ve cells
S -94- simlar to that mhlcg has peen rggorte eviously. The
potential for TR0 MERTOBE - chSEPRE! P I 55988 PRed by

measur i ng CAT emtayaniscisiepta) hBurppanestabliskes dohenildiune atoa5single

24: 407- 409).  figurorik depiuehe)bpiienBanges, | fe AT piduiion] etfadh 22 BONVF
treatment. In tfl 5 cas 3 1.8 olg | ncrease was achieved wth_100 ng/ m
of BDNF and_t H¥& %é’ﬁ)‘ Mé%éﬂ c FeITEgativE  PRENGAFNIN WAY poLur-ptrdpiery pDNF
OR EGF ON ASTRUEYelopmeHitl stidighsRis tbe septum. ThHyme thexses tmayc piresehave

been denonstr abgdihteeitidy Hamploidali ha’ 8p8L181 Saf Pferferiddd esbtry t¥le
neurotransm tters and, neuropepti des. _Thus astr0£¥tes are capabl e of
e pentatar

responding to REBPEHAIYSP O1EBPrYLF SNz thh P AFs ¥GFhe
type Il astrocytes represkntwidll hcsebeulintereshingntoi examingrihemreffects

cultures, a poggi BbRF on basal forebrain cholinergic neurons in vivo,

10 where there is now evidence that hippocampal-derived NGF may
be involved in the normal development and maintenance of
basal forebrain cholinergic neurons in vivo. It will be
interesting to establish whether or not BDNF has a similar
role in vivo. The recent finding that BDNF mRNA is

particularly abundant in the hippocampus supports such a
role.
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17. EXAMPLE: ENZYMATIC CONVﬁRSION OF
PREPRO BDNF TO ACTIVE, MATURE BDNF

20 _ 17.1. MATERIALS AND METHODS .
Commercially available endoproteinase Arg-C

(purified from mouse submaxillary glands) was used to
enzymatically convert the large precursor form of hBDNF
(preproBDNF) to the biologically active mature protein.

25 This enzymatic cleavage was accomplished in an in vitro
reaction. The substrate in the enzymatic reaction was
preprohBDNF synthesized in CHO-DG44 cells which was
secreted into the cell culture media and harvested. The
culture media consisted of Ham’s F12 media (nucleoside-~

N free) with 1% fetal bovine serum (FBS) and 1% each of
penicillin and streptomycin. The reaction was carried out
at 37°C for 5 minutes using 5 units of enzyme and 50ul of
CHO-DG44 cell supernatant containing prepro hBDNF.




direct effect of BDNF on glial cells was tested. The cells were kept in
vitro for four days prior to the addition of growh factors to allow them
to reach approxinmately 60% of confluency and were then treated for 42 hours
with EGF or 20 BDNF. For the last 18 hourgaef the incubation [err]

met hyl t hym di ne was present in the nedium The effect of EGF is shown in

Fi gure 12(a). As has been previously reported, EGF was found to be

it ogeni ¢ f or Cleavager of ypreprJhBDNE xtoraha twee BRNE\wA D [momplet enuridex)
ngkm of EGF gndseWBbhaliBisfAyced at 5.2-fold increase in
[err]methyl thym di ne incorporation. Figure 12(b) depicts the effect of BDNF
on [err]nmethylthym dine incorporation. The response to BDNF appears to be

bi phasi c: very | ow doses (0 1704 il RESUDTIS CANID aDESCUSSIONICr ease i n
t hym di ne incorporation ﬁ%éh dgéfﬁ gfe@éggmﬁiﬁghg_épg BDNF i nhi bi ted
rr] sag

the 2 incor oratlon EF m di ne. BDNF at_ a of 5 ng/ ni
produced ar i rfRBBT Ha 124@938é8e§??ﬁﬁn§)d@%?e%%@P*?F?*ﬁa9%&??§ﬁe%) %l
cel prolifermheomaru&e bieactieeNEoimpPOLi REDNBS (appréoindte 3y 1A ,AAHSI ON

daltons) in vitro using endoproteinase Arg-C. Recombinant
human brain derived neurotrophic factor has been
successfully produced in mammalian cells (CHO-DG44 cells).
The hBDNF gene has been stably integrated into the CHO cell
genome and the hBDNF gene amplified using a methotrexate
amplification strategy. The recombinant hBDNF was secreted
into the medium and found to be biologically active.
Metabolic labeling followed by SDS polyacrylamide gel
electrophoresis (15% gel) demonstrates that most of the
synthesized [ S]-labeled hBDNF product secreted into the
culture medium migrated as the prepro form with an apparent
molecular weight of 31,000 (Figure 30, lane 2). [ S]-
labeled proteins secreted from wild type CHO~-DG44 cells are
shown in Figure 30, lane 1. In order to generate
predominately the mature form of hBDNF (apparent molecular
weight of 12,000), we designed an in vitro strategy to
enzymatically cleave the prepro form of hBDNF.

Trypsin digestion products are shown in Figure
30, lanes 3-6. Bovine pancreas trypsin (purchased from
Worthington' chymotrypsin-free) was dissolved in phosphate
buffered saline and added to 50 ul aliquots of [ S]-
labeled CHO cell hBDNF. Trypsin concentrations used were
25, 50, 75, and 100 ug/ml. The {>°S]-labeled reaction
products are shown in lanes 3-6, respectively. The
enzymatic cleavage reaction was carried out at 37°C for 5
minutes. A gradual decrease in the labeling intensity of.
the 31,000 prepro-hBDNF was observed with a corresponding
% increase in an 18,500 molecular weight product. The mature
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These in vitro experinents clearly show that BDNF sustains the survival or
I nduces the fully differentiated state of dopam nergic neurons of the
devel opi Rg rat substantia nigra, as shown by staining for 5 tyrosine

hydr oxyl ase and dopam ne uptake in cultures of these neurons derived from
enbryoni c rat nesencephal on. As these are~iB2-neurons whi ch degenerate in
Parki nson's disease, it is highly probable that BDNF has therapeutic

tential in Park] LAl ' dugi | 0
o' Shcr oasi ng. 2957 EochebisF CPERLERTET wpid é?éi’gmgi?‘gf bofPgelERAERT O
i n dopam ne symwndes $hege gondibionsot Figure 3, e [7; |[ghowsr $Begr owt h
(NGF), BDNF appéf@sy-iaveava peactiestprsaidis stsMicidinglenzphitier gic 5

neurons of the | fopehr ai ' | i,0e _
acetyltransfer é{si? 3 %al“n ngw} ﬁ?éﬁg\ﬁﬁ#ﬁpﬁ%ﬁ%é n%%% ihngr gas ed

acet yl chol i nestifdatest fremngongecarbrasilAry glanth Sxonrdgehringgral
nucl eus and SuQifttheim Biochendeadk, b2nd. of 160 aafi ts"\@POHig lenzyRNFegbone -

or di'sorders | HCobAReba Foolih FobREl Lred Tddfand T U 208, BEPRES
i ncludi ng, for %&k&ﬁﬁQLW@MGZh@mﬂethregséﬁse2°2%- For the :nzymriNpeLE:

| DENTI FI CATI ON §igéstidf-lofCaio i1 THEBBRIE/ WorusEhis RiMts (Braagpigoach of
| dent [ 1Y! N9 NOVELPRINGLS &Y "2 OBEPb98RpEAEbIN Bod'dild We1d POR Wi 11

10 supernatants containing preprohBDNF (Figure 30, lane 2).

As seen in Pigure 30, lane 7, 5 units of endoproteinase
Arg-C was able to convert the prepro form of hBDNF (31,000
molecular weight) to the mature form of hBDNF (12,000
molecular weight) in 5 minutes at 37°C.

Enzymatic treatment with endoproteinase Arg-C of
the supernatants of CHO cells expressing hBDNF increased
the level of BDNF biological activity relative to
unprocessed supernatants. Supernatants from CHO-DG44 cells
expressing hBDNF were treated for 5 minutes with
endoproteinase Arg-C at 37°C., 200 ul of supernatant were
treated with 20 units of enzfme and both the treated and
untreated hBDNF were assayed for biological activity using
explants of E8 chick dorsal root ganglia. Twenty-four
hours after the addition of hBDNF, neurite outgrowth was
qualitatively scored. We consistently observed that the
endoproteinase-treated BDNF samples were significantly more
bioactive than the control (untreated) hBDNF samples. A
concentration curve of this data is plotted in Figure 31.

In conclusion, purified endoproteinase Arg-C can
be used in an in vitro enzymatic reaction to generate the
mature biocactive form of recombinant human brain derived
neurotrophic factor from incompletely processed precursor
molecules (i.e., pro BDNF). This novel method will allow
- for an efficient large scale production of bioactive human

15



ol i gonucl eoti des, based on the segnents of am no acid 30 sequence
conservati on between NG and BDNF (Boxes 1-4, see section 5.8), was first
tested by determ ning whether pairs of such primers could be utilized to
anplify both NG- and BDNF gene sequences from genom c DNA of several
speci.es. This nethod was then used to |deﬁ?ny a novel gene which 35

-96= shares honDIogy with NG and BDNF in all four boxes of honol ogy noted.

POR s per fofta] d2ch Kaghe) 120 el fgfﬁ%“% rels) oroc, sramye it

supra
RESULTS 13. 2. mayahe possibl eN eF PEOSERRRES W&N@A C

DNA 10 solid Dedaisr and eyhahkish an | effhodlendt icddumni mers were
synt hesi zed cxg fgﬂgyyqﬂ%ﬁJ?osgg ions of Box 1 and Box 2 of ami no acid
en

sequence conservati on and BDNF (see section 5.8 above), and
utilized in a PCRreaction with rat genom c DNA as tenplate. The exact

primer 15 - 8equenceasver EXARPLEY | BRAIN>OERIVEDS NBURGFBOPRIQCHACTOR h ni xt ur e
of two or nore bases i nc/BROMOTES SURYIWADL| AR | MRTURATION OF DOPAMINERGIC
NEURONS OF RAT VENTRAL MESENCEPHALON

18.1. MATERIALS AND METHODS
18.1.1. CELL CULTURES
Dissociated cultures were established by

10 enzymatic and mechanical dissociation of ventral
mesencephalon tissue dissected from E14-E15 rat embryos.
Typically, pooled tissue from two or three litters of rat
embryos from time-mated Sprague-Dawley rats were

15 trypsinized (0.125%; Worthington) in F12 medium (Gibco) for
20 minutes at 37°C. After washing in growth medium (MEM
containing the following supplements: glutamine, 2mM,
glucose, Gmg/ml; penicillen G, 0.5U/ml, streptomycon
Sug/ml, fetal calf serum, 7.5%) the tissue was briefly

20' cen@:ifuged at low speed for 5 minutes and the pellet was
dissociated by trituration. After allowing 1-2 minutes. for
nondispersed cell clumps to settle, the single cell’
suspension was seeded onto 35mm dishes (precoated with
polyornithine and laminin; Lindsay et al., 1985, Dev. Biol.

25 112:319) containing growth medium to give a density of 5 x

: 104 cells per cmz. After an overnight incubation in growth
medium to allow cell attachment, cells were cultured in the
presence or absence of BDNF in a serum-frée, defined medium
as described by Bottenstein and Sato (Bottenstein and Sato,

30 1979, Proc. Natl. Acad. Sci. Usa 76:514), except that
insulin was included at 20ng/ml. To visualize dopaminergic
cells, cultures were fixed with 4% paraformaldehyde, washed
extensively, permeabilized with 0.02% Saponin in Sorensen’s
buffer with 1.5% horse serum and stained with a mouse




synthesis step, shown in parentheses; underlining italics indicate tails
wWth multiple restriction endonucl ease cl eavage sites provided to
facilitate ligation to vector in 20 a subsequent cloning step; A=adenine,
G=guani ne, C=cytosine, T=thym ne, hhnixtﬁgg% of AGCT): Box 1 (sense),
priger 1B: 5' - GACTCGAGTCGACTCGGTGI( C, T) A CT)(A QT(CTA) AG 3" Box 2
(antisense), prinmer 2C 25

g'OOCCAAGfCTTCTWIm CGarit iH¢dy & Gak) TR( ABG)ebAiﬁytAtA@.emém) TA(CT) TG 3'
n 0 eacC e nom c
N g o o ?Fg ey eréﬁ%?’&ﬁ% @{nﬁdﬁ gia% Vaguaddseda 8s§9$ 9%&&%&@%&6

g st an reaction m xture cycl es
were 30 carrPBF Kt (YeEROEMPSX 4 ng of incubation for 1 nminute at

94[err]C, 2 minutes at 43[err]C, and 2 mnutes at 72[err]C.  The

anticipated size of the grgdyct IdF tRpANNef ue r the BDNF or
NGF gene using these prlner e
17-mer "tails’ = -97- (GHHEPF?ﬁéﬁﬁr?rRﬁQRﬁﬁfq(is asseEipeAcin ﬁsshb%equent

cl oni ng st eps.suprag auphweeelgroﬁntturrthnxnunben:ﬁEUBaysniadiB&ted,
Dot 09 i bl et GE G gl Bk R 1
TO THE BDNF/ 1. Dcpamine uptake was determined in triplicate :
cultures at the time points indicated. Cells were

prewashed in uptake-buffer of the folowing composition:

136.8 mM NaCl, 2.7 mM KC1, 8mH-N§2HPO47KZO, 1.5mM KHZP04,
5mM glucose, 1mM Cac12, 1mM Mgso4, 0.1lmM ascorbate and
0.lmM pargyline, pH 7.4. Those samples to be measured for
nonneuronal 3H-dopanine uptake had benztropine included
(B2T) in the -uptake buffer; at a concentra@ion of 5 uM.
After washing, the cells were prewarmed to 37°C for five
minutes in fresh uptake buffer at which point 3H-dopamine_
(NEN, 40 Ci/mmol) was added to a final concentration of
50nM. The cultures were incubated at 37°C for 15 minutes,
the uptake solution was removed and the cells were placed
on ice, and washed four times with ice-cold uptake buffer.
Cells were harvested by addition of 0.5N NaOH to the
culture dishes, and the NaOH extract was counted in a
Beckman scintillation counter with 15 mls Ultima Gold
scintillation fluid (Packard Instruments). Specific
neuronal dopamine uptake is defined as that uptake (cpm)
observed in the absence of BZT less that observed in the
presence of B2T. Routinely, between 70 - 90% of the total
uptake was inhibitable by BZT. In replicate cultures at
each time point the number of TH+ neurons was determined by
immunocytochemical staining and the results shown represent
uptake normalized on a per TH+ basis.
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NGF PROBE | N GENOM C DNAS OF VARI'QUS SPECI ES The 175 bp band was renoved
fromthe acryl ami de gel by electroelution, and anplified further in a
second PER reaction of seven cycles, under identical reaction 10 conditions
to the first except that the concentrations of dGIP, dATP, and TTP were

| oner-ed to 50 [err] M each, and al pha- 32P;4lgJP tracer was utilized in place
of unl abel ed dCTP. The radi ol abel ed DNA product was separated fromreaction
conponent s by chromat ography on a sizing columm. This 15 probe, designated
"R1B/ 2C' (for rat DNA anpBeii2d fTRANSEENT (BXPRESSION2QF. BDME t hen utilized

Lo detect complementary eegURSCEs11s WwardNard¥iTeal VathOUfie \WELEH 3 ©
speci es (resul W th 1

rat .. nopse, and chicken are shown 1 n Figure ),
after digestio Fﬁ"ﬁ?gﬂﬁngogﬁﬁs??$%ﬁﬁ%ﬁlQﬂﬁﬁé%ﬂﬂ noBHPBE otd% ntR t o
ni trocel | ul osayra postetrausfectsion heFinhydf ictiltareosuperhabaht digest ed
genomi ¢ DNAs, @it hﬁdFaﬁlﬂlgzéé-acﬁ'ﬁaﬂzé@ @eé.heTﬁQOBhaidf,QQ&Ent s of
genom c cont.ai.ni NGE _an DNF_seguences .were _determned 1 n_25
'gﬁ dﬁ%n a n ﬂgﬁg oﬁ
controls on paf RGNS ¥ags Hhen, SorB I Frpholdpes, §PBDARS pr okRs,
prepared by P@igRashh flagndd 1ganbourshe Poattions were icollleEteag BDNF
genoni ¢ ECORl diAmpadd acdifstndsat RAPOD buftdL o8 2% UsiR géal sis
respectively. T‘F%aires‘ﬁ.} tcj: %Fabm m |l ar ﬁ%gl%s S q\/\ée#ntzwprese te |% I gure 3,
30 and equi val ERARE XL e *56PaPREHATRT gi‘h' “BBRE™YY ob8 as with
the porcine BONFYRMbOWispeclificFahaprbBions st izins, sreriGasaage@Dbéy
probes eachOhyReusi€e buityrtwtdl promoting activity in cultures of Es
chick dorsal root ganglion explants. Active fractions were
pooled. Analysis of the active pool by SDS PAGE and
subsequent silver staining (Wray et al., 1981, Anal.
Biochem. 118:197) on an 8-18% gel revealed a faint band at
68 kD corresponding to BSA, and a single band at
approximately 12kD, corresponding to that observed
- previously for porcine BDNF (Barde et al., 1982, EMBO J.
1:549) (data not shown). 1In comparative biocassays carried
out on chick dorsal root, nodose and sympathetic ganglion
explants the specific activity and neuronal specificity of
purified recombinant human BDNF was similar to that of
purified porcine BDNF.
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18.1.4. PRODUCTION OF hBDNF FROM TRANSFECTED CHO CELLS
CHO-DG44 cells were a kind gift of Dr. L. Chasin

(Columbia University, NY). These cells are deficient in
dihydrofolate reductase (dhfr-) (Urlaudb and Chasin, 1980,
Proc. Natl. Acad. Sci. USA 77:4216-4220). CHO-DG44 cells
were maintained in Ham’s F12 medium with 10% fetal bovine
serum, 1% penicillin and streptomycin, and 2mM glutamine.
Cells were passaged twice a week and were routinely checked
for mycoplasma contamination. All plasmid DNA was purified
by double cesium chloride banding prior to transfection.
The human brain-derived neurotrophic factor gene was




EcoRl fragnments in a variety of vertebrate genom c DKAs. For exanple in rat
DNA t he BDNF probe detected a band of 36 -98- approxi mately 8.8 kb,
whil e the NGF probe detected a band of approximately 10.4 kb. As seen in
Figure 13, in every species tested (data shown for chicken, nouse and rat)
t he R1LB/ 2C probe hybridi zed to a DNA band indi stingui shable fromthat 5
identified by the NG probe as well as toy band i ndi stinguishable from
that identified by the BDNF probe (in nouse, the NG- and BDNF genom ¢ EcoRI
fragnents have the sane el ectrophoretic nobility, corresponding to

appr oxi mat el ysuicForied (irdn théﬂuahmdﬂﬂnﬂﬁEﬁéﬁvﬁisﬁbﬁtVEEQO&OpéﬁﬂQnQBate

| | eot f

bot bt he. Nor SenSEAE dedih Y| Cedibedt pdvicbily YlTBonpt 27d 8R°CS 11O
addi ti onal baﬂ’ds-m?e?@ob%%#mu%ﬂmww-sm WeRkepied: hybrldl zed with
t he R1B/2C pr@mydfo:ommméauaﬁhfé:@nal to%dﬁiﬁukﬁ.rﬂi@o vidddgabyl east

tvvo ?gglptelcolnve b ,dioléir%ongpﬁés elq% G rOXI g of aelr(g gggerlvgd
S|n1larly, at P §BB8$ cinthﬁﬂoiﬁﬁﬁﬁsqﬁiiﬁ @wse&magnqmdnﬂ&ﬁqn zation to
rat DNA (X1, IZev@éwé@Pif*ShEjékawa -ahdbwer, 1988, BioTechniques

' 6:742-751). Approximately 1 x 106'cells were transfected
with 20ug of pCcshB and 0.2ug of p4l0. 48 hours after
transfection, the CHO-DG44 cells were split into selection
media consisting of nucleoside-free Ham’s F12 (without
thymidine and hypoxanthine; -HT) plus 10% dialyzed fetal
bovine serum and 1% penicillin and streptomycin.
IndiVid@il'colbnies were isolated approximately 10 days
after placing the cells in nucleoside-free selection
medium. Individually selected colonies resistant to growth
in necleoside-free Ham’s F12 (-HT) medium were treated with
either 0.02, 0.05, or 0.1uM methotrexate (MTX) to induce
gene amplification (Alt et al., 1978, J. Biol. Chen.
253:1357-1370) . MTX-resistant colonies were cultured as
pools and were further amplified with either 1.5, 2.0, or
2.5uM MTX. A single colony resistant to 2.5uM MTX was
isolated and selected for scale-up culture and production
of hBDNF. Southern blotting analysis of this clone
(DGZ1000-B-3-2.5) indicated an amplification of the BDNF
gene relative to wild-type CHO-DG44 cells of approximately
50-fold. Bioassays with explants of embryonic (E8) chick
dorsal root ganglia (DRG) were used to estimate that this
clone was producing approximately 9.5ug of hBDNF/ml (not
shown). Recombinant hBDNF was produced on a large scale by
culturing DGZ1000-B-3-2.5 cells in 480 cm® roller bottles.
Media was harvested approximately four days after these
cells reached confluence. Purification of hEDNF from
culture supernatant was performed as above for COS
supernatant.

U
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20 1.2 kb, respectively), and at | east one in chicken DNA (X, approximtely
2.6 kb). Additional bands, not |abeled explicitly in this figure, were also
observed 4 n sone cases. The presence of bands not attributable to NGF or
BDNF suggest ed t he possible existence of addBtional nenber(s) of the gene
famly. Simlarly, bands cIearIy di stinct fromthose known to contain the

BDNf* and NG gene seguences m§ée sﬁi.éi s of prinmer pairs
and genomi c DNA tenpl ates %bt | FI CATION OF A

NOVEL GENE RELATED TO BDNChaxmckerizatienri9f mqlesulsr signa}sorhishs t hat
novel genes relcdmskdio rddronad BQNFiOQUlﬁxd)EspMﬂ&ilﬁd d¥y tBeBetisi Ny

Box 3 and Box SHgAidl A bE cipiiienehl Stdilee nos SHVIHRERTEL LD,

Degenerat e pri reéll iegdp sﬁmﬁlé‘ﬁiﬁé&eohOVhéh%e%ﬁm symhems i6s shappd "But
5! - CII}3NTCCEEIIiﬂ§¥133&4&#@<3ﬁ335AIﬁi€1 . £6A18ad ko a better unde¥standing

RSSO [wer ey gy
at a single posmgtgﬁe|mpq¢gps in appropriate synaptic configuratlons.
While it is widely recognized that the survival and
maintenance of neurons depend upon specific, target cell-
derived neurotrophic factors (levi-Montalcini and
Angeletti, 1968, Physiol. Rev. 48:534: Thoenen and Barde,
1980, Physiol. Rev., 60:1284; Purves, D., 1988, in Body and
Brain, Harvard University Press, Cambridge, MA.; Barde,
Y.A., 1989, Neuron, 2:1525; Lindsay, R.M. 1988, The Making
of the Nervous System, Oxford University Press; Ooxford, p.
148) very few such molecules have been fully characterized.
To date, only two neurotrophic factors, nerve growth factor
(NGF) and brain-derived neurotrophic factor (BDNF), have
been shown to selectively support the survival of distinct
neuronal populations in vivo' (Levi-Montalcini and
Angeletti, 1968, Physiol. Rev. 48:534; Barde, Y.A., 1989,
Neuron, 2:1525; Leibrock et al., 1989, Nature 341:149).
Neuronal cell culture has been widely used.to

establish biocassays for the identification of neurotrophic
activity in cell and tissue extracts (Levi-Montalcini and
Angeletti, 1968, Physiol. Rev. 48:534; Thoenen and Barde,
1980, Physiol. Rev., 60:1284; Lindsay, R.M. 1988, The
Making of the Nervous System, Oxford University Press,
Oxford, p. 148; Varon and Adler, 1981, Adv. Cell.
Nénrobiol., 2:118) and to determine the neuronal
specificity(ies) of purified neurotrophic factors (Ebendal,
T., 1989, in Nerve Growth Factors, John Wiley, London, Pp.

' 81; Barbin et al., 1984, J. Neurochem. 43:1468; Barde et

- al., 1982, EMBO J. 1:549; Davies et al., 1986, J. Neurosci.
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ol i gonucl eoti de shown in parentheses). Note that inosine 10 was utilized
at” sone positions corresponding to the third ("wobble") base of a codon, to
al l ow for«the degeneracy of the genetic code. It is also possible to
utilize a mxture of the four conventional DNA bases rather than inosine,
and essentially identical results have beenl®Btained with such 15 priners.
Wth the degenerate Box -3/Box 4 prinmer pair, PCR fromthe genonm c NG- and

BDNF sequences. L n se mould e e to lJfy S nt _of
appr.oxi mat el y 9%) :b%g'y 1he‘blp‘r‘i ry}'g%%g's %;e ’ﬁ&?f&?ca?ﬁ ed out
for 20 four cyda‘ee.vmmtamtmmlhnge tmrmmmtfomm meQrdtadphied by

31 cycles with f@ {REReHES 6?”@?1‘?&1-5& Q'Elé@i@é rd£. nelYoriy Yk Qire VT €
anal yzed by gel

ct rophoresis ban of the e cted sjze S
observed. In thB gﬁrgﬁe %E¥95@H%Y%Eﬁnéi 12 {i%§¥1 o8 Her'®
endonucl ease 25hascestagblishedi ittas bygfam tiaeth BwlB charditerizedi | e

t he BDNF gene C t le r %lg E&E&m I |

regi on. Ther ef o?g{ﬁgEéoghlignf%?{ ﬁ 8’?%%3!(1:%9 ?é anp [ %t’%ﬁon—%ﬁ and
Hindl 1 and Apal _BOEEH.QbE%?ﬂeEFéﬁ“Fba%I farnthe feFvival mag natntepance ofm
the maj or produgeuonBangubpopayationbcoft betiPCbher PNSICAndvacNSli Obexte to

SPRaEn SOTE! hefBatels BRASHRURPERLL) ED40" FRANISE, oy, pigas 1,
suggests that, Thogaen: apd Barfder 3R8035PhReARl gcRe¥, ., o601 1284 7 el blesmore
gene had beeto apd Sedder, 1987, Brain Res. Rev. 12:439; Snider and
Johnson, 1989, Ann. Neurol. 26:489; Hefti et al., 1989,
Neurobiology of Aging 10:515; Martinez et al., 1987, Brain
Res. 412:295; Takei et al., 1988, J. Neurochem. 51:1118;
Hartikka and Hefti, 1988, J. Neurosci. 8:2967). Hampering
the identification of neurotrophic growth factors for
specific CNS neurons has been the limited avaiiability of
purified preparations of neurtrophic factors other than
NGF, and the difficulty in preparing homogeneous
preparations of specific neuronal populations. Two recent
observations prompted us to study the éffects of BDNF on
the survival of CNS (nigral) dopaminergic neurons.

Firstly, it is now clear that the BDNF gene is expressed in
the CNS, and at comparably or higher levels than the NGF
gene (lLeibrock et al., 1989, Nature 341:149). Secondly, it
has been reported that a protein partially purified from
bovine striatum (a target of nigral dopaminergic neurons),
with characteristics apparently similar to those of BDNF,
can increase the in vitro survival of dopaminergic neurons
prepared from the mesencephalon (Dal Toso et al., 1988, J.
Neurosci 8:733).

Figure 32A illustrates the typical appearance of
dissociated ventral mesencephalic cells after nine days in
culture. Virtually all of the cells had phase bright
perikarya and long processes. Few cells of fibroblast

15



-100- 13.2.4. CHARACTERI ZATI ON OF A NOVEL MEMBER OF THE BDNF/ NGF GENE

FAM LY The digestion-resistant PCR product was eluted. froma gel, and
utilized=as tenplate in asymretric PCR reach4§ns in which either one of the
original degenerate 5 priners was present 00-fol d nol ar excess over-the
- others prinmer. This asymretric anplification permtted the production of

si ngl e-strand Eﬁﬁo | p h

ter?n' nation maeﬂﬁod % e S&ES?nc%!e"I ana Le;/s%ﬂsao 6€ﬂ+§%e%€f%§eglbge t ed
here as "M/ 4"ABHECES cRENTRS (WeRe m#mddphth antibodiesefoad the
further by PCR:atmbgfl.tl.aat marker ,s QU el et g pA Pt i?étE% '%‘i-%tpﬁd

bet ween Boxes d e at of t he_gene’
t(raa\rll\gcrl pt, usgﬁgngﬁg %?ra égy&g#%{llr}g tg?gbn o?°cbﬁ<ﬁ“é|]rg
( RACE) descrlbéGPbyinBrgiqAnqunﬂnaﬂtnPthé@e[huimuned fnmEhodirtbchem?caq.

eveal ed that SEASEaT ?ﬁ%gﬁ*?ﬁ?gn%‘ﬁ%ﬁ?#gﬁ&“%ﬁé P ERCRRAS: B2,

frane capabl e BF e¥® qudeoﬁl'ﬁﬁ' reurons) Was hsmaklafaresoms ,but
closely 20 rel gigd agga;mgmg)aqrm SAREEREES d %{‘n Fbguwelé_)mep&ﬁ I m nary
evi dence that thi QF encodes a neurotr | c_factor was obtained by
determning it§Y PJ %@f & 3 ‘?%tuﬁ? sSatispplatedmer Nagisus

neuronal morphologies were noted among the TH+ cells, as
10 ghown in Figure 33.

In all cultures, there was invariably a gradual
decline in the number of TH+ cells (Figs. 34A, 35) after
the first 3-4 days in vitro. By 8 days in culture, for
example, the number of TH+ cells in control cultures was
only 25% of that found in similar cultures at day 2 (Fig.
35). However, in cultures treated with BDNF, the loss of
TH+ cells was greatly reduced when compared to controls.

At all times examined after 8 days in vitro the number of
TH+ cells in BDNF treated cultures was greater than in the
untreated controls, e.g. 1.8-fold higher after a single
addition of BDNF (Fig. 34A) and S-fold higher after
multiple additions (Fig. 35). Even when added only once to
cultures maintained for 8 days, the effect of BDNF was
found to be dose dependent (Fig. 34B). In agreement with
previous reports (Dal Toso et al., 1988, J. Neurosci 8:733;
Knusel et al. 1990, J. Neuroscii. 10:558), NGF (50 ng/ml)
had no effect on the number of TH+ cells (Fig. 34C).

As a further way of examining the effect of BDNF
on the dopaminergic neurons in these cultures, the capacity
of the TH+ cells to take up 3H-dopamine was studied. As
shown in Table X, dopamine uptake capacity (normalized per
TH+ neuron) increased markedly over the first 8 days in
culture but dropped thereafter. It was found, however,
that BDNF did not change the capacity of TH+ cells to take

15



hybridi zati on. This analysis indicated that the novel gene 25 is expressed
much nore strongly in brain tissue than in any other tissue exam ned. 13. 3.
DI SCUSSI ON As shown above (Figure 13), th PNA probe 30 obtai ned by PCR
anplification using prinmers for Boxes 1 an 2 with rat genom c DNA as
tenplate (R1B/ 2C) hybridized to novel bands in addition to those known to

contai n NGF %xﬂ&neage%@%é 'tfﬁé"%o@tﬁ@siﬁé Qmi%rewme%oem €s
tested. A simlar éSIS was  carried out usi

r adi.oact | vel‘yeFabe repd Ty She RFerpRFe foh éagﬁﬁ’f‘f:ﬁ ef @Nﬁ‘g @E3PLe Pt 4
priners on rmusaypenhssdzal&A fi’di Ahid resudt cthat BDNF\Vprébablye acts

0ot not fr ot PREtas, §o" Brinotl Gy V8T ok A8RhREAREETE helbiond R 1OV
e 5 noted thmesencephoRic cujtunes s ceppasednbasdndugingathechi cken DNA

observed By Bybiedsddh JF W :Siiﬁiﬁ@ééiér H@né& b“i%v?{éﬁz“cﬁﬁe :ﬂ?'é’&”t
wi th one of the novel ba ds obt™ai ped géﬂﬁ F°F di za |on wth the
n n

probe. TheseNQte NERESERATIRY TOPRITe suEydvadns (IR quqiﬁﬁwﬁpﬂﬂ)
10 the 7.3 ifhrthadEnie icarPiedNdut Xdxparingnte if) whith ttife Jubnkér bend

in chicken qNﬁJ:neuronéﬂg§§Jégtegﬁineauggecuiture in which BDNF
addition was initially delayed for several days. We found
that when BDNF addition was delayed until day 5, and the
number of TH+ cells was subsequently determined at 6, 8 or
10 days, fewer dopaminergic cells were seen in these
‘cultures when compared to parallel cultures in which BDNF
had been present from day 2 onwards (Fig. 36). Although
delayed addition of BDNF clearly increased the number of
TH+ neurons compared to controls, when examined even at
equivalent time points the effect of delayed addition was

never found to rescue as many TH+ neurons as addition of
BDNF on day 2.

10

15

Taken together, these results argue against the
possibility that BDNF acts only to increase TH-gene
expression within a‘ fixed number of cells, and suggest that
BDNF exerts its effect by increasing survival of
dopaminergic neurons that are otherwise lost when this
neurotrophic factor is not added'to cultures at an early
stage.

Several reports have documented the stimulation
of maturation and enhancement of survival in vitro of
mesencephalic dopaminergic neurons by either target-derived
'extracts or various growth factors (Dal Toso et al., 1988,
J. Neurosci. 8:733; Knusel et al. 1990, J. Neurosci.

10:558; Prochiantz et al., 1979, Proc. Natl. Acad. Sci. USA
~ 76:5387; DiPorzio et al., 1980, Nature 288:370; Prochiantz
% et al., 1981, Nature 293:570; Denis-Donini et al., 1983, J.



that portions of the sane gene were anplified fromrat DNA using the 1B/ 2C
primer pair, and from nouse DNA using the 3/4 priner pair. Thus, at |east

one novel sgene apparently 15 shares honol ogy wi th NGF and BDNF genes in al

four of the boxes of honol ogy noted above The concept of the honol ogy
boxes between NG-, BDNF, and additi onal 2rs of the gene famly (e.g.

"M3/4" al so known as NT-3) has been expresse here 20 primarily in terns
of primary am no acid sequence, and nethods for the identification of novel

genes IgdtPe ﬁalﬁrbgciHO\aszszlt '§o'f@@rtl@@&e{r@rnokﬁektﬁahatsh‘f{e‘“er?{r?o|'kfely
o be additiona licati - con rtiary structure o

t hese neurotrBﬁRF’Etf stour}tsl'ﬁe u’zgf*?f?e‘f‘% ?? a\lfﬁcﬁ}é(maﬂdc receptors,
and rati onal deiegmﬁMéMynaupputtin¢e&hmnshrpmVamtb&lTmhemaumdns:iﬁﬂ

For exanpl e, &£ d n to be
I nvol vegpl n di g’&kﬁ'ﬂ?:a bag)ns?%%\le%d#ffai &ﬁ‘fzrg% rmah[ n@t\égr%ﬁﬁaldswof\%b
C-terninal as (38 @pﬁem@sﬁortexamnhemwthat I6Fe1dio3u/FGRie Oal Rpso et
invol ve Cy#l - @454, 1068 %fsfue‘%écpféﬁvsi ¢ peﬁl hkﬁ@%n@f )i th %evmus

resi dues are conserved bet ween NGF and positions

resi dues in tFERMBES HBINT "eprly eﬂbrXBHEEnEQHSFb Qi QR?%W?%ﬁadggy
with Cys4, Cy#d. COyxe88pfJ. Nedfdsci 8:733), El4 rat ventral

mesencephalic cells cultured in serum-free, defined medium
were found to be essentially free of astrocytes or
10 fibroblasts. The relatively low cell plating density of
50,000 cells/cm2 used in this study diminished the effects
of any possible endogenous neurotfophic activity, and
allowed for more accurate cell counting. In view of the
results presented here, it appears that the neurotrophic

15 factor, partially purified from bovine striatum by Del Toso
et al. (Dal Toso et al., 1988, J. Neurosci 8:733), is
likely to be BDNF. This suggests that BDNF is produced in
the striatum and taken up by the terminals of the

”0 dopaminergic neurons projecting from the substantia nigra.

As yet, however, mRNA for BNDF (or indeed mRNA for other
members of the neurotrophin family) has not been found to
be abundant in striatal tissue by Northern blot analyses.
It is clear that BDNF addition, even in the case
of multiple additions, does not result in complete survival
of nigral dopaminergic neurons during the culture periods
analyzed. This phenomenon has already been observed under
experimental conditions very similar to ours by Dal Toso et
al. (Dal Toso et al., 1988, J. Neurosci 8:733) who showed
that this loss might be related to the cell density used;
0 at higher cell densities (4 times that used here) a larger
number of catecholamine-fluorescent cells could be seen and
the spontaneous disappearance of these cells was decreased.
Possibly, cell-cell contact is needed for long term
- survival of ghesé cells.



NGF and BDNF. This suggests that the secondary structure of all nenbers of
the gene fanily may be closely related, and |argely determ ned by the
conserved, Cys residues. It should be noted that the homol ogy boxes pointed
out for BDNF and NGF cover 5 of the 6 Cys resi4fires (Cysl in Box 1, 5 Cys2
in Box 2, Cys3 and Box 3, Cys5 and Cys6 in Box 4). This supports the | dea

t hat- these Cys residues and their immedi ate nei ghbors play an inportant
role in determ ning the gerdwxthex rstudiesef pa i Ense dixected at

The structural %&ﬁ;rﬁﬂ?é‘t&éoéfﬁﬁeﬁsfbf BDNET 3% itk \develtgierid Ahdinity
receptors for each of t he neur i gtors pr esunmgbl eside in unique
portions of eacfaifttahpnce L& %@ pergigopeurons (jé’rf‘es" 3k

produced by recadserxiepitaben Ernvieoi | vinnber helcessartyy 6o déetéPmine t:he
LﬁiZT’;P?LASS Hr 855 2 R SYIRARTLR) chle Ubeck o P ol HEh S
proteins are ¥i kexes o mvveiewnofatheespaddﬂasm e nigeali sdopéminergic
conservation of fMS.-Les hgr | #jﬁecsj y have
novel bi ol ogi cal ropert%gﬁalz—g?ﬂgggrr% di@e%%lﬁ'l /‘%@-ﬁz | merl c@% i?ot ein
may be bi funct | RLFAblerke SLndnacRauECSTORRIE HAGEEDWR LA ctively
receptors. Chi nPéffe@EQtﬁhé§enB¥1§h§0 d‘hhfs%r theo Brodent £Dn eéﬁ&t' BDNF

orre of o or o S0 cand et el s oo Shemcal prgper der bl
nmol ecul e. AclQ veréteactotry tb ROKE/ pEovideshaatsishdle for animal
experiments which will determine whether BDNF can protect
dopaninergic neurons from the neurotoxic effects of either
6-hydroxydopamine or MPTP (1-meth§1-4-pheny1_—1,2, 3,6~
tetrahydropyridine). Such studies may lead to a novel
15 therapeutic approach for Parkinsonism.

TABLE X

_ DOPAMINE UPTAKE IN VENTRAL MESENCEPHALIC
20 CULTURES IS NOT INCREASED DIRECTLY BY BDNF

3

H-Dopamine Uptake
(cpm/TH /(+) neuron/1l5 minutes)

Days In Culture Control BDNF~-Treated

25 3 0.51 + 0.1 0.95 + 0.2
-6 | 4.5 + 0.3 3.1 + 0.6

8 . 18.5 + 5.3 27.3 + 1.2

10 3.37 + 0.24 2.21 + 0.18

19. EXAMPLE: BDNF PRODUCES A DOSE~DEPENDENT
' INHIBITION OF GAMMA-AMINOBUTYRIC ACID UPTAKE

19.1. MATERIALS AND METHODS




design other fam |y nembers based on know edge of critical "core" regions
for appropriate folding, plus infornmati on regardi ng which regions are
requi red~for type-specific 30 interaction with receptors. Conparison of new

famly menber s (e.g. "M3/4") with already_ RQWN fam |y nmenbers may be used
to reveal new boxes of honol ogy that can hél'p guide the search for

addi tional nenbers of the BDNF/ NGF gene famly. For 35 -103- exanpl e,
"M/ 4" conparison with BDNpgrgveal sngmw@‘&t ¢Eo! §s. one of
particul ar interest involves the f

the only one
not in the previously no#’é@m& vergdigsected; fxom E18-4% gat ongy

segrm%/ Zf ldéﬂb solrofccsimr giesk-Da Dey agatis) andsicolliected Hat ey BDNF
and " " gl es a

Hi s-Trp- Asn S ;H\e( A%gg e yg§§$h$¥$ﬁgad?@ééxrs)edgtwi(?erw%l}h F10 P
Thr) - Tyr - Val - megLiMna ogsithcdhrandlvtnypsihﬁ.zedegnm éhe SotypsinseGibecbpast”
Lo homol o8, ¥ie%d Gides Vet hELe. Of rigElyh J88°IFHUA Hea by ué

ol i gonucl eoti de priners B-fol d

i S-TF p- ASH er-G n-COys requires om
degener acy f oradsiitipng pm&ermnoeonsa @@évié%d»}mms@ 19% nginimum

Tyr - Val - Ar g- Al ggd e SiA1L ﬂ@@iﬂmakﬁﬂubes%pﬁmﬂﬁdndﬁan1th fetal calf serum
(FCS, 10%), glutamine (ZmM), pencillin (25U/ml) and
streptomycin (25ug/ml). Dissociated cells obtained by
gentle trituration were collected and centrifuged at low
speed (500 rpm) for 30 seconds. The centrifugation was
repeated twice, and the cell pellets were then resuspended
in serum-containing medium. The cells were then plated
onto 6 nmm wells or 35 mm dishes that were coated with
polyornithine (10ug/ml) and laminin (10ug/ml). In most of
the experiments, the cells were plated at a low density of
approximately 71,000 cells/cmz. Five to six hours
followiﬁg the plating of cells, medium was changed to a
serum-free medium containing 1% N3 and penicillin-
streptomycin (25 units/ml and 25 ug/ml, respectively), at
which time BDNF was added. Medium was changed every three
to four days, with re-addition of the factor.

10

15

19.1.2. MEASUREMENT OF HIGH AFFINITY UPTAKE
25 FOR GAMMA-AMINOBUTYRIC ACID (GABA)

High-affinity GABA uptake was measured using a
modified procedure of Tomozawa and Appel (1986, Brain Res.
399:111-124). Cells were washed in the GABA uptake buffer
containing 140mM NaCl, 2.6 mM KC1, 1 mM KH2P04, 1 mM

0 NaZHPo4, 6 mg/ml glucose, 1 mM MQCIZ, 1 mM Cac12, 0.1% BSA.
Following washing, cells were incubated with the GABA
uptake buffer for 5 minutes at 37°C. 3H—GABA (NEN, NET-
191X, 111.4 Ci/xmol) was then added at a final
concentration of 12 nM, and incubation was carried out at




15 14. EXAMPLE: | NCREASED EXPRESSI ON OF BDNF | N NEUROBLASTOVA
CELLS 14.1. MATERI ALS AND METHODS 14.1.1. CELL LI'NES CHP100, CHP126

CHP134, (HP234, LAN1, LAN5, NB9, 20 SY5Y, Y79, FO BU2, HO1, HL60, and

COL320 are cell lines maintained in the | aB4Satory of Dr. Fred Ali, who
provided RNA for the Northern blot used in Figure 15. Al cell lines were
human tunor cell lines. CHP100 is a neuroepithelioma cell |ine; CHP126,

CHP134, CHP2327°CAfer 29 mimwtesRy Geddsswere them keBfaepoi&eccPd i nes:
Y79,is a retigaghadt Qmﬁ-efeeldiﬂésﬁaaiﬁokhatﬁptmé Bug ferl.anoel 1ee Wertd nes,

HL60 |
HLO0 | §afcf’[,gg§et.§ﬁ>€ o i HEST £4 §F ' Nadtt "For B H28rkS at s%érsﬁ%ﬁ%#@*m
gNAt was gripiaad H-GABA hin rtlhé?nxtmctowasdceua&m.al I ﬁ-ﬁﬂfemtﬁdemas

eCl1 on I | .
RNA was in eaSF?%é%ooﬁ %@*yué%%i pro uce ?ENAI% g‘run pg [gétégéa
-104- Figue Of GhBRe[intomontrewrpnak cellswwes dahikifsed by md and
for SY5Y one P RAGH"&¥ Pohi(AlaThRiNG; uheteal! uptdieSdgeritic for

neurons is verified by inhibition with nipecotic acid at 1
mM.

10 19.2. RESULTS AND DISCUSSION

We have recently detected abundant levels of
message for BDNF in neuron-enriched hippocampal cultures,
but not in hippocampal astrocytes. These data strongly
suggest that BDNF is localized to hippocampal neurons. In
order to examine the effect of BDNF on hippocampal neurons
in culture, cells were treated with various concentrations
of BDNF (rotorphor-purified from COS supernatants). At the
end of the 8 days treatment period, high affinity GABA
uptake into neurons was measured. As shown in Figure 37,
BDNF produced a dose-dependent inhibition of GABA uptake.
Thus, BDNF may affect the survival and/or phenotypic
expression of GABAergic neurons. BDNF did not have any
effect on glutamate-containing neurons (as assessed by
glutamate-uptake measurements), nor on the levels of
neurofilament protein. Thus, the effect of BDNF on

hippocampal cultures appears to be specific for Gabaergic
neurons.

15

20. EXAMPLE: BDNF CONFERS A PROTECTIVE |
0 ' EFFECT AGAINST TOXIC EFFECTS OF MPP+

20.1. MATERIALS AND METHODS

20.1.1. MEASUREMENT OF THE EFFECTS OF NEUROTROPHIC
FACTORS ON MPP+-TREATED SH-SYSY CELLS




Figure 15 depicts the results of Northern blot 5 analysis of BDNF probe .
hybri di zed to a panel of RNA sanples obtained froma variety of hunman cel
lines. Aq abundance of RNA which hybridized ég BDNF probe was detected in
CHP234 and LAN5 cell lines, and | ower amount&®Were found in CHP126 and
CHP134. Al of the positive i nes were derived 10 from human neur obl ast oma
tunmors. 15. EXAVPLE: ACTI P

INTHE RAT H PPOCAVPUS | SSEBRTER B N VEE S ATTE Sl g it e
15. 1. NATER ALS densiEyHefslix. 107, ceddaTmewT WollRATFWeNtY kewr her® The

rats usually r@ﬁeefedeéaaagpa&hevabu@ Wik dlitrdfsed Wt | RdbAGEFbpRIEA!
I njection of kga éc aci d

kg to ress_,extensive seizyure_activity. As
shown 20 in Fi r sval?Uﬁgng%R“§f®€%P iAfen, NYPTRFRR LG nfAFFRFe Wit h
t he further intreatment, BBNE—caﬂdsNGEﬂdQﬂtdateﬂswiﬁkﬂuPDhlchodun)not
recei ve Val gu ngr,
hi ppocarrpus'&3n¥;a Q‘EQ]@ k‘glhﬁjlsc%g?’% corrpare ﬁ?ﬂ Nﬁf"gﬂs\wﬁ%gxﬁ ég#ﬁl c
acid foll oned qpav&ﬂtamdlbylme tyERARN B mmmeTURES
Hi ppocanpi wer Qg;ﬁk teg ﬂﬁﬁE- ig
I ncubat ed for ggﬁ?ns{%gbggig e%ﬁj?ﬁﬁﬁé&hgﬁa '?? gg ?EgtiBﬁé)'
wi t hout cal ci uURBBNFrEQSeJils® i é%
al bum n, 6[ err hg/ail ) PNpusd fde@ ldaa/irﬂe mm bﬂit e(zsvaﬁeyﬁy) . ru-ra-cos

10 (1:5 dilution), and purified hEGF (25 ng/ml).

20.1.2. MEASUREMENT OF THE EFFECTS OF
NEUROTROPHIC FACTORS ON MPP+-TREATED
VENTRAL MESENCEPHALIC CULTURES

15 Cultures of dissociated ventral mesencephalic
neurons were established from El4 rat embryos according to
established protocols (See Section 18, supra). Forty eight
hours after these cultures were established, they were
treated with the appropriate neurotrophic agents as

2 indicated. Neurotrophic factors included hBDNF (rotophor-
purified from CHO cells, <50 ng/ml), purified mNGF (50
ng/ml), rNT-3 (COS supernatants at 1:50 dilution), purified
bovine brain bFGF (10 ng/ml), and purified rCNTF (25 ng/ml)
from E. coli). Twenty four hours after neurotrophic factor

25 addition, these cultures were treated with MPP+ (1 uM).
Forty eight hours after MPP+ treatment, TH positive neurons
were identified by immunohistochemistry and quantitated.
Data represent the mean of three independent experiments
done with triplicate samples per experiment. The number of

a9 TH-positive neurons following MPP+ treatment is represented
by the cross-hatched bars. Open bars represent the number
of TH-positive neurons without MPP+ treatment.




with the solution wi thout papain, the hippocanpal cells were carefully
~dissociated with a fire polished pasteur 36 pi pette. Cells were

coll ected by centrifugation at | ow speed, resuspended in DVEM suppl enented
with 10%fetal calf serumand plated on plastic culture dishes (0.5 x
10[err] cells per 35 mm) which were precoated with poly-DL- ornithine
(0-5ng/m) and lanminin (5[err]g/m). Three¥dmrs 5 after plating, the
medi um was changed to a serumfree one, which contained the suppl enents as

descri bed by Brewer and Cot manzcg%r al ReRESmed RADCBT é@é&ionb“t | acki ng

gl ut amate. Neurons renai ned vi‘abl‘e up—gtﬁr—gﬁree—weegw-n-tulture and were
usual |y used for the experWheIhtBONt, #SF.7CHTFer NTo3p| BFFHg. an%G EGE3 were
éﬁEhLELSﬁFIgﬁbcgesﬁwaﬁzééitagiédﬂfﬂrI%M& wmalityraetpdogicies?wsisxida§%s106
cells after the %&% g‘l on o¥1-4 Wel’nﬁé!n gﬁAJ(r eco?ery <f {ﬁﬁaras 30 fQg).
NG mRNA and cRm&ﬁéFBchnnﬁfYP#%(P]r% S£XEINGL0B] 2§78Y uBBlYe%’é‘l‘%eand NGF
extract ed 'R‘&f L or Lo e O D B ker g et
extracte e

MyOl [err], E‘%?&?ﬁ? (rdgtedint W?&&)e 0.25 MV dNTP, 0.1 [err]M

each 5' and3 prioer, B0

TABLE XI
10 ‘BDNF AND NGF PROTECTION OF SH-SYSY
CELLS FROM MPP+ TOXICITY
Results:
Number of Viable Cells
Treatment: (% Viable)

15 COS~-Mock transfected (1:5) 0.4 x 104 (5%)
BDNF-COS (1:5) 1.2 x 10° (67%)
NGF-COS (1:5) 1.7 x 10° (84%)
CNTF 0.6 x 10% (14%)
NT=3 0.7 x 10% (20%)

0 DFCF | | 0.4 x 10% (11%)
EGF 0.1 x 10? (31)

25

30



RNasin (Pronega), 3.2 U AW/-reverse transcriptase (Life Science) and 2U Tag
Pol ynerase (CGenofit) in a total volunme of 25 [err]l. The m xture was
overlaid with mneral oil, incubated at 41[err]C for 30 minutes, heated to
92[err] C for 60 seconds, prinmer annealing at 55/ err]C for 60 seconds and
primer- extension at 72[err]C for 60 secopgls). The anplification products .
(203 bp for NG- nRNA and 153 bp for recovery standard) were separated on a
3% NuSi eve/ Agarose 3:1 gel 30 (FMC Bioproducts), alkali-blotted to a
Hybond N pl us_nenbrane (Amersham) and hybridi zed as described (Heunann, R
and Thoenen, H., 1986, J. Biol. Chemqxils l%%@g; Li ndhol d et al., 1988, J.
Biol. Chem 263:16348). For absolute ation, known anounts of in
vitro transcri bed NG -106- nmRNA and recovery standard were coanplified
in parallel reactions. F%Bmumlannenem moNaENWRAMDdeaﬂadEscrlbed by Wang et
al . (PNAS 86:9717-9721, B ® EXPERIMENES| ON BDNF and NGF
are nenberg of a gene famly mnth about 50@6an1n0 ci.d identity (Leibrock

et al., 19 93-‘5%3&5@3341 149) . The nol ecul es exfﬂ-m&? conser ved
dormai ns. Contained within these donains are the 6 cysteine residues nost

pr obabl y |nvqé% fhééktdﬁg tablllzatlon of the 10 threq3d|nen5|onal

structure of ese nDIecu which is 5
(1.10) 3
10 " (1:20) 6
(1:50) 7
(1:100) 2
COS-BDNF (1:2) 73
15 (1:5) _ . 67
(1:10) _ 65
(1:20) 42
(1:50) . 30
_ (1:100) . 25
20 .

COS-NGF (1:2) 88
(1:5) 84
(1:10) 63
(1:20) . - 50
25 (1:50) ' 47
(1:100) 34

30 In ventral mesencephalic cultures, the data

indicate that BDNF exhibited a significant protective

effect against MPP+ toxicity, whereas bFGF exerted a lesser

effect (Figure 38). MPP+ treatment was found to reduce the

nunber of tyrosine hydroxylase positive neurons by 85% in
% control cultures but only by 40% in cultures pretreated



necessary for their biological activity. However, there are also variable
domai ns in BDNF and NG which deternmine their different neuronal
specificisty (Lindsay et al., 1985, Dev. Biol 112:319; Johnson et al., 1986,
J. Neurosci. 5 6:3031; Hofer, M and Barde, -1493988, Nature 331:261;

Rodri guez-Tebar et al., 1989, Dev. Biol. 136:296). Mreover, the difference"
bet ween these two neurotrophic nolecules is also indicated by their sites
of synthesis. NOHA%h QﬂﬁfeBEbGrbb@hMPH+thﬁppeurpherVPPKoiSChhegprésumed 20

Thoenen, H , 198@@tf¢é“he€ﬁ$$li€€a§orSEhe Ebﬁiﬁ‘M§QP35&§icﬁbﬁQQab gﬂ a
1983, Exp. Cel | 311; Heunmann_et. al 318

Dhelton, D.L. a rEﬁ indgce iggﬁrkFF%E“'ﬁb?%seiﬁﬁallgﬁlSYE§S°RP in
81: 7951) and in v:heopenhieh ieranuacegpted v68E) sstemhfog ParkRinscA?85,

25 EMBO J. 4:13 to 8 L Natl.
Acad. Sci. U. §81§§y§%14nrﬁ&)ft dggg%ggﬁigélﬁgggcﬁrég EREF gﬁi@&@ 5Sci.
U.S. A 83:817° Lindicatethat these compeunds magoprovecudefivit insthe

i nnervation by b&eaeﬁeﬁeswepaﬁuiﬁaaniefafséaéaeokeiﬁl thef pygeh{héheof

correspondi ng target ue Kor sc ..and nen, H.,

Nat|. Acad. Sci.™ %P ; %ﬁ é%&%geEﬁghﬂgﬁuﬁPt aFo, t ?§g§ SERRSULR:| Res.

148: 311; Heumann et aI., 1984, ENMBO J. 3:3183; Dhelton D.L. and Reichardt,

L.F., 1984, Proc. Natl. Acad. S‘pll %MI@JOQ%MM%H al .,

10 The following recombinant bacteriophage and

recombinant plasmid DNA were deposited on August 30, 1989,
with the American Type Culture Collection, 12301 Parklawn
Drive, Rockville, Maryland 20852:

15 ATCC

Accession No.-

PhBDNF~C=1 40648
AhBDNF-G-1 ' . 40649

The present invention is not to be limited in scope
by the specific embodiments described herein. 1Indeed,
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
figures. Such modifications are intended to fall within
the scope of the appended claims.

Various publications are cited herein, the
disclosures of which are incorporated by reference in their
entireties.



1985, EMBO J. 4:1389; Shelton, D.L. and Reichardt, L.F., 1986, Proc. Natl.
Acad. Sci. U S. A 83:2714; Wiittenore et al., 1986, Proc. Natl. Acad. Sci.
U S A 83:817; Large et al., 1986, Science 234:352). In contrast to NG,
BDNF is predominantly expressed in the CN§gi n neurons, and the 5 | evels of
BDNF-mRNA are consi derably hi gher than those of NG--nRNA, e.g. about
50-fold in the hi ppocanpus.. In the peripheral nervous SysTem NG 15

synt hesi zed by various, non-neuronal cel | typg,sm(@,a.pg;pt,cqwn% Ay 1987, EMBO
J. 6:891), whergas-in the hrain it is nai nly localized in 10 neurons. as
denonstrated byl i n-situ hybridi zat i onMiGBRERGAN I8 ME and Heinrich, G,
1986, Bi ochem 1BhQRINSw o3 ATt hE: 1Y 809 LOLL, 1880, 0, 2y 1988,
Sci ence 240: 1339 SSRpe—et— Neloscl ‘“
However, cul tur yp as I‘OC{{ES have al so been shown to 15 produce
substantial qu ntl’f' SO K e Ay ® M . 1979, Nature 282: 80; Fur ukava
et al., 1987, H tctrerrBlem’s. Res. Commun. "142:395). The relative :
contribution of| nedmesisamAgpaduloese €slleatite NG synthesized in brain is
not yet known. RO, In view of the predom nant expression of bot
BDNF- and NGF- NIRRT ety Wetkaiieh mleba bl Srento s T e oS —ne—+frvest+-gat-ed——
whet her the | evel s12d01t A%@ady®iAINVAS are in Iuenced by neuronal activity
and if so, which tRedkenite,erds)20892 @spossibly be involved in the 25

regul ation. In p—dirst.series of experinents we prepared neuronal cultures

from embryoni ¢ | BT?™FSt hi ppocanpus. Asceasien umber ¢
September 7, 1989 40648
6. ADOITIONAL INDICATIONS ¢ Soave blank N aet spplicable). The tat Hen be o’ dons 10 sttached sheol D

C. DESISNATID GTATEE PON wmco.c IROICATIONE ARE MADE ¢ (If the indicotians ore nel fue off dosignated States)
. .

0. SEPARATE FUANIGHING OF INDICATIONS ¢ Geove blont ¥ net appiicable)

v  Cryenitys ovemimied te the tmt 1 Buraew loter ¢ (Spactly the genscal meture of the Inds e

g a This ehoet was s0¢aived with the Intesnationsl applicotien whon Med (1a be checbod by the ".\MI'

od Ofiger)
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As shown in F| g. 16a, depolarization of the hi ppocanpal neurons w th high
(50m\V) potassiumresulted in an increase in BDNF-nRNA. Maxi nmal |evels were
reached between 3 and 6 30 hours after increasing the potassium
concentration. The potassiumnedi ated i ncr.gase i n BDNF- mRNA coul d be

i nhi bi:ted by omtting cal ciumions fromthe mediumand it was al so reduced
by rnhibiting calciuminflux by the cal ci um channel bl ocker nifedipin (Fig.
16b). 35 Becauseag&e hi ppocanpal cultures used consisted of a m xed
popul ati on of neurons exhibiting different patterns of transmtter and
recept or expressi oMICRRORGANEEMSd- tdoatbd f ect of various physiol ogi cal and
synthetic receptor agonists on BDNF- and NGF- nRNA expression. The results
5 presented i n TablAmexdcaphExpet Ruktuge Cdllectdonsubst ances tested, kainic
acid, a glutamate rece tor agoni st (Monaghan et al., 1989, Annu. Rev.

Phar macol . Toxi col 122@) 55‘1 g ®ed by far the largest increase in

BDNF- mMRNA i n hi ppoﬁz 08"‘Izn contrast, other nolecules, such as 10
carbachol (a ruscari®nic receptor agonl st) and to a | esser extent histam ne

and bradyki ni n, E‘D te’&_ﬁr#%}ttl y,%eﬁg bSI ggl f,i 9§ant I yMcl%[s)l_e\,lfcJﬂﬁl\;ﬁbe(tT@ggf & VI).

Because the |evel s '8 |ppo’tarrpal neurons - were very [ ow, we



established a quantitative polynmerase chain reaction (PCR) 15 met hod

suitable for determining changes in NGF-nRNA. Using this nethed—we—found

that, |ike BDNF-nmRNA, NGF-nRNA | evel s were al so increased by potassium

kainic acid in hippocanpal neurons (Figure 17). As shown in quﬂul !l @Hi““"
maxi mal i ncrease in 20 BDNF- nRNA-i nt¥2he hi ppocanpal neur ons W A s | %
w t h" about 25 pMkainic acid. A further increase in the kainic acid
concentration resulted in a decrease of the BDNF-nRNA | evel s, which nost

pr obabl y refleg&aﬂ;QQ ; & _§sQf t he high concentrations of kainic acid
on hippocanpal-neuroﬁsgégLigiiguﬁe 18). A glutamate receptor-nedi ated
neurotoxicity has previously been reported (Choi et al., 1987, J. Neurosci.
7:357; Rothman, S.M andiQ ngy retohbink’ DNAr pellechiker 66Rpriddnhd 99, nkdnéic

D. W, 1988, Neuron, 1; Or_ VAlds ral o] L ; he
application of ao‘f)"dang'a%’ge)ﬁ)ecfse st ct%r#el(}%ig% t(?l g’%‘ora)? r@?#ﬁoﬁ%b}?gl‘%’?ﬁi’gga%%?t°r
However, the colRREE) A ehsSwisamienice ihieyendcoomnrysindenahanteathbeast 10

expressi on of Bilrecdiliddd- MRNA in the hi ppocanpal neurons could clearly
be separated fromthe concentrations resulting in neurotoxicity. 36 To

i nvestigategthe effects of kainic acid in nmore detail, we studied whether
the increase in BDNF-nRNR. The recombinant DNA molecule of claim 1 in

which the brain derived neurotrophic factor encoding nucleic
acid sequence or subsequence is substantially as depicted in
FIG. 1 from about nucleotide 167 to about nucleotide 927.

10

3. The recombinant DNA molecule of claim 1 or 2
which comprises a cDNA sequence. )

4. The recombinant DNA molecule of claim 1 or 2
which comprises a genomic DNA sequence. '

15

5. The recombinant DNA molecule of claim l_which

comprises a human DNA sequence or subsequence substantially
as depicted in Pigure 5. ' '

6. The recombinant DNA molecule of claim 5 which
comprises at least a portion of the sequence substantially as
depicted in Figure 5 between about nucleoside 974 and
nucleoside 1440 nucelotides.

7. The recombinant DNA molecule of claim 1 or 2
which comprises a porcine DNA sequence.

8. The recombinant DNA molecule of claim 5 as

20 contained in phBDNF-C-1 deposited with the ATCC and with the
accession number 40648. '

_ 9. The recombinant DNA molecule of claim 5 as
contained in AhBDNF-G-1 deposited with the ATCC and with the
35 accession number 40649. ' '



coul d be bl ocked by any of the known gl utamate receptor an

(Monaghan et al., 1989, Annu. Rev. Pharmacol. Toxicol. Hw”"ﬁt" ,H"’
acid, a broad spectrumb5 gl utamate receptor antagoni st,

conpetitive inhibitor of non-NVDA recep88s~(Mnaghan et aI , 1989, Annu
Rev. Pharnacol . Toxicol. 29:365), conpletely blocked the kainic

aci d- medi at ed i ncrease in BDNF-nRNA i n hi ppocanpal neurons (Table VII). On
the other 10 hand, MK 801, which.specifically blocks NVDA receptors, was .

i netfective in blocklng the rise of BDNF-nRNA in these neurons. Mboreover,
NMVDA itsel f did not chanw. BDN&dR%:lra\mJ ripbdahtieit) acidivodvure t hat

kai nic acid acts | @o 149 n h ffec 0 ue
15 to the rel egsmgi gxﬁin%us u ana elh?vv?u gﬁk @é%ggg g %ﬁ %} o
receptors). It 2gan thus be concluded that kainic acid in vitro el evates

BDNF- nRNA | evel s via non-NVDA gl utamate receptors. 20 25 30 35 -110-
TABLE VI EﬁFECT OF VARIEQ? REC§£2¥§iéK§E%&;E§quénce comprising a sequence

encoding a protein substantially homologous to the amino acid
sequence depicted in Figure 1, or portions thereof.

10 12. A nucleic acid sequence comprising a sequence
encoding a protein substantially homologous to the amino acid
sequence depicted in Figure 5, or portions thereof.

13. A nucleic acid sequence comprising a sequence
15 substantially homologous to the nucleic acid sequence

depicted in Figure 1, or a hybridizable portion thereof. -

14. The recombinant DNA molecule of claim 1 or 2 in
which -the expression of nucleic acid sequence encoding BDNF
protein or peptide fragment is regulated by a second nucleic

20 acid sequence so that brain derived neurotrophic factor

protein or peptide is_expressed in a host transformed with
the recombinant DNA molecule. '

2 : 15. The recombinant DNA molecule of claim 14 as
contained in pCMV-pBDNF-1.

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

17. A recombinant microorganism containing the DNA
molecule of claim 1, 2, or 13.

18. The recombinant microorganism of claim 17 which
3 is a bacterium.




ON BDNF- "RNA EXPRESSI ON | N CULTURED NEURONS 5 Addition

car bachol, (50 [6rr]) 220 'm}n\mm\!ﬁ\\“\

(50 [err]) + atroplne 10 ([err]) 85 + 15 ni

[err]) - 15410 .+ 7 10 histamne (50 [err])
150-[err] 12 serotonin (100 .[err]) 95 + 6
dopam ne (100 [err]) 115 + 7

norepi nephrine (25 [err]) 75 + 10 15
substance P (1 [err]) ' 85 [err] 9
somatostatin (1 [err]) ° ki ni
(1 [err]) 19. The recombinant ’?L%%rﬂoﬁ%arkal nic f+acc]iacf'q'tg‘%y[")eh;’ir
1365 + 70 NMVDAig2® [yemslt) , 105 + 10

20 25 30 TABLE VI EFFECT OF ANTAGONI STS TO THE DI FFERENT GLUTAMATE

RECEPTORS ON THE KAINIC2%§ID ' EE cogé §E§§%C%L§I;§%£$binaliE%NA molecule
of claim 13.

, 21. A cell comprising the recombinant DNA molecule
of claim 14. '

10
22. A nucleic acid sequence comprising a sequence

encoding the amino acid sequence substantially as depicted in

Figure 1 or a sequence thereof comprising an antigenic
deterninant,

- 15 .
23. - A purified protein having an amino acid
sequence substantially as depicted in Figure 1 or a
‘subsequence thereof comprising an antigenic determinant.

20 24. A purified protein having an amino acid
sequence substantially as depicted in Figure 1 or a
subsequence thereof comprising a functionally active peptide.

25. A purified protein having an amino acid
2 sequence substantially as depicted in Figure 5 or a
subsequence thereof comprising an antigenic determinant.

26. A purified pfotein having an amino acid
sequence substantially as depicted for human BDNF in Figure 5

20 or a subsequence thereof comprising a functionally active
peptide.



Addi ti on % of Control none

100 + 60 Kainic acid (25 [err]) ' 1250

Kynur eni ¢ aci d (1 70 + 6 10 Kydlllﬂillﬂlllllllcbllllllll
(1 M + Kainic acid (25 [err]) 84 hewsrl 7 CNOX (10 [err]

109 ++ 6 CNQX (10 [err]) + Kainic acid (25 [ert]) 105 +

MK-801 (5 [err]) 96 + 5 MK-801 (5

[err]) + Kainic acid (25 [err]) 1130 + 80 15 To evaluate the

physi ol ogi cal significance of our invitro observations we studi ed whet her

simlar 20 nechanisns rep n treat adul t
Wstar rats of both sex\gg wel E?%Pp%g%;ﬂfg%ih h%'v‘igag a?kamb?ok%ﬁ c acid.
After various T¢FRENRS sybhsta %r?ﬁrﬁﬁ?ﬁﬁ%&dcﬁ&ngégurﬂ BON\FonRpi¢ing

NGF- TRNAs i n trmmiqnmmmmaoaadiconemdmmu Aminobheidazsd ydys.a Fig. 19

shows that 25 ggddinferffd %%%gtt ﬁmﬁﬁéﬂfd %S%"Ltgsﬁgigﬁkﬁé@%ﬂaﬁmp and'

NG-- mRNAs Bn bot h brain region I ncr€ase in

substantially larger than that of NG--nRNA. Mreover, for as |long as 24
hours after adm ni stratd&n &f puzxified ogprakeirhhaviiig laavahine caeided

el evated. The géaaesewéﬁ;oaa ol %Fnumé\l%i%%%egsﬁbébﬂmlhg

t he maxi nal |ncre rléig% §$ﬁ]%anp#§“ Ff ached _appr oxi nat e urs
after the adnifrs ?B}?%ﬁl R &eERc %@- éiﬁ%relﬁ s |ﬁ FRTLEIRF to
note that }he thereafccomprEsnmg andaBSigﬁmicrﬁﬂ@meﬁnaﬂte hi ppocanpus was
pr eceded bbpan I ncrease in

29. A purified protein having an amino acid
sequence encoded by the nucleic acid sequence substantially
.as depicted for chicken BDNF in Figure 5 or a subsequeﬁce
thereof comprising a functionally active peptide.

15
30. A purified protein having an amino acid
sequence encoded by the nucleic acid sequence substantially
as depicted for.rat BDNF in Figure 5 or a subsequence thereof
20 comprising an antigenic determinant.

31. A purified protein having an amino acid
seguence encoded by the nucleic acid sequence substantially
as depicted for chicken BDNF in Figure 5 or a subsequence

2% thereof comprising a functionally active peptide.

32. A method for producing BDNF protein or a
fragment thereof comprising growing a recombinant
microorganism containing the DNA molecule of claim 1, such

2 that the DNA molecule is expressed by the microorganism: and
isolating the expressed BDNF protein or fragment.



-112- c-fos-nRNA; the two phenonmena may be causally rel ated

recently shown to be the case for sciatic nerve after |esi o”'ﬂme”mm!}”w””m
al ., 1999, Proc. Natl. Acad. Sci. U S. A 87:3899). Mreover,*there I s %
delay in the increase of both BDNF- ant®NGF-nRNAs in the cerebral cortex 5

conpared with the increase in the hippocanpus, which indicates that the
sidgnals |l eading to an enhanced expression of BDNF and NG- spread fromthe
hi ppocanpus to other brain regions. This observation is in keeping with
previ ous reports (Mdrgan et al., 1987, Science 237:192) 10 show ng that

the increase in c-fos @PBkcideteHird HOrcBRIINING: BRBF areteim@rupred fir st

i n the hi ppocafpagmentd thheaof ncoiiyer ixingeyrovinea  reesnbinarmtd udi es had
provi ded evi de €pj kNalh at.l of 15
N i RSS-S0
then studi gd whathersPMoPoLRgy FXPERERTS Bt 26 PLPEOREAIE AN

ket am ne coul dispbrkinthdhenexpueesed BONRFpraveim@Gx fRAgRent. vi vo. However,
confirmng our results in vitro, MK 801 did not inhibit the 20 kainic

aci d-nmedi ated increase 41 hip gaﬁbBﬁguga ﬁﬂ%ﬁ] [ fgfectively
suppressed sei zures resu'ti# R??§n1 A°receptor ac i@%??g%g( |gf 20) . Most
probably this fragment thereof comprising (a) growing a recombinant
microorganism containing the DNA molecule of claim 14, under
10 conditions such that the DNA molecule is expressed by such

microorganism: and (b) isolating the expressed BDNF protein
or fragment.

s ' 35. A method for producing BDNF prote;n or a
fragment thereof comprising (a) growing a recombinant
microorganism containing the DNA molecule of claim 15, under
conditiohs such that the DNA molecule is expressed by the

microorganism; and (b) isolating the expressed BDNF protein
or fragment.

36. A method for producing BDNF protein or a
fragment thereof comprising (a) growing a recombinant host
containing the DNA molecule of claim 2, under conditions such

2% that the DNA molecule is expressed by the host; and then (b)
isolating the expressed BDNF protein or fragment.

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

38. The method according to claim 37 in which the
host is non-human transgenic animal. '




NVDA receptor activation results from endogenous glutanate rEJEEEERTTT“‘*-¥
kainic acid (Biziere, K and Coyle, T., 25 Neurosci.

: : 1971", ;
McGeer et »al ., 1978, Brain. Res. 139:381). Likewise, the i WHVJ Wm
NGF- nRNA i n hi ppocanpus after kainic aeils1reat nent was. nei tthef pre .
by MK-801 nor by ketamine. In a previous study (Gall, C M and Isackson,
P.J., 1989, Science 245:758), it 30 was shown that electrolytical | esi ons
cau5|ng i mbi c seizures elevate NGF-nRNA in rat hi ppocanpus. However, the
present results obtained with MK 801 and kainic acid showed a cl ear

di ssoci ati on between |anpt|qge05rgahégrg§ e hPESRSES di1hiBPNE .and NGF
expression. Diazepam (Valium 35 - treatnent of rats prior to kainic
acid injections conpletely bl ocked the |ncrease in BDNF- and NGF-nRNAs in

t he rat hi ppocanpus (Fi gifre Zhe pHodubtooki heahétlnod odf diladapad.on t he
increase of BDNF- and NGF-nRNA npst probably resulted fromthe suppression

of neuronalSactivity 5 vja the inhihitor Aer ys However, 90
minutes after the admi ni%tyath W%%%E% g*‘h‘éé %p‘g?rm el y 30
m nutes after the start of convulsion), the increase in BDNF- and NGF- nRNA

could no longer be bl ockgsl, bymill 3acRR8e W2dichal hBthbBabs aciflmids/el y short

10 43. The product of claim 39 which is free of
detergent.

44.° The product of claim 40 which is free of

detergent.
16 ' .
45. The product of claim 41 which is free of
detergent.
46. The product of claim 42 which is free of
detergent.
20 g
47. The product of claim 36, 39, or 40 which is
glycosylated.
25 48. The product of claim 36, 39, or 40 which is

unglycosylated.

49. An antibody, antibody fragment, or derivative

thereof which recognizes a BDNF protein, peptide fragment or
2% derivative. -

$0. The antibody, antibody fragment, or derivative
of claim 49 which is produced by a method comprising
immunizing a host animal with a BDNF protein, peptide
3% fragment or derivative, which BDNF protein fragment or



10 period of augnented activity may be sufficient to ini
of events leading to an augnented expression of the mRNAs of the t
neurotrophic factors. The present investigation showed thaa““ﬂﬂlﬂmu r“l“‘
receptors may be involved in the regul atiyggg af BDNF- and

hi ppacanpus, thus distinguishing this regul atory mechani sm ¥ r dm that'
previously described by Cole et al. (Cole et al., 1989, Nature 340:474)

whi ch concl uded that hi ppocanpal nRNAs encodi ng early genes seened to be
regul ated via the NVDA-subtype of glutamate receptors. It 20 has been
reported that so Qf_.t.he effec f I n d on_neu

nmedi ated by the ‘g“?ﬁ‘s"@% &t t%éa%?e‘blﬁfx a%"g?e rgeceﬁ' ?S’?K}BH gﬂﬁﬂa’éfsﬁl
1989, Annu. Rev.eXprasaiag a Tegpebinany: mprleiq rﬂ%é’leﬂ%—PGnethélp‘Be‘bMt

study showed thadpd grtedmg! feabhehty 6L0WPiwtivia | evel s of NRNAs
encodi ng the neurotrophic factors BDNF and NG- in the rat hippocanpus and

cortex. OF agl the substances tested, kainic acid, acting via the non-NVDA
gl utamate receptors, el e\Edcd TBENENt ihadRicRMRbRdY) finagment, v oraderivative

hi ppocanpal neur@ﬂaéléiﬂt4§*¥h wh&&hcﬁﬂérﬁﬁéleiéléé&al¥§dﬁ3&eEbmbbeées|§ no

evi dence that NGE_s ﬁ¥ {h | n_non- ﬁg g % fi gﬁ g'g ¥ 1

conventional tral8R¢ter? Eﬁ%?&g? SPPResDP f)% Xo%% ‘}eé’[l r$&d gure L.

i nnervating ( NGFfrempubpert duaieptide AB7Zrta about nuclEptide 9@€hI°Blel
subsequence thereof.

10

52. The antibody, antibody fragment, or derivative
of claim 49 which is produced by a method comprising
immunizing a host animal with the purified BDNF protein of

15 claim 25, or a peptide fragment or derivative thereof.

53. The antiboedy, antibody fragment, or derivative
of clalm 49 which recognizes the B5 peptide fragment
comprising residues 153 to 185 of the amino acid sequence
substantially as depicted 1n_Figure 1.

54. 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

2% BDNF/NGF gene family, and (b) a second amino acid sequence
which is not homologous to either BDNF or NGF.

55. The recombinant DNA molecule of claim 54 in
which one known member is BDNF.

56. The recombinant DNA molecule of claim 54 in
which one known member is NGF.

57. A recombinant DNA molecule of claim 54 which
5 is isolated by a method comprising



99:839; Heliweg et al., 1988, Exp. Cell Res. 179:18). BDNF i s predom nantly
expressed in the CNS and there is at |east a parti al overlrﬂ

central pathways using glutamate as a neurotransmtter and um Mm”'ﬂ
be relatively rich in BDNF- and NGF-WRNAI%@oLer et al., EMBO 5¢ J., »

press; Mnaghan et al., 1989, Annu. Rev. "Pharnmacol. Toxi col. 29.365). In
particular, there are striking simlarities between the distribution of

NGF- "RNA as denonstrated by in situ hybridization (Hofer et al., EMBO J.,
in press) and kainic acid receptors visualized by 10 aut-oradi ography in

hi ppocanpus, cerebral cortex, and cerebellun1(anaghan et al., 1989, Annu.
Rev. Pharmacol . Toxi col . (2D: BQESGG (ﬁﬁﬁﬂﬂuﬂMQQﬁsaaﬂéV@Gﬁﬂ&VlBﬁenﬂFiﬂl?he
interpretation that gl utanat ea¢iPrEsfidncdd)e thosd Setietdles! thaEhkker

regul ati ng BDNF- and NG~ nR the RALN- DERI VED
NEURCTROPHI C FACTOR | NCREASE %‘Ei%&ﬁ%‘t% ﬂ%ﬁ%&éﬁﬁ?&%ﬁﬁ&&%ﬁm OF RAT
SEPTAL CHOLINERG C NEURCKS) | Ni@eatif¥ing, 1fromemrang $henpustedcpacid

16. 1. 1. PREPARATI O OF DI SSCELATER:6ELGE AR (@, TUB=00NTieRs The

Septal Leston from rats (P agbmnabaide f'ehudinal ey ShlE R AR
washed contiguous nucleotides that are not homologous
| to NGF and BDNF.
10 : ' . .

58. The recombinant DNA molecule of claim 57 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 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.

15

59. The recombinant DNA molecule of claim 58 in

which the sense strand oliéonucleotide primer comprises a
nucleic acid sequence substantially as depicted in Figure 1,
which is selected from the group consisting of and the

25 antisense strand oligonncleotide primer comprises a nucleic
acid sequence substantially as depicted in Figure 1, which is
(a) selected from the group consisting of from about residue
587 to about residue 616, from about residue 713 to about
residue 739, from about residue 764 to about residue 781,

50 from about residue 863 to about residue 898, and subsequences
thereof; and (b) is different from tlie sense strand primer.



25 three times wth Hamls F-10, and then transferred to a 35rrmt|ssue
culture dish and minced. A single cell suspension was nadeémml\lmmmwn"““‘
the tissye with 0.25%trypsin for 20 mnutes at 37[err]C

i nactivation of the trypsin by a five mi m&0e-i ncubation at r'ooth t &nplrature
in grewth 30 nmedium (infra), containing 50ug/m deoxyribonucl ease type 1
(Sigma), the cells were dissociated by passing the fragnents repeatedly

through the constricted ti.p of a Pasteur pipet. The dissociated cells were
then centrifuged at 500xg for 45 seconds. The supernatant was renoved and

recentri Lugeg; 35 TheGbQOiSQhGGi'éccﬁﬁiﬂrﬁht DRA emé Becisite e ¢ 1ang sormimd
in gromh mediu “ﬁ:ﬁ

henocyt onet er. gngﬁqmtﬂgﬁggcé gﬁ%\g?%i??ng? gggm‘?gd%% %fswﬁ?gl}lc% een
coated with pol y%i%’t%hé’-'PEOPBPPT-g?%% uen §87 akP nhipeyl oresidugs /L6 °‘I‘h% cel |
viability was chesiesspaiditg Rdchebbidé seyuenceuln, a lBDNhaexie Ifroy ahothex
cells to exdiuka£ % bl ue. The normal growth medi um 5HS/ N3, for

cul tures conposeﬁ of ‘neurons and glia contained: 5% (v/v) horse serum

(G bco), 1% N3 additives (v/v) (Romjn et al., 1982, 10 Dev. Brain Res.
2:583-589), 0.5% (v/v) glex.ammhe ¢2eonbinaBith@dp mehdcoleSes (claim 54 which

peni ¢i 111 n- Str et aMiehgy dgdhd A ehle! bR nddbelR) oBRE/ Bbqteste dld \pictea
G bco) in DU|bng Figure 1 from -about residue 713 to about residue 739 or a

corresponding nucleotide sequence in a BDNF gene from another
species. '

62. The recombinant DNA molecule of claim 54 which
is homologous to the BDNF nucleic acid sequence as depicted
in Pigure 1 from about residue 764 to about residue 781 or a

corresponding nucleotide sequence in_a BDNF gene from another
species. '

15

63. The recombinant DNA molecule of claim 54 which
is homologous to the BDNF nucleic acid sequence as depicted
in Figqure 1 from about residue 863 to about residue 898 or a
corresponding nucleotide sequence in a BDNF gene from another
species.

64. A pharmaceutical compeosition compriéing an
effective amount of substantially pure BDNF protein in a
pharmaceutically suitable carrier.

20 65. A pharmaceutical composition comprising an
effective amount of a substantially pure, functionally active
BDNF peptide fragment or derivative in a pharmaceutically
suitable carrier.



modi fied Eagle's nediun1(DNEN®. Neuronal - enriched cultures were prepared by —

replacing the growth medium five to six 15 hours after pla
containing: 1% N3 additives, 0.5% glutam ne, and 0.25% peni mm "mlﬁ Il
streptomycin. In both conditions, treatnent with cytosine ara |ﬂosu
[err]Mfor 24 hours) was used to limdtgglLal cell proliferation.

16.71. 2. ASSAY OF CHOLI NE ACETYLTRANSFERASE ACTIVITY The grow h nedlun1mas
renoved fromthe cultures by rinsing the cells twice with 100[err] of PBS.
The, cells were |ysed via one freeze-thaw cycle and a 15 mi nute incubation

at 37[err]Cin 50mM [err] pH 6.7 containing 200nM 25 NaCl and 0.25% (v/v)

Triton x-100. Two m clg I|t r I.L | removed .and_assayed
for CAT activit accor ﬁ épfiﬁéégﬁﬁi% hoﬁéﬁﬁ%g%gékﬁhﬁ3¥Qﬁiﬁﬁﬁﬂn?nF 1975,

J. Neurochem® 9&?7¢4G§P““Yh%ff?rﬁﬂbﬁﬁﬂ9§ﬂP&i¥ BBRDORONE gertdAsi sted of
0. 2mv [err] fragmentCok @bEllyativel, cardiyimyobh, aB00gh Mo detel@ihahe] i 1¢
brom de, q?ﬁﬁﬁﬁﬁggkgghmgge;ﬁfggg¥é(Eagguqr.and 0. 1mM neostigmne in

SOWNI[errp (pH'7.4) buffer t hese enzyne and substrate concentrations,
the enzymatic reaction was |inear for 90-120 m nutes. The specificity of
the induction for chol6re 3be pharmigeutimadf epaposition ast edaliyw sheor

addition of aggpgsivwnicH heDBDRF Péptitle aFagheh¥ obF YA VR R ¥bnfzidas
at least a portion of the amino acid sequence substantially

10 as depicted in Figure 1.

68. The pharmaceutical composition of claim 64 in
which the BDNF protein comprises the amino acid sequence
substantially as depicted in Figure 1.

15

69. The pharmaceutical composition of claim 64 in

which the BDNF'protein comprises the amino acid sequence

substantially as depicted in Figqure 1 from about amino acid
134 to about amino acid 252.

70. A pharmaceutical combosition comprising an
effective amount of the product of claim 36, 39, or 40 in a
pharmaceutically suitable carrier.

2% : 71. A pharmaceutical composition comprising an
effective amount of the product of claim 43 or 44 in a
pharmaceutically suitable carrier.

72. A pharmaceutical composition comprising an
20 effective amount of the product of claim 45 in a
pharmaceutically suitable carrier.

73. A pharmaceutical composition comprising an
effective amount of the product of claim 46 in a
% pharmaceutically suitable carrier.



=

napt hyl vi nyl ) pyri dium (HNP), during the assay (Wite, H L. and Cavallito,
C.J., 1970, J. Neurochem 17:1579-1589). 5 16.1. 3. ASSAY
ACETYLCHQLI NESTERASE ( AChE): ACTIVITY The | evel of AChE prese m‘lm l“e“'“ “III“ |II|
| ysat es was neasured by the methods of -Pder (Potter,
Phar nacol ogy and Experinental Therapeutics 156:500-506) and Johnson and
Russel|l (Johnson, C.D. and Russell, R L., 1975, 10 Anal. Biochem
64:229-238) with several nodifications. Lysates prepared in 50nM [err]
‘buffer pH 6.7 containing 200mM NaCl and 0.25% (v/v) Triton x-100, were
combined with 3 [err] acetyl chopharmacslitdaiNchnpdEIt 143, cotiprd sify/ &nol ) ,
et hopropazine (Oe#fdeive WHnkebE] eRé! Jr&ucz-f%lf' egﬁgﬂ ﬁ]lﬁ p_mnute

y e a

i ncubation at 37[err e reactl n Wa's dition of
100[err]l of a s Bﬁr%RH?Qﬁ iy £Y E?*ﬁeﬁ4ﬁ4£?r°lM chl oroacetic acid, 0.5M
NaOH, and 2. NaCl . Specific AChE activity was determ ned in the presence

of 1.0 (10 )M neostigm nezg 20 al h&rﬂace Ri¥mplbs PE 1 6h @buiials 3% aQHO-I NE
UPTAKE Chol i ne UE% tyl aa ng% %f %/}?j{%%l\‘l:gsjl %epindent hanl

assayed essentia 3 YHEP LS 8fp 7 BrRAP ﬁ ¥ Vaca, K and
Pilar, G, 1979, phar@eneutépqmiwsﬁ@ﬂtabgeegﬁrmxyn The cells were washed
once mﬁth 100 [err] Hamls F-10, followed by a 100 [err] rinse with Tyrodes

solution. Followi ng a 10 nu d i nduce T Iutlon
Contalnlng 2ﬁnN1p0taSS|un?%Trffi %@S&%&éé@éicéi compOSQtQXn 8¥ (1a1m %8

9 which 1is capable of increasing neuron survival.

_77. The pharmacehtical composition of claim 68 or
69 which is capable of increasing neuron growth.

1% 78. The pharmaceutical composition of claim 68 or
69 which is capable of supporting differentiated cell
function.

20 79. The pharmaceutical composition of claim 68 or
69 in which the protein, peptide, or derivative is
glycosylated. |

80. The pharmaceutical composition of claim 68 or

% 69 in which the protein, peptide, or derivative is
nonglycosylated.

81. A pharmaceutical composition comprising-an
effective amount of an antibody that recognizes BDNF protein
.39 ©Ora peptide fragment or derivative thereof.

82. A pharmaceutical composition comprising an
effective amount of a combination of substantially pure BDNF

protein or peptide fragment or derivative thereof, and a
3 second agent.



incubated for 20 mnutes at roomtenperature with [err] choline (NEN,
NET-109, O.11[err]M 86.7 Gi/mmol) in normal Na+ or Li+ cont ﬁ“"“mmmmmm
sol ution, The uptake reaction was stopped by rinsing the cell !
PBS. The accunul ated choline was extrdct*® By i ncubating the &ul furs %or
at least 20 mnutes with 100 [err] of cold acetone 35 contai ning 1IN
foem c acid. The soluble fraction was then renoved and counted. The
specific choline uptake is the difference between the | evel of total and
the Na+- independent choline uptake. 5 16.1.5. H STOCHEM CAL STAI NI NG
E_OR ACETY_CHO:-: NESTERA_SEaiihoIAr;ﬁiaghﬁa@aiﬁcwrébﬂp&s‘mifdzecbﬂ)%qum 82 sfuchh

i stochem ca a g C od] i.on t he
st ai ni ng net hoghg% %?é%@s%%- %ﬁg%g,gn%xg’g%sg aﬁf&%ﬁglﬂp% éfgﬁttrig’rn J g’h’.
114: 460- 481) . #erivkFYigef0BDNFxation of the cultures in 4% _
par af or mal dehyde, the cells were incubated 5-6 days at 4[err]Cin the
presence oB the AChE supstrate sol ution copposed of the, follow ng: .
acetylithiocholine iodi Rg %&%ﬁ@a‘éﬁ‘ll?g‘?%f SPRT 4t ‘?’heoérﬁ)u%(’)“ ¥in
[err]g/ M gel awhdehi théOsktandt agenbuis enepve Sgfowtlh facterti zati on of the

reaction product was acconplished as previously described (Hartikka, J. and

Hefti, F., 1988, J. Ne . 8:2967-2985 . .
! ugg?CIThe pharmaceu%ical composition of claim 82 in

which the second agent is another member of the BDNF/NGF
family. '

86. A pharmaceutical composition comrising an
effective amount of a protein or a peptide or derivative
thereof encoded by the recombinant DNA molecule of claim 54,
55, 56, 57, 58, or 59. .

15

‘87. 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 nucleotides

substantially as depicted in Pigure 5,

under conditions which will allow

hybridization to occur; and

(b) detecting any hybridization which

has occurred.

88. A method for diagnosing a disease or disof¢er
20 of the nervous system comprising
(a) contacting RNA collected from a
tissue with a detectably labeled nucleic
acid molecule which contains at least 10



l6.1.6. INNUNCHISTOCHENICAL STAI NI NG FOR THE NGF- RECEPTOR 20

Cul tures were washed twice with DMEM and then fi xed vmth m““ “L\“!L
par af or nal dehyde. The cells were then treated for 3-4 ho

phosphate buffer pH 7.4 containing 5% bdéfng serum al bunin, 0. 02@6?r|ton '
x-100 and 5% sucrose (Hartikka, J. and Hefti, F., 1988, J. Neurosci. 25
8:2967-2985). The NGF-R was detected utilizing the nonocl onal anti body

192-19gG (Taniuchi, M and Johnson, E., 1985, J. Cell Biol. 101:1100-1106:
Chandler et. al., 1984, J. Biol. Chem 259:6882-6889) and at 1:1000

dilution in buffer cont mﬁﬁlraﬁ%éwrsims&a&mhﬁbeaeuabgﬁeﬁeweiﬁ 30

I ncubated with the dil ut ant i Qﬁé %dhours eéﬁ]C The bound
nmouse i mrunogl obulin wa ettt ted "fﬂ%& SPFnVP ng Adfse antiinouse
| gG (1: 200 Vector). 1?maﬁ1iﬂﬂuh¥hﬂﬁdh&§ﬁmﬂﬂ soneceurdeandf i ed by using 3

, 3" 36 di am nobenzi di TSP it fybidikatienndnRenokhdase
enzyne 1651. 7. PURI FI CA ICN BDNF "AND NG~ The purification of BDNF, from

porcine brain, and 5 NG©¢ ??EEEQnﬂ e mouse submaxilliary gland, was
conduct ed accordlng to previously published protocols (Barde et al., 1982,

EMBO J. 1:549-553; L'ndﬁﬁy A ﬁ@thoé£¥§¥ df¥gnddifly al%%s%L%e3%§)d1£B§der

r econbi nant BDNF used ortion
of the nervous ystenm compr151ng

(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 Figure 1,
under conditions which will allow
hybridization to occur; and

(b). detecting any hybridization which has
occurred.

10
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. 90. The method according to any of claims 87, 88,
or 89 in which the disease or disorder of the nervous system
is a selected from the group consisting of a tumor, a
degenerative disease, a retinal disease, and a sensory neuron
disease. |

91. The method according'to claim 90 in which the
tumor is neuroblastoma.

92. A method for diagnosing a disease or disorder
20 of the nervous system comprising
(a) exposing'a tissue to a detectably
labeled antibody molecule which is
capable of binding to BDNF protein or a



these s racterized previously 10 (NhibunpiElre et—al
1990, Science. 247:1446-141). 16.2. RESULTS Cultures of s imﬂ

produced ®ii @ out growm h on pol yorni t hi ne- Iam " "UH,
15 with na - di splaying a-chapasteristic neu t
soma by 24 21A and B). Continued neurite outgromﬁh resul ted

I n & progressive |ncrease in the extent of cell-cell contact at days 2 and
4 invitro (conpare Figure 21 C, Dwith E, F). There were very few 20
non-neuronal cells in the cultures even after 4 days, as noted by the
absence of flattened pha S f f BDINF on
septal cholinergic neurch%é¥¥§§ﬁﬁ¥a€?eﬁg ot ﬁ@%ivéﬁfvg %ﬁ%1ca stain for
AChE and a i mmunohi st ocheapder eangditicons FﬁéCRGFiiécé iey hirdingd. 25
Typi cal norphol ogi es of AceEoPesrti iamd neurons are shomn in Figure 21G H
Several NGF-receptor posify e & r s | engd! - BDNF
elicited a & 4-fold |ncre&#X ﬁﬁﬁaﬁﬁﬁggpﬁgﬁﬂﬁeh% Egggﬁlvé&cells in | ow
density cul tures (deflnedOQQUBDe%ell densities between 66,700 - 133, 300
cells/cnerr]) of enbryonic rat septal cells as shown in Figure 22A. At the
same cell densities the gffec f { 1 he
finding that BDNF as wel ?5 T&h %%Bép? (#L%!e}da)neél %é.?xé.gnsgal %R%%?a ngu-nbe
of AChE positi v@erforaesd in vivo.

10

94. The method according to claim 92 performed in
vitro.

95. The method according to claim 92 in which the

15 disease or disorder of the nervous system is selected from

the group consisting of a tumor, a degenerative disease, a
retinal disease, and a sensory neuron disease.

96. The method according to clalm 95 in which the
tumor is a neuroblastoma.

97. A method of treating a disease or disorder of
the nervous system comprising administering an effective
amount of BDNF protein, or a functionally active peptide

2% fragment or derivative thereof, to a patient.

98. The method according to claim 97 in which the
disease or disorder of the nervous system is a degenerative
disease.

99. The method according to claim 98 in which the
degenerative disease is retinal disease.



|l ead to n ease in the nunber of AChE positive heJrons than 5
. that seen ctor alone. M¥®®rfs of neuronal survival, these
results su gest that the cholinergic neurons in rat septal cultures whi ch
respond to BDNF or NGF nust be closely overl appi ng popul ati ons. The effect
of ‘BDNF upon the survival of AChE 10 positive neurons was dependent upon

t he- densi t t which th -
densiti s {280 0060266 8‘6‘86 sf‘%% er(rg]g?c'&ﬂf'% t%Béit l‘“ ﬁ N g,nig,t Add'9
conbi nati on wi tdise@sepPEIdearder PRCEheReTVoRY tﬁ?ﬁﬁﬁ%&Pwﬂi%Ea@m &% ng

neurons. Thi s nelye hmerdoast gyster.eased 15 endogenous | evel s of neurotrophic
activity, or alternatively, survival pronDting effects of the I ncreased
cell-cell cantact occurrl g e. high S t, |1
density, the nunber f A a@% e\'fg %e‘fc“%(ah%?e 2 d"ai% 10@ H Q'\ﬁllgﬁof BDNF
concentrati on, mma ieocﬁagemy @E&p‘éﬁ#@ﬁ%ﬁ’véﬂc’ﬁtﬁ’& g5ewp aonféswm

whi ch | ncreasedotfhe::md:;elsunéefﬁlliqfasctiom dafbketivwn,| amdomaliyrtancly.val ues:
of 169.2+12.9 to 388. 0+26. 2 (a 2.5 fold increase) in treated cultures. In

COMpart son, a1 Tl 1 SRy e aliatly B, 810 UL il B

disease or disorder is caused by exposure to a toxic agent.

in sept al cul npted us to exam ne whether these two factors
upon sim I ar di st.i nctq neuronal popul ations. As shown i r““m I“ﬂ‘\
of FlgUﬁ&sﬂ&%H i&;t addition of saturating |evels of

103. The method according to claim 97 in which the
disease or disorder is caused by nutritional deficiency.
1 _
S 104. The method according to claim 94 in which the
disorder comprises a congenital disorder of the retina.

105. A method of treating a disease or disorder of
the nervous system comprising administering.an effective
amount of a combination of BDNF protein, or a functionally

active peptide fragment or derivative thereof, and a second
agent.

25 106. The method according to claim 105 in which the
combination which combination exhibits synergism in a
functional activity of BDNF to a patient.

107. The method of claim 105 in which the second
20 agent is nerve growth factor.

108. The net:hod of claim 105 in which the second
agent is another member of the BDNF/NGF family.



-

231.7+12. 9 (a I.9 fold |ncrease)? The pl ateau phase in the response curv

! _ &
?ﬁp?ﬁreeﬁuﬁﬁ"fﬁﬁ mﬁ a[%“?LZ e one ot st so i on-oe [THIIARAIAL

apparent th ty:cultures, both BDNF and NGF are*cébaﬁle"of
increasing t el |'s detected”b¥®AChE histochemistry. It is
possible that this increase is due to a rescue of cholinergic cells dying
in culture in the absence of growh factor, to recruitnment of 36 @ -120-
precursor cells, or to the induction of the cholinergic marker, AChE. To
attenpt to differentiate anong these possibilities, delayed addition
experiments were conduct eto¥ i Finee m@thofnageerding tsf cdaimules imivhixdmade

for a total of l3jdexse SPcabsdrddr d¢ huBegenérsedws dilseaseQ six hours 5
after plating, was nmaintained in the presence of BDNF or NG for the entire
12 days. A second set of cultures was established w thout growth factors
for 5 days and then treat 40w tFheamgthed RCFOTeing o |ARinsdP8ninaykich the

(-5{3 BQ: \O/Iﬂe_g c?rawdmathesedimssetﬁs @eleckedr £om e IG2DNPNEONE Ds8LhdNGE
or added af t,gf t 9 er e
were grown conti rﬁoﬁ%@‘%#ﬁism‘b m%’?@t%ﬁg ?‘2%?010@, féﬁ—ﬂn‘é’i Ei%?%segf# &

e presence OfF S ‘(conpare So
cross hat ched Parkinson’s disease. .

111. The method according to claim 108 in which the
10 disease or disorder comprises damage to the nervous system.

- 112. The method according to c¢laim 105 in which the
disorder is damage caused by an event selected from the group
% consisting of trauma, surgery, infarction, infection,

malignancy, and toxic agents.

113. The method according to claim 105 in which the
disease or disorder comprises a disease or disorder of
§ensory neurons.

114. The method according to claim 105 in which.the

disease or disorder comprises a congenital disorder of the
retina. ' '

115. A method for isolating a gene vwhich 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:

20 (a) selecting, from among a diversity of nucleic
acid sequences, those sequencea that are homologous
to both BDNF and NGF:




X

bars i igure 23). The results were strikingly different

third se gghegqqa;wwne jlagedphi ch BDNF or NGF was 15 only prmﬂﬂﬂmﬁ!! mmm
final tures) Under these conditions, nerther
BDNF was mmmmﬁﬂ!ﬁj nci.ng t‘he nunmher, gaf ~AChE positive cells. In other
experlnent een established that exposure of septal neurons to
eithet NGF or BDNF for as little as 3-4 days is 20 sufficient to produce a

| arge increase in AChE enzyne activity, and thus detection of cells by AChE
stdining. Therefore, the lack of a detectable increase in the nunber of

ACHE_pps!tlve neur ons in {é} é%i?n gﬁ%tLgfgh ghguguggb{gEECId _
possibility that the tinme exposur actor was |1 nsuff.icient
to allow for an inducti orBeAUERIES §&d 98 %EHQQQ' thofgs SERUENCRRH MR AR vi vo

(Montero, C. and Hefti, Fcont£fi8, se];ueNeasostlabcﬁxtQQ%JQQSQ 6 Heomft ignants al .,
1989, Neuron. 3:247-256) pgciEdiides ha¥l ht8 AR NN dgbusaREPHEF Xhdf

regulating tee levels of 1ts_own receptor as neasured both at the nRNA and
protein level. Since BDNF BRRE: d to display simlar effects to NG in

the induction of cholinerdel phsolating &he¢ setmences jidantifiedpin (b).
cultures, .the potential that BDNF nay regul ate the | evels of NG~ 35

116. The method according to claim 115 in which the
method of sﬁep (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 NGF DNAs, such that the sense
strand oligonucleotide primer is capable of hybridizing to a
;5 first homologous DNA sequence of BDNF and KGF, and the

antisense strand oligonucleotide primer is capable of

hybridizing to a second homolegous DNA sequence of BDNF and
NGF.

10

117. The method agpording to claim 116 in which the
20 sense strand oligonucleotide primer comprises a nucleic acid
sequence substantially as depicted in Figure 1, which is
selected. from the group consisting of from about residue 587
to residue 616, from about residue 713 to residue 739, from
25 about residue 764 to residue 781, from about residue 863 to
residue 898, and sequences thereof; and the antisense strand
oligonucleotide priner comprises a nucleic acid sequence
substantially as depicted in Figure 1, which is (a) selected
from the group consisting offrom about residue 587 to about
a0 residue 616, from about residue 713 to about 739, from about
residue 764 to about residue 781, from about ‘residue 863 to

about residue 898, and (b) is different from the sense strand
primer.



-121- recepLeLr—as—qﬂaﬁi-%rarred by the nunbers of 1gG1
cells, was tested. At 10.ng/nd , BDNF produced a 3-fol d |ncr gmm,l‘"'""lm”"’
nunber of .NGEhi A op05|t|ve cells, as shown in Fig
I nteresti ngly centrations (25 100. ng/ M) the effect of BDNF' 5
was pr,ogre55| d. Thus, theY®3sé& response in this instance

was “not abl y dlfferent fromthat observed for the effect of BDNF on other
paranmeters in these cultures, e.g., nunber of AChE positive cells.. As a
posiitive control, the cells were treated with NGF at a concentratlon of 50

10 ng/m, which also resulted in a 3-fold increase in the nunber of

positive cells. Therefore, 138t hd Bathad ofoy d@olading: 3 AEREY VIHN- 1§22 an
approxi mat el y equaemisdf exft the boaiandepived uiatdotyophdcefpetss/rarvel grbwth

o -receptor. 1N 2d8td Qbrde £ z%fniﬁst SpRf GRldn WHUAER nelilfied SRS idhohichy
that BDNF coul d pronpte ¢ rg enot &; égtws aFE Il nvest i gated. A
linear increasg i | HRBRTT Q5 \HW‘\NQ? el tom FfeckrEs B9 §40% he
presence of increasing |eve{a) ofsming.tﬁrﬁﬂ anpnd a Wiversihy ofgpmisdc
thU{aged at a Legi} of 1. 3aé£&fké&ﬁﬂnd5%ntﬁﬁes¥aé ncts §Qa§h9¥@ hdhdliogdhe
nducti on o acti vi ar resstreate e
a plateau at 25 ng/m, repré% %?‘%’g4 *’#’l%’&‘? ca enc?vg\gcggﬁ??:?ﬂe a‘ﬁﬂ%@
val ues. The response to ei dGid SBENenne H@P5§h6§kﬂlhb ag gardictadt inctiqure
at three tinmes the concentrgij odesotdd GisM3/80 produce a 25 saturating

response. The ¥nduct i on of ?ﬁ{ af&éﬂ%if&f“éjqfrom 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
BDNF: and

(c) isolating the sequences identified in (b)

15

119. The method according to claim 118 in which the

method of step (a) comprises using the polymerase chain

20 reaction technique, in which a pair of oligonucleotide
primers are used which are capable of hybridizing to
homologous regions of either BDNF or NGF and a gene encoding
the amino acid sequence substantially as depicted in Figure
14, denoted as M3/4, such that the sense strand '

o oligonucleotide primer is capable of hybridizing to a first
homologous DNA sequence of BDNF or NGF or the gene encoding
the amino acid sequence denoted as M3/4, or, alternatively,
Neurotrophin-3, or NT-3, and the antisense strand
oligonucleotide primer is capable of hybridizing to a second

20 homologous DNA sequence of BDNF and. NGF or the gene encoding
M3/4.

120. A method for increasing the levels of BDNF
expressed in nervous system cells comprising exposing the
2 nervous system cells to kainic acid or a related compound.



either BDNF or NGF did not effect the level of [N

hydr oxyet hyl - 4- ('llnsrﬁé cedyri di uni HNP-i ndependent tr I"I!N Iﬂ“ll}]"ll”““l
activity. .In Ilgh ng that BDNF as well as NG- 3

i ncreased CAT act cul tures, 7 response to concurrent
treatnent wth both factors mas studied (Table VIII). For these

experinments, two concentrations of BDNF were used, 5 and 25 ng/m, which

i ncreased CAT activity by 1.4 and 2.6 fold, respectively. 35 -122- When
NGF (50 ng/nm), which alone increased enzyne activity by 2.8 fold was
combined with BDNF, the le

additive effect (Tabl e VIII E‘:’J:"'At ﬁ%}%{é\dc\e@ré% xﬁ#\%%g\}l‘é used. lag]a opfur% b{/F
additive effect teQXRuRRASAs SIOIAUE IRKALETR RELIP (IRAREARING feXPIs g the

5 fold, respecti tRinvodly aiysxil (cd1 M8 nidYe-MNDE s ptid i gt .
actually sonmewhat nore than additive. TABLE VIII 10 EFFECTS OF CO ADDI TI ON
OF BDNF AND ON CAT ACTIVITY CAT Activity Concentration (ng/m)

(prol / Hr/ Wl | % Contl22. A method for increasing the levels of NGF
expressed in nervous system cells comprising exposing the
nervous system cells to kainic acid or a related compound.

123. A method for increasing the levels of NGF
expressed in nervous system cells comprising exposing the
nervous system cells to a non-NMDA receptor agonist.

10

124. A method of promoting the survival of
- dopaminergic neurons comprising exposing the neurons to
. effective levels of BDNF.

125. A method of promoting the survival of

cholinergic neurons comprising exposing the neurons to
effective levels of BDNF.

126. The method according to claim 125 in which

the cholinergic neurons are basal forebrain cholineéergic
neurons.

127. The method according to claim 125 in which
the cholinergic neurons are septal cholinergic neurons.

128. A method of suppressing the proliferation
20 of astroglial cells comprising exposing the astroglial
cells to an effective amount of BDNF.



A — e
o e @3 ey T

BDNF( 25) %70. 1 > 66. 2 260 NGF(50)
2767.6 + 1 M’I
670 Sept al omn for a period of 12 days in 5HS/N3 in the

NGF(50) +. B%&E(ZS) 3742.0 + 669.3
presence of - the I ndi cat ed concentrations of trophic 25 factors. CAT
activity was determ ned as described. Values represent the neans + S.E. M
of %-5 determinations. The possibility that the biol ogical response 30
obs&rved with BDNF treatment was due to a BDNF-dependent rel ease of
endogenous NGF was tested.129¢ eRamretbodhps éﬁééPﬁGﬁngatﬁﬁn&GMQ¥ﬁ ofn GRFSRy

to NGF (anti bodyaﬁiﬁsﬁutyeieCHbma aadnzheenencoﬁ%%&)siw et iy, ineck any
NGF- rel ated res onse. A? Ie IXuN%Feﬁﬂ# e of NGF Bé -123-
on CAT activity Erﬁpﬁ Pyapeﬁaggﬁ *t he BDNF-i nduced
response mas@gssentlally unaffected Cne should note, however, that the
basal |evel CAT activit S K 3&&%
wi th anti-NG- al one, as coxa\gsedht reate cor%%ﬁ%)éﬁ ud\}{eérjt xeéss?ﬁ?ﬁeo%
observed i ncreasé’GiFnreRFP&@ﬁl' | P B |Q¢1s1e|aﬂ“§lf°&ﬂ cRmRrising exp°s ing t

cell to an effective amount of BDNF.

131. A method of preparing active BDNF from a

10 less active precursor molecule comprising exposing the
‘precursor molecule to an effective amount of
endoproteinase Arg-C.

15 ' 132. The method according to claim 131 in which

. an effective amount of endoproteinase Arg-C is
endoproteinase Arg-C at a concentration of 0.1 unit per
microliter.

2 133. An active form of BDNF produced by the
method of claim 131.

134. An active form of BDNF produced by the
method of claim 132.
25

135. The method according to claim 98 in which
the degenerative disease is Parkinson’s disease.

136. The method according to claim 98 in which
20 the degenerative disease is Alzheimer’s disease.

137. The method according to claim 105 in which
the disorder is damage caused by a toxic agent.



produced—by—BDNFﬂmﬁnEHTTT*“be a direct effect and not nedlated by an

~“increase in endo 10 15 20 25 30 36 -124- TAﬁlﬂlumﬁ“mmuﬁﬂL
ANTI - NGF m m i‘m NGF AND BDNF TO | NDUCE CAT ENZ T
[ m

Activity (pred AR wel 1) 9% Coht r'ol "Cofit r 0l
517.53+3. 2 1021. 6+106. 1 - 197 NGF(50)
1139.0+99. 1 - 220 10 Control + Anti-NGF - 418.7+27.0

81 BDNF + Anti - NGF 819. 2+68. 8 158 NGF + Anti - NGF
551, 0+27.0 107 Following a 12 day growth period in 5HS/N3 in the

presence 15 of the |nd|cated congfntratlons of trophic factor the septal

cells (plated at a density thad yageanding te] flatrc9Bainewhdgh
CAT activity mathdedegmhnm&tﬂyek&muudkﬁiﬂ§1dfwParkinson-P1us" syndrome.

139. The method according to claim 138 in which
5 the "Parkinson-Plus" syndrome is selected from the group
consisting of Progressive Spranuclear Palsey (Steele-
' Richardson-Olszewski Syndrome) , - Olivopontocerebellar
Atrophy, Shy-Drager Syndrome (Multiple Systems Atrophy),
10' and Guamanian Parkinsonism-Dementia complex.
140. The method according to claim 135 in which

symptoms* of Parkinson’s disease are caused by a toxic
agent.

15
141. The method according to claim 99 in which

retinal disease is caused by damage to the optic nerve.

142. A method for increasing the levels of BDNF

2 expressed in nervous system cells comprising exposing the
nervous system cells to carbachol.

143. A method for increasing the levels of BDNF
expressed in nervous system cells comprising exposing the
g5 Pervous system cells to histanmine.

144. A method for increasing the levels of  BDNF
expressed in nervous system cells comprising exposing the
nervous system cells to bradykinin.

145. A method for increasing the levels of NGF
expressed in nervous system cells comprising exposing the
nervous system cells to carbachol.



e

éﬁeri ment.gal. Procedur tion. Values represent the nean + SE M of 6

det er mi nat ect B Been e r'?'gegi bility that AChE activity is coorﬂm m‘l “‘\‘“\“\
regul at ed al u Ectivity by BDNF or NG was al so tes l& s *
26). ‘In con activity, tH@-dose response of AChE tJ BDNF or

NGF appeared quite simlar in that the enzyne activity increased linearly
up to a concentration of 50 ng/m. At this concentration, NG and BDNF

inceeased AChE activity 274% and 234% respectively, as conpared to the
nonztreated control val uek4680 A method forriacriensing tdhe ore e of

i 'nduch i ncr easexpresdd afhi ué?you@fs siyBten cedled cgdﬁpg&ﬁrﬁxﬂi )efxﬁgiwlttwét y
incultures tr Lt ng of .BDNE _i.ncr.eased to 170% of. contro

val ues by 3 days.le‘??n‘}/l\% %%egﬁsggh&ﬁt itﬁl?g&s&ﬁﬂilneday 6, where it plateaued
at 2.5-fol d above control val ues -125- throughout the renainder of the
period test®d. In contrasjaqthe @%e zllgq: ﬂg%

adm ni stration was nore r%p?d, ﬁctﬁ-r%tthﬁe%pi n ug'ttar% evsej([éf.ea.c rﬁf]%gvi}%_?glgsr
over control bye¥ayessed,in; perwsys systep falls GORRNLS NG EXPoFing the

linearly, reachhagveusakysten ¢edllsoktd PravImIGPNtrols 5 after 12 days.
Astrocytes, grown:in culture for a period o

148. The method according to claim 98 in which

‘10
the degenerative disease is Runtington’s chorea.

15



ti. me hamg sheepn..shown to synthesize a variety of neurotrophic act|V|t|es*
i'n addi ti QuEkT eSay R M, 1979, Nature 282: T%@,S E
1982, Br ” ol 7 329- 343; Al derson et al . , 198 £ [gbao es.
48: 229-2 . ‘ e have ruled out the possibili

observati ons on  BDNF are nedi ated t hrough-Bm+ncrease in levels of NG it

i s conceivable that BDNF may act indirectly by nodul ati ng expressi on of
other 15 neurotrophic factors, espeC| aI I y [ n gI [ aI ceI I S. To assess the
possi bi lity that nonneur ondBRA 2 R V] NEYE 2 DoFACTORt of BDNF on
CAT activity in septal cultures, we corrpar ed the response of cholinergic
neurons to BDNF in m xed glial-neuronal cultures and neuron-enriched
cultures 20 (Figure 28). In neur on- enBRSEXACY | tures, the response of CAT
activity to BDNF displayed a bell-shaped curve; a maxi nmal increase was
achieved at a dose of 5 ng/m of BDNF and at a concentration of 25 ng/m

there was a significant decline in enzymatic activity (p>0.001, conparing
15 to 25 25 ng/The opresmhl. iﬂ'\ﬂdﬂta’rort arelatesstbt micdwid mddjuseqaéncese

CAT response tog ,wg d?ﬂﬁ; Lpear,
in this case up t ﬁgk}%l hi g ﬁtgggﬁdgjsttgw) vvg% Wbl
presence of nonk@uBBNE| PE@FP—énhpgﬁ’éPcleévé{ns BrargEGY RS ing ctesednugleic
produce an 30 %ida|§élfuéﬂ3é§asﬁsl nwed] agsdi \ﬁﬁdgn{éhﬁ&ahnfiouadrhﬁatlves

213

simlarly treated neuron-enrj ched cyl tures. hst a d i ng, abi | i
BN to b ol EYSREPRul at o HAT AGBLFLOPA n Tl sPPARCLRD | R S heuttng
was pharmacologic compositions and therapeutic uses of BDNF,

having provided, for the first time, the means to generate .
sufficient quantities of substantially pure BDNF for
clinical use. In a specific embodiment, BDNF may be used

10 to promote the survival of substantia nigra dopaminergic
neurons and basal forebrain cholinergic neurons, thereby
providing a method for treating, respectively, Parkinson’s
disease and Alzheimer’s disease. The invention also
relates to antibodies directed toward BDNF or fragments.

15 thereof, having provided a method for generating
sufficient immunogen. Further, by permitting a comparison
of the nucleic acid sequences of BDNF and NGF, the present
invention provides for the identification of homologous
regions of nucleic acid sequence between BDNF and NGF,

20 thereby defining a BDNF/NGF gene family; the invention
provides a method for identifying and isolating additional

- members of this gene family.



35  -126- essentially the same in the presence or absence of glial cells.
On the basis of CAT and AChE activity, it is apparent that BDNF can act

similarly to NG~ in enhancing cholinergic phenotypic narkers. To exanine
this further, 5 the effect of BDNF on the |evel of Na+-dependent, high-
affinity choline upt ake was conpared to that of NG (Figure 29). Cells
grown for 12 days in the presence of 50 ng/{ip§af BDNF accunul ated choline
to a level 3.8 fold over that of the non-treated controls. In parallel
cultures, NGF (25 10 ng/m) induced a 2.3 fold increase in choline
accunulation 16.3. DI SCUSSION In conparison to its established effects on
peri pheral neurons (Barde et al., 1982, EMBO J. 1:549-553; 15 Lindsay et

al., 1985, Dev. Biol. 112:319-328; qargg Let al ., 1986, J. Neurosci.
6: 1897-1904; Hofer, M and Barde, 8 Nat ure 331:262-262), the .

neuronal specificity of BDNF within the central nervous systemis |ess well
characterized. To date, the only known responsive CNS 20 neurons are a
smal | subpopul ati on of Thy-|I positive retinal ganglion cells first
identified in cultures of E17 rat retina (Johnson et al., 1986, J.

Neur osci . 6:3031-3038). '

MACCEGD 8
CACCAAAGATTCCCCCCTACCCCTTCTTTTTGACCAMGGGMCGTGMMAATAATAGAGTCTGGGGATTTCGGGGCC 84

GAAGTCTTCCCCAGAGCAGCTGCCTTGATGTTTACTTTGACAAGTAGTGACTGAAAAGTTCCACCAGGTGAGAAGAGTG 166
1 - 10 20
Met Thr Ile Leu Phe Leu Thr Met Val Ile Ser Tyr Phe Gly Cys Met Lys Ala Ala Pro
ATG ACC ATC CTT TIC CTT ACT ATG GTT ATT TCA TAC TTC GGT TGC ATG AAG GCT GCC CCC 226
30 40
Met Lys Glu Ala Asn Val Prg Gly Gln Gly Ser Leu Ala Tyr Pro Gly Val &rg Thr His
ATG AAA GAA GCC AAC GTC CGA GGA CAA GGC AGC TTG GCC TAC CCA GGT GIG CGG ACC CAT 286
30 60
Gly Thr Leu Glu Ser Val Asn Gly Pro Lys Ala Gly Ser Arg Gly Leu Thr Ser Ser Ser '
GGG ACT CTG GAG AGC GTG AAT GGG CCC AAG GCA GGT TCA AGA GGC CTG ACA TCG TCG TCA 346
- 70 80
Ser Ser Ser Leu Al Asp Thr Phe Glu His Val Ile Glu Glu Leu Leu #sp Glu Asp Gln
TCG TCG TCG TTG GCG GAC ACT TTT GAA CAC GTG ATC GAG GAG CTG TTG GAC GAG GAC CAG 406
90 90
Lys Val Arg Pro Asn Glu Glu Asn Asn Lys Asp Ale Asp Met Tyr Thr Ser Arg Val Het
AM GTT CGG CCC AAT GAG GAA AAC AAT AAG GAC GCG GAC ATG TAT ACG TCC CGA GIC ATG 466
110 120
Leu Ser Ser Gln Val Pro Leu Glu Pro Pro Leu Leu Phe Leu Leu Glu Glu Tyr Lys Asn
CTC AGC AGT CAA GG CCT TTG GAG CCT CCT CTT CTC TTT CTG CTG GAG GAA TAC AAA AAT 526
130 140
Tyr Leu Asp Ala Ala Asn Met Ser Met Arg Yol Arg Arg His Ser Asp Pro Ala Arg Arg
TAC CTG GAT GCT GCA AAC ATG TCC ATG AGG G6TC CGG CGC CAC TCG GAC CCC GCC CGC CGC 586
150 160 .
ly Glu Leu Ser ¥ l ys Asp Ser Ile Ser Glu Trp Yal Thr Alo Alo Asp Lys Lys Thr
GGG GAG CTG AGC GTG GC GAC AGC ATT AGC GAG TGO GTG ACG GCG GCG GAT AAA AAG ACG 646
170 180
al Net Ser Gl The ¥ ¥ Val Pro Yal !
GCA GTG GAC ATG TCG GGT GGC ACG GTC ACG GTC CTC GAA AAA GIC CCC GIC TCG AMA gﬁc 706
190 00
Gin Leu Lys Gln Tyr Phe Tyr Glu Thr Lys Cys Asn Pro Met Gly Tyr Thr Lys Glu Gly
CAA CTG AAG CAG TAC TTC TAC GAG ACC AAG TGC AAT CCT ATG GGG TAC ACA AAG GAG GGC 766
210 22t



Further studies have al so established effects of BDNF upon adult retinal
ganglion cells in explant cultures (Thanos et 25 al., 1989, Eur. J. Neuro.
:19-26)..1I'n this study, we have shown that BDNF i ncreases the survival of
cul turegn chol i nergi c neurons fromthe enbryonic rat septum as shown by
AChE hi St ocheni cal st ai ni ng,, and i ncreases the expression of various

chol i nergi c phenotypic markers, i.e., enzpy§ac 30 activity of AChE and CAT
and high affinity choline upt ake. In addition,- BDNF was found to increase
expression of the NGF receptor in septal cultures. In initial experinents,
we found that BDNF increased the nunber of AChE positive neurons in E17

septal 36 cul tures by appr oxi matFJ f\s with NG- ((Hartikka, J.
and Hefti, F., 1988, J. Neurosci dﬁ? 128 l”as ef fect was npst

apparent at low cell densities. Interestingly, co-addition of NG and BDNF
were ineffective in further increasing the nunber of AChE positive ceIIs

over 5 the | gyelr@IEi¢iedsy sma s Top#en Ger G4 109 Aoy N ITHE Gth Ger Aye
This Observatrg K >ﬁA§ % TAE 106 MRETYEL 206 TRETCEATCT mtwcengg gme 826
48

sanme popul ati tal cho i nerglc- %Hr As i ni report
NGF (Hefti et aI

Arg Ala_Leu Thr Met Asp Ser Lys Lys Arg Ile Gly Trp Arg Phe 1le Arg Ile Asp Thr
CGG GCC CTC ACC ATG GAT AGC AAA AAA CGA ATT GGC TGG CGG TIC ATA AGG ATA GAC ACT 886

230
Ser Cys Val Cys Thr Leu Thr Ile Lys Arg Gly Arg End
TCC TGT GTA TGT ACT TTG ACC ATT AAG AGG GGA AEA TAG TGGCTTTATGTTGTATAGATTATATTG 952

AGACAAAAATTATCTATTTGTATATATACATAACAGGGTAATTATTCAGTTAAGRAAAMAMTAATTTTATGAACTGL 1031
ATGTATAAATGAAGTTTATACAGTACAGTGGTTCTACAATCTATTTATTGGACATTTCCATGACCAGAGOGAAACAGTC 1110
ATTTTTTGCGCACAACTTTAAAMAAAAAGTCTGCATTACATTCCTCGATAATGTTGTGGT TTGTTGCCGTTGET 1184

FI1G.2

HSDPARRGELSVCDS I SENVTAADKKTAVIMSGGTVTVLEKVPVSKGALKOYFYETKCNP  pig BDNF
SSSHPIFHRGEF SVCDSVSWY . ,GDKTTATDIKGKEVHYLGEVNINNSVFKQYFFETKCRD  hunan NGF
SSSHPVFHRGEF SVCDSISVVY. ,GDKTTATDIKGKEVMYLGEVNINNSVFKQYFFETKCRD  bovine NGF
SSTHPVFHHGEF SVCDSVSVWV, . ADKTTATDIKGKEVTYLAEVNVNNNVFKQYFFETKCRD g. pig NGF
SSTHPVFHMGEF SVCDSVSVUY, . GIKTTATDIKGKEVTVLAEVNINNSVFRQYFFETKCRA mouse NGF
TAHPVLHRGEF SVCDSVSMWV. ,GDKTTATDIKGKEVTVLGEVNINNNVFKQYFFETKCRD chick NGF
EDHPVHNLGEHSVCDSVSAWY. . . TKTTATDIKGNTYTVMENVNLDNKVYKQYFFETKCKN  snake NGF

HGYTKEGCRGIDKRHYNSQCRTTOSYVRALTMDSKKRIGURF IRIDTSCVCILTIKRGR - plg BDNF
PNPVDSGCRGLDSKHYNSYCTTTHTFVKALTHDGKQ. AAVRF IRIDTACVCVLSRKAVRRA  human NGF
PNPVDSGCRGI DAKHYNSYCTTTHTF VKAL THDGKQ, AAVRF IRIDTACVCVLSRKTGARA  bovine NGF
PSPYESGCRG]DSKHVNSYCTTTHTF VKALTTDNKQ. AAVRF IRIDTACVCVLNRKAARRG  g. pig NGF
SHPVESGCRGIDSKHUNSYCTTTHTFVKALTTDEKQ. AAVRF IRIDTACVCVLSRKATRRG  mouse NGF
PRPVSSGCRG1DAKHYNSYCTTTHTFVKALTHCGKQ. AAVRF IRIDTACVCVLSRKSGRP chick NGF
~ PNPEPSGCRGIDSSHVNSYCTETDTF IKALTHEGNQ . ASVRF IRIETACVCVITKKKGN ~ snake NGF



10 1985, Neuroscience 1:55-68), BDNF did not enhance cholinergic neuron
survival in cultures established at relatively high cell densities. As a
proportion of the cells plated, cholinergic neuron survival was found to be
hi gher at high cell density than at |low cell density, even 15 in the
absence of any neurotrophic factor. There are several possible explanations
that may account for this including increasdb@ell-cell contact, beneficia
effects of increased numbers of nonneuronal cells or a more than
proportional increase in endogenous neurotrophic activity. 20 In terns of
the latter possibility, we found no indication of substantially increased
| evel s of endogenous NGF since-addition of an excess of anti-NGF to
untreated high density cultures only reduced basal CAT activity by 20% In
such cul tures, exogenous NGF was able to produce as nmuch as 3.4 25 fold
increase in CAT activity. As observed both at the |level of protein and
MRNA, there are now many reports which indicate that NG- can upregul ate the
expression of its own receptor both on-cultured neurons and in vivo. In
this study, we used the nonocl onal antibody 1gG 192 to detect the
NGF-receptor. This nonocl onal has been characterized on both rat sensory
neurons and in rat brain (Taniuchi, M and Johnson, E., 5 J. Cell Biol.
101:11Q0-1106). Wile confirm ng the 35 findings of @‘ﬂb ka and Hefti

MOUSE | BOVINE

t hat NGF can up-regul ate the =
RAT RABBIT
MONKE CHICKEN
DOG HUMAN YEAST
MOUSE BOVINE
RABBIT
MONKEY CHICKEN
HUMAN |

6.6 ——@= 2 2
‘ v

4 4— % A

R 5o

LT e
2.3 ——k'.‘ )
20—

L
HUMAN NGF PORCINE BDNF
PROBE PROBE

FIG. 3



-128- level of its receptor*in septal cultures, as noted by an increase in
the nunber of 1gG 192 i mmunopositive neurons, we have additionally found
that BDNF increases the nunber of 1gG 192 inmunopositive cells by up to 3
f ol d. The’response to BDNF was biphasic in that high concentrations, in the
5 range of 25-100 ng/m, failed to produce%é]arge an increase in the
nunber of positive ceIIs as was noted with g/m. Interestingly, this
type of dose response was quite different fromthat seen for the BDNF

i nduced i ncrease in the nunber of AChE positive neurons. In the latter, no
10 reduction in the maxi mal effect of- BDNF was seen at high
concentrations. It should be noted that the lowaffinity NG- receptor has
recently been shown to also bind BDNF with simlar affinity, suggesting
that the NG- and BDNF |ow affinity receptors mght be identical

(Rodri guez-Tebar et 5 al. 1990, Binding of Brain-Derived Neurotrophic
Factor to the Nerve G owmh Factor Receptor Neuron. 4, 487-492). Possible
simlarities in the mechanism of action of BDNF and NGF were suggested by
the findings that. BDNF was equi potent with NG- in the induction of AChE
activity. 20 Al though BDNF was al so found to pronmote cholinergic neuron
survival to a simlar extent to NG, the effect of BDNF on CAT enzymatic
activity was not as great as NG-. Over several experinents maxi mal CAT

i nduction with BDNF ranged from1.8-2.6 foId whi |l e val ues of greater than
3-fold were

KIDNEY LUNG SPLEEN MUSCLE
BRAINI sur | UYER' HEARTI




seen routinely with NGF. Thus, although there may be sone simlarities in

t he mechani sin of action of BDNY and NG, it is quite probable that there
are subtle differences in the expression and regul ation of their respective
receptors” and the coupling of these receptors to the second messenger

pat hway(s) necessary to induce CAT activity,qJhe supposition that
differences in the | evel of induction of CK% activity produced by BDNF or
NGF m ght represent differential regulatory pathways was further supported
by results fromtine course studies. Cul;ured 35 -129- septal neurons
responded to BDNF with a rise in CAT actigity until day & at which tinme the

response appeared to plateau. In contrastz inductionfin CAT activity in
response to NG- showed a protracted Ilneax rise from3 tp 12 days. The
cessation of a rise in the induction of T activity}at b 5 days in BDNF
treated cultures may be indicative of a dgevel opmenta| change in the
expression of either the BDNF receptor orga required conEonent in the
response pat hway. G ven that the nunber & chol i nergjc neurons (AChE
positive neurons) found in high density &8ltures.aftegr 12 days 10 appears
to be independent of exogenous BDNF or NGF, it seéensiunlg kely that
differential neuronal cell death would aggount
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for the tinme course differences found in the induction of CAT activity by
these two growth factors. In the initial experinents involving BDNF 15
treatment of basal forebrain cholinergic cells, no assunpti on was nade as
to the pFimary cell type, neuronal or glial, responsive to this o
neurotrophic factor. Al though studies corglgied on highly enriched cul tures
of peripheral neurons strongly suggest that BDNF has its effects directly
20 on neurons (Lindsay et al., 1985, Dev. Biol. 112:319-328; Lindsay,
1988, J. Neurosci. 7:2394- 24@)3" it is goRcei vabI e.that the neuronal
effects of BDNF seen in the.@dBent st ould hg'e:bee medi@ed thoudhQ
a primary action of BDNF on Qgtheogl I a Bt her no @ron | cel However : °

BDNF was 25 found to be qu#ﬂl eféect%l:vg I nad heZﬁucthg af activH:y_:
in the presence of a con pedolg @nt | Y| @st r al celM§e
or in cultures greatly depl eg of gI| REeIIs byStﬂat nt wi he ', <
mtotic inhibitor, cytosine i nosi de= =An mtr;;g ng bser\,gt' n from ™%
these experinents was thgt ¢ harg of =t e dese. B&ons SurMgse o BDNP
was distinctly dlfferent"rn% t wNca Inﬁtheg) sen enof§§|al ;
nonol ayer, the response to Bglgwas e wth a écre si ng entration.
of BDNF. 35 In neuron’-enrichg.‘:ulture e dosegwpon e to was .
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shifted to the left. One possible explanation for these results is that the
glia thensel ves may express the BDNF receptor, thus lowering the effective
concentration of the ligand available for the receptor |ocalized on

neur ons. Alternatively, the suppressive effect of astrocytes could be 5
indirect, unrelated to an effect on |iganglyggpncentration or receptor
expression, ‘and nedi ated for exanple by greatly increased degradation of-
BDNF. Similar observations have been reported by Harti kka and Hefti
(Hartikka, J. and Hefti, F., 1988, J. Neurosci. 8:2967-2985) and Honegger
and Lenoir 10 (Honegger, P. and Lenoir .,A1982 Dev~ Brain Res. 3:229-
238). It has been denonstrated thaltsghgggl sl of different brain regions
can greatly influence the norphol 4g of--n re@ associatesd with them
(Prochiantz et al., 1979, Proc. Né % cil. U S. A- 76:5387-5391;
Prochiantz et 15 al., 1981, Nature 293% 557 Thus, iseptal glia may
have instrinsic properties either of a me I or sec¢retory nature which
may act to suppress the expressiorn -m:kﬁ)mlnergl c phénotype. The

regul atory properties of astrocytes“’derl:/&I:t r‘(’qmthe hizppocanpus under
simlar test 20 conditions is now bei ng_ vedsi gat ed. -Of the basis of the
data presented, it is apparent that BDI\E &£ are bot i capabl e of

i ncreasi ng-septal cholinergic neurjonal % ) is:interesting to
specul ate as to the possible physi oj=og|t“a Evance of‘ t‘wo 25 highly
honol ogous neurotrophic factors appaen& ng on a:si:ngl e neuronal

popul ati on. There has been sone 'EgEE D
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suggestion that the actions of BDNF and NGF may initially overlap during
early devel apnent of peripheral neurons, especially on sub-popul ati ons of

dorsal root ganglion neurons or their precursors, and then | ater segregate
to act i&dependently on distinct popul ations (Lindsay et al., 1985, Dev.
Biol. 112:319-328: Ersberger, U. and Roq% H., 1988, Dev. Biol.

126: 420-432); Barde, Y.A 1989, Neuron. 2:1525- 1534). This has not,

FIG. 5(cont.)

however, been definitively established 36 -131- using appropriate
markers to defiine sup=papyl af i ons of sensory «é%r S| nce the present
study focused ¢n emb eﬁFt &kpt al- rreur gns  est incultute at a :
single tinme-point in @ﬁp nt,: E17, @ is @s@lethat a stmlar sori
of segregative henomaa.@rb occur, at Iﬁterg el epnent st ages in the
septum Thus, {fere FAYSEBoue tohe intleresti g:Lgﬁpo al and Spati al :
di fferences injthe rﬁ% d%lv ness af sejpt al nggmaerg c neurons to BDNF or
NGF. It will ngw be ;_nt,_.gugsilng t°o ‘exan ne t e Wf¥ecks of BDNF- on basal :
forebrai n chol iinergi & i n:vivo, |8 V\/r'ér§,@1 I's now &vi dence that
hi ppocanpal - defji ved e |nvolved‘?n the«noena devel opnent and
mai nt enance of |Basal gg rey n cqollnerglc ndaren® igl vivo. It:will be 2
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role in vivo. The recent finding that BDNF nRNA is 15 particul arly abundant
in the hi ppecanpus supports such a role. 17. EXAMPLE: ENZYMATI C CONVERSI ON
OF PREPRO BDNF TO ACTI VE, MATURE .BDNF 20 17.1. . MATERI ALS
AND METHODS Commerci al ly avai |l abl e endopr ot ei nase Arg-C (purified from
nouse submaxillary gl ands) was used to engyggti cally convert the |l arge
precursor form of hBDNF (preproBDNF) to t iologically active mature
protein. 25 This enzymatic cleavage was acconplished in an in vitro

reaction. The substrate in the enzymaticuseacgi on Iwas prepr ohBDNF
synt hesi zed in CHO DX44 cel |l s which was sefelied dinto the cell culture
medi a and harvested. The culture npdia ephggsBed df Ham s F12 nedi a
(nucl eoside- 30 free) with 1%feta bowp.e e{,um‘(FBS) and 1% each of
penicillin and streptonycin. The rpactiof sEcar,;led ouw at 37[err]Cfor 5
mnutes using 5 units of enzyne anJISO[er:E DG4:4 rel | supernat ant
cont ai ni ng prepro hBDNF. 35 -13p % LOhBDNF to mature
hBDNF was conpl ete under these condltl on';_; ES TS AND DI SCUSSI ON
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The prepro form of reconbi nant hBDNF 5 (approxi mately 31, 000 dal tons) was
conpletely processed to the mature bioactive form of hBDNF (approxi mately
12,000 dal tons) in-vitro using endoproteinase Arg-C. Reconbi nant human-
brai n defived neurotrophic factor has been successfully produced in
manal i an cells (CHO D34 cells). 10 The hMg2 gene has been stably
integrated into the CHO cell genome and the hBDNF gene anplified using a
met hotrexate anplification‘strategy. The reconbi nant hBDNF was secreted
into the nediumand found to be biologically active. Metabolic |abeling

foll owed by SDS pol yackyl an'gie’-_’gela-lsi el ectrophqesig 180 gel ) - -
denonstrates that nost| of t}eJyntfesized [err]-SHabefdt ABRNF product
secreted into the cul tjuee ITﬂi%lmIB'g ted as the preaarg,ﬁ) tnvmth""a
apparent nol ecul ar wei Eg OGQ Fi gure 30}1. Ianeos)- rr] {abel ed
proteins secreted fronmpwld 1 celld are @ in Figure 30,
lane 1. In order to generat & |at ety:the @turg Boffm pf hBDRE
(apparent nol ecul ar wej ght QiE%Z 086%, we desi g 3%.bn_y ro sfrategy to
enzymatical ly cleave the pré&p hBDNF. T‘yp scges$t i on: product s
are shown in Figure 25 EBO‘ &hesiBg% Bovi ne |pancr as B ypsi n<€ sur chased
from Wort hi ngt on; chynotfypg;ga mas,d[ssolved | ate 35 buffered
sal i ne and added to-"50 B @ot 5 [etr} | aljel ed &el | hBDNF: Trypsin
concentrations used wefe 255 89, 7§ ancl- €90 ug/sal - ;Tgeaﬁir]d:gbgl ed
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30 products are shown in |anes 3-6, respectively. The enzymatic cl eavage
reaction was *carried out at 37[err]C for 5 mnutes. A gradual decrease in
the labeling intensity of the 31,000 prepro-hBDNF was observed with a
correspontling increase in an 18,500 nol ecul ar wei ght product. The mature
-133- formof hBDNF (nol ecul ar wei ght 12, 0pPysmas not generated under these
conditions. Figure 30, lane 7 shows the [err]-I|abeled reaction products
hBDNF wi t h endopr ot ei nase Arg-C

foll owi ng enzymati c digestion of CHO cell

i sol ated from nouse submaxil | ary I@nd frog Boghrin
Bi ochem cals, Inc. 100 unfts of"’t zyrre. VBT E redonst | froma
| yophilized preparation wyth 1 flMllj Q wate nd t‘o’r%‘d
-20[err]C. For the enzymajic dggﬁ os of CHO cel | 5 units
(5 ul) of enzyne and 50 u ed p:roiein f Se I
super nat ants cont ai ni ng pf eproE%lFm gure &D;_;Ian geen |n Fi gure
30, lane 7, 5 units of enpoprotgifas rg- G was* abl @rﬁq._bj he prepro .
form of hBDNF (31, 000 nol pcul at§ ,§?‘|t to Ihe atu e Ol 8f o (12 000
nol ecul ar weight) in 5 mnutesg =34 EYr] C.. Lhs 9‘3 ‘3%
treatment w th endoprotei hge-AEd=GadL! t he Super nat #fT's &@:E'?T
expressi ng hBDNF mcreasedﬁhe%éﬂe& 0] BDNF Di pl ogif cal étﬁ",v}t | ative
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unprocessed supernatants. Supernatants from CHO D344 cell s expressi ng hBDNF
were treated for 5 mnutes with 20 endoproteinase Arg-C at 37[err]C. 200

ul of supernatant were treated with 20 units of enzyme and both the treated
and untréated hBDNF were assayed for biological activity using explants of

E8 chick dorsal root gangli a. Tmenty-fourlgp#uﬁs after the addition of

hBDNF, neurite outgrowh was 25 qualitatively scored. W consistently

observed that the endoprotei nase-treat edLBDNF |l es were signifi.cantly
nore bioactive than the controt (untreatged), h sanples. A cgpcentration
curve of this data is plotted in Figure B& | n&hclusion, purified
endoprotei nase Arg-C can be used in an ifp vits §12ymti c reaction to
generate the mature bi oacti«e«orm of regonbi G human brain derizved
neurotrophic factor fromincbnpletely prpcassel ﬁecursor mel ecules (i.e.,
pro BDNF). This novel method:wt!!| allow {GE arze® icient laktge scdle
production of bioactive human . -134- BPNF f.rEnﬂ:n‘amral ian cell cylture
systens. For exanple, it nay-be possible|to i lize the éndoprdteinase
Arg-C to a solid matrix and &stablish anJ&Efi col umm chbr omat qgr aphy
step. 5 18. EXAMPLE: BRAL N- DERI VED I‘EU H C FACTOR PROMITES
SURVI VAL AND MATURATI ON OF DOPAM NERG C . 'é’g : :
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NEURONS OF THE RAT VENTRAL MESENCEPHALON 18.1. MATERI ALS AND METHODS
18.1.1. CELL CULTURES Dissociated cultures were established by enzymatic
and mechani cal dissociation of ventral nmesencephal on tissue dissected from
E14- E15 ¥ at enbryos. Typically, pooled tissue fromtwo or three litters of
rat enbryos fromtinme-nmated Sprague- DaV\Ae1 af s were 15 trypsini zed
(0.125% Worthington) in F12 nedium (G bcé)’ or 20 mnutes at 37[err]C.
After washing in growmh nmedi um (MEM contai ni ng the foll ow ng suppl enents:
gl utam ne, 2nmM glucose, 6nmg/ M, penicillen G 0,5U mM, streptonycon
S[err]g/nm, fetal calf serum 7.5% the tissue was brlefly centrifuged at
| ow speed for 5 m nutes eandz pel | ¢t was di sspciated by trituration.
After allowi ng 1-2 ninyt8s f@renondi tpersec cel] clunps to settle, the
single cell suspension |was . 2dfed onto 35ma di shes (precoated with

pol yornithine and | amirin say ef al., 1985, Dev. Biol. 112:319)
cont ai ni ng growt h nedi ursto%we a éensity of 5 x [err] cells per [err].
After an overnight incuati ('&n &En growt& megi umfo allow cell attachnent,
cells were cultured in|the ;& ence oro-a‘bse-nce f BDNF in a serumfree,
defined nedi um as descrji bed )EBottehstel n and Sato (Bottenstein and Sato,

30 1979, Proc. Natl. A ﬁ |'-’ USA 76:514); exgept that insulin was
i ncluded at 20ng/m. T ‘V‘IS ze dopami nergic gells, cultures were fixed
wi th 4% par af or mal dehyde réd exterfSively, perneabilized with 0.02%
Saponin in Sorensen's " |_ .53 : :
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buffer with 1.5% horse serum and stained with a nmouse 35 - 135-

nonocl onal anti body to rat TH (Boehri nger-Mannheim. Primary anti body

bi ndi ng was vi sualized using .a Vectastain ABC kit (Vector Labs). 18.1.2.
MEASUREMENT OF DOPAM NE UPTAKE 5 Cul tures were prepared as
described in 18.1.1., supra, and were grown for the nunber of days

I ndi cated, either in the presence or absence of porcine BDNF, 50 ng/m.
Dopami ne uptake was determined in triplicdddSQiltures at the tine points
indicated. Cells were 10 prewashed in uptake-buffer of the fol ow ng
conposition: 136.8 MM NaCl, 2.7 nMKA, 8nmM[err], 1.5nM[err], 5nM
glucose, 1InM[err], 1ImMJ[err], 0.1nM ascorbate and 0. 1nmM pargyline, pH 7.4.
Those sanples to be nmeasured for nonneuronal 3H dopan ne uptake had
benztropi ne included 15« BZT) in the uptake buffer, at a concentration of 5
[err]. After mashing,tré?cells wer®@prewarned to 37[err]C for five m nutes
in fresh uptake buffer aggwhich poigé [err]-dopam ne. (NEN, 40 G/ mol)

added to a final concentkati on of 5¢M The cul tures were incubated at 1)
37[err]C for 15 minutes, R0 the upt@ke solution was renoved and the cel | o=
were placed on ice, and hed fourﬁaines with ice-cold uptake buffer. Lo
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Cells were harvested by addition of 0.5N NaOH to the culture dishes, and

t he NaOH extiract was counted in a Beckman scintillation counter with 15 nls
Utima Gold 25 scintillation fluid (Packard Instrunments). Specific neuronal
dopam neruptake i s defined as that uptake (cpn) observed in the absence of
BZT | ess that observed in the presence of BZT. Routinely, between 70 - 90%
of the total uptake was inhibitable by BZI5/86@ replicate cultures at 30
each tinme point the nunmber of TH+ neurons was determ ned by

i mmunocyt ochem cal staining and the results shown represent uptake
normal i zed on a per TH+ basis. -136- 18.1.3. TRANSI ENT EXPRESSI ON OF
BDNF Cos Mo cells were transfected with the vector CDMB containing the
sequence encodi ng human BNDF. At 72 hours post transfection, 50m of

cul ture supernatant was coll ected and di al yzed agai nst 6Mirea. The

di al yzed 5 sup sthen conbined with appholines %H 3.5 - 10,
Bi oRad) for 4 F/Z hours. Fractions were collected, dialyz agai nst 25nM
[err] buffer pH 7.6 using dialysis tubing which had beef Prewashed in BSA
(0.5mg/ M) to prevent nonspecific absorbtion. Fractioensjwere assayed for 10
neurite outgroph pronoting activity in cultures of E8 thck dorsal root
ganglion explapts. Active fractions were o
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pool ed. Analysis of the active pool by SDS PAGE and subsequent silver
staining (\Way et al., 1981, Anal. Biochem 118:197) on an 8-18% gel
revealed a faint band at 5 68 kD corresponding to BSA, and a single band
at apprexi mately 12kD, corresponding to that observed previously for
porci ne BDNF (Barde et al., 1982, EMBO J. 1:549) (data not shown). In
conpar ati ve bioassays carried out on chic ﬁjzgé root, nodose and

synpat heti ¢ ganglion 20 explants the speci ctivity and neuronal
specificity of purified reconbinant human BDNF was sinmilar to that of
purified porcine BDNF. 18.1.4. PRODUCTI ON OF hBDNF TRANSFECTED CHO

CELLS 25 CHO DAA4 el I@ vme@ lkendegi fid of Dr.-L. Chasin
e
reductase (dhfr-) (Ul aub and & | . Acad. Sci. USA
77:4216- 4220) . CHO DG44 cel |'s fdr didraldt WA s F12 nediumwith 10%
d streptonyc
Cell s were passaged twice a We. r ¢ ﬁ hecked for nycopl asma
contam nation. Al plasm d DNA wagugifﬁnéd y bl'e cesium chl ori de

(Col unbia University, NY). Theg e defi i n di hydrofol ate
am 019&,&
n
fetal bovine 30 serum 1% penicillin an I n, and 2nM gl ut am ne.
banding prior to t ron. . ] TV near ot r ophi ¢ factor
gene was 35 - 13-
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subcl oned into the manmmal i an expression vector pCDMB to generate pC8hB as
described previously (Misonpierre et al., 1990, Science 247:1446-1451). A
weakened di hydrof ol ate reductase gene, p410, was kindly provided by Dr. L.
Chasin._ These two gene constructs were 5 cotransfected into CHO-DX4 cells
by el ectroporation (reviewed in Shigekawa and -Dower, 1988, Bi oTechni ques

6: 742-751). Approximately 1 x [err] cells were transfected with 20ug of
pC8hB and 0.2ug of p410. 48 hours after trdifg6&tion, the CHO D4 cells
were split into selection 10 nedia consisting of nucl eoside-free Ham's F12
(w thout thym dine and hypoxanthine; -HT) plus 10% di gl yzed fetal bovine
serum and 1% penicillin and streptomycin. |ndividual nies were isolated
approxi mately 10 days after placing the celjs in nuclgbsigde-free sel ection
15 medium |Individually selected col onies sstant t@ygedw h in

necl eosi de-free-Ham's F12 (-HT) nmedium wergZt #eated watheggi ther 0.02, 0.05,
or O 1uM nethotrexate (MIX) to i nduce gene& ificaten@Alt et al., 1978,
J. Biol. Chem 253:1357-1370). MIX-resi st 38 cpl oni esegef@, cul tured as 20
pools and were further anplified with eit , 2.05.002. 5uM MI'X. A
single colony resistant to 2. 5uM MI'X was ifso d andaeﬁ‘éct ed for scal e-ap
culture and productjon of hBDNE _Southern Bl offing analysis of this-clone =
(DGZ1000-B-3-2.5) ipdicated an anplification of the BDNF 25 gene rellati velD
to wild-type CHO D4 cells of approxinately 50-fold. Bioassays W E
explants of enbryonjc (E8) chick \
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dorsal root ganglia (DRG were used to estimate that this clone was

produci ng approxi mately 9.5ug of hBDNF/ m (not shown). Reconbi nant hBDNF
was produced on a large scale by culturing DGZ1000-B-3-2.5 cells in 480 cn®
roller bottles. Media was harvested approxi mately four days after these-
cells reached confluence. Purification oi8ABBNF from cul ture supernat ant

was perfornmed as above for COS supernatant. 36 -138- 18.2. RESULTS AND
DI SCUSSI ON Char acteri zati on of nol ecul ar signgls whi ch control neuronal
survival and specificity of target innervation=ss of fun ntal interest,

not only because it will help to elucida ho he nervousgsystemis shaped
but 5 also because it is likely to | ead dubent er updeys¥andi ng of the

mechani sms i nvol ved in mai ntenance and r [ mat uSe e ons i n
appropriate synaptic configurations. Wil® i wi de G;e:bgni zed that the
survival and mai ntenance of neurons depefe® upoRe speci &= @ hrget cell- 10

derived neurotrophic factors (Levi -I\/bnta and Ang Pt 1968, Physi ol .
Rev. 48:534; Thoenen and Barde, 1980, Physt ' Rev., 60:1284; Purves, D.,

1988, in Body and - . - j Bar d85.
N, £
IR,
. ¢
LELE
Ty &
FE E



Y. A, 1989, Neuron, 2:1525; Lindsay, R M 1988, The Making 15 of the
Nervous System Oxford University Press, Oxford, p. 148) very few such

nol ecul es have been fully characterized. To date, only two neurotrophic
factors,s nerve gromh factor (NGF) and brain-derived neurotrophic factor
(BDNF), have been shown to sel ectively suppt@t§2 he survival of distinct 20
neur onal popul ations in vivo (Levi-Mntalcini and Angeletti, 1968, Physiol.
Rev. 48:534; Barde, Y.A., 1989, Neuron, 2:1525; Leibrock et al., 1989,

Nat ure 341:149). Neuronal cell culture has been widely used to establish

bi oassays for the identification of neurotrophic activity in cell and

ti ssue extracts (Levi-Mntalcini and Angeletti, 1968, Physiol. Rev. 48:534;
Thoenen and Barde, 1980, Physiol. Rev., 60:1284; Lindsay, R M 1988, The
Maki ng of the Nervous System Oxford University Press, Oxford, p. 148;
Varon and Adler, 1981, Adv. Cell. Neurobiol., 2:118) and to determ ne the
neuronal specificity (ies) of purified neurotrophic factors (Ebendal, T.,
1989, in Nerve Gowth Factors, John Wley, London, p. 81; Barbin et al.,
1984, J. Neurochem 43:1468; Barde et al., 1982, EMBO J. 1:549; Davies et
al ., 1986, J. Neurosci. 35 -139- 6:1897; Lindsay et al., ;g& Dev.
Biol. 112:319). To - : -
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date, nost studies have concentrated on the neurotrophic requirenments of
different ¢lasses of neurons of the peripheral nervous system (PNS). The
avai lability of NG has established it as by far the nost well
characterized 5 neurotrophic factor: NG has been shown both in vitro and
in vivo to be essential for the survival ggflgggntenance of neurona
subpopul ati ons of both the PNS and CNS (L - ntal cini and Angeletti,
1968, . Physi ol . Rev. 48:534; Thoenen and Barde, 1980, Physiol. Rev.,

60: 1284; Wiittenore 10 and Seiger, 1987, Brain Res. Rev. 12:439; Snider and
Johnson, 1989, Ann. Neurol. 26:489; Hefti et al., 1989, Neurobi ol ogy of
Agi ng 10:515; Martinez et al., 1987, Brain Res. 412:295; Takei et al.,
1988, J. Neurochem 51:%% . Hartikka and Hefti, 1988, J. Neurosci.
8:2967). Hanpering 15 th entification of neurotrophic growth factors for
specific CNS neurons has begn the |imted availability of purified
preparations of neurtrophicjfactors other than NGF, and the difficulty in
prepari ng honogeneous prepdjati ons of specific neuronal popul ations. Two
recent 20 observations prompted us to study the effects of BDNF on the
survival of CNS (nigral) am nergre neurons. Firstly, it is now clear
that the BDNF gene .is expregsed in ffhe CNS, and at conparably or higher

| evel s than the NG- gene (Lgibrock ¢t al., 1989, Nature 341:149). Secondly,
it 25 has been reported th a pfoternjpartially purified from bovine
striatum (a target of nigrall doppm nerdic neurons), with characteristics
apparently simlar to thatﬁ_of BPNF, '
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can increase the in vitro survival of dopam nergic neurons prepared from

t he mesencephal on (Dal Toso et al., 1988, J. 30 Neurosci 8:733). Figure 32A
illustrates the typical appearance of dissociated ventral nesencephalic
cells after nine days in culture. Virtually all of the cells had phase
bright perikarya and | ong processes. Few cells of fibroblast - 140-

nmor phol ogy were evident and no astroglial BE/BP were detected when cul tures
were stained with anti bodies for the astroglial nmarker, glial fibrillary
acidic protein (GFAP; Bignam et al., 1972 Brain Res. 43:429). To visualize
dopam nergi c neurons in these culture, .i munocytochem cal 5 staining was
carried out with nonocl onal antibodies to TH. As expected, the nunber of
TH+ neurons was small (arrows, Fig. 32B, 32C) and varied, depending on the
time in culture, between 0.1-0.5%.0f the cells plated. Various neuronal

nor phol ogi es were noted anong the TH+ cells, as 10 shown in Figure 33. In
all cultures, there was invariably a gradual decline in the nunber of TH+
cells (Figs. 34A, 35) after the E%p; 3-4 days in vitro. By 8 days in
culture, for exanple,- the nunber [H+ cells in control cultures was 15
only 25% of that found in simlar cHtures at day 2 (Fig.

{.8-
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35). However, in cultures treated with BDNF, the | oss of TH+ cells was
greatly reduced when conpared to controls. At all tines examned after 8
days in vitro the nunber of TH+ cells in BDNF treated cultures was greater
than insthe 20 untreated controls, e.g. 1.8-fold higher after a single
addition of BDNF (Fig. 34A) and 5-fold higher after nultiple additions
(Fig. 35). Even when added only once to %gm es mai ntai ned for 8 days, the
ef fect of BDNF was found to be dose depe (Fig. 34B). In agreenent with
25 previous reports (Dal Toso et al., 1988, J. Neurosci 8:733; Knusel et

al . 1990, J. Neuroscii. 10:558), NG (50 ng/m) had no effect on the nunber
of TH+ cells (Fig. 34C). As a further way of exam ning the effect of BDNF
on the dopam nergic neurons in these cultures, the capacity of the TH+
cells to take up 3H dopam ne was studied. As shown in Table X, dopam ne
upt ake capacity (normalized per TH+ neuron) increased markedly over the
first 8 days in culture but dropped thereafter. It was found, however, that
BDNF di d not change the capacity of TH+ cells to take -141- up dopami ne,
as the same tine course and simlar values were obtained in the presence or
absence of BDNF (Table X). We hypothesized fromthis result that BDNF
probably acts directly to pronote survival of dopam nergic neurons in

50000 -
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30000-
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20000-
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0 1 { 10 100
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mesencephal ic cultures as opposed to inducing the 5 expression of a

dopam nergisc phenotype in neurons which do not necessarily require BDNF for
survival. To examne this further, we carried out experinents.in which the
nunber of TH+ neurons was determned in culture in which BDNF addition was
initially delayed for several days. W found 10 that when BDNF addition was
del ayed until day 5, and the nunber of TIP3 £8Pl s was subsequently
determned at 6, 8 or 10 days, fewer dopam nergic cells were seen in these
cul tures when conpared to parallel cultures in which BDNF had been present
fromday 2 onwards (Fig. 36). Although 15 del ayed addition of BDNF clearly
i ncreased the nunber of TH+ neurons conpared to controls, when exam ned
even at equivalent tine points the effect of delayed addition was never
found to rescue as many TH+ neurons as addition of BDNF on day 2. 20

Taken together, these results argue against the possibility that BDNF acts
only to increase TH-gene expression within a fixed nunber of cells, and
suggest that BDNF exerts its effect by increasing survival of dopam nergic
neurons that are otherwi se |ost when this 25 neurotrophic factor is not
added to cultures at an early stage.” Several reports have docunenQEp t he
stinulation of maturation and enhancenent of survival in vitro
mesencephal i ¢ dopam nergi c neurons by either target-derived extrjacts or
various gromh factors (Dal Toso et al., 1988,
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J. Neurosci. 8:733; Knusel et al. 1990, J. Neurosci. 10:558; Prochiantz et
al ., 1979, Rroc. Natl. Acad. Sci. USA 76:5387; D Porzio et al., 1980,

Nat ure 288:370; Prochiantz et al., 1981, Nature 293:570; Denis-Donini et

al ., 1983, J. 36 -142- Neurosci. 3:2292). So far, ‘however, there has
been no report of a fully purified nDIecuI? 25@§ctly and sel ectively
supporting the survival of TH+ neurons in ﬂ npl ete absence of glial
cells or enhanced cell division (as observed, for exanple, with 1G-1 or
FG-, Dal Toso et 5 al., 1988, J. Neurosci 8:733). In agreenment with

previ ous reports using early enbryonic nouse tissue (Dal Toso et al., 1988,
J. Neurosci 8:733), E14 rat ventral nesencephalic cells cultured in
serumfree,. defined mediumwere found to be essentially free of astrocytes
or 10 fibroblasts. The relatively low cell plating density of 50,000
cells/cnm2 used in this study dimnished the effects of any possible
endogenous neurotrophic activity, and allowed for nore accurate cel
counting. In view of the results presented here, it appears that the
neurotrophic 15 factor, partially purified frombovine striatum by Del -Toso
et al. (Dal Toso et al., 1988, J. Neurosci 8:733), is likely to be BDNF.
This suggests that BDNF i s produced in
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the striatumand taken up by the termnals of the dopam nergi c neurons
projecting.fromthe substantia nigra. 20 As yet, however, nRNA for BNDF (or
i ndeed nRNA for other nenbers of the neurotrophin famly) has not been
found to be abundamt in striatal tissue by Northern blot analyses. It is

cl ear that BDNF addition, even in the case of .nultiple additions, does not
result in conplete survival of nigral dopani nergic neurons during the

cul ture periods analyzed. This phenonenon 25452l r eady been observed under
experinmental conditions very simlar to ours by Dal Toso et al. (Dal Toso
et al., 1988, J. Neurosci 8:733) who showed that this |loss mght be rel ated
to the cell densit Wd{fsedGARtGAEASALAC JEG | AADEIET i OAG SEGC (MMATADTEECGE CAAtAOCsed here)

a | arger number of cat eclt_gbemsprt__qgfﬂ_l_gqirpmrﬁer(ﬁih|[_§§qs}‘d|ﬂrbﬁrsﬁlﬁn'lh?nd the
a

spont aneous -di sappear ance of thése cells was decreased. Possibryrcell-cell
contact is needed f | o t ival, ofe t hese. cel | -J143-

Furt her studies, pggrsqrcu[gplgfm&gﬁﬁﬂgrgteyr_iﬁﬁtmisnﬁsﬁ'ﬁeméfhcts of
BDNF on the devel opnent and mai nt enance of dopam nergi c neurons of the

ventral mesencephalluBDNFn AspLys _@_vglﬂl_gli’gprﬁs;_n&sdﬂg Gys Atgt BrnThneGtnhSer
escri

physi ol ogi cal rel evance of the effects of BDNF de: ed

M3/4  TAT GIC CGA GCA CTG ACT TCA GAA AAC AAC AAA CTC GTA GGC
Tyr Val Arg Ala Leu Thr Ser Glu Asn Asn Lys Leu Val Gly

HuNGF  Phe Val Lys Ala Leu Thr Th Asp = Glu Lys Gin Ala Ale

HuBDNF  Tyr Yol Arg Ala Leu Thr Met Asp Sef Lys Lys &rg 1le Gly

M3/4  TGG CGC TGG ATA CGA ATA GAC ACT TCC TGT GT6 TGT GCC TTG

MNGE  Trp Arg Phe [le Arg Ile Asp Thr Ala Cys Yal Cys Val Leu

HiBDNF Trp feg Phe Lle frg

M3/4  TCG AGA AAA ATT GGA AGA ACA TGA ATT GGC ATC TGT CCC CAC
© " Ser Arg Lys Tle Gly drg Thr End

HuNGF  Ser Arg Lys Ala Thr Arg Arg Gly END
HuBDNF  Thr Ile Lys Arg Gly Arg END

M3/4  ATA TAA ATT GAT TGG ACT NNA AAT TAT ATG ATA TGC ATG TAG

H374  CAT ATA AAT GTT TAT ATT TTT ATA TAT TAT AAG TTG ACC TCT
H3/4  ATT TAT TAA ACT TCA GCA ACC CTf

FIG. 14



5 here. In view of the specific |oss of nigral dopam nergic neurons in

Par ki nson's disease, it is particularly desirable to find a neurotrophic
factor which selectively affects these cells. Thus, the present finding

t hat BDNF supports the survival of these neurons, cells which are 10
refractory to NGF, provides rationale for 38875& experinents which will

det ermi ne whet her BDNF can protect dopam nergi c neurons fromthe neurotoxic
effects of either 6-hydroxydopam ne or MPTP (1-nethyl-4-phenyl-1, 2,3, 6-
tetrahydropyridine). Such studies may. lead to a novel 15 therapeutic
approach for Parkinsonism TABLE X DOPAM NE UPTAKE | N VENTRAL MESENCEPHALI C

20 CULTURES IS NOT | NCREASED DI RECTLY BY BDNF [err] H Dopam ne
Upt ake (cpml TH /(+) neuron/15 mnutes) Days In Culture Contr ol
BDNF- Tr eat ed 25 3 0.51 + 0.1 0.95 +
0.2 6 4.5 + 0.3 3.1 + 0.6 8 18.5
+ 5.3 27.3 + 1.2 .10 3.37 + 0.24 '

2.21 + 0.18 30 19. EXAMPLE: BDNF PRODUCES A DOSE- DEPENDENT | NHI BI TI ON OF
GAMVA- AM NOBUTYRI C ACI D UPTAKE 19. 1. MATERI ALS AND METHODS 35
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-144- 19.1.1. H PPOCAMPAL CELL CULTURES Hi ppocanpi were di ssected from
E18-19 rat efbryos of Sprague-Dawl ey rats, and collected in F10 nmedium The
ti ssues were mnced, rinsed twice with F10 nedium (G bco) and trypsini zed
with 0.25%trypsin (Gbco) 5 for 20 minutes at 37[err]C. Trypsin was’

i nactivated by the addition of a serum conMé:g medi um conposed of

m ni mum essenti al nedi um (MEM suppl enente ] fetal calf serum (FCS,
10%, glutamne (2mV), pencillin (25U mM) and streptonycin (25ug/m).

Di ssoci ated cells obtained by 10 gentle trituration were collected and
centrifuged at | ow speed (500 rpn) for 30 seconds. The centrifugati on was
repeated twice, and the cell pellets were then resuspended in

serum contai ning medium The cells were then plated onto 6 mmwells or 35
mm di shes that were coated with 15 polyornithine (10ug/m ) and | am nin
(10ug/mM ). In nost of the experinents, the cells were plated at a | ow
density of approximately 71,000 cells/cnferr]. Five to six hours foll ow ng
the plating of cells, mediumwas changed to a serumfree medi um cont ai ni ng
1% N3 and penicillin- 20 streptonycin (25 units/m and 25 ug/m,
respectively), at which tinme BDNF was added. Medi um was changed every three
to four days, with re-addition of the factor. 19.1.2. MEASUREMENT OF H GH
AFFI NI TY UPTAKE

BONF
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25 : FOR GAMVA- AM NOBUTYRI C ACI D (GABA) High-affinity GABA
upt ake was greasured using a nodified procedure of Tonbzawa and Appel (1986,
Brain Res. 399:111-124). Cells were washed in the GABA uptake buffer
containing 140nM NaCl, 2.6 nMKCl, 1 mM[err], 1 mMM30 [err], 6 ng/m
glucose, 1 nmMJ[err], 1 mMJ[err], 0.1%BSA. Follow ng washing, cells were

i ncubated with the GABA uptake buffer forMnut es at 37[err]C. 3H GABA
(NEN, NET- 191X, 111.4 G /mol) was then at a final concentration of
12 nM and incubation was carried out at 36 -145- 37[err]C for 10

m nutes. Cells were then kept on ice, and washed three tines with the

upt ake buffer. Cells were incubated with 0.14 N NaCH for 2 hours at room
tenperature, and 3H- GABA in the extract was counted. 3H GABA uptake was
found to be linear for up to at least 30 mnutes. Uptake 5 of GABA into
non-neuronal cells was inhibited by the addition of 2 nM B-al ani ne, whereas
upt ake specific for neurons is verified by inhibition with nipecotic acid
at 1 mM 10 19.2. RESULTS AND DI SCUSSI ON W have recently
det ect ed abundant ‘| evel s of message for BDNF in neuron-enriched hippocanpal
cul tures,
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but not in hippocanpal astrocytes. These data strongly suggest that BDNF is
| ocal i zed t;0 hi ppocanpal neurons. In 15 order to exam ne the effect of BDNF
on hi ppocanpal neurons in culture, cells were treated with various
concentrations of BDNF (rotorphor-purified from COS supernatants). At the
end of the 8 days treatnent period, high affinity GABA uptake into neurons
was neasured. As shown in Figure 37, F produced a dose- dependent

i nhibition of GABA uptake. Thus, BDNF ffect the survival and/or
phenot ypi ¢ expressi on of GABAergi ¢ neurons. BDNF did not have any effect on
gl ut amat e- cont ai ni ng neurons (as assessed by gl utamate- upt ake
measurenents), nor on the levels of 25 neurofilanent protein. Thus, the

ef fect of BDNF on hi ppocanpal cultures appears to be specific for Gabaergic
neurons. 20. EXAMPLE: BDNF CONFERS A PROTECTI VE 30 EFFECT
AGAI NST TOXI C EFFECTS OF MPP+ 20.1. MATERI ALS AND METHODS 20. 1. 1.

MEASUREMENT OF  SY5Y
CELLS -146- |SH SY5Y cells were seeded into 24 well plates at a dengity
of 1 x 10[err] fcells per well. Twenty four hours after seeding, the cells
were treated mﬂth neur ot r ophi ¢
" 1 . <
L ] J . x
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factors. Twenty four hours after neurotrophic factor treatnent, the cells
were treated with MPP+ (10 uM. 5 Forty-eight hours after MPP+ addition,
viable cells were quantitated by the trypan bl ue exclusion assay.
Neurotrophic factors utilized were nNG--COS (1:5 dilution), hBDNF-€OS (1:5
dilution), purified rCNTF fromE. coli (25 ng/m ), purified bovine brain
bFGF (25 ng/m ), rNI3-COS 10 (1:5 diIutng%P and purified hEGF (25 ng/m).
20.1.2. MEASUREMENT OF THE EFFECTS OF NE H C FACTORS ON MPP+- TREATED
VENTRAL MESENCEPHALI C CULTURES 15 . Cul tures of dissociated
ventral nesencephalic neurons were established fromE14 rat enbryos
according to establi fhed protocols (See sSectrton 18, supra). Fprty eight
hours after these cujtures were established, they were treated with the
appropriate neurotroghic agents as indicated. Neurotrophic fp&ors

i ncl uded hBDNF (rotophor- purified from CHO cel|s, ng/ n¥2? purified
MNGF (50 ng/m ), rNT{3 (COS supernatants at 1:50 dil ytion), pHFNfied bovi ne
brain bFGF (10 ng/m}, and purified rCNTF (25 ng/m) ffromE. Foli). Twenty
four hours after neutotrophic factor 25 additiony, the¢se cultufes were
treated with MPP+ (1JuM. Forty eight hours after + treatnpnt, TH
positive neurons wer¢ identified by inmnohi stochemfstry and fjuantit at ed.
Data represent the nﬁan of three independent experigents done h

triplicate sanples pt; experiment. The nunber of 30fTH positi f&xgeurons
foll owi ng MPP+ treatfgent is represented
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by the cross-hatched bars. Qpen bars represent the number of TH-positive

neurons w thout MPP+ treatnent. -147- 20.2. RESULTS AND DI SCUSSI ON Wien
BDNF, NG-, CNTF, NT-3, bFGF, and EGF were separately.tested for the ability
to protect SH SY5Y cells from 1-nethyl -
as nmeasured by trypan blue exclusion assay,

4- phenyl

pyridi nium (MPP+) toxicity,
only BDNF and NGF 5 appeared to

exhibit significant protective activity agi/8get MPP+ toxicity (Tables Xl

and XI'l). TABLE XI 10

BDNF AND NGF PROTECTI ON OF SH—SYSY CELLS

FROM MPP+ TOXI CI TY Results: Nunber of Viable Cells Treatnent:

(% Vi abl e) COS-Mock transfected (1:5)

0.4 x 10 (5% BDNF-COS

(1:5) 1.2 x 105 (67% NGF-COS (1:5)
1.7 x 105 (84% CNTF U6 X 104 (149 NI-
0.7 x 104 (20% bFGF . 30- 0.4 x 104 (11% EGH
0.1 x 104 (3% 25
25-
FOLD 20-
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30 36 -148- TABLE XI | BDNF AND NGF CONCENTRATI ON CURVE FOR MPP+ TOXI CI TY

EXPERI MENTS,5 Tr eat nent % Vi able Cells
COS- MOCK (1: 2) : 13 (1:5)
5 (1:10), ' 3 10 . (1: 20)
6 (1:50) 7 (1:100)
.2 COS-BDNF (1:2) 73 15 ~ (1:5)
67 (1:10) 32/%2: 20)
42 (1:50) 30 (1:100)
25 20 COS-NGF (1:2) 88 (1:5)
84 (1:10) 63 (1:20)
50 -
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25 (1: 50) 47 (1:100)

34 In ventral nesencephalic cultures, the data indicate that BDNF exhi bited
a significant protective effect against MPP+ toxicity, whereas bFG- exerted
a lesser-effect (Figure 38). MPP+ treatnment was found to reduce the nunber
of tyrosine hydroxyl ase positive neurons b%3%E%Lin control cultures but
only by 40% in cultures pretreated - 149 | BDNF prior to MPP+
exposure. MPP+ is the presuned active netabolite for the toxin MPTP, which
has been observed to induce a Parkinson's disease-like syndrone in vivo,
which is an accepted nodel system for Parkinson's disease. Thus, the
protective effect of BDNF and NT-3 5 indicate that these conpounds nmay
prove useful in the treatnent of Parkinson's disease or in the prevention
of neurol ogi c danage subsequent to toxic exposure. 21. DEPOSIT OF

M CROORGANI SMS 10 Tha W R D T c and

reconbi nant plasm d DNA we M h the
Anerican Type Culture Col I }g 21 1e, Mryl and
20852: 15 Accessi on No.
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FIG.21C 8 § F16.210



phBDNF- C- 1 - 40648 AhBDNF- G 1

40649 20 Theapresent |nvent|on Is not to be limted in scope by the

speci fic enbodi ments descri bed herein. |Indeed, various nodifications of .the
i nventiomr in addition to those descri bed herein wi |l becone apparent to
those skilled in 25 the art fromthe foregg?&éjescri ption and acconpanyi ng
figures. Such nodifications are intended t within the scope of the -
appended cl ai ms. Vari ous publlcatlons are cited herein, the disclosures of
whi ch are incorporated by reference in their entireties. 150 _

M CROORGANI SVS Page 2 M CROORGANI SM5 - cont'd American Type Culture

Col l ection 12301 Parklawn Drive Rockville, MD 20852 us
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Date of Deposit: Septenber 7, 1989 Accessi on Nunmber 40649 -

152 - WHAT,IS CLAIMED I'S: 1. A reconbi nant DNA nol ecul e conprising a
nucl ei ¢ aci d sequence encoding brain derived neurotrophic factor (BDNF) or
a subsequence thereof conprising about at |east 10 nucl eotides. 5 2. The
reconbi nant DNA nol ecule of claim1 in which the brain derived neurotrophic
factor encodi ng nucleic acid sequence or %%gﬁﬁguence I s substantially as
depicted in FIG 1 from about nucleotide about nucl eotide 927. 3.
The reconbi nant DNA nol ecule of claim1l or 2 which conprises a cDNA
sequence. 4. The reconbi nant ecule of claim1 or 2 which conprises a
genoni ¢ DNA  sequence. 15 5. The recénbi nant DNA nol ecul e of claim 1 which
conpri ses a hunan DNA sequencgNgsﬁg nce substantially as depicted in
Figure 5. 6. The reconbi nant f equtfgqof claim5 which conprifjses at

| east a portion of the sequencegtxz tantyAlly as defigted in Fidurd 5

bet ween about nucl eqkChE 974 an Je 1440 ny tides.
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25 7. The reconbi nant DNA nol ecule-of claim1l or 2 which conprises a
por ci ne DNA;sequence. 8. The reconbi nant DNA nol ecule of claim5 as 30
contained in phBDNF-C-1 deposited with the ATCC and with the accession
nunber 40648. 9. The reconbi nant DNA nol ecule of claim5 as contained in..
AhBDNF- G 1 deposited wth the ATCC and with the 35 accessi on nunber
40649. - 153 - 10. A reconbinant ribonuglei¢c acid nolecule conplenentary
to the reconbi nant DNA nol ecul e of claim1 6/55. 11. A nucleic acid
sequence conprising a sequence encoding a protein substantially honol ogous
to the am no acid sequence depicted in Figure 1, or portions thereof. 12. A
nucl eic acid sequence conprising a sequence encoding a protein
substantially honol ogous to the am no acid sequence depicted in Figure 5,

or portions thereof. 13. A nucleic acid sequence conprising a sequence 15
substantial ly honol us to the nucleic acid sequence depicted ih Figure 1,
or a hybridizabl e pgi on tpsareof. 14. The reconbi nant DNA nol ecpl e of

claiml1l or 2 in whi ession of nucleic acid sequence enfpodi ng BDNF
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protein or peptide fragnent is regulated by a second nucleic acid sequence
so that braiin derived neurotrophic factor protein or peptide is expressed
in a host transformed with the reconbi nant DNA nol ecul e. 15. The

reconbi nant DNA nol ecul e of claim 14 as 25 contained in pCWwW-pBDNF-1.. 16. A
nucl eic acid vector conprising the DNA nolecule of claiml1l. 30 17. A
reconbi nant m croorgani smcontaining the BRAS8ol ecule of claim1, 2, or 13.
18. The reconbi nant m croorgani smof claim 17 which 35 is a bacterium
-154- 19. The reconbi nant m croorganismof claim18 which is a yeast. 5

20. A cell containing the reconbi nant DNA nol ecul e of cl Qg 13. 21. A cel
conprising the reconbi nant DNA nol ecul e of cku?nrt&r-te-2§<;A nucl eic acid
sequence conprising a sequence encoding thg gm no acid se

substantially as depicted in 1“

NGF(50) BDNF(10) BDNFI25) BDNFI50) BDNFH
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Figure 1 or a sequence thereof conprising an antigenic determ nant. 15 23.
A purified protein having an am no acid sequence substantially as depicted
in Figure 1 or -a subsequence thereof conprising an antigenic determ nant. ~
20 . 24. A purified protein having an am no acid sequence
substantially as depicted i.n Figure 1 or_a %ubsequence_thereof conprising a
functionally active peptide. 25. A puriﬁﬁd@ protein having an ino acid

sequence substantially as depicted in Figure 5 or a subsequencgther eof
conprising an antigenic determnant. 26. A purified protein HatNng an am no
acid sequence substantially as depicted for human BDNF in Figqure 5 30 or
a subsequence thereof conprising a functionally active pepti de®© 27. A
purified protein having an am no acid sequence substantially Egdepi cted in
Figure 1, conprising fromabout amino acid 134 to about am ndq acid 252, or
a subsequence thereof conprising an antigenic determnant. 2§. <4 purified
protein having an am no acid sequence encoded by the nucleic fa®d sequence
substantially as depicted for chicken BDNF in Figure 5 or a quBSequence
t hereof conprising an anti geni i nant .
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29. A purified protein having an am no acid sequence encoded by the nucleic
aci d sequence substantially as depicted for chicken BDNF in Figure 5 or a
subsequence thereof conprising a functionally active peptide. 15 30. A
purified- protein having an am no acid sequence encoded by the nucleic acid
sequence substantially as depicted for rat BDNF in Figure 5 or a
subsequence thereof 20 conprising an ard948gi c determinant. 31. A purified
protein having an am no acid sequence encoded by the nuclei i d sequence
substantially as depicted for chicken BDNF in Figure 5 or stbsequence 25
t hereof conprising a functionally active peptide. 32. A netlhod for
produci ng BDNF protein or a fragnment thereof conprising groming a

reconbi nant m croorgani smcontaining the DNA nol ecul e of clfaim 1, such that
the DNA nol ecule is expressed by the microorganism and isol &ing the
expressed BDNF protein or fra nt. 35 - 156 - 33. A nmethd® for

produci ng BDNF protein or a frigment thereof conprising growihg a
reconbi nant m croorgani sm contfi ning the DNA nol ecul e of clpim 2, such that
the DNA nolecule is expressed py the mcroorganism and
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i solating the expressed BDNF protein or fragnent. 34. A nethod for
produci ng BDNF protein or a fragnent thereof conprising (a) growng a
reconbi nant m croorgani smcontaining the DNA nol ecul e of claim14, under 10
conditiqns such that the DNA nol ecul e is expressed by such m croorgani sm
and (b) isolating the expressed BDNF protein or fragnent. 35. A nethod for
produci ng BDNF protein or a fragment th@@£6f conprising (a) growing a
reconbi nant m croorgani smcontaining the DNA nol ecul e of claim 15, under
conditions such that the DNA nol ecule is expressed by the m croorgani sm
and (b) isolating the expressed BDNF protein or fragnment. 20 36. A nethod
for producing BDNF protein or a fragnment thereof conprising (a) growi ng a
reconbi nant host containing the DNA nol ecul e of claim 2, under conditions
such that the DNA nol ecule is expressed by the host; and then (b) 25

i solating the expressed BDNF protein or fragnment. 37. The nethod according
to claim36 in which the host is a eukaryotic cell. 30 38. The net hod
according to claim37 in which the host is non-hunman transgeni c ani nal.
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- 157 - 39. The product of the nethod of claim32. 40. The product of the
met hod of claim 33. 41. The product. of the method of claim34. 42. The
product of the-nmethod of claim35. 43. The product of claim39 which is
etergent. 44. The product. of claim40 which is free of

free of 1:0 d

detergent. 15 45. The product of claim4
The product of claim42 which is free of
or 40 which is glycosyl ated. 48.
39, or 40 which is unglycosylated. 49. An anti body,
derivative thereof which recognizes a BDNF protein,
50. -The antibody, antibody fragnent,

cl.aim 36, 39,

deri vati ve.

ch is free of detergentﬁ 46.

20 47. The product of
product of claim 36,
anti body fragnent, or
pepti de fragnment or
derivative of claim49

whi ch is produced by a nethod conpr|5|ng i mruni zing a host animal with a

BDNF pr ot ei n,

pepti de
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35 fragment or derivative, which BDNF protein fragnment or - 158 -
derivative is produced by growi ng a reconbi nant organi sm expressing a
reconbi nant nucl eic acid vector encoding the BDNF protein, fragnent, or
derivative. 51. The antibody, antibody fragnment, or derivative of claim49
in which the nu&Reir acid vector conprises 3 gg’?[ei c aid sequence

substanti al | icted in Figure 1, from g nucl eotide 167 to about
nucl eoti de 9 % subsequence thereof. 10 52. The anti body, anti body
fragnent, or v@ ive of claim49 which is produced by a nmethod
conprising i ngRi®kz&ng a host animal with the purified BDNF protein of claim
23, or a pept f¥%hgment or derivative thereof. 15 53. The anti body,

anti body frag ,«r derivative of claim49 which recognizes the B5

pepti de fragnan c%pri sing residues 153 to 185 of the am no acid sequence
substanti al | y% o@i cted in Figure 1. 20 54. A reconbi nant DNA nol ecul e

whi ch encodeskaa@r& ein or peptide which conprises (a) a first am no acid
sequence ho og{)ui to two different known nmenbers of the
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BDNF/ NGF gene family, and (b) a second amino acid sequence which is not
honol ogous t,o either BDNF or NG-. 55. The reconbi nant DNA nol ecul e of claim
54 in which one known nenber is BDNF. 30 56. The reconbinant DNA-nol ecul e -
of claimb54 in -which one known nmenber is NGF. 57. A reconbi nant DNA

mol ecul e of claim54 which 35 I's isolated by.a nmethod conpri sing (a)
sel ecting, fromanong a diversity of nucl43/52cid sequences, those
sequences that are honol ogous to both BDNF and NG-;, and (b) identifying,
from anong the nucleic acid sequences selected in (a), those sequences

whi ch contain sequences of about at |east 6 contiguous nucleotides that are
not honol ogous to NG__and BDNF. 10 58. The reconbi nant DNA nol ecul e of
claim57 in which th hod of step (a) conprises using the polynerase
chain reaction technigg in which a pair of oligonucleotide priners are
used whi ch are capabl hybri di zi ng to honol ogous regi ons of both BDNF
and NGF DNAs, such tH& @nhe sense strand priner is capable of hybridizing
to a first Lo :
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honol ogous DNA sequence of BDNF and NGF, and the antisense strand

ol i gonucl eot isde prinmer is capable of hybridizing to a second honol ogous DNA
sequence of BDNF and NGF. 20 59. The reconbi nant DNA nol ecul e of claim58
in which the sense strand oligonucl eotide prinmer conprises a nucleic acid
sequence substantially as depicted in Figure 1, which is selected fromthe
group consisting of and the antisense str#é4d 88 i gonucl eoti de priner
conprises a nucleic acid sequence substantially as depicted in Figure 1,
which is (a) selected fromthe group consisting of from about residue 587
to about residue 616, from about residue 713 to about residue 739, from
about residue 764 to about residue 781, from about residue 863 to about

resi due 898, and subsequences thereof; and (b) is different fromthe sense
strand priner. 36 - 160 - 60. The reconbi nant DNA nol ecul e of cl aim54
whi ch is honol ogous to the BDNF nucl eoti de sequence as depicted in Figure 1
from about residue 587 to about residue 616 or a correspondi ng nucl eoti de
sequence in a BDNF gene from anot her species. 61. The reconbi nant DNA

mol ecul e of claim54 which - is honol ogous to the BDNF nucleic acid
sequence as depicted '

ENDOPROTEINASE Arg~C
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in Figure 1 fromabout residue 713 to about residue 739 or a correspondi ng
nucl eoti de sequence in a BDNF gene from anot her species. 62. The

reconbi nant DNA nol ecul e of .cl ai m 54 which is honol ogous to the BDNF
nucl ei ¢ acid sequence as depicted in Figure 1 from about residue 764 to
about residue 781 or a corresponding nucigpds de sequence in a BDNF gene
from anot her species. 63. The reconbi nant DNA nol ecul e of cl ai@g@mgn i's
honol ogous to the BDNF nucl ei ¢ acid sequence as depicted in Fi rﬁ“g: rom
about residue 863 to about residue 898 or a correspondi ng nucl®ot

sequence in a BDNF gene from anot species. 25 64. A Qharnaceutich
conposition conprising an effecti nmount of substantially pure BDNF - _]
protein in a pharmaceutically suitablle carrier. 30 65. A
phar maceutical conposition conprigg? an effective anount of a
substantially pure, functionally Iilve BDNH p 1 fragnent or derivative
in a pharmaceutically suitable carridr. [ - /AA phar maceuti cal
conposition conprising an effective amourt of antially pure,
pepti de U = —
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fragnent or derivative carrying an antigenic determnant, in a
pharmaceutically suitable carrier. 5 67. The pharnaceutical conposition of
claim65 or° 66 in which the BDNF peptide fragnment or derivative conprises
at |least, a portion of the ami no acid sequence substantially as depicted in
Figure 1. 10 68. The pharmaceutical conposition of claim64 in which the
BDNF protein conprises the am no acid sequence substantially as depicted in
Figure 1. 15 69. The pharmaceuti cal corrpoﬁﬁﬂ&l of claim64 in which the
BDNF protein conprises the am no acid sequence substantially as depicted in
Figure 1 from about amno acid 134 to about amno acid 252. 20 70. A

phar maceuti cal conposition conprising an effective anount of the product of
claim36, 39, or 40 in a pharmaceutically suitable carrier. 25

71. A pharmaceutical conmposigd g sing an effectiv ung t he
product of claim43 or 44 in Elﬁa%@@t ically suitabl eGEjGJ 2. A
phar maceuti cal conposition conprising an 30 ef fective anount of the
product of cl ai m 454 TEERERCEIEN ' L
pharmaceuti cal conmgg

!
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effective anount of the product of claim46 in a 35 pharmaceutically

sui tabl e carcgier. - 162 - 74. A pharmaceutical conposition conprising
an effective amount of the product of claim47 in a pharmaceutically
suitable carrier. 5 75. A pharmaceutical conposition conprising an

ef fective anobunt of the product of claim48 in a pharmaceutically suitable
carrier. 76. The pharmaceutical conpositi odf§Zl aim 68 or 10 69 which is
capabl e of increasing neuron survival. 77. The pharnmaceutical conposition
of claim68 or 69 which is capable of increasing neuron gromh. 15 78. The
pharmaceutical conposition of claim®68 or 69 which is capable of supporting
differentiated cell function. 20 - 79. The pharnaceuti cal _
conposition of claim68 or 69 in which the protein, peptide, or derivative
is glycosylated. 80. The pharmaceutical conposition of claim®68 or 25 69

I n which the protein, pepti(FlGrglsrAv_ative S FIG 38
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nongl ycosyl ated. 81. A pharnaceutical conposition conprising an effective
amount of an antibody that recogni zes BDNF protein 30 or a peptide
fragnent or derivative thereof. 82. A pharmaceutical conposition conprising
an effective anobunt of a conbination of substantially pure BDNF protein or
peptide fragnent or derivative thereof, gfysa 35 second agent. -163- 83.
A pharmaceutical conposition of claim82 such that said conbi OWTROL
exhibits synergismin a functional activity of BDNF. 5 84. T

pharmaceutical conposition of claim82 in which the second a Danerve
grow h factor. 85. The pharnmaceutical conposition of claim82 in which the
second agent is another @00~ —y—86- '
conposition conrising an effective anount of a protein or a peptide or
derivative thereof encoded by fhe reconbi nant DNA nol ecul e of cl aim54, 55,

56, 57, 58, or 59. 87. Agﬁ&od for diagnosing a disease or disorder of the
nervous -‘system conpri sing N
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20 (a) contacting a tissue with a detectably |abeled nucleic
acid nol ecul e which contains at |east ten nucl eotides substantially as.
depicted in Figure 5, under conditions which will allow hybridization to
occur; and (b) detecting any hybridization which has occurred. 838. A nethod
for diagnosing a disease or disorder 30 of4$i§ nervous system conpri sing
(a) contacting RNA collected froma tissue % a detectably | abel ed
nucl ei ¢ acid nol ecul e which contains at |east 10 -164 - nucl eoti des
substantially as depicted in Figure 1, under conditions which will allow
hybri di zati on to occur; and (b) detecting any hybridization which has
occurred. 89. A nethod for diagnosing a disease or disorder of the nervous
system conprising 10 (a) contacting cDNA produced from RNA
collected froma tissue with a detectably | abel ed nucleic acid nol ecul e
whi ch
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contains at |least 10 nucleotides substantially as depicted in Figure 1,
under conditions which will allow hybridization to occur; and (b) detecting
any hybridizati on which has -occurred. 90. The nethod according to any of
clainms 87¢ 88, or 89 in which the disease or disorder of the nervous system
Is a selected fromthe group consisting of a tunor, a degenerative disease,
a retinal disease, and a sensory neuron digease. 25 91. The net hod
according to claim90 in which the tunor is neuroblastoma. 92. A nethod for
di agnosi ng a di sease or disorder 30 of the nervous system conprising (a)
exposing a tissue to a detectably | abel ed anti body nol ecul e which is
capabl e of binding to BDNF protein or a conditions which will allow
binding to occur; and (b) detecting any binding which as occurred. 5

93. The nethod according to claim92 performed in vitro. 94. The met hod
according to claim92 in which the
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di sease or disorder of the nervous systemis selected 10 fromthe group
consisting of a tunor, a degenerative disease, a retinal disease, and a
sensory neuron. di sease. 95. The nethod according to claim94 in which the
tunor issneuroblastoma. 15 96. A BDNF protein, or a functionally active
pepti de fragment or derivative thereof,5¥6b2use in a nethod of treating a
di sease or disorder of the nervous system 20 97. A BDNF protein or
functional ly active peptide fragnent or derivative thereof according to
claim96 in which the disease or disorder of the nervous systemis a
degenerative disease. 2.5 98. A BDNF protein, or a functionally active
peptide fragnment or derivative thereof according to claim97 in which the
degenerative disease is retinal disease. 99. A BDNF protein or functionally
active peptide 5 fragnent or derivative thereof according to claim96 in
whi ch the di sease or disorder of the nervous system conprises damage to the
nervous system 100. A BDNF protein or functionally active peptide
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10 fragnent or derivative thereof according to claim99 in which damage
i s caused by_events selected fromthe group consisting of trauma, surgery,
infarction, infection and nalignancy. 15 101. A BDNF .protein or

functionakly active peptide fragment or derivative thereof in according to
claim96 in which the disease or disorder is_ caused by exposure to a toxic

agent. 20 . 102. A BDNF protein or fuﬁ?ﬁﬁanally active peptide
fragment or derivative thereof according to claim96 in which the disease
or disorder is caused by nutritional deficiency. 25 103. A BDNF
protein or functionally active peptide fragment or derivative thereof
according to claim93 in -167- which the disorder conprises a congenital
di sorder of the retina. 104. A conbination of BDNF protein or a
functionally 5 active peptide fragnent or derivative thereof and a

second agent for use in a nethod of treating a disease or disorder of the
nervous system 105. A conbination according to claim 104 which 10
exhibits synergismin a functional activity of BDNF to a patient.
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1d6 YA conbi nati on accordi nd; o= = ITA R, i vyhi c

nerve KioWMel HasBdepReplatal 107.[| AHSEMERRL LS hr d i SHEET “h'Ch
t he secim“EﬂiﬂH m ot her ! /I N amty 26 108.
A conbi a Fo—=Fr=xndad hef df s di s rirs a -
degener sease. 109 A conbi nation accordin o%€§§Wﬁ§ 196 | ich
g of

the degenerative disease is selected frambhe_gro
Al zhei mer' s di sease, Huptington's chorea, retinal
di séase. -168- 110~ A combi nation accor di ng to crarmmio4—+n—n h the

di sease or disorder conpri ses BRARMgRE HEURQ ISy EAC 111.-
A conbi nation according to claim104 in V\/m ch the di sorder I s damage caused
by an event selected fromthe group conm%‘ﬁ'&%géf trauma, surgery,

infarction, inf q‘ﬁg ;%Pe%m nggg%% 49 W%Qé( ﬁgggéfc aJCQ.d seauenceéal%ncodlng

conbi nati on accor I seas
conprises a di séﬁgé“cﬁe%@érmr%r@éhgoﬁ%ﬂﬁé'ufw) '123 W%Ucéﬁtﬁ[mﬁ pgAtein
according to cl prodidddd iin Woaabity using these nucleic acid sequences, as well

- as fragments and derivatives thereof. In addition, the invention

p rnn9|qt|
dlsease and Par kiinson' s

5 relatea to phamacologic COmpos:.t::Lons and therapeutic uses of
BDNF, having provided for the first t:.me, the wmeans to generate
sufficien\: quant:.ties of ®ubstantially pure BDNF for clinical
use. In a specific embodiment, BDNF may be used to promote the

, s_urviyal of substantia nigra dopaminergic¢ neurons and basal
10 ° forebrain cholinergic neurons, thereby providing a method for -
treating, respectively, Parkinson’s disease and Alzheimer's
disease. The invention also relates to antibodies directed
toward BDNF or fragments thereof, having provided a method for
generating sufficient immunogen. Further, the invention provides
15 a method for identifying and isolating additional members of the
BDNF/NGF gene family. ‘
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15 . the [glirgeasfida’: dbsPr des pgég%f)fri‘s s a congenital disorder of the
g

retinma. éﬁg@th ALlflgié [gene which is a menber [ e :
deri ved o F'J (;(i ” rowt h 20 factor gene flﬂmgmjmﬂmm”m _
whi ch en g%g@mgg ﬂef’ M.h fagtor nor_pgein derived L I'Cs =
factor, "SI ng: @ 'r gm anong a diversity of nucleic acid
sequenceg, those seguen ﬁbaé BFE | §g0dexr2Pative thei&obOohAdBNDF and
NGF; (b)lilARE iR CE;?gép-aﬁbnq -th%lh ucl ei ¢ aci d -169- sequences

selected in (a), those sgENENELSn¥NIEICK ORI Bl NaSEEMEPLREiRg BH0YEcatL ;| gaAdt
6 contiguous nucl eotides that are not honol ogous to NGF and BNDF; and 5

(c) isolating the sequefgpes aéﬁéétih dah? HPhdidd Swhibe QEtGQQuﬁﬁéardlng
to claim114 in which the nethod of s conpri ses using the polymerase
chain reaction technique, in which a pair of ol i gonucl eoti de 10 prinmers
are used which are capabl e of hybridizing to honol ogous regi ons of BDNF and

NG= DNAs, suchgthat the ggnsergd rﬁé‘@h&@ﬁ&é&f&fﬁéiﬁ'@ B141R" 92 Sp&APEPMEAOkin
hybridi zing to a first honol ogous DNA sequence of BDNF

vitro.

94. The method according to claim 92 in which the
disease or disorder of the nervous system is selected
10 from the group consisting of a tumor, a degenerative

disease, a retinal disease, and a sensory neuron disease.

95. The method according to claim 94 in which the
tumor is neuroblastoma.
15
96. A BDNF protein, or a functionally active
peptide fragment or derivative thereof, for use in a
methog of treating a disease or disorder of the nervous
system.
- 20
97. A BDNF protein or functionally active peptide
fragment or derivative thereof according to claim 96 in
which the disease or disorder of the nervous system is a
degenerative diseaée.
25

98. A BDNF protein, or a functionally active
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and NGF, and the antisense strand oligonucl eotide priner 15 i s capable

of hybridizing to a second honol ogous DNA sequence of BDNF

The net hod according to claim 115 in which the sense st randﬂ“llmutlmﬁmwé"l
primer conprises a nucleic 20 acid sequenc_elGSéJ_bst antial ly "as ‘depi cttedsi n*
Figure 1, which is selected fromthe group consisting of from about residue

587 to residue 616%&,@%%%%% 3 L IS e 30 ééé&aﬁpm% claim

resi due 764 to res resi due 863 to residue 898, an

sequences t hereof; . d..t ang i tgn!cj% . 0l rngcliga;«i% Ri4
conprises a nuclei cg%gclind @eqcf&le%ee rsl%éti an |éa]f‘fé§/”1glsscgdde%00te I nl -17%&5&
Figure 1, which is (a) selected fromthe group consisting of from about

resi due 587 to about residue 616, from about residue 713 to about 739, from
about residue 764 to ab resi 781.. fro me £95] 63 4 .
resi due 898, and (b) is%‘ffgfeaﬂ#ﬁ Brgtelr Q8 8 s‘iéla‘%{aﬂ;ﬁ{ %e%“ﬁ?‘?%lée
met hod for isal ati a gene which Jis .a _nmenhe t J i . .
neur ot rophi c f ctog%‘?eqr&é{kgro cﬁe%?atxr%%;%}é%eg%% acnﬂﬁﬂ%ﬂfgv%f%%me%%oles
emr e et Ve 97 ML {8 He WA bl ISELLE U RO SRR Lysten

comprises damage to the nervous system.

100. A BDNF protein or functionally active peptide

10 fragment or derivative thereof according to claim 99 in
which damage is caused by events selected from the group
consisting of trauma, surgery, infarction, infection and

malignancy.

15 101. A BDNF protein or functionally active peptide
fragment or derivative thereof in according to claim 96
in which the disease or disorder is caused by exposure to

a toxic agent.

20 102. A BDNF protein or functionally active peptide
fragment or derivative thereof according to claim 96 in
which the disease or disorder is caused by nutritional

deficiency.

25 103. A BDNF protein or functionally active peptide

fragment or derivative thereof according to claim 93 in

This is the replacement sheet

Date: 2 0 NOV 1998



(a) selecting, fromanong -a diversity of nucleic acid sequences, thase

sequences that are honol ogous 15 to either BDNF or
encodi ng the am no aci d sequence substantially as depi ct edl\’mluﬂmmﬁﬁﬂmml’
denoted as M3/4. (b) identifying, fromanong the nucleic acid sequeneess '«
selected in (a), those sequences which 20 ~167tontai n sequences of
about at l|east 6 contiguous nucleotides that are not honol ogous to NG- and
BDNF; and (c) i sol atwhich hehe cdiisonder i camprises a rcqmyenibial disordgungof the
The net hod according to claim 117 in which the method of step (a) conprises
usi ng the pol yner asecethiia. -171- reaction technique, in which a pair of
ol i gonucl eotide priners are used which are capable of hybridizing to
honol ogous regions of either BDNF or NG and a gene encoding the am no acid
sequence substantially as 5 depicted in Figure 14, denoted as M3/ 4, such
that the sense strand ol i Johuch ectmictiengtiomrof SBRMDapretein myhra divnegionahly
first honol ogous DNA sequence of BDNF or NGF or the gene encoding the am no
aci d sequence denot eactasve/Peptide Gtdgment ioxlderiNakive djiemedf and Ng- 3,
and 10 the anti sense strand oligonucl eotide primer is capable of

second agent for use in a method of treating a disease or

disorder of the nervous system.

105. A combination according to claim 104 which
10 exhibits synergism in a functional activity of BDNF to a

patient.

106. A combination according to claim 104 in which
the second agent is nerve growth factor.
15
107. A combination according to claim 104 in which
the second agent is another member of the BDNF/NGF

family.

20 108. A combination according to claim 106 in which

the disease or disorder is a degenerative disease.

109. A combination according to claim 108 in which
the degenerative disease is selected from the group
25 consisting of Alzheimer’s disease, Huntington’s chorea,

retinal disease and Parkinson’s disease.
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hybridizing to a second honol ogous DNA sequence of BDNF and NGF or the gene

encoding M3/4. 119. Use of kainic acid or a rel ated corrpogm"
manuf acture of a medi cament for increasing the |evels of Immu;mmm
nervous systemcells 120. Use of a non-NVDA receggor agoni 8t fnthet s
manuf acture of a nedi canent for increasing the levels of 20 BDNF

expressed in nervous systempcehl eombZhatisf Qbckedbhg 861 818imaldel @hedhich
conmpound in the manufacture of a medi cament for increasing the |evels of

NG expressed in nerypesgs¥%ehsd 68l h¥sofdet22ombeeses @anage NVBDAthECABEObUS
agoni st in the manuf acture of a medi canent for increasing the |evels of
NGF expressed in nerggggeﬁysten1cells. 123. Use of BDNF in the manufacture
of a nedi cament 5 or pronoting the survival of dopam nergic neurons.
124. Use of BDNF in the manufacture of a medi cament for pronoting the
survival of cholinergic neurons. 10 125. Use according to claim 124

I n which the chglinergi ¢ peyrons aL61R3f2bn! LEBEALAGCRE! LDSIA! 0AC¥HONRIch

126. Use acpord?ng to cla?§112§ Fn mﬁ?cﬁ tﬁe 15 c%ol?nergic neur ons a%g

septal cholinergic NEHLOBYsorder is damage caused by an event selected from
the group consisting of trauma, surgery, infarction,

infection, malignancy, and toxic agents.

10 112. A combination according to claim 104 in which
the disease or disorder comprises a disease or disorder

of sensory neurons.

113. A combination according to claim 104 in which
i5 the disease or disorder comprises a congenital disorder

of the retina.

114. A method for isolating a dgene which is a member
of the brain derived neurotrophic factor/nerve growth
20 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
25 to both BNDF and NGF;

(b} identifying, from among the nucleic acid

This is the replacement __thq._at
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127. Use of BDNF in the nanufacture of a nedicament for- suppr essi nﬁ t

proliferation of astroglial cells. 20 128. Use of B?Ml‘l l Eﬂ!ﬁ ll! ‘“‘
t

manuf acture of a nedicament for inhibiting the uptake of ga
acid in neurons. 129. Use of BDNF in the manuf acség ure of a nedicanent 2
for upregul ating the expression of NG- recepto n a cell surface. - -

130. A nethod of preparln active B r ive _pr r

nol ecul e conpri si ng expo§ r%]et"ﬁgsprs rst(?(ramrgr'& ecul’ %?x%s\énserq?) %\%ewélr%oc&nt

of endoprotei nase Arg-C. 31. The t hod rdi.ng .t |_ai which -
P&PeFﬁ m% é% 8%?%%6% At' 95 %‘k@%qg&HQus

an effective anmount of eﬁ:c? i S en o rot €l nase

concentration of 0.1 unit r roI| er.. .10 13 .
produced by the nethod o1nu€| :ﬁl t%’?é" 2AT a&,\%’ or%‘%‘% %%NI@]G%{ &5@0\'&5“)&
by the nethod 15 of cl aldm 131. 134. A BDNF protein or functionally

active peptide an

5 (c) 1isolating the sequences identified in (b).

115. The method according to claim 114 in which the |
method of step (a) comprises using the polymerase chain
reaction technique, in Which a pair of oligonucleotide

10 primers are used which are capable of hybridizing to
homologous regions of BDNF and NGF DNAs, such that the
sense strandloligonucleotide primer is capable of
hybridizing to a first homologous DNA sequence of BDNF
and NGF, and the antisense strand oligonucleotide primer

15 is,capable of hybridizing to a second homologous DNA

sequence of BDNF and NGF.

116. The method according to claim 115 in which the
sense strand oligonucleotide primer comprises a nucleic
20 acid sequence substantially as depicted in Figuré 1,
which is selected from the group consisting of from about
residue 587 to residue 616, from about residue 713 to
residue 739, from about residue 764 to residue 781, from
about residue 863 to residue 898, and sequences thereof;
25 and the antisense strand oligonucleotide primer comprises

a nucleic acid sequence substantially as depicted in
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fragnent or -derivative thereof accordlng to claim97 in which t
degenerative disease is Parkinson's disease. 20 135. A BDNF pr ﬂ’uufml(l"""ll””"
functionally active peptide fragnent or derivative thereof acc

claim97 in which the degenerative disease is Al zheiner's disease.

136. A conbination according to claim104 in whifoh the disorder is damage
caused by a toxic agent. -174- 137. A BDNF protein or functionally

active peptide fraggeghrar19eihyehi Y8 t(Ber eefieatedr dirog thechzonpdéonsisting
whi ch the degenerativé disease is a "Parkinson-Plus" syndrone. 5 138. A

BDNF protein, or a Léngtibanabbutaskisyaueepsidect apguenirestidder 618!, i \from
t her eof accordlng to claim 137 in which the "Parkinson-Plus" syndrone is

sel ected fromthe géesetce%hahbnglgf tBr aBoes7ee, Sgranuabeat @sidukal7ey to
(St eel e- Ri chardson szewski ndrone), O ivopontocerebellar Atrophy,

Shy-Drager Syndrome {Miykt k@%@dﬁ)ésbﬁ'_’[s AtroaP hvbu tareé sSdasnsiean tBaakionton-
Denenti a conpl ex. g A BDNF protein or functionally active

peptide fragment or derjyat 'B‘é%,tQﬁBeQi))a(i%oﬁfiiﬁf@zrteﬁtCE&bm tBé isense strand

primer.

117. A method for isolating a gene which is a member
of the brain derived neurotrophic factor/nerve growth
10 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
15 to either BDNF or NGF and a gene encoding the amino
acid sequence substantially as depicted in Figure
14, denoted as M3/4.
-(b) identifying, from among the nucleic acid
sequences selected in (a), those sequences which
20 contain sequences of about at least 6 contiguous
nucleotides that are not homologouslto NGF and BDNF;
and

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

25 118. The method according to claim 117 in whiéh the

method of step (a) comprises using the polymerase chain
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whi ch synptons of Parkinson's di sease are caused by a toxic agent. 20

140. A BDNF protein or functionally active peptide fragnent oummnmm"ml
t hereof according to claim98 in which retinal disease is cau

to the optic nerve. 25 141. Use of carhaghol in the mahufbctiurd of *
a nmedicanent for increasing the | evels of BDNF expressed in -175-

nervous systenlcelI§eaé€gonU§gF§§%ﬁ§§B?gEBﬁE&@h;ge EESUB%CBE&%oﬂEdieotide

medi canent for increasing the expressed in 5 nervous

system cel |'s. 143. #Eg%ggﬁghggyhgghnwhgchhsr%a%% %Bﬁ%rgfohggFF§QQ?8E€Z%{for

I ncreasing the | eve expressed I n nervous system

Use of carbachol | myblie: BRBLACENIENA o EBGHEI BN B MEH" SR U0dehe

| evel s of NGF expresse nervo systém<¢ _ _

NG oxpressed in nesbsoaitisCeRl ARl SYR oo R RERSKRR IR S ©

manuf act ure of5a depicted in Figure 14, denoted as M3/4, such that the
sense strand oligonucleotide primer is capable of
hybridizing to a first homologous DNA sequence of BDNF or
NGF or the gene encoding the amino acid sequence denoted
as M3/4, or, alternatively, Neurotrophin-3, or NT-3, and

10 the antisense strand oligonucleotide primer is capable of

hybridizing to a second homologous DNA sequence of BDNF

and NGF or the gene encoding M3/4.

119. Use of kainic acid or a related compound in the
15 manufacture of a medicament for increasing the levels of

BDNF expressed in nervous system cells

120. Use of a non-NMDA receptor agonist in the
manufacture of a medicament for increasing the levels of

20 BDNF expressed in nervous system cells.

121. Use of kainic acid or a related compound in the
manufacture of a medicament for increasing the levels of

NGF expressed in nervous system cells.

25

122. Use of a non-NMDA receptor agonist in the

This is the replacement sheet



20, ‘medi cament for increasi ng the |l evets of NGF expressed I n nervous

systemcells. 147. A BDNF protein or functionally active pep“mmm

or: derivative thereof according to claim97 in 25 whi ch t ummu!a,m
* c L L] S *

di sease i s Huntington's chorea.

10

15

20

25

-172-
manufacture of a medicament for increasing the levels of

NGF expressed in nervous system cells.

'123. Use of BDNF in the manufacture of a medicament

for promoting the survival of dopaminergic neurons.

124. Use of BDNF in the manufacture of a medicament

for promoting the survival of cholinergic neurons.

125. Use according to claim 124 in which the
cholinergic neurons are basal forebrain cholinergic

neurons.

126. Use according to claim 124 in which the

cholinergic neurons are septal cholinergic neurons.

127. Use of BDNF in the manufacture of a medicament

for suppressing the proliferation of astroglial cells.

128. Use of BDNF in the manufacture of a medicament
for inhibiting the uptake of gamma aminobutyric acid in

neurons.

129. Use of BDNF in the manufacture of a medicament
for upregulating the expression of NGF receptor on a cell

surface.

This is the replacenment shes!

pate: 2 0 NOV 1338



10

15

20

25

A

130. A method of preparing active BDNF from a less

-173-

active precursor molecule comprising exposing the
precursor molecule to an effective amount of

endoproteinase Arg-C.

131. The method according to claim 130 in which an
effective amount of endoproteinase Arg-C is
endoproteinase Arg~C at a concentration of 0.1 unit per

microliter.

132. An active form of BDNF produced by the method

of claim 130.

133. An active form of BDNF produced by the method

of claim 131.

134. A BDNF protein or functionally active peptide
fragment or derivative thereof according to claim 97 in

which the degenerative disease 1s Parkinson’s disease.

135. A BDNF protein or functionally active peptide
fragment or derivative thereof according to claim 97 in

which the degenerative disease is Alzheimer’s disease.

136. A combination according to claim 104 in which

the disorder is damage caused by a toxic agent.
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137. A BDNF protein or functionally active peptide
fragment or derivative thereof according to claim 97 in
which the degenerative disease is a “Parkinson-Plus”

syndrome.

138. A BDNF protein, or a functionally active
peptide fragment or derivative thereof according to claim
137 in which the “Parkinson-Plus” syndrome is selected
from the group consisting of Progressive Spranuclear
Palsey (Steele-Richardson-Olszewski Syndrome),
Olivopontocerebellar Atréphy, Shy-Drager Syndrome
(Multiple Systems Atrophy), and Guamanian Parkinson-

Dementia complex.

139. A BDNF protein or functionally active peptide
fragment or derivative thereof according to claim 134 in
which symptoms of Parkinson’s disease are caused by a-

toxic_ agent.

140. A BDNF protein or functionally active peptide
fragment or derivative thereof according to claim 98 in
which retinal disease is caused by damage to the optic

nerve.

141. Use of carbachol in the manufacture of a

medicament for increasing the levels of BDNF expressed in
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nervous system cells.

142. Use of histamine in the manufacture of a
medicament for increasing the levels of BDNF expressed in

nervous system cells.

143. Use of bradykinin in the manufacture of a
medicament for increasing the levels of BDNF expressed in

nervous system cells.

144. Use of carbachol in the manufacture of a
medicament for increasing the levels of NGF expressed in

nervous system cells.

145. Use of histamine in the manufacture of a
medicament for increasing the levels of NGF expressed in

nervous system cells.

146. Use of bradykinin in the manufacture of a
medicament for increasing the levels of NGF expressed in

nervous system cells.

147. A BDNF protein or functionally active peptide
fragment or derivative thereof according to claim 97 in

which the degenerative disease is Huntington’s chorea.

. ' hes
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' BRATN DERTIVED NEUROTROPHTC FACTOR

Abstract

The present invention relates to nucleic acid sequences encoding
brain derived neurotrophic factor (BDNF), as well as BDNF protein
produced in quantity using these nucleic acid sequehces, as well
as fragments and derivatives thereof. In addition, the invention
relates to pharmacologic compositions and therapeutic uses of
BDNF, having provided, for the first time, the means to generate
sufficient quantities of substantially pure BDNF for clinical
use. In a specific embodiment, BDNF may be used to promote the
survival of substantia nigra dopaminergic neurons and basal
forebrain cholinergic neurons, thereby providing a method for
treating, vrespectively, Parkinson’s disease and Alzheimer’s
disease. The invention also relates to antibodies directed

.toward BDNF or fragments thereof, having provided a method for

generating sufficient immunogen. Further, the invention provides
a method for identifying and isolating additional members of the
BDNF/NGF gene family.

Fig. 29
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