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(57) ABSTRACT 

Disclosed are therapeutic treatment methods, compositions 
and devices for maintaining neural pathways in a mammal, 
including enhancing Survival of neurons at risk of dying, 
inducing cellular repair of damaged neurons and neural 
pathways, and Stimulating neurons to maintain their differ 
entiated phenotype. In one embodiment, the invention pro 
vides means for Stimulating CAM expression in neurons. 
The invention also provides means for evaluating the Status 
of nerve tissue, including means for detecting and monitor 
ing neuropathies in a mammal. The methods, devices and 
compositions include a morphogen or morphogen-Stimulat 
ing agent provided to the mammal in a therapeutically 
effective concentration. 



Patent Application Publication Jun. 12, 2003 Sheet 1 of 13 US 2003/0109445 A1 

% SEGUENCE SIMILARITY TO HUMAN OP-1 SEVEN-CYSTEINE DOMAIN 
% % NON 

SEGUENCE SIMILARITY CONSERVATIVE 

hOP- OO O 
mOP- OO O 
hOP-2 97 3 
mOP-2 97 3 
BMP-5 97 3 
BMP-6 96 4 

Vgr-1 (PT) 94 6 
OP-3 9. 9 
60A 90 O 

BMP-4. 90 O 
BMP-2 89 l 
dpp 87 3 

UNIVIN 87 13 
dpp(PT) 86 14 
Vg-l 86 14 

CDMP- 85 15 
CDMP-3 83 7 
GDF-3 83 7 
CDMP-2 82 8 
DORSALN 79 2 
CDF-1 (PT) 78 22 
GDF.O 78 22 
BMP-3b 78 22 
BMP-O 78 23 
BMP-3 78 23 
SCREW 77 23 
ADMP 77 24 
TGF-B2 73 27 
GDF- 73 28 
BMP-9 73 28 
NODAL 7 29 

Inhibin?.A 7 29 
BMP-15 7 29 

TGF-B3 69 3. 
Inhibin?BB 69 3. 
InhibinC 69 31 
TGF-B5 67 33 
TGF-Bl 67 33 
GDF-2 67 33 
GDF- 66 34 
TGF-B4 66 34 
GDF-9 66 34 
GDF-8 64 36 
BMP-1 60 40 O 
GDNF 49 Fig. 1 



Patent Application Publication Jun. 12, 2003 Sheet 2 of 13 US 2003/0109445 A1 

  



Patent Application Publication Jun. 12, 2003 Sheet 3 of 13 US 2003/0109445 A1 

36 
-3- 80 kDO 

3. -6- 140 kDC 

2 

6 

O. l O OO 000 

OP -l, ng/ml 

Fig. 3A 

was - 180kDa 
. . 

- 140 kDo 
- 20 kDO 

O O. O 40 100 

OP-1, ng/ml 
- 

Fig. 3B 

  



Patent Application Publication Jun. 12, 2003 Sheet 4 of 13 US 2003/0109445 A1 

20 - 

00 

80 

6 O 

40 

20 

O | H IIIT fitti rt IIT- it in "I I ITTT 
O O. O OO OOO 

OP -l, ng/ml 

Fig. 4 

  



Patent Application Publication Jun. 12, 2003 Sheet 5 of 13 US 2003/0109445 A1 

PROCESS LENGTH AFTER T DAY IN VETRO 

300- A D AXON LENGTH A 
O DENDRITE LENGTH D 

UNTREATED COCULTURE OP-l 

AXON LENGTH 
CO > OP-1, UNTREATED, p < 000) 
e DENDRITE LENGTH 
OP-1 > CC, UNTREATED, p < .0001 

Fig. 6 

  



Patent Application Publication Jun. 12, 2003 Sheet 6 of 13 US 2003/0109445 A1 

EFFECT OF OP-AFTER 3 DAYS INVITRO 

600 
p < 000 
OP-> COUNTREATED 

500 

400 

300 

200 

100 

  



Patent Application Publication Jun. 12, 2003 Sheet 7 of 13 US 2003/0109445 A1 

EFFECT OF OP- ON DENDRITIC BRANCHES 
AFTER 3 DAYS INVITRO 

3O 
l 

p < .0001 

COCULTURE 
OP- 2 

E UNTREATED 3 2 O 

O 

O N 
# PRIMARY TOTAL NUMBER 
BRANCHES OF BRANCHES 

Fig. 8 

  



Patent Application Publication Jun. 12, 2003. Sheet 8 of 13 US 2003/0109445 A1 

SYNAPSE FORMATION IN HETEROCHRONIC CULTURES 

2 3 INITIAL CONDITION 
O.O COCULTURE I 

OP- 2 
UNTREATED 8.0 E. 3 

3/ 4/2 

DAYS INVITRO 3/DIV, p < 000 
OP-> CO > UNTREATED 

4/2 DIV, p < .000 
OP-lis CO, UNTREATED 

Fig. 9 

  



Ø 
§2 Ë Ci O 

US 2003/0109445 A1 

Ø 

Ø 
NON-INJECTED 

NINJECTED 

NON-INJECTED 
NINJECTED 

OPS-O VE 

Fig. 10A 

| |-N 
OPS-1 OPS-10 VEH-2 OPm 

CONTROL VE 

CONTROL VEH 

O CD C O OD C OED O C 
O CD C-D C C C C C G D 

c os co ºs so in <r co si 

4000 

2000 

OOOO 

OO 

O 

U[LM IBM) HnSSL 6/EN/WWdOG 6u 

O 

[IM IBM) ET SS|| 6/ENIWVdOG 

Patent Application Publication Jun. 12, 2003 Sheet 9 of 13 

Fig. 1 OB 

  



US 2003/0109445 A1 Jun. 12, 2003 Sheet 10 of 13 Patent Application Publication 

9 ÁpQ uudO !SOd ------------ Z ÁDC uudO !SOd ……………. 
UUdO ?ld – – – – – 

| | '6|- 

09GZOZ9 |Ol 

  



US 2003/0109445 A1 Jun. 12, 2003 Sheet 11 of 13 Patent Application Publication 

ETO|HBA   



US 2003/0109445 A1 

BTO [HE 

Jun. 12, 2003 Sheet 12 of 13 Patent Application Publication 

  



US 2003/0109445 A1 Jun. 12, 2003 Sheet 13 of 13 Patent Application Publication 

  



US 2003/0109445 A1 

METHODS AND COMPOSITIONS FOR THE 
TREATMENT AND PREVENTION OF 

PARKINSON'S DISEASE 

RELATED APPLICATIONS 

0001. The present application is a continuation-in-part of 
U.S. Ser. No. 08/260,675, filed Jun. 16, 1994, which is a file 
wrapper continuation of U.S. Ser. No. 08/126,100, filed Sep. 
23, 1993, which is a file wrapper continuation of U.S. Ser. 
No. 07/922,813, filed Jul. 31, 1992 filed as a continuation 
in-part of U.S. Ser. No. 07/752,764 and copending U.S. Ser. 
No. 07/753,059, both filed Aug. 30, 1991 as continuations 
in-part of U.S. Ser. No. 07/667,274, filed Mar. 11, 1991. The 
above-mentioned applications are incorporated by reference 
herein. 

BACKGROUND OF THE INVENTION 

0002 The mammalian nervous system comprises a 
peripheral nervous system (PNS) and a central nervous 
System (CNS, comprising the brain and spinal cord), and is 
composed of two principal classes of cells: neurons and glial 
cells. The glial cells fill the Spaces between neurons, nour 
ishing them and modulating their function. Certain glial 
cells, such as Schwann cells in the PNS and oligodendro 
cytes in the CNS, also provide a myelin sheath that Sur 
rounds neural processes. The myelin sheath enables rapid 
conduction of impulses along the neuron. In the peripheral 
nervous System, axons of multiple neurons may bundle 
together in order to form a nerve fiber. These, in turn, may 
be combined into fascicles or bundles. 

0003. During development, differentiating neurons from 
the central and peripheral nervous Systems Send out axons 
that grow and make contact with Specific target cells. In 
Some cases, axons must cover enormous distances, Some 
grow into the periphery, whereas others are confined within 
the central nervous System. In mammals, this stage of 
neurogenesis is complete during the embryonic phase of life 
and neuronal cells do not multiply once they have fully 
differentiated. 

0004. A host of neuropathies have been identified that 
affect the nervous System. These neuropathies, which may 
affect neurons themselves or associated glial cells, may 
result from cellular metabolic dysfunction, infection, eXpo 
Sure to toxic agents, autoimmunity, malnutrition, or 
ischemia. In Some cases, the neuropathy is thought to induce 
cell death directly. In other cases, the neuropathy may induce 
Sufficient tissue necrosis to Stimulate the body's immune/ 
inflammatory System and the immune response to the initial 
injury then destroys neural pathways. 
0005 Attempts to counteract the effects of acute or 
neurodegenerative lesions of the brain and/or Spinal cord 
have primarily involved implantation of embryonic neurons 
in an effort to compensate for lost or deficient neural 
function. However, human fetal cell transplantation research 
is Severely restricted. Administration of neurotrophic factors 
Such as nerve growth factor and insulin-like growth factor 
also have been Suggested to Stimulate neuronal growth 
within the CNS. See, e.g., Lundborg, Acta Orthop. Scand. 
58: 145-169 (1987); U.S. Pat. No. 5,093,317. Administration 
of neurotrophic factors to the CNS requires bypassing the 
blood-brain barrier. The barrier may be overcome by direct 
infusion, or by modifying the molecule to enhance its 
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transport acroSS the barrier, as by chemical modification or 
conjugation, or by molecule truncation. Schwann cells also 
have been grafted to a site of a CNS lesion in an attempt to 
Stimulate and maintain growth of damaged neuronal pro 
cesses. Paino, et al., Exp. Neurology 114: 254-257 (1991). 
0006. One type of morphoregulatory molecule associated 
with neuronal cell growth, differentiation and development 
is the cell adhesion molecule (“CAM”), most notably the 
nerve cell adhesion molecule (N-CAM). The CAMs are 
members of the immunoglobulin Superfamily. They mediate 
cell-cell interactions in developing and adult tissues through 
homophilic binding, i.e., CAM-CAM binding on apposing 
cells. A number of different CAMs have been identified. Of 
these, the most thoroughly studied are N-CAM and L-CAM 
(liver cell adhesion molecules), both of which have been 
identified on all cells at early Stages of development, as well 
as in different adult tissues. In neural tissue development, 
N-CAM expression is believed to be important in tissue 
organization, neuronal migration, nerve-muscle tissue adhe 
Sion, retinal formation, Synaptogenesis, and neural degen 
eration. Reduced N-CAM expression also is thought to be 
asSociated with nerve dysfunction. For example, expression 
of at least one form of N-CAM, N-CAM-180, is reduced in 
a mouse demyelinating mutant. Bhat, Brain Res. 452: 373 
377 (1988). Reduced levels of N-CAM also have been 
asSociated with normal pressure hydrocephalus, Werdelin, 
Acta Neurol. Scand. 79: 177-181 (1989), and with type II 
schizophrenia. Lyons, et al., Biol. Psychiatry 23: 769-775 
(1988). In addition, antibodies against N-CAM have been 
shown to disrupt functional recovery of injured nerves. 
Remsen, Exp. Neurobiol. 110: 268-273 (1990). 
0007 Where the damaged neural pathway results from 
CNS axonal damage, autologous peripheral nerve grafts 
have been used to bridge lesions in the central nervous 
System and to allow axons to make contact with their normal 
target cell. In contrast to CNS neurons, neurons of the 
peripheral nervous System can extend new peripheral pro 
ceSSes in response to axonal damage. This regenerative 
property of peripheral axons is thought to be Sufficient to 
allow grafting of these Segments to CNS axons. Successful 
grafting appears to be limited, however, by a number of 
factors, including the length of the CNS axonal lesion to be 
bypassed, and the distance of the graft sites from the CNS 
neuronal cell bodies, with Successful grafts typically occur 
ring near the cell body. 

0008 No satisfactory method exists to repair the damage 
caused by neuropathies, such as Parkinson's disease (par 
kinsonism). Parkinson's disease is a Syndrome consisting of 
tremor, rigidity, brady- and hypokinesia, and deficits in 
equilibrium and posture. The Substantia nigra is the principal 
Site of pathology in Parkinson's disease. Pigmented neurons 
of the Substantia nigra project widely and diffluSely to the 
caudate-putamen (corpus striatum) and are specialized to 
Synthesize and release dopamine. There are approximately 
500,000 Specialized dopaminergic cells in the parS compacta 
of the Substantia nigra of young adults. Symptoms of par 
kinsonism emerge when 75-80% of the dopaminergic inner 
vation is destroyed. Patients with Parkinson's disease 
respond to dopamine replacement therapy. Unfortunately, 
the efficacy of dopamine replacement therapy decreases 
progressively with continued degeneration of the nigrostri 
atal dopaminergic pathway. Accordingly, there is a need in 
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the art for treatments of neurological disorders, Such as 
Parkinson's disease, and related deficits in neural function. 

SUMMARY OF THE INVENTION 

0009. The present invention provides methods and com 
positions for treating Parkinson's disease, including meth 
ods for enhancing the Survival of neural cells. In one aspect, 
the invention features compositions and therapeutic treat 
ment methods comprising administering to a mammal a 
therapeutically effective amount of a morphogenic protein 
(“morphogen”), as defined herein, upon diagnosis of Par 
kinson's disease, or upon detecting degeneration of the 
nigrostriatal pathway prior to the appearance of Symptoms 
of parkinsonism (i.e., when less than 75-80% of the dopam 
inergic innervation is destroyed). 
0010. In a preferred embodiment, methods of the inven 
tion for treating Parkinson's disease comprise administering 
a morphogen comprising a dimeric protein having an amino 
acid Sequence Selected from the group consisting of a 
sequence having 70% homology with the C-terminal seven 
cysteine skeleton of human OP-1 (amino acids 330-341 of 
SEQ ID NO: 2); a sequence having greater than 60% amino 
acid Sequence identity with human OP-1, generic Sequence 
7 (SEQ ID NO: 4); generic sequence 8 (SEQ ID NO: 5); 
generic sequence 9 (SEQ ID NO: 6); generic sequence 10 
(SEQ ID NO: 7); and OPX (SEQ ID NO:3); wherein the 
morphogen stimulates production of N-CAM or L1 isoform 
by an NG108-15 cell in vitro. The same or similar methods 
are contemplated to restore neural cell function in a mammal 
having Parkinson's disease. Administering one of the afore 
mentioned morphogens also provides a prophylactic func 
tion. Such administration has the effect of preserving neural 
cell function in a mammal having, or at risk of having, 
Parkinson's disease. Also according to the invention, mor 
phogen administration preserves the integrity of the nigros 
triatal pathway, as well as other pathways, in the brain. 
Prophylactically, morphogens of the invention also prevent 
degeneration of the nigrostriatal pathway or loss of func 
tional activity associated with this pathway. 
0.011 Specifically, methods of the invention for treating 
(pre- or post-Symptomatically) Parkinson's disease and 
damage to neural pathways, especially the nigrostriatal 
pathway, comprise administering a morphogen Selected 
from the group consisting of human OP-1, mouse OP-1, 
human OP-2, mouse OP-2, 60A, GDF-1, BMP2A, BMP2B, 
DPP, Vg1, Vgr-1, BMP3, BMP5, and BMP6. Such morpho 
gens are capable of Stimulating production of N-CAM or L1 
isoform by an NG108-15 cell in vitro. 
0012. In a particularly preferred embodiment, the mor 
phogen is a Soluble complex, comprising at least one mor 
phogen pro domain, or fragment thereof, non-covalently 
attached to a mature morphogen. 
0013 In another aspect, the invention features composi 
tions and therapeutic treatment methods for maintaining 
neural pathways, Such treatment methods include adminis 
tering to the mammal, upon injury to a neural pathway or in 
anticipation of Such injury, a compound that Stimulates a 
therapeutically effective concentration of an endogenous 
morphogen. These compounds are referred to herein as 
morphogen-Stimulating agents, and are understood to 
include Substances which, when administered to a mammal, 
act on tissue(s) or organ(s) that normally are responsible for, 
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or capable of, producing a morphogen and/or Secreting a 
morphogen, and which cause endogenous level of the mor 
phogen to be altered. 
0014. The invention also provides methods for stimulat 
ing neurons to maintain their differentiated phenotype, 
including inducing the redifferentiation of transformed cells 
of neuronal origin to a morphology characteristic of untrans 
formed neurons. In one embodiment, the invention provides 
means for Stimulating production of cell adhesion mol 
ecules, particularly nerve cell adhesion molecules 
(N-CAM). The invention also provides methods, composi 
tions and devices for Stimulating cellular repair of damaged 
neurons and neural pathways, including regenerating dam 
aged dendrites or axons. In addition, the invention also 
provides means for evaluating the Status of nerve tissue, and 
for detecting and monitoring neuropathies by monitoring 
fluctuations in morphogen levels. 
0015. In one aspect of the invention, the morphogens 
described herein are useful in repairing damaged neural 
pathways of the peripheral nervous System. In particular, 
morphogens are useful for repairing damaged neural path 
ways, including transected or otherwise damaged nerve 
fibers. Specifically, morphogens described herein are 
capable of Stimulating complete axonal nerve regeneration, 
including vascularization and reformation of the myelin 
sheath. Preferably, the morphogen is provided to the site of 
injury in a biocompatible, bioresorbable carrier capable of 
maintaining the morphogen at the Site and, where necessary, 
means for directing axonal growth from the proximal to the 
distal ends of a severed neuron. For example, means for 
directing axonal growth may be required where nerve regen 
eration is to be induced over an extended distance, Such as 
greater than 10 mm. Many carriers capable of providing 
these functions are envisioned. For example, useful carriers 
include Substantially insoluble materials or Viscous Solutions 
prepared as disclosed herein comprising laminin, hyaluronic 
acid or collagen, or other Suitable Synthetic, biocompatible 
polymeric materials. Such as polylactic, polyglycolic or 
polybutyric acids and/or copolymers thereof. A preferred 
carrier comprises an extracellular matrix composition 
derived, for example, from mouse Sarcoma cells. 
0016. In a particularly preferred embodiment, a morpho 
gen is disposed in a nerve guidance channel which spans the 
distance of the damaged pathway. The channel acts both as 
a protective covering and a physical means for guiding 
growth of a neurite. Useful channels comprise a biocom 
patible membrane, which may be tubular in Structure, having 
a dimension Sufficient to Span the gap in the nerve to be 
repaired, and having openings adapted to receive Severed 
nerve ends. The membrane may be made of any biocom 
patible, nonirritating material, Such as Silicone or a biocom 
patible polymer, Such as polyethylene or polyethylene Vinyl 
acetate. The casing also may be composed of biocompatible, 
bioresorbable polymers, including, for example, collagen, 
hyaluronic acid, polylactic, polybutyric, and polyglycolic 
acids. In a preferred embodiment, the outer Surface of the 
channel is Substantially impermeable. 
0017. The morphogen may be disposed in the channel in 
asSociation with a biocompatible carrier material, or it may 
be adsorbed to or otherwise associated with the inner Surface 
of the casing, such as is described in U.S. Pat. No. 5,011,486, 
provided that the morphogen is accessible to the Severed 
nerve ends. 
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0.018 Morphogens described herein are also useful in 
autologous peripheral nerve Segment implants, Such as in the 
repair of damaged or detached retinas, or other damage to 
the optic nerve. 

0019. In another aspect of the invention, morphogens 
described herein are useful to protect against damage asso 
ciated with the body's immune/inflammatory response to an 
initial injury to nerve tissue. Such a response may follow 
trauma to nerve tissue, caused, for example, by an autoim 
mune dysfunction, neoplastic lesion, infection, chemical or 
mechanical trauma, disease, by interruption of blood flow to 
the neurons or glial cells, or by other trauma to the nerve or 
Surrounding material. For example, the primary damage 
resulting from hypoxia or ischemia-reperfusion following 
occlusion of a neural blood Supply, as in an embolic Stroke, 
is believed to be immunologically associated. In addition, at 
least part of the damage associated with a number of primary 
brain tumors also appears to be immunologically related. 
Application of a morphogen, either directly or Systemically 
alleviate and/or inhibit the immunologically related 
response to a neural injury. Alternatively, administration of 
an agent capable of Stimulating morphogen expression and/ 
or Secretion in Vivo, preferably at the Site of injury, may also 
be used. Where the injury is to be induced, as during Surgery 
or other aggressive clinical treatment, the morphogen or 
agent may be provided prior to induction of the injury to 
provide a neuroprotective effect to the nerve tissue at risk. 

0020 Generally, morphogens useful in methods and 
compositions of the invention are dimeric proteins that 
induce morphogenesis of one or more eukaryotic (e.g., 
mammalian) cells, tissues or organs. Tissue morphogenesis 
includes de novo or regenerative tissue formation, Such as 
occurs in a vertebrate embryo during development. Of 
particular interest are morphogens that induce tissue-specific 
morphogenesis at least of bone or neural tissue. AS defined 
herein, a morphogen comprises a pair of polypeptides that, 
when folded, form a dimeric protein that elicits morphoge 
netic responses in cells and tissues displaying morphogen 
Specific receptors. That is, the morphogens generally induce 
a cascade of events including all of the following in a 
morphogenically permissive environment: Stimulating pro 
liferation of progenitor cells, Stimulating the differentiation 
of progenitor cells, Stimulating the proliferation of differen 
tiated cells, and, Supporting the growth and maintenance of 
differentiated cells. “Progenitor” cells are uncommitted cells 
that are competent to differentiate into one or more specific 
types of differentiated cells, depending on their genomic 
repertoire and the tissue specificity of the permissive envi 
ronment in which morphogenesis is induced. An exemplary 
progenitor cell is a hematopoeitic Stem cell, a mesenchymal 
Stem cell, a basement epithelium cell, a neural crest cell, or 
the like. Further, morphogens can delay or mitigate the onset 
of Senescence- or quiescence-associated loSS of phenotype 
and/or tissue function. Still further, morphogens can Stimu 
late phenotypic expression of a differentiated cell type, 
including expression of metabolic and/or functional, e.g., 
Secretory, properties thereof. In addition, morphogens can 
induce redifferentiation of committed cells (e.g., Osteoblasts, 
neuroblasts, or the like) under appropriate conditions. AS 
noted above, morphogens that induce proliferation and/or 
differentiation at least of bone or neural tissue, and/or 
Support the growth, maintenance and/or functional proper 
ties of neural tissue, are of particular interest herein. See, 
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e.g., WO 92/15323, WO 93/04692, WO 94/03200 (provid 
ing more detailed disclosures as to the tissue morphogenic 
properties of these proteins). 
0021 AS used herein, the terms “morphogen,”“bone mor 
phogen,”“bone morphogenic protein,”“BMP,”“morpho 
genic protein’ and “morphogenetic protein’ all embrace the 
class of proteins typified by human Osteogenic protein 1 
(hCP-1). Nucleotide and amino acid sequences for hOP-1 
are provided in SEQID NOS: 1 and 2, respectively. For ease 
of description, h0P-1 is considered a representative mor 
phogen. It will be appreciated that OP-1 is merely repre 
sentative of the TGF-B subclass of true tissue morphogens 
and is not intended to limit the description. Other known and 
useful morphogens include, but are not limited to, BMP-2, 
BMP-3, BMP-3b, BMP-4, BMP-5, BMP-6- BMP-8, BMP 
9, BMP-10, BMP-11, BMP-12, BMP-13, BMP-15, GDF-1, 
GDF-2, GDF-3, GDF-5, GDF-6, GDF-7, GDF-8, GDF-9, 
GDF-10, GDF-11, GDF-12, 60A, NODAL, UNIVIN, 
SCREW, ADMP, and NEURAL, and morphogenically-ac 
tive amino acid variants of any thereof. 
0022. In specific embodiments, useful morphogens 
include those sharing the conserved Seven cysteine Skeleton, 
and sharing at least 70% amino acid Sequence homology 
(similarity), within the C-terminal Seven-cysteine skeleton 
of human OP-1, residues 330-431 of SEQ ID NO: 2 (here 
inafter referred to as the “reference Sequence”). In another 
embodiment, the invention encompasses use of biologically 
active species (phylogenetic) variants of any of the morpho 
genic proteins recited herein, including conservative amino 
acid sequence variants, proteins encoded by degenerate 
nucleotide Sequence variants, and morphogenically-active 
proteins sharing the conserved Seven cysteine skeleton as 
defined herein and encoded by a DNA sequence to hybridize 
under Standard Stringency conditions to a DNA encoding a 
morphogenic protein disclosed herein, including, without 
limitation, OP-1 or BMP-2 or BMP-4. Presently, however, 
the reference sequence is that of residues 330-431 of SEQID 
NO: 2 (OP-1). 
0023. In still another embodiment, morphogens useful in 
methods and compositions of the invention are defined as 
morphogenically-active proteins having any one of the 
generic sequences defined herein, including OPX (SEQ ID 
NO:3) and Generic Sequences 7 and 8 (SEQ ID NOS: 4 and 
5, respectively), or Generic Sequences 9 and 10 (SEQ ID 
NOS: 6 and 7, respectively). OPX encompasses the 
observed variation between the known phylogenetic coun 
terparts of the osteogenic OP-1 and OP-2 proteins, and is 
described by the amino acid Sequence presented herein 
below and in SEQ ID NO: 3. Generic Sequence 9 is a 96 
amino acid Sequence containing the C-terminal six cysteine 
skeleton observed in hoP-1 (residues 335-431 of SEQ ID 
NO: 2) and wherein the remaining residues encompass the 
observed variation among OP-1, OP-2, OP-3, BMP-2, 
BMP-3, BMP-4, BMP-5, BMP-6, BMP-8, BMP-9, BMP 
10, BMP-11, BMP-15, GDF-1, GDF-3, GDF-5, GDF-6, 
GDF-7, GDF-8, GDF-9, GDF-10, GDF-11, 60A, UNIVIN, 
NODAL, DORSALIN, NEURAL, SCREW and ADMP. 
That is, each of the non-cysteine residues is independently 
Selected from the corresponding residue in this recited group 
of known, naturally-Sourced proteins. Generic Sequence 10 
is a 102 amino acid Sequence which includes a five amino 
acid Sequence added to the N-terminus of the Generic 
Sequence 9 and defines the Seven cysteine Skeleton observed 
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in hoP-1 (330-431 SEQ ID NO: 2). Generic Sequences 7 
and 8 are 96 and 102 amino acid Sequences, respectively, 
containing either the six cysteine skeleton (Generic 
Sequence 7) or the Seven cysteine skeleton (Generic 
Sequence 8) defined by hOP-1 and wherein the remaining 
non-cysteine residues encompass the observed variation 
among OP-1, OP-2, OP-3, BMP-2, BMP-3, BMP-4, 60A, 
DPP, Vg1, BMP-5, BMP-6, Vgr-1, and GDF-1. 

0024. Of particular interest are morphogens which, when 
provided to a Specific tissue of a mammal, induce tissue 
Specific morphogenesis or maintain the normal State of 
differentiation and growth of that tissue. In preferred 
embodiments, the present morphogens induce the formation 
of vertebrate (e.g., avian or mammalian) body tissues, Such 
as but not limited to nerve, eye, bone, cartilage, bone 
marrow, ligament, tooth dentin, periodontium, liver, kidney, 
lung, heart, or gastrointestinal lining. Preferred methods 
may be carried out in the context of developing embryonic 
tissue, or at an aseptic, unscarred wound Site in post 
embryonic tissue. Methods of identifying Such morphogens, 
or morphogen receptor agonists, are known in the art and 
include assays for compounds which induce morphogen 
mediated responses (e.g., induction of endochondral bone 
formation, induction of differentiation of metanephric mes 
enchyme, and the like). In a preferred embodiment, mor 
phogens of the invention, when implanted in a mammal in 
conjunction with a matrix permissive of bone morphogen 
esis, are capable of inducing a developmental cascade of 
cellular and molecular events that culminates in endochon 
dral bone formation. See, U.S. Pat. No. 4,968,590, Sampath, 
et al., Proc. Natl. Acad Sci. USA 80: 6591-6595 (1983), the 
disclosures of which are incorporated by reference herein. 

0.025 In an alternative preferred embodiment, morpho 
gens of the invention are also capable of Stimulating pro 
duction of cell adhesion molecules, including nerve cell 
adhesion molecules (N-CAMs). In a preferred embodiment, 
the present morphogens are capable of Stimulating the 
production of N-CAM in vitro in NG108-15 cells, which are 
a preferred model System for assessing neuronal differen 
tiation, particularly motor neuron differentiation. 

0026. In still other embodiments, an agent which acts as 
an agonist of a morphogen receptor may be administered 
instead of the morphogen itself. An "agonist of a receptor 
is a compound which binds to the receptor, and for which the 
result of Such binding is similar to the result of binding the 
natural, endogenous ligand of the receptor. That is, the 
compound must, upon interaction with the receptor, produce 
the same or Substantially Similar transmembrane and/or 
intracellular effects as the endogenous ligand. Thus, an 
agonist of a morphogen receptor binds to the receptor and 
Such binding has the same or a functionally similar result as 
morphogen binding (e.g., induction of morphogenesis). The 
activity or potency of an agonist can be less than that of the 
natural ligand, in which case the agonist is said to be a 
"partial agonist,” or it can be equal to or greater than that of 
the natural ligand, in which case it is said to be a “full 
agonist.” Thus, for example, a Small peptide or other mol 
ecule which can mimic the activity of a morphogen in 
binding to and activating the morphogen's receptor may be 
employed as an equivalent of the morphogen. Preferably the 
agonist is a full agonist, but partial morphogen receptor 
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agonists may also be advantageously employed. Such an 
agonist may also be referred to as a morphogen "mimic, 
"mimetic,” or “analog.” 

0027 Morphogen inducers and agonists can be identified 
by mutation, Site-specific mutagenesis, combinatorial chem 
istry, etc. Such methods are well known in the art. For 
example, methods of identifying morphogen inducers or 
agonists of morphogen receptorS may be found in U.S. Ser. 
No. 08/478,097 filed Jun. 7, 1995 and U.S. Ser. No. 08/507, 
598 filed Jul. 26, 1995, the disclosures of which are incor 
porated herein by reference. Candidate morphogen inducers 
and agonists are then tested for their ability to induce 
endochondral bone formation and preferably, to Stimulate 
N-CAM production in neurons or in a neuronal model 
system, such as NG108-15 cells. Morphogen inducers and 
agonists identified according to the present invention are 
capable of inducing endochondral bone formation when 
implanted in a mammal in conjunction with a matrix per 
missive of bone morphogenesis and are capable of Stimu 
lating production of N-CAM in vitro. 

0028. The preferred methods, material, and examples that 
will now be described are illustrative only and are not 
intended to be limiting. Other features and advantages of the 
invention will be apparent from the following detailed 
description, and from the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0029 FIG. 1 is a tabular presentation of the percent 
amino acid sequence identity and percent amino acid 
Sequence homology ("similarity”) that various members of 
the family of morphogenic proteins as defined herein Share 
with hCP-1 in the C-terminal seven cysteine skeleton; 

0030 FIG. 2 (Panels A and B) are photographs illustrat 
ing the ability of morphogen (OP-1) to induce transformed 
neuroblastomaxglioma cells (Panel 1A) to redifferentiate to 
a morphology characteristic of untransformed neurons 
(Panel 1B); 
0031 FIG. 3A is a line graph depicting a dose response 
curve for the induction of the 180 kDa and 140 kDa N-CAM 
isoforms in morphogen-treated NG108-15 cells; 

0032 FIG.3B is a photograph of a Western blot of whole 
cell extracts from morphogen-treated NG108-15 cells with 
an N-CAM-specific antibody; and 

0033 FIG. 4 is a line graph depicting the mean number 
of cell aggregates counted in twenty (20) randomly selected 
magnified viewing fields as a function of morphogen con 
centration. 

0034 FIG. 5 is a photograph of an immunoblot demon 
Strating the presence of OP-1 in human Serum. 

0035 FIG. 6 is a bar graph comparing the effects of OP-1 
and glial cells on axonal and dendritic length after one day 
in vitro. 

0036 FIG. 7 is a bar graph comparing the effects of OP-1 
and glial cells on dendritic length after three days in vitro. 

0037 FIG. 8 is a bar graph comparing the effects of OP-1 
and glial cells on dendritic branching after three days in 
vitro. 
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0038 FIG. 9 is a bar graph comparing the effects of OP-1 
and glial cells on Synapse formation after three and four days 
in vitro. 

0039 FIG. 10 (Panels A and B) are bar graphs depicting 
the effects of OP-1 on the levels of dopamine in the striatum 
(Panel A) and substantial nigra (Panel B) measured by 
HPLC. Levels of dopamine in the lesioned (injected) side 
are compared with levels in the non-lesioned (non-injected) 
side. Data are expressed as mean SEM. Ne6. *p-0.05 s 
non-injected Side. 
0040 FIG. 11 is a line graph depicting the effects of 
OP-1 on circling behavior following a unilateral 6-OHDA 
lesion of the Substantial nigra. 
0041 FIG. 12 (Panels A and B) are photographs illus 
trating tyrosine immunoreactivity at the level of the Sub 
Stantia nigra in lesioned rats injected with vehicle (Panel A) 
or with 10 ug of mature OP-1 (Panel B). Sn=substantia nigra 
0.042 FIG. 13 are photographs illustrating tyrosine 
immunoreactivity at the level of the striatum (upper panels) 
and of the Substantia nigra (lower panels) in lesioned rats 
injected with vehicle (left panels) or with 10 ug of mature 
OP-1 (right panels). 
0.043 FIG. 14 is a line graph depicting the correlation 
between immunoreactivity Scores and percent changes in 
rotation from the pre-treatment trial to the post-OP-1 injec 
tion trial. Immunoreactivity Scores were graded from 0 to 4 
as follows: 0=no change in TH immunoreactivity; 1 =slight 
increase in TH fiber immunoreactivity; 2=moderate increase 
in TH fiber and few TH positive cell bodies around the 
injection site, 3=major increase in TH fiber and moderate 
TH positive cell bodies around the injection site; and 4=the 
criteria for 3 plus moderate increase in TH fiber immunore 
activity in Several Sections Surrounding the injection site. 
Open circles represent vehicle-treated rats, filled Squares 
represent OP-1-treated rats. The line is a least Squares 
regression line fit to the OP-1 data (rf=0.90, p<0.005). 

DETAILED DESCRIPTION OF THE 
INVENTION 

0044) It has now been discovered that morphogens 
enhance Survival of neurons, and maintain neural pathways. 
AS described herein, morphogens are capable of enhancing 
Survival of neurons, Stimulating neuronal CAM expression, 
maintaining the phenotypic expression of differentiated neu 
rons, inducing the redifferentiation of transformed cells of 
neural origin, and Stimulating axonal growth over breaks in 
neural processes, particularly large gaps in axons. Morpho 
gens also protect against tissue destruction associated with 
immunologically-related nerve tissue damage. Finally, mor 
phogens may be used as part of a method for monitoring the 
Viability of nerve tissue in a mammal. 
0.045 A. Biochemical, Structural and Functional Proper 
ties of Useful Morphogenic Proteins 
0046. As noted above, a protein is morphogenic as 
defined herein if it induces the developmental cascade of 
cellular and molecular events that culminate in the formation 
of new, organ-specific tissue. In a preferred embodiment, a 
morphogen is a dimeric protein, each polypeptide compo 
nent of which has a Sequence that corresponds to, or is 
functionally equivalent to, at least the conserved C-terminal 
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six or seven cysteine skeleton of human OP-1, included in 
SEQ ID NO: 2, and/or which shares 70% amino acid 
Sequence homology with OP-1 in this region. The morpho 
gens are generally competent to induce a cascade of events 
including the following, in a morphogenically permissive 
environment: Stimulating proliferation of progenitor cells, 
Stimulating the differentiation of progenitor cells, Stimulat 
ing the proliferation of differentiated cells, and Supporting 
the growth and maintenance of differentiated cells. Under 
appropriate conditions morphogens are also competent to 
induce redifferentiation of cells that have undergone abnor 
mal differentiation. Details of how the morphogens useful in 
this invention were identified, as well as a description on 
how to make, use and test them for morphogenic activity are 
disclosed in numerous publications, including U.S. Pat. Nos. 
5,011,691 and 5,266,683, and the international patent appli 
cation publications WO 92/15323; WO 93/04692; and WO 
94/03200, each of which are incorporated by reference 
herein. AS disclosed therein, the morphogens can be purified 
from naturally-sourced material or recombinantly produced 
from prokaryotic or eukaryotic host cells, using the genetic 
Sequences disclosed therein. Alternatively, novel morpho 
genic Sequences can be identified following the procedures 
disclosed therein. 

0047 The naturally-occurring morphogens share sub 
Stantial amino acid Sequence homology in their C-terminal 
Sequences (sharing e.g., a six or Seven cysteine skeleton 
Sequence). Typically, a naturally-occurring morphogen is 
translated as a precursor, having an N-terminal signal pep 
tide Sequence, typically less than about 35 residues in length, 
followed by a “pro” domain that is cleaved to yield the 
mature polypeptide, which includes the biologically active 
C-terminal Skeleton Sequence. The Signal peptide is cleaved 
rapidly upon translation, at a cleavage Site that can be 
predicted in a given Sequence using the method of Von 
Heijne, Nucleic Acids Research 14:4683-4691 (1986). The 
pro polypeptide typically is about three times larger than the 
fully processed, mature C-terminal polypeptide. Under 
native conditions, the protein is Secreted as a mature dimer 
and the cleaved pro polypeptide is thought to remain asso 
ciated there with to form a protein complex, presumably to 
improve the solubility of the mature dimeric protein. The 
complexed form of a morphogen is generally observed to be 
more Soluble than the mature form under physiological 
conditions. 

0048 Natural-sourced morphogenic protein in its mature, 
native form, is typically a glycosylated dimer, having an 
apparent molecular weight of about 30-36 kDa as deter 
mined by SDS-PAGE. When reduced, the 30 kDa protein 
gives rise to two glycosylated polypeptide Subunits having 
apparent molecular weights in the range of about 16 kda and 
about 18 kDa. The unglycosylated dimeric protein, which 
also has morphogenic activity, typically has an apparent 
molecular weight in the range of about 27 kDa. When 
reduced, the 27 kDa protein gives rise to two unglycosylated 
polypeptides having molecular weights typically in the 
range of about 14 kDa to about 16 kDa. 
0049. In preferred embodiments, each of the polypeptide 
Subunits of a dimeric morphogenic protein as defined herein 
comprises an amino acid Sequence Sharing a defined rela 
tionship with an amino acid Sequence of a reference mor 
phogen. In one embodiment, preferred morphogenic 
polypeptide chains share a defined relationship with a 
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Sequence present in morphogenically-active human OP-1, 
SEQ ID NO: 2. However, any one or more of the naturally 
occurring or biosynthetic morphogenic proteins disclosed 
herein Similarly could be used as a reference Sequence. 
Preferred morphogenic polypeptide chains share a defined 
relationship with at least the C-terminal six cysteine skeleton 
of human OP-1, residues 335-431 of SEQ ID NO: 2. 
Preferably, morphogenic proteins share a defined relation 
ship with at least the C-terminal Seven cysteine skeleton of 
human OP-1, residues 330-431 of SEQ ID NO: 2. 
0050 Functionally equivalent sequences include func 
tionally equivalent arrangements of cysteine residues dis 
posed within the reference Sequence, including amino acid 
insertions or deletions which alter the linear arrangement of 
these cysteines, but do not materially impair their relation 
ship in the folded Structure of the dimeric morphogen 
protein, including their ability to form Such intra- or inter 
chain disulfide bonds as may be necessary for morphogenic 
activity. For example naturally-occurring morphogens have 
been described in which at least one internal deletion (of one 
residue, BMP2) or insertion (of four residues; GDF-1) is 
present but does not abrogate biological activity. Function 
ally equivalent Sequences further include those wherein one 
or more amino acid residues differ from the corresponding 
residue of a reference Sequence, e.g., the C-terminal Seven 
cysteine skeleton of human OP-1, provided that this differ 
ence does not destroy tissue morphogenic activity. Accord 
ingly, conservative Substitutions of corresponding amino 
acids in the reference Sequence are preferred. Amino acid 
residues that are “conservative Substitutions” for corre 
sponding residues in a reference Sequence are those that are 
physically or functionally similar to the corresponding ref 
erence residues, erg., that have similar size, shape, electric 
charge, chemical properties including the ability to form 
covalent or hydrogen bonds, or the like. Particularly pre 
ferred conservative substitutions are those fulfilling the 
criteria defined for an accepted point mutation in Dayhoff, et 
al., 5 ATLAS OF PROTEIN SEQUENCE AND STRUC 
TURE, Suppl. 3, ch. 22 pp. 354-352 (1978), Natl. Biomed. 
Res. Found., Washington, D.C. 20007, the teachings of 
which are incorporated by reference herein. Examples of 
conservative Substitutions include the Substitution of one 
amino acid for another with Similar characteristics, e.g., 
Substitutions within the following groups: valine, glycine; 
glycine, alanine, Valine, isoleucine, leucine; aspartic acid, 
glutamic acid; asparagine, glutamine, Serine, threonine; 
lysine, arginine; and phenylalanine, tyrosine. The term “con 
Servative Substitution' also includes the use of a Synthetic or 
derivatized amino acid in place of the corresponding natural 
parent amino acid, provided that antibodies raised to the 
resulting variant polypeptide also immunoreact with the 
corresponding naturally Sourced morphogen polypeptide. 
0051. The following publications disclose published 
morphogen polypeptide Sequences, as well as relevant 
chemical and physical properties, of naturally-occurring 
and/or synthetic morphogens: OP-1 and OP-2: U.S. Pat. No. 
5,011,691, U.S. Pat. No. 5,266,683, Ozkaynak, et al., EMBO 
J. 9: 2085-2093 (1990); OP-3: WO 94/10203 (PCT US93/ 
10520); BMP-2, BMP-3, and BMP-4: WO 88/00205, 
Wozney, et al., Science 242: 1528-1534 (1988); BMP-5 and 
BMP-6: Celeste, et al., PNAS 87: 9843-9847 (1991); Vgr-1: 
Lyons, et al., PNAS86:4554-4558 (1989); DPP: Padgett, et 
al, Nature 325: 81-84 (1987); Vg-1: Weeks Cell 51:861-867 
(1987); BMP-9: WO95/33830 (PCT/US95/07084); BMP 
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10: WO 94/26893 (PCT/US94/05290); BMP-11: WO 
94/26892 (PCT/US94/05288); BMP-12: WO 95/16035 
(PCT/US94/14030); BMP-13: WO95/16035 (PCT/US94/ 
14030); GDF-1: WO92/00382 (PCT/US91/04096) and Lee, 
et al., PNAS 88: 4250-4254 (1991); GDF-8: WO94/21681 
(PCT/US94/03019); GDF-9: WO 94/15966 (PCT/US94/ 
00685); GDF-10: WO95/10539 (PCT/US94/11440); GDF 
11: WO 96/01845 (PCT/US95/08543); BMP-15: WO 
96/36710 (PCT/US96/06540); MP121: WO 96/01316 (PCT/ 
EP95/02552); GDF-5 (CDMP-1, MP52): WO 94/15949 
(PCT/US94/00657) and WO 96/14335 (PCT/US94/12814) 
and WO 93/16099 (PCT/EP93/00350); GDF-6 (CDMP-2, 
BMP-13): WO 95/01801 (PCT/US94/07762) and WO 
96/14335 and WO95/10635 (PCT/US94/14030); GDF-7 
(CDMP-3, BMP-12): WO95/10802 (PCT/US94/07799) 
and WO95/10635 (PCT/US94/14030). In another embodi 
ment, useful proteins include biologically active biosyn 
thetic constructs, including novel biosynthetic morphogenic 
proteins and chimeric proteins designed using Sequences 
from two or more known morphogens. See also the biosyn 
thetic constructs disclosed in U.S. Pat. No. 5,011,691, the 
disclosure of which is incorporated herein by reference (e.g., 
COP-1, COP-3, COP-4, COP-5, COP-7, and COP-16). 
0052. In certain preferred embodiments, useful morpho 
genic proteins include those in which the amino acid 
Sequences comprise a sequence sharing at least 70% amino 
acid sequence homology or “similarity”, and preferably 80% 
homology or Similarity, with a reference morphogenic pro 
tein Selected from the exemplary, naturally-occurring mor 
phogenic proteins listed herein. Preferably, the reference 
protein is human OP-1, and the reference Sequence thereof 
is the C-terminal Seven cysteine skeleton present in Osteo 
genically active forms of human OP-1, residues 330-431 of 
SEQ ID NO: 2. Useful morphogenic proteins accordingly 
include allelic, phylogenetic counterpart and other variants 
of the preferred reference Sequence, whether naturally 
occurring or biosynthetically produced (e.g., including 
“muteins” or “mutant proteins”), as well as novel members 
of the general morphogenic family of proteins including 
those set forth and identified above. Certain particularly 
preferred morphogenic polypeptides share at least 60% 
amino acid identity with the preferred reference Sequence of 
human OP-1, still more preferably at least 65% amino acid 
identity therewith. 
0053. In certain embodiments, a polypeptide suspected of 
being functionally equivalent to a reference morphogen 
polypeptide is aligned therewith using the method of 
Needleman, et al., J. Mol. Biol. 48: 443-453 (1970), imple 
mented conveniently by computer programs Such as the 
Align program (DNAStar, Inc.). As noted above, internal 
gaps and amino acid insertions in the candidate Sequence are 
ignored for purposes of calculating the defined relationship, 
conventionally expressed as a level of amino acid Sequence 
homology, or identity, between the candidate and reference 
Sequences. “Amino acid Sequence homology' is understood 
herein to include both amino acid Sequence identity and 
Similarity. Homologous Sequences share identical and/or 
Similar amino acid residues, where similar residues are 
conservation Substitutions for, or “allowed point mutations' 
of, corresponding amino acid residues in an aligned refer 
ence Sequence. Thus, a candidate polypeptide Sequence that 
shares 70% amino acid homology with a reference Sequence 
is one in which any 70% of the aligned residues are either 
identical to, or are conservative Substitutions of, the corre 
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sponding residues in a reference Sequence. In a preferred 
embodiment, the reference Sequence is the C-terminal Seven 
cysteine skeleton Sequence of human OP-1. 

0.054 FIG. 1 recites the percent amino acid sequence 
homology (similarity) and percent identity within the C-ter 
minal Seven cysteine skeletons of various representative 
members of the TGF-3 family, using OP-1 as the reference 
Sequence. The percent homologies recited in the figure are 
determined by aligning the Sequences essentially following 
the method of Needleman, et al., J. Mol. Biol, 48: 443-453 
(1970), and using the Align Program (DNAStar, Inc.). Inser 
tions and deletions from the reference morphogen Sequence 
(the C-terminal, biologically active Seven-cysteine skeleton 
of hCP-1) are ignored for purposes of calculation. 

0.055 AS is apparent to one of ordinary skill in the art 
reviewing the sequences for the proteins listed in FIG. 1, 
Significant amino acid changes can be made from the 
reference Sequence while retaining Substantial morphogenic 
activity. For example, while the GDF-1 protein sequence 
shares only about 50% amino acid identity with the hOP-1 
Sequence described herein, the GDF-1 Sequence shares 
greater than 70% amino acid Sequence homology with the 
hOP-1 sequence, where “homology” is as defined above. 
Moreover, GDF-1 contains a four amino acid insert (Gly 
Gly-Pro-Pro) between the two residues corresponding to 
residue 372 and 373 of OP-1 (SEQ ID NO: 2). Similarly, 
BMP-3 has a “extra residue, a valine, inserted between the 
two residues corresponding to residues 385 and 386 of 
hOP-1 (SEQ ID NO: 2). Also, BMP-2 and BMP-4 are both 
“missing the amino acid residue corresponding to residue 
389 of OP-1 (SEQ ID NO: 2). None of these “deviations” 
from the reference Sequence appear to interfere Substantially 
with biological activity. 

0056. In other preferred embodiments; the family of 
morphogenic polypeptides useful in the present invention, 
and members thereof, are defined by a generic amino acid 
sequence. For example, Generic Sequence 7 (SEQ ID NO: 
4) and Generic Sequence 8 (SEQID NO. 5) disclosed below, 
encompass the observed variations between preferred pro 
tein family members identified to date, including at least 
OP-1, OP-2, OP-3, CBMP-2A, CBMP-2B, BMP-3, 60A, 
DPP, Vg1, BMP-5, BMP-6, Vgr-1, and GDF-1. The amino 
acid Sequences for these proteins are described herein and/or 
in the art, as Summarized above. The generic Sequences 
include both the amino acid identity shared by these 
Sequences in the C-terminal Skeleton, defined by the Six and 
Seven cysteine skeletons (Generic Sequences 7 and 8, 
respectively), as well as alternative residues for the variable 
positions within the Sequence. The generic Sequences pro 
vide an appropriate cysteine Skeleton where inter- or 
intramolecular disulfide bonds can form, and contain certain 
critical amino acids likely to influence the tertiary Structure 
of the folded proteins. In addition, the generic Sequences 
allow for an additional cysteine at position 36 (Generic 
Sequence 7) or position 41 (Generic Sequence 8), thereby 
encompassing the morphogenically-active Sequences of 
OP-2 and OP-3. 
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Generic Sequence 7 
(SEQ ID NO : 4) 

Telu Xaa Xaa Xaa Phe Xaa Xaa 
1 5 

Xaa Gly Trp Xaa Xaa Xala Xala Xala Xala Pro 
10 15 

Xaa Xala Xala Xaa Ala Xala Tyr Cys Xaa Gly 
2O 25 

Xaa Cys Xaa Xaa Pro Xala Xala Xala Xala Xala 
30 35 

Xaa Xala Xala Asn His Ala Xaa Xala Xala Xaa 
40 45 

Xaa Xala Xala Xaa Xaa Xala Xala Xala Xala Xala 
50 55 

Xaa Xala Xala Cys Cys Xaa Pro Xaa Xaa Xaa 
60 65 

Xaa Xala Xala Xaa Xaa Teu Xala Xala Xala Xala 
70 75 

Xaa Xala Xala Wall Xaa Teu Xala Xala Xala Xala 
8O 85 

Xaa Met Xala Wall Xaa Xala Cys Xaa Cys Xaa 
90 95 

0057 wherein 
0.058 each Xaa independently is selected from a 
group of one or more specified amino acids defined 
as follows: “Res.” means “residue' and Xaa at res. 
2=(Tyr or Lys); Xaa at res. 3=Val or Ile); Xaa at res. 
4=(Ser, Asp or Glu), Xaa at res. 6=(Arg, Gln, Ser, 
Lys or Ala); Xaa at res. 7=(Asp or Glu); Xaa at res. 
8=(Leu, Val or Ile); Xaa at res. 11=(Gln, Leu, Asp, 
His, ASn or Ser); Xaa at res. 12=(Asp, Arg, ASn or 
Glu); Xaa at res. 13=(Trp or Ser); Xaa at res. 14=(Ile 
or Val); Xaa at res. 15=(Ile or Val); Xaa at res. 16(Ala 
or Ser); Xaa at res. 18=(Glu, Gln, Leu, Lys, Pro or 
Arg), Xaa at res. 19=(Gly or Ser); Xaa at res. 
20=(Tyr or Phe); Xaa at res. 21=(Ala, Ser, Asp, Met, 
His, Gln, Leu or Gly); Xaa at res. 23=(Tyr, ASn or 
Phe); Xaa at res. 26=(Glu, His, Tyr, Asp, Gln, Ala or 
Ser); Xaa at res. 28=(Glu, LyS, Asp, Gln or Ala); Xaa 
at res. 30=(Ala, Ser, Pro, Gln, Ile or ASn); Xaa at res. 
31=(Phe, Leu or Tyr); Xaa at res. 33=(Leu, Val or 
Met); Xaa at res. 34=(ASn, Asp, Ala, Thr or Pro); 
Xaa at res. 35=(Ser, Asp, Glu, Leu, Ala or LyS), Xaa 
at res. 36=(Tyr, Cys, His, Ser or Ile); Xaa at res. 
37=(Met, Phe, Gly or Leu); Xaa at res. 38=(ASn, Ser 
or Lys); Xaa at res. 39-(Ala, Ser, Gly or Pro); Xaa 
at res. 40=(Thr, Leu or Ser); Xaa at res. 44=(Ile, Val 
or Thr); Xaa at res. 45=(Val, Leu, Met or Ile); Xaa at 
res. 46=(Gln or Arg); Xaa at res. 47=(Thr, Ala or 
Ser); Xaa at res. 48=(Leu or Ile); Xaa at res. 49-(Val 
or Met); Xaa at res. 50=(His, ASnor Arg); Xaa at res. 
51=(Phe, Leu, ASn, Ser, Ala or Val); Xaa at res. 
52=(Ile, Met, ASn, Ala, Val, Gly or Leu); Xaa at res. 
53=(ASn, Lys, Ala, Glu, Gly or Phe); Xaa at res. 
54=(Pro, Ser or Val); Xaa at res. 55=(Glu, Asp, ASn, 
Gly, Val, Pro or Lys); Xaa at res. 56=(Thr, Ala, Val, 
LyS, Asp, Tyr, Ser, Gly, Ile or His); Xaa at res. 
57=(Val, Ala or Ile); Xaa at res. 58=(Pro or Asp); Xaa 
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at res. 59=(Lys, Leu or Glu); Xaa at res. 60=(Pro, Val 
or Ala); Xaa at res. 63=(Ala or Val); Xaa at res. 
65=(Thr, Ala or Glu); Xaa at res. 66=(Gln, Lys, Arg 
or Glu); Xaa at res. 67=(Leu, Met or Val); Xaa at res. 
68=(ASn, Ser, Asp or Gly); Xaa at res. 69=(Ala, Pro 
or Ser); Xaa at res. 70=(Ile, Thr, Val or Leu); Xaa at 
res. 71=(Ser, Ala or Pro); Xaa at res. 72=(Val, Leu, 
Met or Ile); Xaa at res. 74=(Tyr or Phe); Xaa at res. 
75=(Phe, Tyr, Leu or His); Xaa at res. 76=(Asp, Asn 
or Leu); Xaa at res. 77=(Asp, Glu, ASn, Arg or Ser); 
Xaa at res. 78=(Ser, Gln, ASn, Tyr or Asp); Xaa at 
res. 79–(Ser, ASn, Asp, Glu or LyS), Xaa at res. 
80=(ASn, Thr or Lys); Xaa at res. 82=(Ile, Val or 
ASn), Xaa at res. 84=(Lys or Arg), Xaa at res. 
85=(LyS, ASn, Gln, His, Arg or Val); Xaa at res. 
86=(Tyr, Glu or His); Xaa at res. 87=(Arg, Gln, Glu 
or Pro); Xaa at res. 88=(ASn, Glu, Trp or Asp); Xaa 
at res. 90=(Val, Thr, Ala or Ile); Xaa at res.92=(Arg, 
Lys, Val, Asp, Gln or Glu); Xaa at res. 93-(Ala, Gly, 
Glu or Ser); Xaa at res. 95-(Gly or Ala) and Xaa at 
res. 97=(His or Arg). 

0059 Generic Sequence 8 (SEQ ID NO:5) includes all of 
Generic Sequence 7 (SEQ ID NO: 4) and in addition 
includes the following sequence (SEQ ID NO: 8) at its 
N-terminus: 

Cys Xaa Xaa Xaa Xaa 
1 5 

SEQ ID NO: 8 

0060 Accordingly, beginning with residue 7, each “Xaa’ 
in Generic Sequence 8 is a specified amino acid defined as 
for Generic Sequence 7, with the distinction that each 
residue number described for Generic Sequence 7 is shifted 
by five in Generic Sequence 8. Thus, “Xaa at res. 2=(Tyr or 
Lys)” in Generic Sequence 7 refers to Xaa at res. 7 in 
Generic Sequence 8. In Generic Sequence 8, Xaa at res. 
2=(LyS, Arg, Ala or Gln), Xaa at res. 3=(LyS, Arg or Met); 
Xaa at res. 4=(His, Arg or Gln); and Xaa at res. 5=(Glu, Ser, 
His, Gly, Arg, Pro, Thr, or Tyr). 

0061. In another embodiment, useful osteogenic proteins 
include those defined by Generic Sequences 9 and 10 (SEQ 
ID NOS: 6 and 7, respectively), described herein above. 
Specifically, Generic Sequences 9 and 10 are composite 
amino acid Sequences of the following proteins: human 
OP-1, human OP-2, human OP-3, human BMP-2, human 
BMP-3, human BMP-4, human BMP-5, human BMP-6, 
human BMP-8, human BMP-9, human BMP-10, human 
BMP-11, Drosophila 60A, Xenopus Vg-1, sea urchin 
UNIVIN, human CDMP-1 (mouse GDF-5), human 
CDMP-2 (mouse GDF-6, human BMP-13), human 
CDMP-3 (mouse GDF-7, human BMP-12), mouse GDF-3, 
human GDF-1, mouse GDF-1, chicken DORSALIN, Droso 
phila dipp, Drosophila SCREW, mouse NODAL, mouse 
GDF-8, human GDF-8, mouse GDF-9, mouse GDF-10, 
human GDF-11, mouse GDF-11, human BMP-15, and rat 
BMP-3b. Like Generic Sequence 7, Generic Sequence 9 
accommodates the C-terminal Six cysteine skeleton and, like 
Generic Sequence 8, Generic Sequence 10 accommodates 
the Seven cysteine Skeleton. 
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Generic Sequence 9 
(SEQ ID NO : 6) 

Xaa Xala Xala Xaa Xaa Xala Xala Xala Xala Xala 
1 5 10 

Xaa Xala Xala Xaa Xaa Xala Pro Xala Xala Xala 
15 2O 

Xaa Xala Xala Xaa Cys Xaa Gly Xaa Cys Xaa 
25 30 

Xaa Xala Xala Xaa Xaa Xala Xala Xala Xala Xala 
35 40 

Xaa Xala Xala Xaa Xaa Xala Xala Xala Xala Xala 
45 50 

Xaa Xala Xala Xaa Xaa Xala Xala Xala Xala Xala 
55 60 

Xaa Cys Xaa Pro Xaa Xala Xala Xala Xala Xala 
65 70 

Xala Xala Lieu Xaa Xaa Xala Xala Xala Xala Xala 
75 8O 

Xaa Xala Xala Xaa Xaa Xala Xala Xala Xala Xala 
85 90 

Xaa Xala Xala Cys Xaa Cys Xaa 
95 

0062 wherein 
0063 each Xaa is independently Selected from a 
group of one or more specified amino acids defined 
as follows: “Res.” means “residue' and Xaa at res. 
1=(Phe, Leu or Glu); Xaa at res. 2=(Tyr, Phe, His, 
Arg, Thr, Lys, Gln, Val or Glu); Xaa at res. 3=(Val, 
Ile, Leu or Asp); Xaa at res. 4=(Ser, Asp, Glu, ASnor 
Phe); Xaa at res. 5=(Phe or Glu); Xaa at res. 6=(Arg, 
Gln, LyS, Ser, Glu, Ala or ASn), Xaa at res. 7=(Asp, 
Glu, Leu, Ala or Gln); Xaa at res. 8=(Leu, Val, Met, 
Ile or Phe); Xaa at res. 9=(Gly, His or Lys); Xaa at 
res. 10=(Trp or Met); Xaa at res. 11=(Gln, Leu, His, 
Glu, ASn, Asp, Ser or Gly); Xaa at res. 12=(Asp, ASn, 
Ser, Lys, Arg, Glu or His); Xaa at res. 13=(Trp or 
Ser); Xaa at res. 14=(Ile or Val); Xaa at res. 15=(Ile 
or Val); Xaa at res. 16=(Ala, Ser, Tyr or Trp); Xaa at 
res. 18=(Glu, Lys, Gln, Met, Pro, Leu, Arg, His or 
LyS), Xaa at res. 19-(Gly, Glu, Asp, LyS, Ser, Gln, 
Arg or Phe); Xaa at res. 20=(Tyr or Phe); Xaa at res. 
21=(Ala, Ser, Gly, Met, Gln, His, Glu, Asp, Leu, 
ASn, Lys or Thr); Xaa at res. 22=(Ala or Pro); Xaa 
at res. 23=(Tyr, Phe, ASn, Ala or Arg), Xaa at res. 
24=(Tyr, His, Glu, Phe or Arg); Xaa at res. 26=(Glu, 
Asp, Ala, Ser, Tyr, His, LyS, Arg, Gln or Gly); Xaa 
at res. 28=(Glu, Asp, Leu, Val, LyS, Gly, Thr, Ala or 
Gln); Xaa at res. 30=(Ala, Ser, Ile, ASn, Pro, Glu, 
Asp, Phe, Gln or Leu); Xaa at res. 31=(Phe, Tyr, Leu, 
ASn, Gly or Arg); Xaa at res. 32=(Pro, Ser, Ala or 
Val); Xaa at res. 33=(Leu, Met, Glu, Phe or Val); Xaa 
at res. 34=(ASn, Asp, Thr, Gly, Ala, Arg, Leu or Pro), 
Xaa at res. 35=(Ser, Ala, Glu, Asp, Thr, Leu, LyS, Gln 
or His); Xaa at res. 36=(Tyr, His, Cys, Ile, Arg, Asp, 
ASn, Lys, Ser, Glu or Gly); Xaa at res. 37=(Met, Leu, 
Phe, Val, Gly or Tyr); Xaa at res. 38=(ASn, Glu, Thr, 
Pro, Lys, His, Gly, Met, Val or Arg); Xaa at res. 
39=(Ala, Ser, Gly, Pro or Phe); Xaa at res. 40=(Thr, 
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Ser, Leu, Pro, His or Met); Xaa at res. 41=(ASn, Lys, 
Val, Thr or Gln); Xaa at res. 42=(His, Tyr or Lys); 
Xaa at res. 43=(Ala, Thr, Leu or Tyr); Xaa at res. 
44=(Ile, Thr, Val, Phe, Tyr, Met or Pro); Xaa at res. 
45=(Val, Leu, Met, Ile or His); Xaa at res. 46=(Gln, 
Arg or Thr); Xaa at res. 47=(Thr, Ser, Ala, ASn or 
His); Xaa at res. 48=(Leu, ASn or Ile); Xaa at res. 
49=(Val, Met, Leu, Pro or Ile); Xaa at res. 50=(His, 
ASn, Arg, LyS, Tyr or Gln), Xaa at res. 51=(Phe, Leu, 
Ser, ASn, Met, Ala, Arg, Glu, Gly or Gln), Xaa at res. 
52=(Ile, Met, Leu, Val, Lys, Gln, Ala or Tyr); Xaa at 
res. 53=(ASn, Phe, LyS, Glu, Asp, Ala, Gln, Gly, Leu 
or Val); Xaa at res. 54=(Pro, ASn, Ser, Val or Asp); 
Xaa at res. 55=(Glu, Asp, ASn, LyS, Arg, Ser, Gly, 
Thr, Gln, Pro or His); Xaa at res. 56=(Thr, His, Tyr, 
Ala, Ile, LyS, Asp, Ser, Gly or Arg), Xaa at res. 
57=(Val, Ile, Thr, Ala, Leu or Ser); Xaa at res. 
58=(Pro, Gly, Ser, Asp or Ala); Xaa at res. 59-(LyS, 
Leu, Pro, Ala, Ser, Glu, Arg or Gly); Xaa at res. 
60=(Pro, Ala, Val, Thr or Ser); Xaa at res. 61=(Cys, 
Val or Ser); Xaa at res. 63=(Ala, Val or Thr); Xaa at 
res. 65=(Thr, Ala, Glu, Val, Gly, Asp or Tyr); Xaa at 
res. 66=(Gln, LyS, Glu, Arg or Val), Xaa at res. 
67=(Leu, Met, Thr or Tyr); Xaa at res. 68=(ASn, Ser, 
Gly, Thr, Asp, Glu, Lys or Val); Xaa at res. 69-(Ala, 
Pro, Gly or Ser); Xaa at res. 70=(Ile, Thr, Leu or Val); 
Xaa at res. 71=(Ser, Pro, Ala, Thr, ASnor Gly); Xaa 
at res. 2=(Val, Ile, Leu or Met); Xaa at res. 74=(Tyr, 
Phe, Arg, Thr, Tyr or Met); Xaa at res. 75=(Phe, Tyr, 
His, Leu, Ile, Lys, Gln or Val); Xaa at res. 76=(Asp, 
Leu, ASnor Glu); Xaa at res. 77=(Asp, Ser, Arg, ASn, 
Glu, Ala, Lys, Gly or Pro); Xaa at res. 78=(Ser, ASn, 
Asp, Tyr, Ala, Gly, Gln, Met, Glu, ASn or LyS), Xaa 
at res. 79-(Ser, ASn, Glu, Asp, Val, Lys, Gly, Gln or 
Arg); Xaa at res. 80=(ASn, Lys, Thr, Pro, Val, Ile, 
Arg, Ser or Gln); Xaa at res. 81=(Val, Ile, Thr or 
Ala); Xaa at res. 82=(Ile, ASn, Val, Leu, Tyr, Asp or 
Ala); Xaa at res. 83=(Leu, Tyr, Lys or Ile), Xaa at res. 
84=(Lys, Arg, ASn, Tyr, Phe, Thr, Glu or Gly); Xaa 
at res. 85=(LyS, Arg, His, Gln, ASn, Glu or Val); Xaa 
at res. 86=(Tyr, His, Glu or Ile); Xaa at res. 87=(Arg, 
Glu, Gln, Pro or LyS), Xaa at res. 88=(ASn, Asp, Ala, 
Glu, Gly or Lys); Xaa at res. 89-(Met or Ala); Xaa 
at res. 90=(Val, Ile, Ala, Thr, Ser or Lys); Xaa at res. 
91=(Val or Ala); Xaa at res. 92=(Arg, LyS, Gln, Asp, 
Glu, Val, Ala, Ser or Thr); Xaa at res. 93-(Ala, Ser, 
Glu, Gly, Arg or Thr); Xaa at res. 95=(Gly, Ala or 
Thr); Xaa at res. 97=(His, Arg, Gly, Leu or Ser). 
Further, after res. 53 in rBMP-3b and mGDF-10 
there is an Ile; after res. 54 in GDF-1 there is a T. 
after res. 54 in BMP-3 there is a V; after res. 78 in 
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BMP-8 and Dorsalin there is a G, after res. 37 in 
hCDF-1 there is Pro, Gly, Gly, Pro. 

0.064 Generic Sequence 10 (SEQID NO: 7) includes all 
of Generic Sequence 9 (SEQ ID NO: 6) and in addition 
includes the following sequence (SEQ ID NO: 9) at its 
N-terminus: 

Cys Xaa Xaa Xaa Xaa 
1 5 

SEQ ID NO: 9 

0065 Accordingly, beginning with residue 6, each “Xaa’ 
in Generic Sequence 10 is a Specified amino acid defined as 
for Generic Sequence 9, with the distinction that each 
residue number described for Generic Sequence 9 is shifted 
by five in Generic Sequence 10. Thus, “Xaa at res. 1=(Tyr, 
Phe, His, Arg, Thr, Lys, Gln, Val or Glu)" in Generic 
Sequence 9 refers to Xaa at res. 6 in Generic Sequence 10. 
In Generic Sequence 10, Xaa at res. 2=(LyS, Arg, Gln, Ser, 
His, Glu, Ala, or CyS), Xaa at res. 3=(LyS, Arg, Met, LyS, 
Thr, Leu, Tyr, or Ala); Xaa at res. 4=(His, Gln, Arg, LyS, Thr, 
Leu, Val, Pro, or Tyr); and Xaa at res. 5=(Gln, Thr, His, Arg, 
Pro, Ser, Ala, Gln, ASn, Tyr, LyS, Asp, or Leu). 
0066 Based upon alignment of the naturally-occurring 
morphogens within the definition of Generic Sequence 10, it 
should be clear that gaps and/or insertions of one or more 
amino acid residues can be tolerated (without abrogating or 
Substantially impairing biological activity) at least between 
or involving residues 11-12, 42-43, 59-60, 68-69 and 83-84. 
0067. As noted above, certain preferred morphogenic 
polypeptide Sequences useful in this invention have greater 
than 60% identity, preferably greater than 65% identity, with 
the amino acid Sequence defining the preferred reference 
Sequence of hCP-1. These particularly preferred Sequences 
include allelic and phylogenetic counterpart variants of the 
OP-1 and OP-2 proteins, including the Drosophila 60A 
protein, as well as the closely related proteins BMP-5, 
BMP-6 and Vgr-1. Accordingly, in certain particularly pre 
ferred embodiments, useful morphogenic proteins include 
active proteins comprising pairs of polypeptide chains 
within the generic amino acid Sequence herein referred to as 
“OPX' (SEQ ID NO:3), which defines the seven cysteine 
skeleton and accommodates the homologies between Several 
identified variants of OP-1 and OP-2. Accordingly, each 
“Xaa’ at a given position in OPX independently is selected 
from the residues occurring at the corresponding position in 
the C-terminal sequence of mouse or human OP-1 or OP-2. 
Specifically, each "Xaa' is independently Selected from a 
group of one or more specified amino acids as defined 
below: 

Cys Xaa Xaa His Glu Leu Tyr Val Ser Phe Xaa Asp Leu Gly Trp 
1 5 10 15 

Xaa Asp Trp Xaa Ile Ala Pro Xaa Gly Tyr Xaa Ala Tyr Tyr Cys 
2O 25 30 

Glu Gly Glu Cys Xaa Phe Pro Leu Xaa Ser Xaa Met Asn Ala Thr 
35 40 45 

Asn His Ala Ile Xaa Glin Xaa Leu Val His Xaa Xaa Xaa Pro Xaa 
50 55 60 
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- continued 
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Xaa Val Pro Lys Xaa Cys Cys Ala Pro Thr Xaa Leu Xaa Ala Xaa 
65 70 75 

Ser Val Lieu. Tyr Xaa Asp Xaa Ser Xaa Asn Val Ile Leu Xala Lys 

Xaa Arg Asn Met Val Val Xaa Ala Cys Gly Cys His 
95 100 

0068 wherein 
0069 Xaa at res. 2=(Lys or Arg); Xaa at res. 3=(Lys 
or Arg), Xaa at res. 11=(Arg or Gln), Xaa at res. 
16=(Gln or Leu); Xaa at res. 19=(Ile or Val); Xaa at 
res. 23=(Glu or Gln); Xaa at res. 26=(Ala or Ser); 
Xaa at res. 35=(Ala or Ser); Xaa at res. 39=(ASn or 
Asp); Xaa at res. 41=(Tyr or CyS), Xaa at res. 
50=(Val or Leu); Xaa at res. 52=(Ser or Thr); Xaa at 
res. 56=(Phe or Leu); Xaa at res. 57=(Ile or Met); 
Xaa at res. 58=(ASn or Lys); Xaa at res. 60=(Glu, 
Asp or ASn); Xaa at res. 61=(Thr, Ala or Val); Xaa at 
res. 65=(Pro or Ala); Xaa at res. 71=(Gln or Lys); 
Xaa at res. 73=(ASn or Ser); Xaa at res. 75=(Ile or 
Thr); Xaa at res. 80=(Phe or Tyr); Xaa at res. 
82=(Asp or Ser); Xaa at res. 84=(Ser or ASn); Xaa at 
res. 89-(Lys or Arg); Xaa at res. 91=(Tyr or His); and 
Xaa at res. 97=(Arg or Lys). 

0070. In still another preferred embodiment, useful mor 
phogenically-active proteins have polypeptide chains with 
amino acid Sequences comprising a sequence encoded by a 
nucleic acid that hybridizes with DNA or RNA encoding 
reference morphogen Sequences, e.g., C-terminal Sequences 
defining the conserved Seven cysteine skeletons of OP-1, 
OP-2, BMP-2, BMP-4, BMP-5, BMP-6, 60A, GDF-3, GDF 
5, GDF-6, GDF-7 and the like. As used herein, high strin 
gency hybridization conditions are defined as hybridization 
according to known techniques in 40% formarnide, 5xSSPE, 
5xDenhardt's Solution, and 0.1% SDS at 37° C. overnight, 
and washing in 0.1XSSPE, 0.1% SDS at 50° C. Standard 
Stringency conditions are well characterized in Standard 
molecular biology cloning texts. See, for example, 
MOLECULAR CLONING A LABORATORY MANUAL, 
2nd Ed., ed. by Sambrook, Fritsch and Maniatis (Cold 
Spring Harbor Laboratory Press: 1989); DNA CLONING, 
Volumes I and II (D. N. Glover ed., 1985); OLIGONUCLE 
OTIDE SYNTHESIS (M. J. Gait ed., 1984); NUCLEIC 
ACID HYBRIDIZATION (B. D. Hames & S.J. Higgins eds. 
1984); and B. Perbal, A PRACTICAL GUIDE TO 
MOLECULAR CLONING (1984). 
0071. In other embodiments, as an alternative to the 
administration of a morphogenic protein, an effective 
amount of an agent competent to Stimulate or induce 
increased endogenous morphogen expression in a mammal 
may be administered by any of the routes described herein. 
Such a morphogen inducer may be provided to a mammal, 
e.g., by Systemic administration to the mammal or by direct 
administration to the neural tissue. A method for identifying 
and testing inducers (stimulating agents) competent to 
modulate the levels of endogenous morphogens in a given 
tissue is described in published applications WO93/05172 
and WO93/05751, each of which is incorporated by refer 
ence herein. Briefly, candidate compounds are identified and 
tested by incubation in Vitro with test tissue or cells, or a 

9 O 

cultured cell line derived therefrom, for a time Sufficient to 
allow the compound to affect the production, i.e., cause the 
expression and/or Secretion, of a morphogen produced by 
the cells of that tissue. Suitable tissue, or cultured cells of a 
Suitable tissue, are preferably Selected from renal epithe 
lium, ovarian tissue, fibroblasts, and Osteoblasts. 
0072. In yet other embodiments, an agent which acts as 
an agonist of a morphogen receptor may be administered 
instead of the morphogen itself. Such an agent may also be 
referred to an a morphogen "mimic,”“mimetic,” or “ana 
log.” Thus, for example, a Small peptide or other molecule 
which can mimic the activity of a morphogen in binding to 
and activating the morphogen's receptor may be employed 
as an equivalent of the morphogen. Preferably the agonist is 
a full agonist, but partial morphogen receptor agonists may 
also be advantageously employed. Methods of identifying 
Such agonists are known in the art and include assays for 
compounds which induce morphogen-mediated responses 
(e.g., induction of differentiation of metanephric mesen 
chyme, induction of endochondral bone formation). For 
example, methods of identifying morphogen inducers or 
agonists of morphogen receptorS may be found in U.S. Ser. 
No. 08/478,097 filed Jun. 7, 1995 and U.S. Ser. No. 08/507, 
598 filed Jul. 26, 1995, disclosures of which are incorporated 
herein by reference. 
0073. As a general matter, methods of the present inven 
tion may be applied to the treatment of any mammalian 
subject at risk of or afflicted with a neural tissue insult or 
neuropathy. The invention is suitable for the treatment of 
any primate, preferably a higher primate Such as a human. In 
addition, however, the invention may be employed in the 
treatment of domesticated mammals which are maintained 
as human companions (e.g., dogs, cats, horses), which have 
Significant commercial value (e.g., goats, pigs, sheep, cattle, 
Sporting or draft animals), which have significant Scientific 
Value (e.g., captive or free specimens of endangered Species, 
or inbred or engineered animal Strains), or which otherwise 
have value. 

0074 B. Formulations and Methods of Treatment 
0075 Morphogens, morphogen inducers, or agonists of 
morphogen receptors of the present invention may be 
administered by any route which is compatible with the 
particular morphogen, inducer, or agonist employed. Thus, 
as appropriate, administration may be oral or parenteral, 
including intravenous and intraperitoneal routes of admin 
istration. In addition, administration may be by periodic 
injections of a bolus of the morphogen, inducer or agonist, 
or may be made more continuous by intravenous or intra 
peritoneal administration from a reservoir which is external 
(e.g., an i.v. bag) or internal (e.g., a bioerodable implant, or 
a colony of implanted, morphogen-producing cells). 
0076 Therapeutic agents of the invention (i.e., morpho 
gens, morphogen inducers or agonists of morphogen recep 
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tors) may be provided to an individual by any suitable 
means, directly (e.g., locally, as by injection, implantation or 
topical administration to a tissue locus) or Systemically (e.g., 
parenterally or orally). Where the agent is to be provided 
parenterally, Such as by intravenous, Subcutaneous, intramo 
lecular, ophthalmic, intraperitoneal, intramuscular, buccal, 
rectal, Vaginal, intraorbital, intracerebral, intracranial, 
intraspinal, intraventricular, intrathecal, intracisternal, intra 
capsular, intranasal or by aeroSol administration, the agent 
preferably comprises part of an aqueous or physiologically 
compatible fluid Suspension or Solution. Thus, the morpho 
gen carrier or vehicle is physiologically acceptable So that in 
addition to delivery of the desired agent to the patient, it does 
not otherwise adversely affect the patient's electrolyte and/ 
or Volume balance. The fluid medium for the agent thus can 
comprise normal physiologic Saline (e.g., 9.85% aqueous 
NaCl, 0.15M, pH 7-74). 
0.077 Association of the mature morphogen dimer with a 
morphogen pro domain results in the pro form of the 
morphogen which typically is more Soluble in physiological 
Solutions than the corresponding mature form. In fact, 
endogenous morphogens are thought to be transported (e.g., 
Secreted and circulated) in the mammalian body in this form. 
This soluble form of the protein can be obtained from culture 
medium of morphogen-Secreting mammalian cells, e.g., 
cells transfected with nucleic acid encoding and competent 
to express the morphogen. Alternatively, a Soluble Species 
can be formulated by complexing the mature, morphogeni 
cally-active polypeptide dimer (or an active fragment 
thereof) with a morphogen pro domain polypeptide or a 
Solubility-enhancing fragment thereof. Solubility-enhancing 
pro domain fragments can be any N-terminal, C-terminal or 
internal fragment of the pro region of a member of the 
morphogen family that complexes with the mature polypep 
tide dimer to enhance stability and/or dissolubility of the 
resulting noncovalent or convalent complex. Typically, use 
ful fragments are those cleaved at the proteolytic Site Arg 
Xaa-Xaa-Arg. A detailed description of Soluble complex 
forms of morphogenic proteins, including how to make, test 
and use them, is described in WO 94/03600 (PCT US 
93/07189). In the case of OP-1, useful pro domain polypep 
tide fragments include the intact pro domain polypeptide 
(residues 30-292) and fragments 48-292 and 158-292, all of 
SEQ ID NO: 2. Another molecule capable of enhancing 
Solubility and particularly useful for oral administrations, is 
casein. For example, addition of 0.2% casein increases 
solubility of the mature active form of OP-1 by 80%. Other 
components found in milk and/or various Serum proteins 
may also be useful. 
0078 Useful solutions for parenteral administration may 
be prepared by any of the methods well known in the 
pharmaceutical art, described, for example, in REMING 
TON'S PHARMACEUTICAL SCIENCES (Gennaro, A., 
ed.), Mack Pub., 1990. Formulations of the therapeutic 
agents of the invention may include, for example, polyalky 
lene glycols Such as polyethylene glycol, oils of vegetable 
origin, hydrogenated naphthalenes, and the like. Formula 
tions for direct administration, in particular, may include 
glycerol and other compositions of high Viscosity to help 
maintain the agent at the desired locus. Biocompatible, 
preferably bioresorbable, polymers, including, for example, 
hyaluronic acid, collagen, tricalcium phosphate, polybu 
tyrate, lactide, and glycolide polymers and lactide/glycolide 
copolymers, may be useful excipients to control the release 
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of the agent in Vivo. Other potentially useful parenteral 
delivery Systems for these agents include ethylene-Vinyl 
acetate copolymer particles, osmotic pumps, implantable 
infusion Systems, and liposomes. Formulations for inhala 
tion administration contain as excipients, for example, lac 
tose, or may be acqueous Solutions containing, for example, 
polyoxyethylene-9-lauryl ether, glycocholate and deoxycho 
late, or oily Solutions for administration in the form of nasal 
drops, or as a gel to be applied intranasally. Formulations for 
parenteral administration may also include glycocholate for 
buccal administration, methoxysalicylate for rectal admin 
istration, or cutric acid for vaginal administration. Supposi 
tories for rectal administration may also be prepared by 
mixing the morphogen, inducer or agonist with a non 
irritating excipient Such as cocoa butter or other composi 
tions which are Solid at room temperature and liquid at body 
temperatures. 

0079 Formulations for topical administration to the skin 
Surface may be prepared by dispersing the morphogen, 
inducer or agonist with a dermatologically acceptable carrier 
Such as a lotion, cream, ointment or Soap. Particularly useful 
are carriers capable of forming a film or layer over the skin 
to localize application and inhibit removal. For topical 
administration to internal tissue Surfaces, the agent may be 
dispersed in a liquid tissue adhesive or other Substance 
known to enhance adsorption to a tissue Surface. For 
example, hydroxypropylcellulose or fibrinogen/thrombin 
Solutions may be used to advantage. Alternatively, tissue 
coating Solutions, Such as pectin-containing formulations 
may be used. 

0080 Alternatively, the agents described herein may be 
administered orally. Oral administration of proteins as thera 
peutics generally is not practiced, as most proteins are 
readily degraded by digestive enzymes and acids in the 
mammalian digestive System before they can be absorbed 
into the bloodstream. However, the morphogens described 
herein typically are acid stable and protease-resistant (see, 
for example, U.S. Pat. No. 4.968,590). In addition, at least 
one morphogen, OP-1, has been identified in mammary 
gland extract, colostrum and 57-day milk. Moreover, the 
OP-1 purified from mammary gland extract is morphogeni 
cally-active and is also detected in the bloodstream. Mater 
nal administration, via ingested milk, may be a natural 
delivery route of TGF-B superfamily proteins. Letterio, et 
al., Science 264: 1936-1938 (1994), report that TGF-?3 is 
present in murine milk, and that radiolabelled TGF-3 is 
absorbed by gastrointestinal mucosa of Suckling juveniles. 
Labeled, ingested TGF-3 appears rapidly in intact form in 
the juveniles body tissues, including lung, heart and liver. 
Finally, Soluble form morphogen, e.g., mature morphogen 
asSociated with the pro domain, is morphogenically-active. 
These findings, as well as those disclosed in the examples 
below, indicate that oral and parenteral administration are 
viable means for administering TGF-3 Superfamily proteins, 
including the morphogens, to an individual. In addition, 
while the mature forms of certain morphogens described 
herein typically are sparingly Soluble, the morphogen form 
found in milk (and mammary gland extract and colostrum) 
is readily Soluble, probably by association of the mature, 
morphogenically-active form with part or all of the pro 
domain of the expressed, full length polypeptide Sequence 
and/or by association with one or more milk components. 
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Accordingly, the compounds provided herein may also be 
asSociated with molecules capable of enhancing their Solu 
bility in vitro or in vivo. 
0081. Where the morphogen is intended for use as a 
therapeutic for disorders of the CNS, an additional problem 
must be addressed: overcoming the blood-brain barrier, the 
brain capillary wall Structure that effectively Screens out all 
but Selected categories of Substances present in the blood, 
preventing their passage into the brain. The blood-brain 
barrier can be bypassed effectively by direct infusion of the 
morphogen or morphogen-Stimulating agent into the brain, 
or by intranasal administration or inhalation of formulations 
Suitable for uptake and retrograde transport by olfactory 
neurons. Alternatively, the morphogen or morphogen-Stimu 
lating agent can be modified to enhance its transport acroSS 
the blood-brain barrier. For example, truncated forms of the 
morphogen or a morphogen-Stimulating agent may be most 
Successful. Alternatively, the morphogens, inducers or ago 
nists provided herein can be derivatized or conjugated to a 
lipophilic moiety or to a Substance that is actively trans 
ported across the blood-brain barrier, using Standard means 
known to those skilled in the art. See, for example, Par 
dridge, Endocrine Reviews 7: 314-330 (1986) and U.S. Pat. 
No. 4,801,575. 
0082 The compounds provided herein may also be asso 
ciated with molecules capable of targeting the morphogen, 
inducer or agonist to the desired tissue. For example, an 
antibody, antibody fragment, or other binding protein that 
interacts Specifically with a Surface molecule on cells of the 
desired tissue, may be used. Useful targeting molecules may 
be designed, for example, using the Single chain binding site 
technology disclosed in U.S. Pat. No. 5,091,513. Targeting 
molecules can be covalently or non-covalently associated 
with the morphogen, inducer or agonist. 
0.083 AS will be appreciated by one of ordinary skill in 
the art, the formulated compositions contain therapeutically 
effective amounts of the morphogen, morphogen inducers or 
agonists of morphogen receptors. That is, they contain an 
amount which provides appropriate concentrations of the 
agent to the affected nervous System tissue for a time 
Sufficient to Stimulate a detectable restoration of impaired 
central or peripheral nervous System function, up to and 
including a complete restoration thereof. AS will be appre 
ciated by those skilled in the art, these concentrations will 
vary depending upon a number of factors, including the 
biological efficacy of the Selected agent, the chemical char 
acteristics (e.g., hydrophobicity) of the specific agent, the 
formulation thereof, including a mixture with one or more 
excipients, the administration route, and the treatment envi 
Sioned, including whether the active ingredient will be 
administered directly into a tissue site, or whether it will be 
administered Systemically. The preferred dosage to be 
administered is also likely to depend on variables Such as the 
condition of the diseased or damaged tissues, and the overall 
health Status of the particular mammal. As a general matter, 
single, daily, biweekly or weekly dosages of 0.00001-1000 
mg of a morphogen are sufficient, with 0.0001-100 mg being 
preferable, and 0.001 to 10 mg being even more preferable. 
Alternatively, a single, daily, biweekly or weekly dosage of 
0.01-1000 tug/kg body weight, more preferably 0.01-10 
mg/kg body weight, may be advantageously employed. The 
present effective dose can be administered in a single dose 
or in a plurality (two or more) of installment doses, as 
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desired or considered appropriate under the Specific circum 
stances. Abolus injection or diffusable infusion formulation 
can be used. If desired to facilitate repeated or frequent 
infusions, implantation of a semi-permanent stent (e.g., 
intravenous, intraperitoneal, intracisternal or intracapsular) 
may be advisable. 
0084. The morphogens, inducers or agonists of the inven 
tion may, of course, be administered alone or in combination 
with other molecules known to be beneficial in the treatment 
of the conditions described herein. For example, various 
well-known growth factors, hormones, enzymes, therapeutic 
compositions, antibiotics, or other bioactive agents can also 
be administered with the morphogen. Thus, various known 
growth factors such as NGF, EGF, PDGF, IGF, FGF, TGF-C, 
and TGF-B, as well as enzymes, enzyme inhibitors, antioxi 
dants, anti-inflammatory agents, free radical Scavenging 
agents, antibiotics and/or chemoattractant/chemotactic fac 
tors, can be included in the present morphogen formulation. 

EXAMPLE 1. 

Preparation of Soluble Morphogen Protein 
Solutions for In Vivo Administration 

0085 A. Aqueous Solutions 
0086 While the mature dimeric morphogenic proteins 
defined herein are typically sparingly Soluble in physiologi 
cal buffers, they can be solubilized to form injectable 
Suspensions or Solutions. One exemplary acqueous formula 
tion containing a morphogen is made, for example, by 
dispersing the morphogen in 50% ethanol containing aceto 
nitrile in 0.1% trifluoroacetic acid (TFA) or 0.1% HCl, or in 
an equivalent Solvent. One Volume of the resultant Solution 
then is added, for example, to ten volumes of phosphate 
buffered saline (PBS), which further may include 0.1-0.2% 
human Serum albumin (HSA) or a similar carrier protein. 
The resultant solution is preferably vortexed extensively to 
produce a physiologically acceptable morphogen formula 
tion. 

0087. In another embodiment, the morphogen, including 
OP-1, is solubilized by reducing the pH of the solution. In 
one preferred formulation, the protein is solubilized in 0.2 
mM acetate buffer, pH 4.5, containing 5% mannitol, to 
render the Solution more isotonic. Other Standard means for 
creating physiologically acceptable formulations are within 
the skill of the art. 

0088 B. Soluble Complex Formulations 
0089 Another preferred form is a dimeric morphogenic 
protein comprising at least the C-terminal Seven cysteine 
skeleton characteristic of the morphogen family, complexed 
with a peptide comprising a pro region of a member of the 
morphogen family, or a Solubility-enhancing fragment 
thereof, or an allelic, phylogenetic or other Sequence variant 
thereof. The Solubility-enhancing fragment is any N-termi 
nal or C-terminal fragment of the pro domain polypeptide of 
a member of the morphogen family that complexes with the 
mature polypeptide dimer to enhance the Stability of the 
resulting Soluble complex. Preferably, the dimeric morpho 
genic protein is complexed with two Such pro domain 
peptides. 
0090. As described above and in published application 
WO94/03600, incorporated by reference herein, the soluble 
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complex form is isolated from the cell culture media (or a 
body fluid) under appropriate conditions. Alternatively, the 
complex is formulated in vitro. 
0.091 Soluble morphogen complexes are isolated from 
conditioned media using a simple, three Step chromato 
graphic protocol performed in the absence of denaturants. 
The protocol involves running the media (or body fluid) over 
an affinity column, followed by ion eXchange and gel 
filtration chromatographies generally as described in WO 
94/03600. The affinity column described below is a Zn 
IMAC column. The present example uses human OP-1, and 
is not intended to be limiting. The present protocol has 
general applicability to the purification of a variety of 
morphogens, all of which are anticipated to be isolatable 
using only minor modifications of the protocol described 
below. An alternative protocol also envisioned to have utility 
includes an immunoaffinity column, created using Standard 
procedures and, for example, using antibody Specific for a 
given morphogen pro domain (complexed, for example, to a 
protein A-conjugated Sepharose column). Protocols for 
developing immunoaffinity columns are well described in 
the art (see, for example, GUIDE TO PROTEIN PURIFI 
CATION, M. Deutscher, ed., Academic Press, San Diego, 
1990, particularly sections VII and XI thereof). 
0092. In this example, OP-1 was expressed in mamma 
lian (CHO, Chinese hamster ovary) cells as described in the 
art (see, for example, international application US90/05903 
(WO 91/05802). The CHO cell conditioned media contain 
ing 0.5% FBS is initially purified using Immobilized Metal 
Ion Affinity Chromatography (IMAC). The soluble OP-1 
complex from conditioned media binds very Selectively to 
the Zn-IMAC resin and a high concentration of imidazole 
(50 mM imidazole, pH 8.0) is required for the effective 
elution of the bound complex. The Zn-MAC purified soluble 
OP-1 is next applied to an S-Sepharose action-exchange 
column equilibrated in 20 mM NaPO (pH 7.0) with 50 mM 
NaCl. The protein then is applied to a Sephacryl S-200HR 
column equilibrated in TBS. Using substantially the same 
protocol, Soluble morphogens can also be isolated from one 
or more body fluids, including milk, Serum, cerebroSpinal 
fluid or peritoneal fluid. 

0093. The soluble OP-1 complex elutes with an apparent 
molecular weight of 110 kDa. This agrees well with the 
predicted composition of the soluble OP-1 complex, with 
one mature OP-1 dimer (35-36 kDa) associated with two pro 
domains (39 kDa each). Purity of the final complex can be 
Verified by running the appropriate fraction in a reduced 
15% polyacrylamide gel. 

0094. As an alternative to purifying soluble complexes 
from culture media or a body fluid, Soluble complexes can 
be formulated from purified pro domains and mature dimeric 
Species. Successful complex formation apparently requires 
asSociation of the components under denaturing conditions 
Sufficient to relax the folded structure of these molecules, 
without affecting disulfide bonds. Preferably, the denaturing 
conditions mimic the environment of an intracellular vesicle 
Sufficiently Such that the cleaved pro domain polypeptide 
has an opportunity to associate with the mature dimeric 
protein under relaxed folding conditions. The concentration 
of denaturant in the Solution then is decreased in a con 
trolled, preferably Step-wise manner, So as to allow proper 
refolding of the dimer and pro domain peptides, while 
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maintaining the association of the pro domain peptides with 
the mature dimer. Useful denaturants include 4-6 Murea or 
guanidine hydrochloride (GuHCl), in buffered solutions of 
pH 4-10, preferably pH 6-8. The soluble complex then is 
formed by controlled dialysis or dilution into a solution 
having a final denaturant concentration of less than 0.1-2M 
urea or GuHCl, preferably 1-2 Murea or GuHCl, which then 
preferably can be diluted into a physiological buffer. Protein 
purification/renaturing procedures and considerations are 
well described in the art, and details for developing a 
Suitable renaturing protocol readily can be determined by 
one having ordinary skill in the art. One useful text on the 
subject is GUIDE TO PROTEIN PURIFICATION, M. 
Deutscher, ed., Academic Press, San Diego, 1990, particu 
larly section V. Complex formation may also be aided by 
addition of one or more chaperone proteins. 
0.095 The stability of the highly purified soluble mor 
phogen complex in a physiological buffer, e.g., Tris-buffered 
saline (TBS) and phosphate-buffered saline (PBS), can be 
enhanced by any of a number of means, including any one 
or more of three classes of additives. These additives include 
basic amino acids (e.g., L-arginine, lysine and betaine); 
nonionic detergents (e.g., Tween 80 or NonIdet P-120); and 
carrier proteins (e.g., Serum albumin and casein). Useful 
concentrations of these additives include 1-100 mM, pref 
erably 10-70 mM, including 50 mM, basic amino acid; 
0.01-1.0%, preferably 0.05-0.2%, including 0.1% (v/v) non 
ionic detergent; and 0.01-1.0%, preferably 0.05-0.2%, 
including 0.1% (w/v) carrier protein. 

EXAMPLE 2 

Identification of Morphogen-Expressing TiSSue 
0096) Determining the tissue distribution of morphogens 
may be used to identify different morphogens expressed in 
a given tissue, as well as to identify new, related morpho 
gens. Tissue distribution also may be used to identify useful 
morphogen-producing tissue for use in Screening and iden 
tifying candidate morphogen-Stimulating agents. The mor 
phogens (or their mRNA transcripts) readily are identified in 
different tissues using Standard methodologies and minor 
modifications thereof in tissueS where expression may be 
low. For example, protein distribution may be determined 
using Standard Western blot analysis or immunofluorescent 
techniques, and antibodies Specific to the morphogen or 
morphogens of interest. Similarly, the distribution of mor 
phogen transcripts may be determined using Standard North 
ern hybridization protocols and transcript-Specific probes. 
0097 Any probe capable of hybridizing specifically to a 
transcript, and distinguishing the transcript of interest from 
other, related transcripts may be used. Because the morpho 
gens described herein share Such high Sequence homology in 
their active, C-terminal domains, the tissue distribution of a 
Specific morphogen transcript may best be determined using 
a probe Specific for the pro region of the immature protein 
and/or the N-terminal region of the mature protein. Another 
useful Sequence is the 3' non-coding region flanking and 
immediately following the Stop codon. These portions of the 
Sequence vary Substantially among the morphogens of this 
invention, and accordingly, are specific for each protein. For 
example, a particularly useful Vgr-1-Specific probe 
Sequence is the PVuI-SacI fragment, a 265 bp fragment 
encoding both a portion of the untranslated pro region and 
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the N-terminus of the mature Sequence. See Lyons, et al., 
PNAS 86: 4554-4558 (1989) for a description of the cDNA 
Sequence. Similarly, particularly useful mOP-1-Specific 
probe sequences are the BstX1-BgII fragment, a 0.68 Kb 
sequence that covers approximately two-thirds of the mGP-1 
pro region; a Stu-Stu fragment, a 0.2. Kb Sequence imme 
diately upstream of the 7-cysteine domain; and the Earl 
Pst1 fragment, an 0.3. Kb fragment containing a portion of 
the 3' untranslated sequence (See SEQ ID NO: 18, where the 
pro region is defined essentially by residues 30-291.) Similar 
approaches may be used, for example, with hOP-1 (SEQ ID 
NO: 16) or human or mouse OP-2 (SEQ ID NOS: 20 and 
22.) 
0098. Using these morphogen-specific probes, which 
may be Synthetically engineered or obtained from cloned 
Sequences, morphogen transcripts can be identified in mam 
malian tissue, using Standard methodologies well known to 
those having ordinary skill in the art. Briefly, total RNA is 
prepared from various adult murine tissues (e.g., liver, 
kidney, testis, heart, brain, thymus and stomach) by a 
Standard methodology Such as by the method of Chomcz 
yaski, et al., Anal. Biochem 162: 156-159 (1987) and 
described below. Poly(A)+RNA is prepared by using oligo 
(dT)-cellulose chromatography (e.g., Type 7, from Pharma 
cia LKB Biotechnology, Inc.). Poly(A)--RNA (generally 15 
mg) from each tissue is fractionated on a 1% agarose/ 
formaldehyde gel and transferred onto a Nytran membrane 
(Schleicher & Schuell). Following the transfer, the mem 
brane is baked at 80° C. and the RNA is cross-linked under 
UV light (generally 30 seconds at 1 mW/cm'). Prior to 
hybridization, the appropriate probe is denatured by heating. 
The hybridization is carried out in a lucite cylinder rotating 
in a roller bottle apparatus at approximately 1 rev/min for 
approximately 15 hours at 37 C. using a hybridization mix 
of 40% formamide, 5xDenhardts, 5xSSPE, and 0.1% SDS. 
Following hybridization, the non-specific counts are washed 
off the filters in 0.1XSSPE, 0.1% SDS at 50° C. 

0099 Examples demonstrating the tissue distribution of 
various morphogens, including Vgr-1, OP-1, BMP2, BMP3, 
BMP4, BMP5, GDF-1, and OP-2 in developing and adult 
tissue are disclosed in co-pending U.S. Ser. No. 752,764, 
and in Ozkaynak, et al., Biochem. BiophyS. Res. Comm. 179: 
116-123 (1991), and Ozkaynak, et al., (JBC, in press) 
(1992), the disclosures of which are incorporated herein by 
reference. Using the general probing methodology described 
herein, northern blot hybridizations using probes Specific for 
these morphogens to probe brain, Spleen, lung, heart, liver 
and kidney tissue indicate that kidney-related tissue appears 
to be the primary expression source for OP-1, with brain, 
heart and lung tissues being Secondary Sources. Lung tissue 
appears to be the primary tissue expression Source for Vgr-1, 
BMP5, BMP4 and BMP3. Lower levels of Vgr-1 also are 
Seen in kidney and heart tissue, while the liver appears to be 
a secondary expression source for BMP5, and the spleen 
appears to be a Secondary expression Source for BMP4. 
GDF-1 appears to be expressed primarily in brain tissue. To 
date, OP-2 appears to be expressed primarily in early 
embryonic tissue. Specifically, northern blots of murine 
embryos and 6-day post-natal animals shows abundant OP2 
expression in 8-day embryos. Expression is reduced signifi 
cantly in 17-day embryos and is not detected in post-natal 
animals. 
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EXAMPLE 3 

Morphogen Localization in the Nervous System 

0100 Morphogens have been identified in developing 
and adult rat brain and Spinal cord tissue, as determined both 
by northern blot hybridization of morphogen-Specific probes 
to mRNA extracts from developing and adult nerve tissue 
(see Example 2, above) and by immunolocalization studies. 
For example, northern blot analysis of developing rat tissue 
has identified significant OP-1 mRNA transcript expression 
in the CNS (U.S. Ser. No. 752,764, and Ozkaynak, et al., 
Biochem. Biophys. Res. Comm., 179: 11623 (1991) and 
Ozkaynak, et al., JBC, in press (1992)). GDF-1 mRNA 
appears to be expressed primarily in developing and adult 
nerve tissue, Specifically in the brain, including the cerebel 
lum and brain stem, Spinal cord and peripheral nerves. Lee, 
S., PNAS 88: 4250-4254 (1991). BMP2B (also referred in 
the art as BMP4) and Vgr-1 transcripts also have been 
reported to be expressed in nerve tissue (Jones, et al., 
Development 111: 531-542 (1991)), although the nerve 
tissue does not appear to be the primary expression tissue for 
these genes. Ozkaynak, et al., JBC in press (1992). Specifi 
cally, CBMP2 transcripts are reported in the region of the 
diencephalon associated with pituitary development, and 
Vgr-1 transcripts are reported in the anteroposterior axis of 
the CNS, including in the roof plate of the developing neural 
tube, as well as in the cells immediately adjacent the floor 
plate of the developing neural tube. In older rats, Vgr-1 
transcripts are reported in developing hippocampus tissue. 
In addition, the genes encoding OP-1 and BMP2 originally 
were identified by probing human hippocampus cDNA 
libraries. 

0101 Immunolocalization studies, performed using stan 
dard methodologies known in the art and disclosed in U.S. 
Ser. No. 752,764, filed Aug. 30, 1991, the disclosure of 
which is incorporated herein, localized OP-1 expression to 
particular areas of developing and adult rat brain and Spinal 
cord tissue. Specifically, OP-1 protein expression was 
assessed in adult (2-3 months old) and five or six-day old 
mouse embryonic nerve tissue, using Standard morphogen 
Specific antisera, Specifically, rabbit anti-OP-1 antisera, 
made using Standard antibody protocols known in the art and 
preferably purified on an OP-1 affinity column. The antibody 
itself was labelled using Standard fluorescent labelling tech 
niques, or a labelled anti-rabbit IgG molecule was used to 
visualize bound OP-1 antibody. 

0102) As can be seen in FIG. 2, inmmunofluorescence 
Staining demonstrates the presence of OP-1 in adult rat 
central nervous system (CNS.) Similar and extensive stain 
ing is seen in both the brain (Panel 1A) and spinal cord 
(Panel 1B). OP-1 appears to be localized predominantly to 
the extracellular matrix of the grey matter (neuronal cell 
bodies), distinctly present in all areas except the cell bodies 
themselves. In white matter, formed mainly of myelinated 
nerve fibers, Staining appears to be confined to astrocytes 
(glial cells). A similar staining pattern also was seen in 
newborn rat (10 day old) brain sections. 
0103) In addition, OP-1 has been specifically localized in 
the Substantia nigra, which is composed primarily of striatal 
basal ganglia, a System of accessory motor neurons that 
function is association with the cerebral cortex and corti 
coSpinal System. Dysfunctions in this Subpopulation or 
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System of neurons are associated with a number of neuro 
pathies, including Huntington's chorea and Parkinson's dis 
CSC. 

0104 OP-1 also has been localized at adendema glial 
cells, known to Secrete factors into the cerebroSpinal fluid, 
and which occur around the intraventricular valve, coroid 
fissure, and central canal of the brain in both developing and 
adult rat. 

0105 Finally, morphogen inhibition in developing 
embryos inhibits nerve tissue development. Specifically, 
9-day mouse embryo cells, cultured in vitro under Standard 
culturing conditions, were incubated in the presence and 
absence of an OP-1-Specific monoclonal antibody prepared 
using recombinantly produced, purified mature OP-1 and the 
immunogen. The antibody was prepared using Standard 
antibody production means well known in the art and as 
described generally in Example 14. After two days, the effect 
of the antibody on the developing embryo was evaluated by 
histology. AS determined by histological examination, the 
OP-1-specific antibody specifically inhibits eye lobe forma 
tion in the developing embryo. In particular, the diencepha 
lon outgrowth does not develop. In addition, the heart is 
malformed and enlarged. Moreover, in Separate immunolo 
calization studies on embryo sections with labelled OP-1 
specific antibody, the OP-1-specific antibody localizes to 
neural epithelia. 
0106 The endogenous morphogens which act on neu 
ronal cells may be expressed and Secreted by nerve tissue 
cells, e.g., by neurons and/or glial cells associated with the 
neurons, and/or they may be transported to the neurons by 
the cerebrospinal fluid and/or bloodstream. Recently, OP-1 
has been identified in the human blood (See Example 10, 
below). In addition, transplanted Schwann cells recently 
have been shown to stimulate nerve fiber formation in rat 
Spinal cord, including inducing vascularization and myelin 
sheath formation around at least Some of the new neuronal 
processes. Bunge, Exp. Neurology 114: 254-257 (1991). The 
regenerative property of these cells may be mediated by the 
Secretion of a morphogen by the Schwann cells. 

EXAMPLE 4 

Morphogen Enhancement of Neuronal Cell 
Survival 

0107 The morphogens described herein enhance cell 
Survival, particularly of neuronal cells at risk of dying. For 
example, fully differentiated neurons are non-mitotic and die 
in Vitro when cultured under Standard mammalian cell 
culture conditions, using a chemically defined or low Serum 
medium known in the art. See, for example, CharneSS, J. 
Biol. Chem. 26: 3164-3169 (1986) and Freese, et al., Brain 
Res. 521: 254-264 (1990). However, if a primary culture of 
non-mitotic neuronal cells is treated with a morphogen, the 
Survival of these cells is enhanced Significantly. For 
example, a primary culture of Striatal basal ganglia isolated 
from the Substantia nigra of adult rat brain was prepared 
using Standard procedures, e.g., by dissociation by trituration 
with pasteur pipette of Substantia nigratissue, using Standard 
tissue culturing protocols, and grown in a low Serum 
medium, e.g., containing 50% DMEM (Dulbecco's modi 
fied Eagle's medium), 50% F-12 medium, heat inactivated 
horse Serum Supplemented with penicillin/streptomycin and 
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4 g/l glucose. Under Standard culture conditions, these cells 
are undergoing Significant cell death by three weeks when 
cultured in a Serum-free medium. Cell death is evidenced 
morphologically by the inability of cells to remain adherent 
and by changes in their ultrastructural characteristics, e.g., 
by chromatin clumping and organelle disintegration. 
0108. In this example, the cultured basal ganglia were 
treated with chemically defined medium conditioned with 
0.1-100 ng/ml OP-1. Fresh, morphogen-conditioned 
medium was provided to the cells every 3-4 days. Cell 
Survival was enhanced Significantly and was dose dependent 
upon the level of OP-1 added: cell death decreased signifi 
cantly as the concentration of OP-1 was increased in cell 
cultures. Specifically, cells remained adherent and continued 
to maintain the morphology of viable differentiated neurons. 
In the absence of morphogen treatment, the majority of the 
cultured cells dissociated and underwent cell necrosis. 

0109 Dysfunctions in the basal ganglia of the substantia 
nigra are associated with Huntington's chorea and parkin 
sonism in vivo. The ability of the morphogens defined herein 
to enhance neuron Survival indicates that these morphogens 
will be useful as part of a therapy to enhance Survival of 
neuronal cells at risk of dying in Vivo due, for example, to 
a neuropathy or chemical or mechanical trauma. It is par 
ticularly anticipated that these morphogens will provide a 
useful therapeutic agent to treat neuropathies which affect 
the striatal basal ganglia, including Huntington's chorea and 
Parkinson's disease. For clinical applications, the morpho 
gen may be administered or, alternatively, a morphogen 
Stimulating agent may be administered. 

EXAMPLE 5 

Morphogen-Induced Redifferentiation of 
Transformed Cells 

0110. The morphogens described herein also induce red 
ifferentiation of transformed cells to a morphology charac 
teristic of untransformed cells. In particular, the morphogens 
are capable of inducing redifferentiation of transformed cells 
of neuronal origin to a morphology characteristic of untrans 
formed neurons. The example provided below details mor 
phogen induced redifferentiation of a transformed cell line 
of neuronal origin, NG105-115. Morphogen-induced redif 
ferentiation of transformed cells also has been shown in 
mouse neuroblastoma cells (N1E-115) and in human 
embryo carcinoma cells (see copending U.S. Ser. No. 752, 
764, incorporated herein by reference.) 
0111 NG108-15 is a transformed hybrid cell line pro 
duced by fusing neuroblastoma X glioma cells (obtained 
from America Type Tissue Culture, Rockville, Md.), and 
exhibiting a morphology characteristic of transformed 
embryonic neurons, e.g., having a fibroblastic morphology. 
Specifically, the cells have polygonal cell bodies, short, 
Spike-like processes and make few contacts with neighbor 
ing cells (see FIG. 2A). Incubation of NG108-15 cells, 
cultured in a chemically defined, Serum-free medium, with 
0.1 to 300 ng/ml of OP-1 for four hours induces an orderly, 
dose-dependent change in cell morphology. 
0112 In the experiment NG108-15 cells were subcul 
tured on poly-L-lysine coated 6-well plates. Each well 
contained 40-50,000 cells in 2.5 ml of chemically defined 
medium. On the third day 2.5 ml of OP-1 in 60% ethanol 
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containing 0.025% trifluoroacetic was added to each well. 
OP-1 concentrations of 0-300 ng/ml were tested. Typically, 
the media was changed daily with new aliquots of OP-1, 
although morphogenesis can be induced by a single four 
hour incubation with OP-1. In addition, OP-1 concentrations 
of 10 ng/ml were sufficient to induce redifferentiation. After 
one day, h0P-1-treated cells undergo a significant change in 
their cellular ultrastructure, including rounding of the Soma, 
increase in phase brightness and extension of the short 
neurite processes. After two days, cells treated with OP-1 
begin to form epithelioid sheets, which provide the basis for 
the growth of mutilayered aggregates at three day's post 
treatment. By four days, the great majority of OP-1-treated 
cells are associated in tightly-packed, mutilayered aggre 
gates (FIG. 2B). FIG. 4 plots the mean number of multi 
layered aggregates or cell clumps identified in twenty ran 
domly Selected fields from Six independent experiments, as 
a function of morphogen concentration. Forty ng/ml of OP-1 
is Sufficient for half maximum induction of cell aggregation. 
0113. The morphogen-induced redifferentiation occurred 
without any associated changes in DNA synthesis, cell 
division, or cell viability, making it unlikely that the mor 
phologic changes were Secondary to cell differentiation or a 
toxic effect of hCP-1. Moreover, the OP-1-induced morpho 
genesis does not inhibit cell division, as determined by 
H-thymidine uptake, unlike other molecules which have 
been shown to stimulate differentiation of transformed cells, 
such as butyrate, DMSO, retinoic acid or Forskolin. The data 
indicate that OP-1 can maintain cell stability and viability 
after inducing redifferentiation. In addition, the effects are 
morphogen Specific, and redifferentiation is not induced 
when NG108-15 cells are incubated with 0.1-40 ng/ml 
TGF-B. 
0114. The experiments also have been performed with 
highly purified Soluble morphogen (e.g., mature OP-1 asso 
ciated with its pro domain) which also specifically induced 
redifferentiation of NG108-15 cells. 

0115 The morphogens described herein accordingly pro 
vide useful therapeutic agents for the treatment of neoplasiaS 
and neoplastic lesions of the nervous System, particularly in 
the treatment of neuroblastomas, including retinoblastomas, 
and gliomas. The morphogens themselves may be adminis 
tered or, alternatively, a morphogen-Stimulating agent may 
be administered. 

EXAMPLE 6 

Nerve Tissue Protection from Chemical Trauma 

0116. The ability of the morphogens described herein to 
enhance Survival of neuronal cells and to induce cell aggre 
gation and cell-cell adhesion in redifferentiated cells, indi 
cates that the morphogens will be useful as therapeutic 
agents to maintain neural pathways by protecting the cells 
defining the pathway from the damage caused by chemical 
trauma. In particular, the morphogens can protect neurons, 
including developing neurons, from the effects of toxins 
known to inhibit the proliferation and migration of neurons 
and to interfere with cell-cell adhesion. Examples of Such 
toxins include ethanol, one or more of the toxins present in 
cigarette Smoke, and a variety of opiates. The toxic effects 
of ethanol on developing neurons induces the neurological 
damage manifested in fetal alcohol Syndrome. The morpho 
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gens also may protect neurons from the cytotoxic effects 
asSociated with excitatory amino acids Such as glutamate. 
0.117) For example, ethanol inhibits the cell-cell adhesion 
effects induced in morphogen-treated NG108-15 cells when 
provided to these cells at a concentration of 25-50 mM. Half 
maximal inhibition can be achieved with 5-10 mM ethanol, 
the concentration of blood alcohol in an adult following 
ingestion of a single alcoholic beverage. Ethanol likely 
interferes with the homophilic binding of CAMs between 
cells, rather than their induction, as morphogen-induced 
N-CAM levels are unaffected by ethanol. Moreover, the 
inhibitory effect is inversely proportional to morphogen 
concentration. Accordingly, it is envisioned that administra 
tion of a morphogen or morphogen-Stimulating agent to 
neurons, particularly developing neurons, at risk of damage 
from exposure to toxins Such as ethanol, may protect these 
cells from nerve tissue damage by overcoming the toxins 
inhibitory effects. The morphogens described herein also are 
useful in therapies to treat damaged neural pathways result 
ing from a neuropathy induced by exposure to these toxins. 

EXAMPLE 7 

Morphogen-Induced CAM Expression 

0118. The morphogens described herein induce CAM 
expression, particularly N-CAM expression, as part of their 
induction of morphogenesis. CAMS are morphoregulatory 
molecules identified in all tissueS as an essential Step in 
tissue development. N-CAMs, which comprise at least 3 
isoforms (N-CAM-180, N-CAM-140 and N-CAM-120, 
where “180”, “140” and “120” indicate the apparent molecu 
lar weights of the isoforms as measured by polyacrylamide 
gel electrophoresis) are expressed at least transiently in 
developing tissues, and permanently in nerve tissue. Both 
the N-CAM-180 and N-CAM-140 isoforms are expressed in 
both developing and adult tissue. The N-CAM-120 isoform 
is found only in adult tissue. Another neural CAM is L1. 
0119) N-CAMs are implicated in appropriate neural 
development, including appropriate neurulation, neuronal 
migration, fasciculation, and Synaptogenesis. Inhibition of 
N-CAM production, as by complexing the molecule with an 
N-CAM-Specific antibody, inhibits retina organization, 
including retinal axon migration, and axon regeneration in 
the peripheral nervous System, as well as axon Synapses with 
target muscle cells. In addition, Significant evidence indi 
cates that physical or chemical trauma to neurons, oncogenic 
transformation and Some genetic neurological disorders are 
accompanied by changes in CAM expression, which alter 
the adhesive or migratory behavior of these cells. Specifi 
cally, increased N-CAM levels are reported in Huntington's 
disease striatum (e.g., striatal basal ganglia), and decreased 
adhesion is noted in Alzheimer's disease. 

0120) The morphogens described herein stimulate CAM 
production, particularly L1 and N-CAM production, includ 
ing all three isoforms of the N-CAM molecule. For example, 
N-CAM expression is stimulated Significantly in morpho 
gen-treated NG108-15 cells. Untreated NG108-15 cells 
exhibit a fibroblastic, or minimally differentiated morphol 
ogy and express only the 180 and 140 isoforms of N-CAM 
normally associated with a developing cell. Following mor 
phogen treatment, these cells exhibit a morphology charac 
teristic of adult neurons and express enhanced levels of all 
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three N-CAM isoforms. Using a similar protocol as 
described in the example below, morphogen treatment of 
NG108-15 cells also induced L1 expression. 

0121. In this example, NG108-15 cells were cultured for 
four days in the presence of increasing concentrations of 
OP-1 and standard Western blots performed on whole cell 
extracts. N-CAM isoforms were detected with an antibody 
which cross-reacts with all three isoforms, mAb H28.123, 
obtained from Sigma Chemical Co., St. Louis, the different 
isoforms being distinguishable by their different mobilities 
on an electrophoresis gel. Control NG108-15 cells 
(untreated) express both the 140 kDa and the 180 kDa 
isoforms, but not the 120 kDa, as determined by western blot 
analyses using up to 100 mg of protein. Treatment of 
NE108-15 cells with OP-1 resulted in a dose-dependent 
increase in the expression of the 180 kDa and 140 kDa 
isoforms, as well as the induction of the 120 kDa isoform. 
See FIG. 3. FIG. 3B is a Western blot of OP-1-treated 
NG108-15 cell extracts, probed with mAb H28.123, show 
ing the induction of all three isoforms. FIG. 3A is a dose 
response curve of N-CAM-180 and N-CAM-140 induction 
as a function of morphogen concentration. N-CAM-120 is 
not shown in the graph, as it could not be quantitated in 
control cells. However, as is clearly evident from the West 
ern blot in FIG. 3B, N-CAM-120 is induced in response to 
morphogen treatment. 

0122) The increase in N-CAM expression corresponded 
in a dose-dependent manner with the morphogen induction 
of multicellular aggregates. Compare FIG. 3A and FIG. 4. 
FIG. 4 graphs the mean number of multilayered aggregates 
(clumps) counted per 20 randomly Selected, microscopic 
Viewing fields in Six independent experiments, Versus the 
concentration of morphogen. The induction of the 120 
isoform also indicates that morphogen-induced redifferen 
tiation of transformed cells stimulates not only redifferen 
tiation of these cells from a transformed phenotype, but also 
differentiation to a phenotype corresponding to a developed 
cell. Standard immunolocalization Studies performed with 
the mab H28.123 on morphogen-treated cells show N-CAM 
cluster formation associated with the periphery and pro 
ceSSes of treated cells, and no reactivity with untreated cells. 
Moreover, morphogen treatment does not appear to inhibit 
cell division as determined by cell counting or H-thymidine 
uptake. Finally, known chemical differentiating agents, Such 
as Forskolin and dimethylsulfoxide, do not induce N-CAM 
production. 

0123. In addition, the cell aggregation effects of OP-1 on 
NG108-15 cells can be inhibited with anti-N-CAM antibod 
ies or antisense N-CAM oligonucleotides. AntiSense oligo 
nucleotides can be made Synthetically on a nucleotide Syn 
thesizer, using Standard means known in the art. Preferably, 
phosphorothioate oligonucleotides ("S-oligos') are pre 
pared, to enhance transport of the nucleotides acroSS cell 
membranes. Concentrations of both N-CAM antibodies and 
N-CAM antisense oligonucleotides sufficient to inhibit 
N-CAM induction also inhibited formation of multilayered 
cell aggregates. Specifically, incubation of morphogen 
treated NG108-15 cells with 0.3-3 mM N-CAM antisense 
S-oligos, 5-500 mM unmodified N-CAM antisense oligos, 
or 10 mg/ml mab H28.123 significantly inhibits cell aggre 
gation. It is likely that morphogen treatment also Stimulates 
other CAMs, as inhibition is not complete. 
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0.124 Finally, the above-described experiments have also 
been performed with Soluble morphogen (e.g., mature OP-1 
dimer, associated with its pro domain polypeptides as 
described in Example 1). The soluble form of morphogen 
also specifically induced CAM expression. 
0.125. In addition to a transformed cell line, N-CAM 
expression can be assayed in a primary cell culture of neural 
or glial cells, following the procedures described herein. The 
efficacy of the morphogens-described herein to affect 
N-CAM expression can be assessed in Vitro using a Suitable 
cell line, Such as NG108-15 and the methods described 
herein. 

0.126 AS described above, preferred morphogens, induc 
ers, or agonists of the present invention can induce both 
N-CAM expression in vitro and endochondral bone forma 
tion when implanted in Vivo in a mammal in conjunction 
with a matrix permissive of bone morphogenesis. Thus, the 
methods described herein can be used to assess novel 
candidate morphogens, inducers, or agonists. 
0127. The experiments also have been performed with 
Soluble morphogen (e.g., mature OP-1 associated with its 
pro domain) which also specifically induced CAM expres 
Sion. 

0128. The morphogens described herein are useful as 
therapeutic agents to treat neurological disorders associated 
with altered CAM levels, particularly N-CAM levels, such 
as Huntington's chorea and Alzheimer's disease, and the 
like. In clinical applications, the morphogens themselves 
may be administered or, alternatively, a morphogen-stimu 
lating agent may be administered. 
0129. The efficacy of the morphogens described herein to 
affect N-CAM expression may be assessed in Vitro using a 
Suitable cell line and the methods described herein. In 
addition to a transformed cell line, N-CAM expression can 
be assayed in a primary cell culture of neural or glial cells, 
following the procedures described herein. The efficacy of 
morphogen treatment on N-CAM expression in vivo may be 
evaluated by tissue biopsy as described in Example 10, 
below, and detecting N-CAM molecules with an N-CAM 
Specific antibody, Such as mAb H28.123, or using the animal 
model described in Example 12. 
0130. Alternatively, the level of N-CAM proteins or 
protein fragments present in cerebroSpinal fluid or Serum 
also may be detected to evaluate the effect of morphogen 
treatment. N-CAM molecules are known to slough off cell 
Surfaces and have been detected in both Serum and cere 
brospinal fluid. In addition, altered levels of the soluble form 
of N-CAM are associated with normal pressure hydroceph 
alus and type II schizophrenia. N-CAM fluid levels may be 
detected following the procedure described in Example 10 
and using an N-CAM Specific antibody, Such as mAb 
H28.123. 

EXAMPLE 8 

Morphogen-Induced Nerve Gap Repair (PNS) 
0131 The morphogens described herein also stimulate 
peripheral nervous System axonal growth over extended 
distances allowing repair and regeneration of damaged neu 
ral pathways. While neurons of the peripheral nervous 
System can Sprout new processes following injury, without 
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guidance these Sproutings typically fail to connect appro 
priately and die. Where the break is extensive, e.g., greater 
than 5 or 10 mm, regeneration is poor or nonexistent. 
0.132. In this example morphogen stimulation of nerve 
regeneration was assessed using the rat Sciatic nerve model. 
The rat Sciatic nerve can regenerate Spontaneously acroSS a 
5 mm gap, and occasionally acroSS a 10 mm gap, provided 
that the Severed ends are inserted in a Saline-filled nerve 
guidance channel. In this experiment, nerve regeneration 
acroSS a 12 mm gap was tested. 
0133) Adult female Sprague-Dawley rats (Charles River 
Laboratories, Inc.) weighing 230-250 g were anesthetized 
with intraperitoneal injections of sodium pentobarbital 35 
mg/kg body weight). A skin incision was made parallel and 
just posterior to the femur. The avascular intermuscular 
plane between Vastus lateralis and hamstring muscles were 
entered and followed to the loose fibroareolar tissue Sur 
rounding the Sciatic nerve. The loose tissue was divided 
longitudinally thereby freeing the Sciatic nerve over its full 
extent without devascularizing any portion. Under a Surgical 
microScope the Sciatic nerves were transected with microS 
cissors at mid-thigh and grafted with an OP-1 gel graft that 
Separated the nerve Stumps by 12 mm. The graft region was 
encased in a Silicone tube 20 mm in length with a 1.5 mm 
inner diameter, the interior of which was filled a morphogen 
solution. Specifically, The central 12 mm of the tube con 
Sisted of an OP-1 gel prepared by mixing 1 to 5 mg of 
substantially pure CHO-produced recombinant OP-1 with 
approximately 100 ml of MATRIGELTM (from Collabora 
tive Research, Inc., Bedford, Mass.), an extracellular matrix 
extract derived from mouse Sarcoma tissue, and containing 
Solubilized tissue basement membrane, including laminin, 
type IV collagen, heparin Sulfate, proteoglycan and entactin, 
in phosphate-buffered saline. The OP-1-filled tube was 
implanted directly into the defect Site, allowing 4 mm on 
each end to insert the nerve Stumps. Each Stump was abutted 
against the OP-1 gel and was Secured in the Silicone tube by 
three stitches of commercially available surgical 10-0 nylon 
through the epineurium, the fascicle sheath. 
0134. In addition to OP-1 gel grafts, empty silicone tubes, 
Silicone tubes filled with gel only and “reverse' autografts, 
wherein 12 mm transected Segments of the animal’s Sciatic 
nerve were rotated 180o prior to Suturing, were grafted as 
controls. All experiments were performed in quadruplicate. 
All wounds were closed by wound clips that were removed 
after 10 days. All rats were grafted on both legs. At 3 weeks 
the animals were Sacrificed, and the grafted Segments 
removed and frozen on dry ice immediately. Frozen Sections 
then were cut throughout the graft site, and examined for 
aXonal regeneration by immunofluorescent Staining using 
anti-neurofilament antibodies labeled with flurocein 
(obtained from Sigma Chemical Co., St. Louis). 
0135 Regeneration of the sciatic nerve occurred across 
the entire 12 mm distance in all graft sites wherein the gap 
was filled with the OP-1 gel. By contrast, empty silicone 
tubes and reverse autografts did not show nerve regenera 
tion, and only one graft Site containing the gel alone showed 
axon regeneration. 

EXAMPLE 9 

Morphogen-Induced Nerve Gap Repair (CNS) 
0.136 Following axonal damage in vivo the CNS neurons 
are unable to resprout processes. Accordingly, trauma to 
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CNS nerve tissue, including the Spinal cord, optic nerve and 
retina, Severely damages or destroys the neural pathways 
defined by these cells. Peripheral nerve grafts have been 
used in an effort to bypass CNS axonal damage. Successful 
autologous graft repair to date apparently requires that the 
graft Site occur near the CNS neuronal cell body, and a 
primary result of CNS axotomy is neuronal cell death. The 
efficacy of morphogens described herein on CNS nerve 
repair, may be evaluated using a rat crushed optic nerve 
model Such as the one described by Bignami, et al., Exp. Eye 
Res. 28: 63-69 (1979), the disclosure of which is incorpo 
rated herein by reference. Briefly, and as described therein, 
laboratory rats (e.g., from Charles River Laboratories, 
Wilmington, Mass.) are anesthetized using standard Surgical 
procedures, and the optic nerve crushed by pulling the eye 
gently out of the orbit, inserting a watchmaker forceps 
behind the eyeball and Squeezing the optic nerve with the 
forceps for 15 seconds, followed by a 30 second interval and 
Second 15 Second Squeeze. Rats are Sacrificed at different 
time intervals, e.g., at 48 hours, and at 3, 4, 11, 15 and 18 
days after operation. The effect of morphogen on optic nerve 
repair can be assessed by performing the experiment in 
duplicate and providing morphogen or PBS (e.g., 25 ml 
Solution, and 25 mg morphogen) to the optic nerve, e.g., just 
prior to the operation, concomitant with the operation, or at 
Specific times after the operation. 

0.137 In the absence of therapy, the surgery induces glial 
Scarring of the crushed nerve, as determined by immunof 
luorescence Staining for glial fibrillary acidic protein (GFA), 
a marker protein for glial Scarring, and by histology. Indirect 
immunofluorescence on air-dried cryostat Sections as 
described in Bignami, et al., J. Comp. Neur: 153: 27-38 
(1974), using commercially available antibodies to GFA 
(e.g., Sigma Chemical Co., St. Louis). Reduced levels of 
GFA are anticipated in animals treated with the morphogen, 
evidencing the ability of morphogens to inhibit glial Scar 
formation and to Stimulate optic nerve regeneration. 

EXAMPLE 10 

Nerve Tissue Diagnostics 

0.138 Morphogen localization in nerve tissue can be used 
as part of a method for diagnosing a neurological disorder or 
neuropathy. The method may be particularly advantageous 
for diagnosing neuropathies of brain tissue. Specifically, a 
biopsy of brain tissue is performed on a patient at risk, using 
Standard procedures known in the medical art. Morphogen 
expression associated with the biopsied tissue then is 
assessed using Standard methodologies, as by immunolocal 
ization, using Standard immunofluorescence techniques in 
concert with morphogen-Specific antisera or monoclonal 
antibodies. Specifically, the biopsied tissue is thin Sectioned 
using Standard methodologies known in the art, and fluo 
rescently labelled (or otherwise detectable) antibodies incu 
bated with the tissue under conditions Sufficient to allow 
Specific antigen-antibody complex formation. The presence 
and quantity of complex formed then is detected and com 
pared with a predetermined Standard or reference value. 
Detection of altered levels of morphogen present in the 
tissue then may be used as an indicator of tissue dysfunction. 
Alternatively, fluctuation in morphogen levels may be 
assessed by monitoring morphogen transcription levels, 
either by standard northern blot analysis or in situ hybrid 
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ization, using a labelled probe capable of hybridizing Spe 
cifically to morphogen RNA and standard RNA hybridiza 
tion protocols well described in the art. 
0139 Fluctuations in morphogen levels present in the 
cerebroSpinal fluid or bloodstream also may be used to 
evaluate nerve tissue viability. For example, morphogens are 
detected associated with adendema cells which are known to 
Secrete factors into the cerebrospinal fluid, and are localized 
generally associated with glial cells, and in the extracellular 
matrix, but not with neuronal cell bodies. Accordingly, the 
cerebroSpinal fluid may be a natural means of morphogen 
transport. Alternatively, morphogens may be released from 
dying cells into cerebrospinal fluid. In addition, OP-1 
recently has been identified in human blood, which also may 
be a means of morphogen transport, and/or a repository for 
the contents of dying cells. 

0140 Spinal fluid may be obtained from an individual by 
a Standard lumbar puncture, using Standard methodologies 
known in the medical art. Similarly, Serum Samples may be 
obtained by Standard Venipuncture and Serum prepared by 
centrifugation at 3,000 RPM for ten minutes. The presence 
of morphogen in the Serum or cerebral Spinal fluid then may 
be assessed by standard Western blot (immunoblot), ELISA 
or RIA procedures. Briefly, for example, with the ELISA, 
Samples may be diluted in an appropriate buffer, Such as 
phosphate-buffered saline, and 50 ml aliquots allowed to 
absorb to flat bottomed wells in microtitre plates pre-coated 
with morphogen-specific antibody, and allowed to incubate 
for 18 hours at 4 C. Plates then may be washed with a 
standard buffer and incubated with 50 ml aliquots of a 
Second morphogen-specific antibody conjugated with a 
detecting agent, e.g., biotin, in an appropriate buffer, for 90 
minutes at room temperature. Morphogen-antibody com 
plexes then may be detected using Standard procedures. 
0141 Alternatively, a morphogen-specific affinity col 
umn may be created using, for example, morphogen-specific 
antibodies adsorbed to a column matrix, and passing the 
fluid Sample through the matrix to Selectively extract the 
morphogen of interest. The morphogen then is eluted. A 
suitable elution buffer may be determined empirically by 
determining appropriate binding and elution conditions first 
with a control (e.g., purified, recombinantly-produced mor 
phogen.) Fractions then are tested for the presence of the 
morphogen by Standard immunoblot, and confirmed by 
N-terminal Sequencing. Morphogen concentrations in Serum 
or other fluid Samples then may be determined using Stan 
dard protein quantification techniques, including by Spec 
trophotometric absorbance or by quantitation by ELISA or 
RIA antibody assays. Using this procedure, OP-1 has been 
identified in Serum. 

0142. OP-1 was detected in human serum using the 
following assay. A monoclonal antibody raised against 
mammalian, recombinantly produced OP-1 using Standard 
immunology techniques well described in the art and 
described generally in Example 14, was immobilized by 
passing the antibody over an activated agarose gel (e.g., 
Affi-GelTM, from Bio-Rad Laboratories, Richmond, Calif., 
prepared following manufacturer's instructions), and used to 
purify OP-1 from serum. Human serum then was passed 
over the column and eluted with 3M K-thiocyanate. K-thio 
cyanante fractions then were dialyzed in 6M urea, 20 mM 
PO, pH 7.0, applied to a C8 HPLC column, and eluted with 
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a 20 minute, 25-50% acetonitrile/0.1% TFA gradient. 
Mature, recombinantly produced OP-1 homodimers elute 
between 20-22 minutes. Fractions then were collected and 
tested for the presence of OP-1 by standard immunoblot. 
FIG. 5 is an immunoblot showing OP-1 in human sera under 
reducing and oxidized conditions. In the figure, lanes 1 and 
4 are OP-1 standards, run under oxidized (lane 1) and 
reduced (lane 4) conditions. Lane 5 shows molecular weight 
markers at 17, 27 and 39 kDa. Lanes 2 and 3 are human Sera 
OP-1, run under oxidized (lane 2) and reduced (lane 3) 
conditions. 

0.143 Morphogens may be used in diagnostic applica 
tions by comparing the quantity of morphogen present in a 
body fluid Sample with a predetermined reference value, 
with fluctuations in fluid morphogen levels indicating a 
change in the Status of nerve tissue. Alternatively, fluctua 
tions in the level of endogenous morphogen antibodies may 
be detected by this method, most likely in Serum, using an 
antibody or other binding protein capable of interacting 
Specifically with the endogenous morphogen antibody. 
Detected fluctuations in the levels of the endogenous anti 
body may be used as indicators of a change in tissue Status. 

EXAMPLE 11 

Alleviation of Immune Response-Mediated Nerve 
TiSSue Damage 

0144. The morphogens described herein may be used to 
alleviate immunologically-related damage to nerve tissue. 
Details of this damage and the use of morphogens to 
alleviate this injury are disclosed in copending U.S. Ser. No. 
753,059, filed Aug. 30, 1991, the disclosure of which is 
incorporated herein. A primary Source of Such damage to 
nerve tissue follows hypoxia or ischemia-reperfusion of a 
blood Supply to a neural pathway, Such as may result from 
an embolic Stroke, or may be induced during a Surgical 
procedure. As described in U.S. Ser. No. 753,059, morpho 
gens have been shown to alleviate damage to myocardial 
tissue following ischemia-reperfusion of the blood Supply to 
the tissue. The effect of morphogens on alleviating immu 
nologically-related damage to nerve tissue may be assessed 
using methodologies and models known to those skilled in 
the art and described below. 

0145 For example, the rabbit embolic stroke model 
provides a useful method for assessing the effect of mor 
phogens on tissue injury following cerebral ischemia-reper 
fusion. The protocol disclosed below is essentially that of 
Phillips, et al., Annals of Neurology 25: 281-285 (1989), the 
disclosure of which is herein incorporated by reference. 
Briefly, white New England rabbits (2-3 kg) are anesthetized 
and placed on a respirator. The intracranial circulation then 
is Selectively catheterized by the Seldinger technique. Base 
line cerebral angiography then is performed, employing a 
digital Substration unit. The distal internal carotid artery or 
its branches then is selectively embolized with 0.035 ml of 
18-hour-aged autologous thrombus. Arterial occlusion is 
documented by repeat angiography immediately after embo 
lization. After a time sufficient to induce cerebral infarcts (15 
minutes or 90 minutes), reperfusion is induced by adminis 
tering a bolus of a reperfusion agent Such as the TPA 
analogue FB-FB-CF (e.g., 0.8 mg/kg over 2 minutes). 
0146 The effect of morphogen on cerebral infarcts can be 
assessed by administering varying concentrations of mor 
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phogens, e.g., OP-1, at different times following emboliza 
tion and/or reperfusion. The rabbits are sacrificed 3-14 days 
post embolization and their brains prepared for neuropatho 
logical examination by fixing by immersion in 10% neutral 
buffered formation for at least 2 weeks. The brains then are 
Sectioned in a coronal plane at 2-3 mm intervals, numbered 
and Submitted for Standard histological processing in paraf 
fin, and the degree of nerve tissue necrosis determined 
Visually. Morphogen-treated animals are anticipated to 
reduce or Significantly inhibit nerve tissue necrosis follow 
ing cerebral ischemia-reperfusion in the test animals as 
determined by histology comparison with non-treated ani 
mals. 

EXAMPLE 12 

Animal Model for Assessing Morphogen Efficacy 
In Vivo 

0147 The in vivo activities of the morphogens described 
herein also are assessed readily in an animal model as 
described herein. A Suitable animal, preferably exhibiting 
nerve tissue damage, for example, genetically or environ 
mentally induced, is injected intracerebrally with an effec 
tive amount of a morphogen in a Suitable therapeutic for 
mulation, such as phosphate-buffered saline, pH 7. The 
morphogen preferably is injected within the area of the 
affected neurons. The affected tissue is excised at a Subse 
quent time point and the tissue evaluated morphologically 
and/or by evaluation of an appropriate biochemical marker 
(e.g., by morphogen or N-CAM localization; or by measur 
ing the dose-dependent effect on a biochemical marker for 
CNS neurotrophic activity or for CNS tissue damage, using 
for example, glial fibrillary acidic protein as the marker. The 
dosage and incubation time will vary with the animal to be 
tested. Suitable dosage ranges for different species may be 
determined by comparison with established animal models. 
Presented below is an exemplary protocol for a rat brain stab 
model. 

0148 Briefly, male Long Evans rats, obtained from stan 
dard commercial Sources, are anesthetized and the head area 
prepared for Surgery. The calvariae is exposed using Stan 
dard Surgical procedures and a hole drilled toward the center 
of each lobe using a 0.035K wire, just piercing the calvariae. 
25 ml Solutions containing either morphogen (e.g., OP-1, 25 
mg) or PBS then is provided to each of the holes by 
Hamilton Syringe. Solutions are delivered to a depth 
approximately 3 mm below the Surface, into the underlying 
cortex, corpus calloSum and hippocampus. The Skin then is 
Sutured and the animal allowed to recover. 

014.9 Three days post surgery, rats are sacrificed by 
decapitation and their brains processed for Sectioning. Scar 
tissue formation is evaluated by immunofluorescence Stain 
ing for glial fibrillary acidic protein, a marker protein for 
glial Scarring, to qualitatively determine the degree of Scar 
formation. Glial fibrillary acidic protein antibodies are avail 
able commercially, e.g., from Sigma Chemical Co., St. 
Louis, Mo. Sections also are probed with anti-OP-1 anti 
bodies to determine the presence of OP-1. Reduced levels of 
glial fibrillary acidic protein are anticipated in the tissue 
Sections of animals treated with the morphogen, evidencing 
the ability of morphogens to inhibit glial Scar formation and 
Stimulate nerve regeneration. 
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EXAMPLE 13 

In vitro Model for Evaluating Morphogen Species 
Transport Across the Blood-Brain Barrier 

0150. Described below is an in vitro method for evalu 
ating the facility with which Selected morphogen Species 
likely will pass across the blood-brain barrier. A detailed 
description of the model and protocol are provided by 
Audus, et al., Ann. N.Y. Acad. Sci. 507: 9-18 (1987), the 
disclosure of which is incorporated herein by reference. 
0151 Briefly, microvessel endothelial cells are isolated 
from the cerebral gray matter of fresh bovine brains. Brains 
are obtained from a local Slaughter house and transported to 
the laboratory in ice cold minimum essential medium 
(MEM) with antibiotics. Under sterile conditions the large 
Surface blood vessels and meninges are removed using 
Standard dissection procedures. The cortical gray matter is 
removed by aspiration, then minced into cubes of about 1 
mm. The minced gray matter then is incubated with 0.5% 
dispase (BMB, Indianapolis, Ind.) for 3 hours at 37° C. in a 
Shaking water bath. Following the 3 hour digestion, the 
mixture is concentrated by centrifugation (1000xg for 10 
min.), then resuspended in 13% dextran and centrifuged for 
10 min. at 5800xg. Supernatant fat, cell debris and myelin 
are discarded and the crude microVessel pellet resuspended 
in 1 mg/ml collagenase/dispase and incubated in a shaking 
water bath for 5 hours at 37 C. After the 5-hour digestion, 
the microVessel Suspension is applied to a pre-established 
50%. Percoll gradient and centrifuged for 10 min at 1000xg. 
The band containing purified endothelial cells (Second band 
from the top of the gradient) is removed and washed two 
times with culture medium (e.g., 50% MEM/50% F-12 
nutrient mix). The cells are frozen (-80° C.) in medium 
containing 20% DMSO and 10% horse serum for later use. 
0152. After isolation, approximately 5x10 cells/cm are 
plated on culture dishes or 5-12 mm pore size polycarbonate 
filters that are coated with rat collagen and fibronectin. 10-12 
days after Seeding the cells, cell monolayers are inspected 
for confluency by microScopy. 

0153 Characterization of the morphological, histochemi 
cal and biochemical properties of these cells has shown that 
these cells possess many of the Salient features of the 
blood-brain barrier. These features include: tight intercellu 
lar junctions, lack of membrane fenestrations, low levels of 
pinocytotic activity, and the presence of gamma-glutamyl 
transpeptidase, alkaline phosphatase, and Factor VIII anti 
gen activities. 
0154) The cultured cells can be used in a wide variety of 
experiments where a model for polarized binding or trans 
port is required. By plating the cells in multi-Well plates, 
receptor and non-receptor binding of both large and Small 
molecules can be conducted. In order to conduct transen 
dothelial cell flux measurements, the cells are grown on 
porous polycarbonate membrane filters (e.g., from Nucle 
opore, Pleasanton, Calif.). Large pore size filters (5-12 mm) 
are used to avoid the possibility of the filter becoming the 
rate-limiting barrier to molecular flux. The use of these 
large-pore filters does not permit cell growth under the filter 
and allows Visual inspection of the cell monolayer. 
O155 Once the cells reach confluency, they are placed in 
a side-by-side diffusion cell apparatus (e.g., from Crown 
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Glass, Sommerville, N.J.). For flux measurements, the donor 
chamber of the diffusion cell is pulsed with a test substance, 
then at various times following the pulse, an aliquot is 
removed from the receiver chamber for analysis. Radioac 
tive or fluorescently-labelled substances permit reliable 
quantitation of molecular flux. Monolayer integrity is Simul 
taneously measured by the addition of a non-transportable 
test Substance Such as Sucrose or inulin and replicates of at 
least 4 determinations are measured in order to ensure 
Statistical Significance. 

EXAMPLE 1.4 

Screening ASSay for Candidate Compounds which 
Alter Endogenous Morphogen Levels 

0156 Candidate compound(s) which may be adminis 
tered to affect the level of a given morphogen may be found 
using the following Screening assay, in which the level of 
morphogen production by a cell type which produces mea 
Surable levels of the morphogen is determined with and 
without incubating the cell in culture with the compound, in 
order to assess the effects of the compound on the cell. This 
can be accomplished by detection of the morphogen either 
at the protein or RNA level. A more detailed description also 
may be found in U.S. Ser. No. 752,861, incorporated here 
inabove by reference. 
0157 14.1 Growth of Cells in Culture 
0158 Cell cultures of kidney, adrenals, urinary bladder, 
brain, or other organs, may be prepared as described widely 
in the literature. For example, kidneys may be explanted 
from neonatal or new born or young or adult rodents (mouse 
or rat) and used in organ culture as whole or sliced (1-4 mm) 
tissues. Primary tissue cultures and established cell lines, 
also derived from kidney, adrenals, urinary, bladder, brain, 
mammary, or other tissues may be established in multiwell 
plates (6 well or 24 well) according to conventional cell 
culture techniques, and are cultured in the absence or 
presence of Serum for a period of time (1-7 days). Cells may 
be cultured, for example, in Dulbecco's Modified Eagle 
medium (Gibco, Long Island, N.Y.) containing Serum (e.g., 
fetal calf serum at 1%- 10%, Gibco) or in serum-deprived 
medium, as desired, or in defined medium (e.g., containing 
insulin, transferrin, glucose, albumin, or other growth fac 
tors). 
0159 Samples for testing the level of morphogen pro 
duction includes culture Supernatants or cell lysates, col 
lected periodically and evaluated for OP-1 production by 
immunoblot analysis (Sambrook et al., eds., 1989, Molecu 
lar Cloning, Cold Spring Harbor Press, Cold Spring Harbor, 
N.Y.), or a portion of the cell culture itself, collected 
periodically and used to prepare poly A+RNA for RNA 
analysis. To monitor de novo OP-1 synthesis, some cultures 
are labeled according to conventional procedures with an 
S-methionine/S-cysteine mixture for 6-24 hours and 

then evaluated to OP-1 synthesis by conventional immuno 
precipitation methods. 
0160 14.2 Determination of Level of Morphogenic Pro 
tein 

0.161 In order to quantitate the production of a morpho 
genic protein by a cell type, an immunoassay may be 
performed to detect the morphogen using a polyclonal or 
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monoclonal antibody Specific for that protein. For example, 
OP-1 may be detected using a polyclonal antibody Specific 
for OP-1 in an ELISA, as follows. 
0162. 1 mg/100 ml of affinity-purified polyclonal rabbit 
IgG specific for OP-1 is added to each well of a 96-well plate 
and incubated at 37 C. for an hour. The wells are washed 
four times with 0.167M Sodium borate buffer with 0.15 M 
NaCl (BSB), pH 8.2, containing 0.1% Tween 20. To mini 
mize non-specific binding, the Wells are blocked by filling 
completely with 1% bovine serum albumin (BSA) in BSB 
and incubating for 1 hour at 37 C. The wells are then 
washed four times with BSB containing 0.1% Tween 20. A 
100 ml aliquot of an appropriate dilution of each of the test 
Samples of cell culture Supernatant is added to each well in 
triplicate and incubated at 37 C. for 30 min. After incuba 
tion, 100 ml biotinylated rabbit anti-OP-1 serum (stock 
solution is about 1 mg/ml and diluted 1:400 in BSB con 
taining 1% BSA before use) is added to each well and 
incubated at 37 C. for 30 min. The wells are then washed 
four times with BSB containing 0.1% Tween 20. 100 ml 
Strepavidin-alkaline (Southern Biotechnology ASSociates, 
Inc. Birmingham, Ala., diluted 1:2000 in BSB containing 
0.1% Tween 20 before use) is added to each well and 
incubated at 37 C. for 30 min. The plates are washed four 
times with 0.5M Tris buffered Saline (TBS), pH 7.2. 50 ml 
substrate (ELISA Amplification System Kit, Life Technolo 
gies, Inc., Bethesda, Md.) is added to each well incubated at 
room temperature for 15 min. Then, 50 ml amplifier (from 
the same amplification System kit) is added and incubated 
for another 15 min at room temperature. The reaction is 
stopped by the addition of 50 ml 0.3 M sulfuric acid. The OD 
at 490 nm of the Solution in each well is recorded. To 
quantitate OP-1 in culture media, a OP-1 standard curve is 
performed in parallel with the test Samples. 
0163 Polyclonal antibody may be prepared as follows. 
Each rabbit is given a primary immunization of 100 tug/500 
ml E. coli produced OP-1 monomer (amino acids 328-431 in 
SEQ ID NO: 5) in 0.1% SDS mixed with 500 ul E. coli 
produced OP-1 monomer (amino acids 328-431 in SEQ ID 
NO: 5) in 0.1% SDS mixed with 500 ul Complete Freund's 
Adjuvant. The antigen is injected Subcutaneously at multiple 
sites on the back and flanks of the animal. The rabbit is 
boosted after a month in the same manner using incomplete 
Freund's Adjuvant. Test bleeds are taken from the ear vein 
seven days later. Two additional boosts and test bleeds are 
performed at monthly intervals until antibody against OP-1 
is detected in the Serum using an ELISA assay. Then, the 
rabbit is boosted monthly with 100 mg of antigen and bled 
(15 ml per bleed) at days seven and ten after boosting. 
0.164 Monoclonal antibody specific for a given morpho 
gen may be prepared as follows. A mouse is given two 
injections of E. coli produced OP-1 monomer. The first 
injection contains 100 mg of OP-1 in complete Freund's 
adjuvant and is given Subcutaneously. The Second injection 
contains 50 mg of OP-1 in incomplete adjuvant and is given 
intraperitoneally. The mouse then receives a total of 230 mg 
of OP-1 (amino acids 307-431 in SEQ ID NO: 5) in four 
intraperitoneal injections at various times over an eight 
month period. One week prior to fusion, both mice are 
boosted intraperitoneally with 100 mg of OP-1 (307-431) 
and 30 mg of the N-terminal peptide (Sero-ASnoo-CyS) 
conjugated through the added cysteine to bovine Serum 
albumin with SMCC crosslinking agent. This boost was 



US 2003/0109445 A1 

repeated five days (IP), four days (IP), three days (IP) and 
one day (IV) prior to fusion. The mouse spleen cells are then 
fused to myeloma (e.g., 653) cells at a ratio of 1:1 using PEG 
1500 (Boeringer Mannheim), and the cell fusion is plated 
and screened for OP-1-specific antibodies using OP-1 (307 
431) as antigen. The cell fusion and monoclonal Screening 
then are according to Standard procedures well described in 
standard texts widely available in the art. 

EXAMPLE 1.5 

Morphogen-Induced Dendritic Growth in 
Mesencephalic Neurons. In Vitro 

0.165. In order to evaluate the effects of morphogens on 
neurite outgrowth in mesencephalic neurons, dissociated 
neurons from the mesencephalon are exposed to various 
concentrations of OP-1 in vitro. Briefly, pregnant Balb/c 
mice (E18) are euthanised by decapitation following CO 
anesthesia and the embryos removed under Sterile condi 
tions. After carefully removing the meninges, the mesen 
cephalon is dissected in Sterile Hank's balanced Salt Solution 
(HBSS) without Ca"/Mg" (Biowhittaker) containing 0.6% 
glucose and 0.5% HEPES (Sigma) and dissociated into a 
Single-cell Suspension using the protocol described in 
Example 5. The mesencephalon is minced to 1 mm thick 
pieces and dissociated into a single-cell Suspension using the 
following protocol. Pieces are placed in 4.5 ml of Ca+/Mg+- 
free HBSS in a 50 ml conical culture tube and incubated in 
a water bath for 5 min at 37° C. 0.5 ml of 2.5% trypsin 
solution (Gibco) is added and the tissue is then incubated for 
10 min on a shaking device at 37 C. The Supernatant is then 
removed and placed into another tube containing 0.5 ml fetal 
bovine serum (FBS; Gibco). Five ml of 0.025% Deoxyri 
bonuclease I (Dnase; Calbiochem Corp.) in Ca+/Mg+-free 
HBSS is then added to the pellet and the incubation is 
continued for another 5 min on a shaking device at 37 C. 
At the end of incubation, the trypsin is inactivated by adding 
0.5 ml FBS. The Supernatant collected earlier is combined 
with the tissue and the cells are then concentrated by 
centrifugation (1000 rpm, 5 min) and the Supernatant is 
decanted. Fresh medium (2 ml) is added to resuspend the 
pellet which is further dissociated into a single-cell Suspen 
Sion by trituration using a pipet-tip. 

0166 Mesencephalic neurons are plated in Neurobasal 
Medium (GIBCO), Supplemented with B-27 Supplement 
(GIBCO), 1 mM glutamine and penicillin/streptomycin are 
plated at low density (1x10" cells/0.5 ml) on poly-D-lysine 
coated coverslips inserted into 24-well culture plate (Fal 
con). Cells are grown for two days in vitro at 37° C. in an 
atmosphere of 5% CO. OP-1 (1, 10, 30, or 100 ng/ml) is 
added either three hours or 24 hours after plating the 
mesencephalic neurons. BSA is added to all wells at a final 
concentration of 500 tug/ml prior to adding OP-1. Control 
cultures consists of culture medium and medium with BSA 
500 tug/ml. 

0167 Mouse neurites are immunostained with M6, a 
mouse neuron-specific monoclonal antibody (donated by Dr. 
C. Laqenaur, University of Pittsburgh). Cells are first incu 
bated in 0.1 M phosphate buffered saline (PBS) containing 
1% BSA for 30 min at 25° C. and then exposed to M6 in PBS 
(1:10) for 24hrs at 4 C. Immunofluorescent labeling for M6 
is carried out using biotinylated Secondary antibodies anti 
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rat IgG (Sigma;3 ug/ml, 1:200, 1 hr at 37° C) followed by 
avidin-TRITC conjugate (Sigma; 6.5 lug/ml, 1:400, 1 hr at 
37° C., in the dark). 
0168 Axons are identified with a rabbit polyclonal anti 
serum to the 200 kDa neurofilament protein (NF-H; 
Sigma; 1:100, 91 ug/ml). A monoclonal antibody to micro 
tubule-associated protein 2 (MAP2; Boehringer-Mannheim; 
1:100, 20 ug/ml) is used as a specific marker of dendrites. To 
Visualize these intracellular antigens, cells are permeabilized 
with 0.5% Triton X-100 (TX) in 0.1 M PBS containing 1% 
BSA and 4% goat serum (GS; Sigma) for 1 hr at 25 C. 
Primary antibodies are diluted in 0.1 M PBS, 1% BSA, 4% 
GS with 0.5% TX and incubated for 1 hr at 37° C. After the 
primary incubation, the cells are washed three times in PBS 
containing 4% GS. Labeling is detected with fluorescein- or 
rhodamine-conjugated antibodies (1:400 in PBS, BSA, GS, 
and TX, 1 hr at 37 C., in the dark). Mouse antibodies are 
Visualized with fluorescein-coupled goat anti-mouse Ig 
(Boehringer-Mannheim). Rabbit or rat antibodies are visu 
alized using indirect immunofluorescence with rhodamine 
conjugated goat anti-rat or anti-rabbit Ig. Cultures are addi 
tionally Stained with a nuclear Stain, 4,6-Diamidino-2- 
phenylindole dihydrochloride hydrate (DAPI; Sigma; 0.1 
Aug/ml, 5 min at room temperature). Coverslips are washed 
once in sterile water and allowed to dry for 10 min before 
mounting onto glass slides in aqueous mounting Solution 
(Fluoromount; Southern Biotechnology). Slides are kept 
refrigerated in the dark until examined. 
0169. Only isolated neurons whose cell bodies or pro 
cesses that are not in contact with other neurons are ana 
lyzed. A total of 100 neurons are examined for each experi 
mental condition. For measurements of neurite length, 
neurons are examined at a final image magnification of 
400x. Fluorescent images of the neurons are recorded with 
a CCD video camera (Dage) and analyzed with a Macintosh 
PowerMac (9500/200) and image processing program (NIH 
Image 1.59). Neurite lengths are measured by tracing the 
total length of any neurite extending from a neuron cell 
body. Recorded lengths are calibrated at the Same magnifi 
cation using a ciroScope Slide micrometer. Analysis of 
Statistical Significance of any observed differences between 
monolayers was performed using Student's t-test or ANOVA 
(SPSS/Mac, version 6.1, SPSS Inc., Chicago, Ill.). 
0170 Mesencephalic neurons of animals treated with 
OP-1 are expected to have significantly enhanced dendritic 
growth when compared to control animals, reflected in 
increased length, diameter, and number of processes. 

EXAMPLE 16 

Morphogen-Induced Dendritic Growth and Synapse 
Formation in Hippocampal Neurons In Vitro 

0171 In order to evaluate the effects of morphogens on 
neurite outgrowth in hippocampal neurons, neurons from the 
hippocampus of rats were exposed to various concentrations 
of OP-1 in vitro and subsequently exposed to antibodies 
Specific for axons and dendrites. Primary hippocampal cul 
tures were prepared according to the method of Banker, et al. 
See Banker & Cowan Brain Res. 126: 397-425 (1977); 
Banker & Goslin, CULTURING NERVE CELLS (1991). A 
very low density of neurons was plated over a monolayer of 
glial cells plated on poly-D-lysine coated coverslipS and 
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maintained in a Serum-free medium. Cellular morphology 
was assessed by immunostaining for MAP2. Dendritic 
length and branching was quantified using the Shoil con 
centric ring analysis. Under these control conditions, hip 
pocampal neurons produce 4-6 minor processes. Over the 
first 24-48 hours, one of the processes grows rapidly and 
becomes an axon. The other processes extend Very slowly 
and develop into mature dendrites after 6-10 days. 
0172 Because the glial cells secrete trophic factors into 
the medium that are critical for the development of hippoc 
ampal neurons, this culture method was modified to assess 
the effects of OP-1. Hippocampal neurons were plated in a 
Serum-free medium without glial cells. In the absence of 
glial cells, OP-1 markedly enhanced the rate and extent of 
dendritic development of hippocampal neurons cultured in 
Serum-free medium. OP-1-treated neurons had significantly 
increased number of Shoil ring intersections (39.6 vs. 
16.02), dendritic length (FIGS. 6 and 7) and number of 
terminal branches (13.05 vs. 6.64; FIG. 8). There were no 
Significant differences in the number of primary dendrites. 
The effects of OP-1 appeared to be dendrite-specific in this 
cell type. As illustrated in FIG. 6; OP-1 did not significantly 
affect the total length of axons. 
0173. In order to determine if these dendrites were recep 
tive to innervation, OP-1-treated cultured hippocampal neu 
rons were immunostained with antibodies to MAP2 and 
Synapsin. Sites of presynaptic contact are defined by puncta 
of Synapsin immunoreactivity. Given the poor growth of 
axons in cultured hippocampal neurons maintained in a 
Serum-free medium, a heterochronic culture technique was 
used to assess the ability of the OP-1-extended dendrites to 
receive axonal contacts. Cultured neurons were grown in the 
presence of OP-1 for three days. New neurons were plated 
on top of these more mature neurons and fixed one day later. 
Previous work has shown that axonal contacts will form 
within 24 hours of plating if more mature dendrites are 
present within the culture. Fletcher, et al., J. Neurosci 14: 
6695-6706 (1994). Using this heterochronic culture tech 
nique, Synapsin positive aggregates were found Surrounding 
OP-1-induced dendrites. As illustrated in FIG. 9, OP-1- 
treated cultured hippocampal neurons had a significantly 
higher number of Synapses per neuron than untreated neu 
rons or neurons co-cultured with glial cells. These observa 
tions Suggests that the OP-1-induced dendritic outgrowth 
produces dendrites which are receptive to innervation. 

EXAMPLE 1.8 

Morphogen-Induced Dendritic Growth and 
Synaptogenesis. In Vivo 

0.174. In order to assess the effects of morphogen on 
dendritic growth in Vivo, rats are injected intraperitoneally 
once per day with OP-1 at dose of 2 mg/kg. The control 
group consists of rats injected intraperitoneally with the 
vehicle (20 mMarginine (pH 9.0), 150 mM NaCl with 0.1% 
Tween 80). After seven days, rats are anesthetized with ether 
and the Superior cervical ganglia, hippocampus, and mes 
encephalon are removed. Subsequently, rats are perfused 
with paraformaldehyde and the kidney and retina are 
removed. 

0175 Superior cervical ganglia are desheathed and 
pinned in a chamber Superfused with an oxygenated physi 
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ological Saline. For intracellular staining, neurons are 
impaled with triangular glass electrodes filled with a 4% 
solution of horseradish peroxidase (HRP). HRP is intro 
duced into the cell by iontophoresis and the reaction product 
is visualized by the pyrocathecol-phenylenediamine 
method. Hanker, et al., Histochem. J. 9: 789-792 (1977); for 
details see Purves and Hume, J. Neurosci. 1: 441-452 
(1981); Forehand and Purves, J. Neurosci. 4: 1-12 (1984). 
Five to ten cells/ganglion are injected. After allowing two 
hours for dye diffusion, the ganglia are fixed in 4% form 
aldehyde overnight. After dehydration, Stained neurons are 
viewed at 300x in whole-mount preparations and traced with 
the aid of a camera lucida. 

0176) To confirm the light microscopic identification of 
processes and to assess the State of differentiation of the 
dendrites formed in the presence of OP-1, Superior cervical 
ganglia are immunostained with antibodies previously 
shown to react Selectively with either axons or dendrites. 
Lein and Higgins, Dev. Biol. 136: 330-345 (1989). Mono 
clonal antibodies (mAb) to MAP2 (e.g., AP14), to nonphos 
phorylated forms of the M and H neurofilaments (SMI 32, 
Sternbery-Meyer Immunocytochemicals), and to the trans 
ferrin receptor (MRCOX-26, Serotech) are used as dendritic 
markers and mAb to synaptophysin (SY-38, Boehringer 
Mannheim), tau (e.g., Tau 1), and phosphorylated forms of 
the H (NE14, Boehringer Mannheim) and the M and H (SMI 
31, Sternbery-Meyer Immunocytochemicals) neurofilament 
Subunits are used as axonal markers. All antigens are local 
ized by indirect immunofluorescence using previously 
described procedures. Lein and Higgins, Dev. Biol. 136: 
330-345 (1989). Image 1 Software (Universal Imaging) is 
used for the morphometric analyses of dendritic growth in 
immunostained cultures. In addition, in order to determine 
the effects of OP-1 on Synaptogenesis in Superior cervical 
ganglia in Vivo, neurons are immunostained with antibodies 
to Synapsin. Sites of presynaptic contact are defined by 
puncta of Synapsin immunoreactivity. 
0177 Hippocampal or mesencephalon tissue is impreg 
nated with GolgiCox solution. Following dehydration, the 
tissue is embedded in celloidin and Sectioned at 160 um on 
a microtome. Sections are then developed in 5% sodium 
Sulphite and mounted on a glass Slide with permount. 
Kidney and retinal tissue is removed from animals that have 
been perfused with formaldehyde. The fixed tissue is embed 
ded in paraffin and Sectioned at 160 um on a microtome. 
Sections are then developed in 5% sodium sulphite and 
mounted on a glass Slide with permount. Sections of hip 
pocampal, mesencephalon, kidney, and retinal tissue are 
immunostained with antibodies previously shown to react 
Selectively with axons, dendrites, or Synapsin. Antigens are 
localized by indirect immunofluorescence, as described 
above. 

0.178 Dendritic and axonal processes are distinguished 
using established criteria. Purves and Hume, J. Neurosci. 1: 
441-452 (1981). Dendrites have numerous short processes 
arising from the main shaft and branched into Secondary and 
tertiary Segments relatively close to the cell Soma. The axon 
is readily identified as a Smooth, thick process that usually 
could be followed for at least several hundred microns and 
frequently can be seen exiting the ganglion via a postgan 
glionic nerve. The arbor of each neuron is assessed by four 
measures of dendritic complexity. The number of primary 
dendrites is determined by viewing the cells at 480x in 
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multiple focal planes. A primary dendrite is defined as any 
process extending from the Soma a distance greater than one 
cell diameter. Total dendritic lengths are measured from the 
camera lucida tracings with the aid of a digitizing tablet and 
a general purpose program for neural imaging. VoyVodic, 
Soc. Neurosci. Abstr. 12: 390 (1986). The radius of a circle 
incorporating the entire arbor is measured as an indicator of 
the proceSS length. Finally, the extent of branching is deter 
mined by counting the number of branches crossing a 50% 
circle. Scholl, J. Comp. Neurol. 244: 245-253 (1953). Sites 
of presynaptic contact are defined by puncta of Synapsin 
immunoreactivity. 

0179 Animals treated with OP-1 are expected to have 
Significantly enhanced dendritic growth when compared to 
control animals, reflected in increased length, diameter, and 
number of processes. Further, animals treated with OP-1 are 
expected to have Significantly increased number of Synaptic 
contact when compared to control animals. 

EXAMPLE 1.9 

Circling Model Involving 6-OHDA Lesions 
0180. In order to assess the ability of morphogens to 
restore motor function following Significant destruction of 
the nigrostriatal dopaminergic pathway, OP-1 was adminis 
tered to rats with a unilateral intranigral 6-hydroxydopamine 
(6-OHDA) lesion. The circling model in rats with a unilat 
eral 6-OHDA lesion is a well accepted model of Parkinson's 
disease. The principal Site of pathology in Parkinson's 
disease is the Substantia nigra. Symptoms and signs of 
parkinsonism in humans emerge when 75-80% of the 
dopaminergic nigral innervation is destroyed. Pigmented 
neurons of the Substantia nigra project widely and difflusely 
to the caudate-putamen (corpus striatum) and are specialized 
to Synthesize and release dopamine. 6-OHDA is a neuro 
toxin that Selectively destroys dopaminergic neurons when 
injected locally in the Substantia nigra. Rats with a unilateral 
intranigral 6-OHDA lesion will exhibit circling behavior in 
response to administration of a drug that enhances dopam 
inergic activity in the CNS. Animals typically circle away 
from (i.e., contralateral) to the side of higher dopaminergic 
activity. In rats with a unilateral intranigral 6-OHDA lesion 
injected with apomorphine (0.05 mg/kg S.c.), a degree of 
rotation exceeding 300 rotations correlate Significantly with 
a greater than 90% reduction of dopamine within the stria 
tum. The circling model is reasonably predictive of the 
ability and efficacy of drugs, Such as morphogen, to alter 
functional recovery in humans afflicted with Parkinson's 
disease. For example, the circling model is deemed reason 
ably predictive of drug efficacy to restore or detectably 
improve motor coordination, tremor, rigidity, brady- and 
hypokinesia, deficits in equilibrium and posture or any other 
Symptoms associated with parkinsonism. 
0181. The animals used in this study were young adult 
male Fisher 344 rats weighing 200-260 g at the start of the 
experiment. For Surgical procedures, the animals were anes 
thetized with sodium-pentobarbital (50 mg/kg, i.p.; Butler 
Co., Columbus, Ohio) and placed in a stereotaxic frame 
(David Kopf Instruments, Tujunga, Calif.) with the mouth 
bar set at -3.3 mm. The skull was exposed and burr holes 
were made using a high-Speed dental drill. All control 
animals were administered 2 ul of PBS in the right Substantia 
nigra parS compacta using the following coordinates: A/P 
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-5.4 mm, LAT -2.2 mm and Depth -7.5 mm from dura or 
in the right striatum using the following coordinates: A/P0.8 
mm, LAT-2.5 mm and Depth -5.5 mm from dura. Paxinos 
and Watson, (1986). Lesioned animals were subjected to a 
6-OHDA (Sigma, St. Louis, Mo.) neurotoxic challenge. 
6-OHDA (8 ug in 2 ul saline containing 0.2% ascorbic acid) 
was injected into the right Substantia nigra, parS compacta or 
into the right Striatum using the same coordinates used for 
PBS administration. Only lesioned rats with greater than 300 
rotations in response to apomorphine (0.05 mg/kg S.c.) were 
included in the lesioned groups of the present Study, as this 
degree of rotation correlates Significantly with a greater than 
90% reduction of dopamine within the striatum. The study 
consisted of Seven groups (N=6 per group): (1) non-opera 
tive control, (2)1 ug soluble OP-1, (3) 10 ug soluble OP-1, 
(4) soluble vehicle, (5) 1 lug mature OP-1, (6) 10 ug mature 
OP-1, and (7) mature vehicle. Two weeks following the 
6-OHDA lesion, rats were administered OP-1 or vehicle 
injection on the same side of the lesion (i.e., intranigral or 
intrastrial). The lesioned rats were then tested for changes in 
Spontaneous activity as well as in rotational behavior two 
days or six days following intranigral OP-1 or vehicle 
injections (i.e., day 2 and day 6, respectively). Following 
behavioral testing, rats were Sacrificed and then perfused and 
processed for tyrosine hydroxylase (TH) immunoreactivity 
within the striatum and Substantia nigra. 

0182. In unlesioned animals, neither form of the OP-1 
(i.e., Soluble and mature) produced significant changes in 
Spontaneous or apomorphine-induced activity or in dopam 
ine or metabolite concentrations within the injected Substan 
tia nigra. The high dose Soluble and mature OP-1 injections 
produced a modest but Significant decrease in Striatal 
dopamine levels (FIG. 10; ANOVA, p<0.05). 
0183 In the animals with a nigral lesion, neither the 
vehicle nor the OP-1 injections produced Significant changes 
in Spontaneous activity when compared to each other or to 
the non-operative controls (data not shown). The vehicle 
group showed a non-significant trend towards increasing 
rotations (FIG. 11). The OP-1 injected groups (i.e., day 2 
and day 6) both showed a significant decrease in rotations 
compared to preoperative levels (data not shown) and to the 
control rats (FIG. 11). 
0184. Histological analyses revealed that injection tracts 
were clearly visible in all rats. No effects of the vehicle were 
observed either Surrounding the injection Sites or within 
adjacent Sections. A massive loss of dopaminergic cell 
bodies and dendritic fibers was observed in the lesioned 
substantia nigra (FIG. 12A; FIG. 13, lower left panel) and 
striatum (FIG. 13, upper left panel) of vehicle-treated rats. 
In contrast, Significant increases in tyrosine hydroxylase 
immunoreactivity were observed around the injection site of 
the lesioned substantia nigra (FIG. 12B, FIG. 13, lower 
right panel) and striatum (FIG. 13, upper right panel) of 
OP-1-treated rats. Interestingly, rats with injections deviat 
ing from the intended target site (e.g., in the far anterior 
border of the Substantia nigra) only showed slight increases 
in tyrosine hydroxylase immunoreactivity and exhibited 
increased rotations, as did the vehicle group overall. Indeed, 
a significant correlation was observed between immunore 
activity Scores and percent changes in rotation (FIG. 14). 
0185. These data show that intranigral injections of OP-1 
produces no behavioral changes in the non-lesioned rats 
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with slight reductions in dopamine content within the intact 
striatum. Similarly, Spontaneous activity was unchanged 
within the lesioned group. In contrast, OP-1 produced a 
Significant decrease in rotational behavior and a significant 
increase in tyrosine hydroxylase immunoreactivity. Variable 
changes in rotational behavior was observed in rats with 
injections deviating from the intended target tissue and the 
rotational behavior observed in these animals significantly 
correlated to the degree of dopamine cell and fiber restora 
tion within the lesioned substantia nigra. The ability of OP-1 
to restore dopaminergic cellular elements was also demon 
strated in animals with striatal 6-OHDA lesions; OP-1 
produced a significant increase in tyrosine hydroxylase 
immunoreactivity in the lesioned striatum. 
0186 Thus, these data show that morphogens are capable 
of maintaining or restoring dopaminergic cellular elements, 
and neural pathways, including the nigrostriatal pathway. 

SEQUENCE LISTING 

(1) GENERAL INFORMATION: 

(iii) NUMBER OF SEQUENCES: 9 

(2) INFORMATION FOR SEQ ID NO: 1: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 1822 base pairs 
(B) TYPE : nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(vi) ORIGINAL SOURCE: 
(A) ORGANISM: HOMO SAPIENS 
(F) TISSUE TYPE: HIPPOCAMPUS 

(ix) FEATURE: 
(A) NAME/KEY : CDS 
(B) LOCATION: 49. . 1341 
(c) IDENTIFICATION METHOD: experimental 
(D) OTHER INFORMATION: 

/product= 'OP1" 
A evidence= EXPERIMENTAL 
A standard name= 'OP1’ 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO: 1: 
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Further, morphogens are capable of restoring or maintaining 
functions associated with these elements and pathways. 
Similar routine modifications can be made in other accepted 
models of Parkinson's disease, to confirm efficacy of mor 
phogen treatment to restore impaired or lost CNS function. 

Equivalents 

0187. The invention may be embodied in other specific 
forms without departing from the Spirit or essential charac 
teristics thereof. The foregoing embodiments are therefore 
to be considered in all respects illustrative rather than 
limiting on the invention described herein. Scope of the 
invention is thus indicated by the appended claims rather 
than by the foregoing description, and all changes which 
come within the meaning and range of equivalency of the 
claims are intended to be embraced therein. 

A function= 'OSTEOGENIC PROTEIN' 
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-continued 

AAC GCC ACC AAC CAC GCC ATC GTG CAG ACG CTG GTC CAC TTC ATC. AAC 209 
Asn Ala Thr Asn His Ala Ile Val Glin Thir Leu Wal His Phe Ile Asn 

375 38O 385 

CCG GAA. ACG. GTG CCC AAG CCC TGC TGT, GCG CCC. ACG CAG CTC AAT, GCC 257 

Pro Glu Thr Val Pro Lys Pro Cys Cys Ala Pro Thr Gln Leu Asn Ala 
39 O. 395 400 

ATC. TCC GTC CTC TAC TTC GAT GAC AGC. TCC AAC GTC ATC CTG AAG AAA 305 

Ile Ser Val Lieu. Tyr Phe Asp Asp Ser Ser Asn Val Ile Leu Lys Lys 
405 410 415 

TAC AGA AAC ATG GTG GTC CGG GCC TGT. GGC TGC CAC TAGCTCCTCC 35 

Tyr Arg Asn Met Val Val Arg Ala Cys Gly Cys His 
420 4.25 430 

GAGAATTCAG ACCCTTTGGG GCCAAGTTTT TCTGGATCCT CCATTGCTCG CCTTGGCCAG 41 

GAACCAGCAG ACCAACTGCC TTTTGTGAGA CCTTCCCCTC CCTATCCCCA ACTTTAAAGG 47 

TGTGAGAGTA TTAGGAAACA TGAGCAGCAT ATGGCTTTTG ATCAGTTTTT CAGTGGCAGC 53 

ATCCAATGAA CAAGATCCTA CAAGCTGTGC AGGCAAAACC TAGCAGGAAAAAAAAACAAC 59 

GCATAAAGAA AAATGGCCGG GCCAGGTCAT TGGCTGGGAA GTCTCAGCCA TGCACGGACT 65 

CGTTTCCAGA. GGTAATTATG AGCGCCTACC AGCCAGGCCA CCCAGCCGTG GGAGGAAGGG 71. 

GGCGTGGCAA. GGGGTGGGCA CATTGGTGTC TGTGCGAAAG GAAAATTGAC CCGGAAGTTC 77 

CTGTAATAAA TGTCACAATA AAACGAATGA, ATGAAAAAAA AAAAAAAAAA. A. 822 

(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 431 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Met His Val Arg Ser Leu Arg Ala Ala Ala Pro His Ser Phe Val Ala 
1 5 10 15 

Leu Trp Ala Pro Leu Phe Leu Lieu Arg Ser Ala Leu Ala Asp Phe Ser 
2O 25 30 

Leu Asp Asn. Glu Val His Ser Ser Phe Ile His Arg Arg Lieu Arg Ser 
35 40 45 

Glin Glu Arg Arg Glu Met Glin Arg Glu Ile Leu Ser Ile Leu Gly Lieu 
5 O 55 60 

Pro His Arg Pro Arg Pro His Leu Glin Gly Lys His Asn. Ser Ala Pro 
65 70 75 8O 

Met Phe Met Leu Asp Leu Tyr Asn Ala Met Ala Val Glu Glu Gly Gly 
85 90 95 

Gly Pro Gly Gly Glin Gly Phe Ser Tyr Pro Tyr Lys Ala Val Phe Ser 
100 105 110 

Thr Glin Gly Pro Pro Leu Ala Ser Leu Glin Asp Ser His Phe Leu Thr 
115 120 125 

Asp Ala Asp Met Wal Met Ser Phe Val Asn Lieu Val Glu. His Asp Lys 
130 135 1 4 0 

Glu Phe Phe His Pro Arg Tyr His His Arg Glu Phe Arg Phe Asp Leu 
145 15 O 155 160 

Ser Lys Ile Pro Glu Gly Glu Ala Val Thr Ala Ala Glu Phe Arg Ile 
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1.65 170 175 

Tyr Lys Asp Tyr Ile Arg Glu Arg Phe Asp Asn. Glu Thir Phe Arg Ile 
18O 185 190 

Ser Val Tyr Glin Val Lieu Glin Glu His Leu Gly Arg Glu Ser Asp Lieu 
195 200 2O5 

Phe Lieu Lieu. Asp Ser Arg Thr Lieu Trp Ala Ser Glu Glu Gly Trp Lieu 
210 215 220 

Val Phe Asp Ile Thr Ala Thr Ser Asn His Trp Val Val Asn Pro Arg 
225 230 235 240 

His Asn Lieu Gly Lieu Gln Leu Ser Val Glu Thir Lieu. Asp Gly Glin Ser 
245 250 255 

Ile Asin Pro Llys Lieu Ala Gly Lieu. Ile Gly Arg His Gly Pro Glin Asn 
260 265 27 O 

Lys Glin Pro Phe Met Val Ala Phe Phe Lys Ala Thr Glu Val His Phe 
275 280 285 

Arg Ser Ile Arg Ser Thr Gly Ser Lys Glin Arg Ser Glin Asn Arg Ser 
29 O 295 3OO 

Lys Thr Pro Lys Asn Glin Glu Ala Lieu Arg Met Ala Asn. Wall Ala Glu 
305 310 315 320 

Asn Ser Ser Ser Asp Glin Arg Glin Ala Cys Lys Lys His Glu Lieu. Tyr 
325 330 335 

Val Ser Phe Arg Asp Lieu Gly Trp Glin Asp Trp Ile Ile Ala Pro Glu 
340 345 350 

Gly Tyr Ala Ala Tyr Tyr Cys Glu Gly Glu Cys Ala Phe Pro Leu Asn 
355 360 365 

Ser Tyr Met Asn Ala Thr Asn His Ala Ile Val Glin Thr Leu Val His 
370 375 38O 

Phe Ile Asin Pro Glu Thr Val Pro Llys Pro Cys Cys Ala Pro Thr Glin 
385 390 395 400 

Lieu. Asn Ala Ile Ser Val Lieu. Tyr Phe Asp Asp Ser Ser Asn Val Ile 
405 410 415 

Leu Lys Lys Tyr Arg Asn Met Val Val Arg Ala Cys Gly Cys His 
420 425 430 

(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 102 amino acids 
(B) TYPE: amino acid 
(C) STRANDEDNESS: <Unknown> 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(ix) FEATURE: 
(A) NAME/KEY: Protein 
(B) LOCATION: 1... 102 
(D) OTHER INFORMATION: /label= OPX 

/note= 'wherein each Xaa is independently selected from a 
group of one or more specified amino acids as defined in 
the specification." 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

Cys Xaa Xaa His Glu Leu Tyr Val Xaa Phe Xaa Asp Leu Gly Trp Xaa 
1 5 10 15 

Asp Trp Xaa Ile Ala Pro Xaa Gly Tyr Xaa Ala Tyr Tyr Cys Glu Gly 
2O 25 30 
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Glu Cys 

Ile Xaa 
50 

Xaa Cys 
65 

Asp Xaa 

Xaa Ala 

Xaa 
35 

Glin 

Ser 

Phe 

Xaa 

Ala 

Xaa 

Gly 
100 

(2) INFORMATION 

Pro 

Teu 

Pro 

Asn 
85 

Cys 

Teu 

Wall 

Thr 
70 

Wall 

His 

Xala Ser 
40 

His Xaa 
55 

Xala Telu 

Xala Telu 

FOR SEQ ID NO: 

Xaa 

Xaa 

Xaa 

Xaa 

4 : 

(i) SEQUENCE CHARACTERISTICS: 
(A) 
(B) T 
(C) 
(D) 

LENGTH 
YPE amino acid 
STRANDEDNESS 
TOPOLOGY linear 

(ii) MOLECULE TYPE: protein 

(ix) FEATURE: 
(A) NAME/KEY: Protein 
(B) LOCATION: 
(D) OTHER INFORMATION: /label= Generic-Seq-7 

Teu Xala 

Pro Xala 

Xaa Xala 

Xaa Xala 
50 

Xaa Xala 
65 

Wall Xaa 

Xaa 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

Xaa 

Xaa 

Xaa 
35 

Xaa 

Xaa 

Telu 

Xaa 

Xaa 

Xaa 

Xaa 

Xaa 

Xaa 

/note= 'wherein each Xaa is independently selected from 
a group of one or more specified amino acids as defined 
in the specification." 

1.97 

97 amino acids 

Met 

Xaa 

Ala 

Lys 
90 

<Unknowns 

Asn 

Pro 

Xaa 
75 

Xaa 
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Ala 

Xaa 
60 

Ser 

Arg 

Thir Asn 
45 

Xaa Wall 

Wall Leu 

Asn Met 

Phe Xaa Xaa Xaa Gly Trp Xaa Xaa Xaa Xaa 
5 

Xaa 

Xaa 

Xaa 

Xaa 

Xaa 
85 

Ala 

Xaa 

Xaa 

Xaa 
70 

Xaa 

Xaa Tyr 

Xaa Xala 
40 

Xaa Xala 
55 

Xaa Xala 

Xaa Xala 

(2) INFORMATION FOR SEQ ID NO: 

Cys 
25 

Asn 

Xaa 

Telu 

Met 

5 

(i) SEQUENCE CHARACTERISTICS: 
(A) 
(B) T 
(C) 
(D) 

LENGTH 
YPE amino acid 
STRANDEDNESS 
TOPOLOGY linear 

(ii) MOLECULE TYPE: protein 

(ix) FEATURE: 
(A) NAME/KEY: Protein 
(B) LOCATION: 
(D) OTHER INFORMATION: /label= 

/note= 'wherein each Xaa is independently selected from 
a group of one or more specified amino acids as defined 
in the specification." 

1 - . 102 

10 

Xaa 

His 

Xaa 

Xaa 

Xaa 
90 

102 amino acids 

<Unknowns 

Gly 

Ala 

Xaa 

Xaa 
75 

Wall 

Xaa 

Xaa 

Xaa 
60 

Xaa 

Xaa 

Cys Xaa 
30 

Xaa Xala 
45 

Xaa Xala 

Xaa Cys 

Generic-Seq-8 

His 

Pro 

Tyr 

Wall 
95 

Xaa 
15 

Xaa 

Xaa 

Xaa 

Xaa 

Xaa 
95 

Ala 

Lys 

Xaa 

Wall 

Xaa 

Pro 

Xaa 

Pro 

Jun. 12, 2003 
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(xi). SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

Cys Xaa Xaa Xaa Xaa Leu Xaa Xaa Xaa Phe Xaa Xaa Xaa Gly Trp Xaa 
1 5 10 15 

Xaa Xaa Xaa Xaa Xaa Pro Xaa Xaa Xaa Xaa Ala Xaa Tyr Cys Xaa Gly 
2O 25 30 

Xaa Cys Xaa Xaa Pro Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Asn His Ala 
35 40 45 

Xaa Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala 
50 55 60 

Xaa Cys Cys Xaa Pro Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Leu Xaa Xaa 
65 70 75 8O 

Xaa Xala Xala Xala Xaa Wall Xaa Leu Xaa Xala Xaa Xaa Xaa Met Xaa Wall 
85 90 95 

Xaa Xala Cys Xala Cys Xaa 
100 

(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 97 amino acids 
(B) TYPE: amino acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(ix) FEATURE: 
(A) NAME/KEY: Protein 
(B) LOCATION: 1. .97 
(D) OTHER INFORMATION: /label= Generic-Seg-9 

/note= 'wherein each Xaa is independently selected from 
a group of one or more specified amino acids as defined 
in the specification." 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

Xaa Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala 
1 5 10 15 

Pro Xaa Xaa Xaa Xaa Xaa Xaa Xaa Cys Xaa Gly Xaa Cys Xaa Xaa Xaa 
2O 25 30 

Xaa Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala 
35 40 45 

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Cys Xaa Pro 
50 55 60 

Xaa Xala Xala Xala Xala Xala Xala Xala Leu Xala Xala Xala Xala Xala Xala Xala 
65 70 75 8O 

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Cys Xaa Cys 
85 90 95 

Xaa 

(2) INFORMATION FOR SEQ ID NO: 7 : 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 102 amino acids 
(B) TYPE: amino acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(ix) FEATURE: 
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Xaa 

Xaa 

Xaa 
65 

Xaa 

Xaa 

Xaa 

Xaa 

Cys 

Xaa 
50 

Xaa 

Xaa 

Xaa 

(A) NAME/KEY: Protein 
(B) LOCATION: 
(D) OTHER INFORMATION: /label= Generic-Seg-10 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO: 7 : 

/note= 'wherein each Xaa is independently selected from 
a group of one or more specified amino acids as defined 
in the specification." 

1 - . 1 

31 

-continued 

Xaa Xala Xala Xala Xala Xala Xala Xala Xala Xala Xala 

Xaa 

Xaa 
35 

Xaa 

Xaa 

Xaa 

Xaa 

Xaa 

Xaa 

Xaa 

Xaa 
100 

5 

Xaa 

Xaa 

Xaa 

Pro 

Xaa 
85 

Pro 

Xaa 

Xaa 

Xaa 
70 

Xaa 

Xaa 

Xaa 

Xaa 

Xaa 
55 

Xaa 

Xaa 

Xaa 

Xaa 
40 

Xaa 

Xaa 

Xaa 

(2) INFORMATION FOR SEQ ID NO: 

25 

Xaa 

Xaa 

Xaa 

Xaa 

8 

(i) SEQUENCE CHARACTERISTICS: 
(A) 
(B) T 
(C) 
(D) 

LENGTH 
YPE amino acid 

<Unknowns 
linear 

STRANDEDNESS 
TOPOLOGY 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 
(A) NAME/KEY: Protein 
(B) LOCATION: 
(D) OTHER INFORMATION: /note= 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

Cys Xaa Xaa Xaa Xaa 
1 5 

1 - .. 5 

(2) INFORMATION FOR SEQ ID NO: 

5 amino acids 

9 : 

(i) SEQUENCE CHARACTERISTICS: 
(A) 
(B) T 
(C) 
(D) 

LENGTH 
YPE amino acid 

<Unknowns 
linear 

STRANDEDNESS 
TOPOLOGY 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 
(A) NAME/KEY: Protein 
(B) LOCATION: 
(D) OTHER INFORMATION: /note= 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

Cys Xaa Xaa Xaa Xaa 
1 5 

1 - .. 5 

5 amino acids 

10 

Xaa 

Xaa 

Xaa 

Xaa 

Xaa 
90 

Xaa 

Xaa 

Xaa 

Xaa 
75 

Xaa 

'wherein each Xaa is 
independently selected from a group of one or more 
specified amino acids as defined in the specification" 

'wherein each Xaa is 
independently selected from a group of one or more 
specified amino acids as defined in the specification" 

Xaa 

Xaa 

Xaa 
60 

Xaa 

Xaa 

Xaa 

Xaa 
45 

Xaa 

Xaa 

Xaa 

Xaa 

Cys 
30 

Xaa 

Xaa 

Teu 

Xaa 

Xaa 
15 

Xaa 

Xaa 

Xaa 

Xaa 

Xaa 
95 

Xaa 

Gly 

Xaa 

Xaa 

Xaa 

Xaa 

Jun. 12, 2003 
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What is claimed is: 
1. A method of treating Parkinson's disease, comprising 

administering a morphogen comprising a dimeric protein 
having an amino acid Sequence Selected from the group 
consisting of a Sequence: 

(a) having at least 70% homology with the C-terminal 
seven-cysteine skeleton of human OP-1, residues 330 
431 of SEQ ID NO: 2; 

(b) having greater than 60% amino acid sequence identity 
with Said C-terminal Seven-cysteine Skeleton of human 
OP-1; 

(c) defined by Generic Sequence 7, SEQ ID NO: 4; 
(d) defined by Generic Sequence 8, SEQ ID NO: 5; 
(e) defined by Generic Sequence 9, SEQ ID NO: 6; 
(f) defined by Generic Sequence 10, SEQ ID NO: 7, and 
(g) defined by OPX, SEQ ID NO: 3, 
wherein Said morphogen Stimulates production of an 
N-CAM or L1 isoform by an NG108-15 cell in vitro. 

2. A method of restoring neural cell function in a mammal 
afflicted with Parkinson's disease, comprising administering 
a morphogen comprising a dimeric protein having an amino 
acid Sequence Selected from the group consisting of a 
Sequence: 

(a) having at least 70% homology with the C-terminal 
seven-cysteine skeleton of human OP-1, residues 330 
431 of SEQ ID NO: 2; 

(b) having greater than 60% amino acid sequence identity 
with Said C-terminal Seven-cysteine Skeleton of human 
OP-1; 

(c) defined by Generic Sequence 7, SEQ ID NO: 4; 
(d) defined by Generic Sequence 8, SEQ ID NO: 5; 
(e) defined by Generic Sequence 9, SEQ ID NO: 6; 
(f) defined by Generic Sequence 10, SEQ ID NO: 7, and 
(g) defined by OPX, SEQ ID NO: 3, 
wherein Said morphogen Stimulates production of an 
N-CAM or L1 isoform by an NG108-15 cell in vitro. 

3. A method of preserving neural cell function in a 
mammal afflicted with or at risk of Parkinson's disease, 
comprising administering a morphogen comprising a 
dimeric protein having an amino acid Sequence Selected 
from the group consisting of a Sequence: 

(a) having at least 70% homology with the C-terminal 
seven-cysteine skeleton of human OP-1, residues 330 
431 of SEQ ID NO: 2; 

(b) having greater than 60% amino acid sequence identity 
with Said C-terminal Seven-cysteine Skeleton of human 
OP-1; 

(c) defined by Generic Sequence 7, SEQ ID NO: 4; 
(d) defined by Generic Sequence 8, SEQ ID NO: 5; 
(e) defined by Generic Sequence 9, SEQ ID NO: 6; 
(f) defined by Generic Sequence 10, SEQ ID NO: 7, and 
(g) defined by OPX, SEQ ID NO: 3, 
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wherein Said morphogen Stimulates production of an 
N-CAM or L1 isoform by an NG108-15 cell in vitro. 

4. A method of restoring the integrity of the nigrostriatal 
pathway in a mammal afflicted with Parkinson's disease, 
comprising administering a morphogen comprising a 
dimeric protein having an amino acid Sequence Selected 
from the group consisting of a Sequence: 

(a) having at least 70% homology with the C-terminal 
seven-cysteine skeleton of human OP-1, residues 330 
431 of SEQ ID NO: 2; 

(b) having greater than 60% amino acid Sequence identity 
with Said C-terminal Seven-cysteine Skeleton of human 
OP-1; 

(c) defined by Generic Sequence 7, SEQ ID NO: 4; 
(d) defined by Generic Sequence 8, SEQ ID NO: 5; 
(e) defined by Generic Sequence 9, SEQ ID NO: 6; 
(f) defined by Generic Sequence 10, SEQ ID NO: 7, and 
(g) defined by OPX, SEQ ID NO: 3, 
wherein Said morphogen Stimulates production of an 
N-CAM or L1 isoform by an NG108-15 cell in vitro. 

5. A method of maintaining the integrity of the nigrostri 
atal pathway in a mammal afflicted with or at risk of 
Parkinson's disease, comprising administering a morphogen 
comprising a dimeric protein having an amino acid Sequence 
Selected from the group consisting of a Sequence: 

(a) having at least 70% homology with the C-terminal 
seven-cysteine skeleton of human OP-1, residues 330 
431 of SEQ ID NO: 2; 

(b) having greater than 60% amino acid Sequence identity 
with Said C-terminal Seven-cysteine Skeleton of human 
OP-1; 

(c) defined by Generic Sequence 7, SEQ ID NO: 4; 
(d) defined by Generic Sequence 8, SEQ ID NO: 5; 
(e) defined by Generic Sequence 9, SEQ ID NO: 6; 
(f) defined by Generic Sequence 10, SEQ ID NO: 7, and 
(g) defined by OPX, SEQ ID NO: 3, 
wherein Said morphogen Stimulates production of an 
N-CAM or L1 isoform by an NG108-15 cell in vitro. 

6. A method of preventing degeneration of the nigrostri 
atal pathway in a mammal afflicted with or at risk of 
Parkinson's disease, comprising administering a morphogen 
comprising a dimeric protein having an amino acid Sequence 
Selected from the group consisting of a Sequence: 

(a) having at least 70% homology with the C-terminal 
seven-cysteine skeleton of human OP-1, residues 330 
431 of SEQ ID NO: 2; 

(b) having greater than 60% amino acid Sequence identity 
with Said C-terminal Seven-cysteine Skeleton of human 
OP-1; 

(c) defined by Generic Sequence 7, SEQ ID NO: 4; 
(d) defined by Generic Sequence 8, SEQ ID NO: 5; 
(e) defined by Generic Sequence 9, SEQ ID NO: 6; 
(f) defined by Generic Sequence 10, SEQ ID NO: 7, and 
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(g) defined by OPX, SEQ ID NO: 3, 
wherein Said morphogen Stimulates production of an 
N-CAM or L1 isoform by an NG108-15 cell in vitro. 

7. A method of treating Parkinson's disease, comprising 
administering a morphogen Selected from the group con 
sisting of human OP-1, mouse OP-1, human OP-2, mouse 
OP-2, 60A, GDF-1, BMP2A, BMP2B, DPP, Vg1, Vgr-1, 
BMP3, BMP5, and BMP6, wherein said morphogen stimu 
lates production of an N-CAM or L1 isoform by an NG108 
15 cell in vitro. 

8. A method of restoring neural cell function in a mammal 
afflicted with Parkinson's disease, comprising administering 
a morphogen Selected from the group consisting of human 
OP-1, mouse OP-1, human OP-2, mouse OP-2, 60A, GDF 
1, BMP2A, BMP2B, DPP, Vg1, Vgr-1, BMP3, BMP5, and 
BMP6, wherein said morphogen stimulates production of an 
N-CAM or L1 isoform by an NG108-15 cell in vitro. 

9. A method of preserving neural cell function in a 
mammal afflicted with or at risk of Parkinson's disease, 
comprising administering a morphogen Selected from the 
group consisting of human OP-1, mouse OP-1, human OP-2, 
mouse OP-2, 60A, GDF-1, BMP2A, BMP2B, DPP, Vg1, 
Vgr-1, BMP3, BMP5, and BMP6, wherein said morphogen 
stimulates production of an N-CAM or L1 isoform by an 
NG108-15 cell in vitro. 

10. A method of restoring the integrity of the nigrostriatal 
pathway in a mammal afflicted with Parkinson's disease, 
comprising administering a morphogen Selected from the 
group consisting of human OP-1, mouse OP-1, human OP-2, 
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mouse OP-2, 60A, GDF-1, BMP2A, BMP2B, DPP, Vg1, 
Vgr-1, BMP3, BMP5, and BMP6, wherein said morphogen 
stimulates production of an N-CAM or L1 isoform by an 
NG108-15 cell in vitro. 

11. A method of maintaining the integrity of the nigros 
triatal pathway in a mammal afflicted with or at risk of 
Parkinson's disease, comprising administering a morphogen 
Selected from the group consisting of human OP-1, mouse 
OP-1, human OP-2, mouse OP-2, 60A, GDF-1, BMP2A, 
BMP2B, DPP, Vg1, Vgr-1, BMP3, BMP5, and BMP6, 
wherein Said morphogen StimulateS production of an 
N-CAM or L1 isoform by an NG108-15 cell in vitro. 

12. A method of preventing degeneration of the nigros 
triatal pathway in a mammal afflicted with or at risk of 
Parkinson's disease, comprising administering a morphogen 
Selected from the group consisting of human OP-1, mouse 
OP-1, human OP-2, mouse OP-2, 60A, GDF-1, BMP2A, 
BMP2B, DPP, Vg1, Vgr-1, BMP3, BMP5, and BMP6, 
wherein Said morphogen StimulateS production of an 
N-CAM or L1 isoform by an NG108-15 cell in vitro. 

13. The method of claim 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 or 
12, wherein Said morphogen is complexed with at least one 
pro-domain polypeptide Selected from the group consisting 
of the pro-domains of OP-1, OP-2, 60A, GDF-1, BMP-2A, 
BMP-2B, DPP, Vg1, Vgr-1, BMP-3, BMP-5, and BMP-6. 

14. The method of claim 13, wherein said morphogen is 
complexed with a pair of Said pro-domain polypeptides. 

k k k k k 


