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(57) ABSTRACT 

The present invention is directed to methods and composi 
tions for alleviating tissue destructive effects associated With 
the in?ammatory response to tissue injury in a mammal. The 
methods and compositions include administering a thera 
peutically effective concentration of a morphogen or mor 
phogen-stimulating agent suf?cient to alleviate immune 
cell-mediated tissue destruction. 
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MORPHOGEN-INDUCED MODULATION OF 
INFLAMMATORY RESPONSE 

CROSS REFERENCE RELATIONSHIP TO 
RELATED APPLICATIONS 

[0001] This application is a continuation-in-part of (1) 
US. Ser. No. 753,059, ?led Aug. 30, 1991, Which is a 
continuation-in-part of US. Ser. No. 667,274, ?led Mar. 11, 
1991, (2) US. Ser. No. 752,764, ?led Aug. 30, 1991, Which 
is a continuation-in-part of US. Ser. No. 667,274 and [Atty. 
Docket No. CRP-068] ?led on even date hereWith. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to a method 
for modulating the in?ammatory response induced in a 
mammal following tissue injury. More particularly, this 
invention relates to a method for alleviating immune-cell 
mediated tissue destruction associated With the in?amma 
tory response. 

BACKGROUND OF THE INVENTION 

[0003] The body’s in?ammatory response to tissue injury 
can cause signi?cant tissue destruction, leading to loss of 
tissue function. Damage to cells resulting from the effects of 
in?ammatory response e.g., by, immune-cell mediated tissue 
destruction, has been implicated as the cause of reduced 
tissue function or loss of tissue function in diseases of the 
joints (e.g., rheumatoid and osteo-arthritis) and of many 
organs, including the kidney, pancreas, skin, lung and heart. 
For example, glomular nephritis, diabetes, in?ammatory 
boWel disease, vascular diseases such as atheroclerosis and 
vasculitis, and skin diseases such as psoriasis and dermatitis 
are believed to result in large part from unWanted acute 
in?ammatory reaction and ?brosis. A number of these dis 
eases, including arthritis, psoriasis and in?ammatory boWel 
disease are considered to be chronic in?ammatory diseases. 
The damaged tissue also often is replaced by ?brotic tissue, 
e.g., scar tissue, Which further reduces tissue function. Graft 
and transplanted organ rejection also is believed to be 
primarily due to the action of the body’s immune/in?am 
matory response system. 

[0004] The immune-cell mediated tissue destruction often 
folloWs an initial tissue injury or insult. The secondary 
damage, resulting from the in?ammatory response, often is 
the source of signi?cant tissue damage. Among the factors 
thought to mediate these damaging effects are those asso 
ciated With modulating the body’s in?ammatory response 
folloWing tissue injury, e.g., cytokines such as interleukin-1 
(IL-1) and tumor necrosis factor (TNF), and oxygen-derived 
free radicals such as superoxide anions. These humoral 
agents are produced by adhering neutrophilic leukocytes or 
by endothelial cells and have been identi?ed at ischemic 
sites upon-reperfusion. Moreover, TNF concentrations are 
increased in humans after myocardial infarction. 

[0005] A variety of lung diseases are characteriZed by 
airWay in?ammation, including chronic bronchitis, emphy 
sema, idiopathic pulmonary ?brosis and asthma. Another 
type of lung-related in?ammation disorders are in?amma 
tory diseases characteriZed by a generaliZed, Wide-spread, 
acute in?ammatory response such as adult respiratory dis 
tress syndrome. Another dysfunction associated With the 
in?ammatory response is that mounted in response to injury 
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caused by hyperoxia, e.g., prolonged exposure to lethally 
high concentrations of O2-(95-100% O2). Similarly, reduced 
blood ?oW to a tissue (and, therefore reduced or lack of 
oxygen to tissues), as described beloW, also can induce a 
primary tissue injury that stimulates the in?ammatory 
response. 

[0006] It is Well knoWn that damage occurs to cells in 
mammals Which have been deprived of oxygen. In fact, the 
interruption of blood ?oW, Whether partial (hypoxia) or 
complete (ischemia) and the ensuing in?ammatory 
responses may be the most important cause of coagulative 
necrosis or cell death in human disease. The complications 
of atherosclerosis, for example, are generally the result of 
ischemic cell injury in the brain, heart, small intestines, 
kidneys, and loWer extremities. Highly differentiated cells, 
such as the proximal tubular cells of the kidney, cardiac 
myocytes, and the neurons of the central nervous system, all 
depend on aerobic respiration to produce ATP, the energy 
necessary to carry out their specialiZed functions. When 
ischemia limits the oxygen supply and ATP is depleted, the 
affected cells may become irreversibly injured. The ensuing 
in?ammatory responses to this initial injury provide addi 
tional insult to the affected tissue. Examples of such hypoxia 
or ischemia-are the partial or total loss of blood supply to the 
body as a Whole, an organ Within the body, or a region Within 
an organ, such as occurs in cardiac arrest, pulmonary embo 
lus, renal artery occlusion, coronary occlusion or occlusive 
stroke. 

[0007] The tissue damage associated With ischemia-rep 
erfusion injury is believed to comprise both the initial cell 
damage induced by the deprivation of oxygen to the cell and 
its subsequent recirculation, as Well as the damage caused by 
the body’s response to this initial damage. It is thought that 
reperfusion injury may result in dysfunction to the endot 
helium of the vasculature as Well as injury to the surrounding 
tissue. In idiopathic pulmonary ?brosis, for example, scar 
tissue accumulates on the lung tissue lining, inhibiting the 
tissue’s elasticity. The tissue damage associated With hyper 
oxia injury is believed to folloW a similar mechanism, Where 
the initial damage is mediated primarily through the pres 
ence of toxic oxygen metabolites, folloWed by an in?am 
matory response to this initial injury. 

[0008] Similarly, tissues and organs for transplantation 
also are subject to the tissue destructive effects associated 
With the recipient host body’s in?ammatory response fol 
loWing transplantation. It is currently believed that the initial 
destructive response is due in large part to reperfusion injury 
to the transplanted organ after it has been transplanted to the 
organ recipient. 

[0009] Accordingly, the success of organ or tissue trans 
plantation depends greatly on the preservation of the tissue 
activity (e.g., tissue or organ viability) at the harvest of the 
organ, during storage of the harvested organ, and at trans 
plantation. To date, preservation of organs such as lungs, 
pancreas, heart and liver remains a signi?cant stumbling 
block to the successful transplantation of these organs. US. 
Pat. No. 4,952,409 describes a superoxide dismutase-con 
taining liposome to inhibit reperfusion injury. US. Pat. No. 
5,002,965 describes the use of ginkolides, knoWn platelet 
activating factor antagonists, to inhibit reperfusion injury. 
Both of these factors are described as Working primarily by 
inhibiting the release of and/or inhibiting the damaging 
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effects of free oxygen radicals. A number of patents also 
have issued on the use of immunosuppressants for inhibiting 
graft rejection. A representative listing includes US. Pat. 
Nos. 5,104,858, 5,008,246 and 5,068,323. A signi?cant 
problem With many immunosuppressants is their loW thera 
peutic index, requiring the administration of high doses that 
can have signi?cant toxic side effect. 

[0010] Rheumatoid and osteoarthritis are prevalent dis 
eases characteriZed by chronic in?ammation of the synovial 
membrane lining the af?icted joint. A major consequence of 
chronic in?ammatory joint disease (e.g., rheumatoid arthri 
tis) and degenerative arthritis (e.g., osteoarthritis) is loss of 
function of those affected joints. This loss of function is due 
primarily to destruction of the major structural components 
of the joint, cartilage and bone, and subsequent loss of the 
proper joint anatomy. As a consequence of chronic disease, 
joint destruction ensues and can lead to irreversible and 
permanent damage to the joint and loss of function. Current 
treatment methods for severe cases of rheumatoid arthritis 
typically include the removal of the synovial membrane, 
e.g., synovectomy. Surgical synovectomy has many limita 
tions, including the risk of the surgical procedure itself, and 
the fact that a surgeon often cannot remove all of the 
diseased membrane. The diseased tissue remaining typically 
regenerates, causing the same symptoms Which the surgery 
Was meant to alleviate. 

[0011] Psoriasis is a chronic, recurrent, scaling skin dis 
ease of unknoWn etiology characteriZed by chronic in?am 
mation of the skin. Erythematous eruptions, often in papules 
or plaques, and usually having a White silvery scale, can 
affect any part of the skin, but most commonly affect the 
scalp, elboWs, knees and loWer back. The disease usually 
occurs in adults, but children may also be affected. Patients 
With psoriasis have a much greater incidence of arthritis 
(psoraitic arthritis), and generaliZed exfoliation and even 
death can threaten a?licted individuals. 

[0012] Current therapeutic regimens include topical or 
intralesional application of corticosteroids, topical adminis 
tration of keratolytics, and use of tar and UV light on 
affected areas. No single therapy is ideal, and it is rare for a 
patient not to be treated With several alternatives during the 
relapsing and remitting course of the disease. Whereas 
systematic treatment can induce prompt resolution of pso 
riatic lesions, suppression often requires ever-increasing 
doses, sometimes With toxic side effect, and tapering of 
therapy may result in rebound phenomena With extensions 
of lesions, possibly to exfoliation. 

[0013] In?ammatory boWel disease (IBD) describes a 
class of clinical disorders of the gastrointestinal mucosa 
characteriZed by chronic in?ammation and severe ulceration 
of the mucosa. The tWo major diseases in this classi?cation 
are ulcerative colitis and regional enteritis (Crohn’s Dis 
ease). Like oral mucositis, the diseases classi?ed as IBD are 
associated With severe mucosal ulceration (frequently pen 
etrating the Wall of the boWel and forming strictures and 
?stulas), severe mucosal and submucosal in?ammation and 
edema, and ?brosis (e.g., scar tissue formation Which inter 
feres With the acid protective function of the gastrointestinal 
lining.) Other forms of IBD include regional ileitis and 
proctitis. Clinically, patients With fulminant IBD can be 
severely ill With massive diarrhea, blood loss, dehydration, 
Weight loss and ever. The prognosis of the disease is not 
good and frequently requires resection of the diseased tissue. 
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[0014] Therefore, an object of the present invention is to 
provide a method for protecting mammalian tissue, particu 
larly human tissue, from the damage associated With the 
in?ammatory response folloWing a tissue injury. The in?am 
matory reaction may be in response to an initial tissue injury 
or insult. The original injury may be chemically, mechani 
cally, immunologically or biologically related. Another 
object is to provide methods and compositions for protecting 
tissue from the tissue destructive effects associated With 
chronic in?ammatory diseases, including arthritis (e.g., 
reheumatoid or osteoarthritis), psoriatic arthritis, psoriasis 
and dermatitis, in?ammatory boWel disease and other 
autoimmune-diseases. 

[0015] Another object of the invention is to provide meth 
ods and compositions for enhancing the viability of mam 
malian tissues and organs to be transplanted, including 
protecting the transplanted organs from immune cell-medi 
ated tissue destruction, such as the tissue damage associated 
With ischemia-reperfusion injury, such as can occur upon 
initiation of blood ?oW after transplantation of the organ in 
the recipient host. 

[0016] Another object of the invention is to provide a 
method for alleviating tissue damage associated With 
ischemic-reperfusion injury in a mammal folloWing a dep 
rivation of oxygen to a tissue in the mammal. Other objects 
of the present invention include providing a method for 
alleviating tissue damage associated With ischemic-reperfu 
sion injury in a human Which has suffered from hypoxia or 
ischemia folloWing cardiac arrest, pulmonary embolus, renal 
artery-occlusion, coronary occlusion or occlusive stroke, as 
Well as tissue damage associated With a surgical or other 
aggressive clinical procedure. Still another object is to 
provide a method for alleviating tissue damage associated 
With hyperoxia-induced injury in a human folloWing expo 
sure to lethally high oxygen concentrations. 

[0017] Still another object of the invention is to provide a 
method for modulating in?ammatory responses in general, 
particularly those induced in a human folloWing tissue 
injury. 
[0018] These and other objects and features of the inven 
tion Will be apparent from the description, draWings and 
claims Which folloW. 

SUMMARY OF THE INVENTION 

[0019] The present invention provides a method for alle 
viating the tissue destructive effects associated With activa 
tion of the in?ammatory response folloWing tissue injury. 
The method comprises the step of providing to the affected 
tissue a therapeutically effective concentration of a morpho 
genic protein (“morphogen”, as de?ned herein) upon tissue 
injury or in anticipation of tissue injury, suf?cient to sub 
stantially inhibit or reduce the tissue destructive effects of 
the in?ammatory response. 

[0020] In one aspect, the invention features compositions 
and therapeutic treatment methods that comprise the step of 
administering to a mammal a therapeutically effective 
amount of a morphogenic protein (“morphogen”), as de?ned 
herein, upon injury to a tissue, or in anticipation of such 
injury, for a time and at a concentration suf?cient to inhibit 
the tissue destructive effects associated With the body’s 
in?ammatory response, including repairing damaged tissue, 
and/or inhibiting additional damage thereto. 
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[0021] In another aspect, the invention features composi 
tions and therapeutic treatment methods for protecting tis 
sues and organs from the tissue destructive effects of the 
in?ammatory response Which include administering to the 
mammal, upon injury to a tissue or in anticipation of such 
injury, a compound that stimulates in vivo a therapeutically 
effective concentration of an endogenous morphogen Within 
the body of the mammal su?icient to protect the tissue from 
the tissue destructive effects associated With the in?amma 
tory response, including repairing damaged tissue and/or 
inhibiting additional damage thereto. These-compounds are 
referred to herein as morphogen-stimulating agents, and are 
understood to include substances Which, When administered 
to a mammal, act on cells of tissue(s) or organ(s) that 
normally are responsible for, or capable of, producing a 
morphogen and/or secreting a morphogen, and Which cause 
the endogenous level of the morphogen to be altered. The 
agent may act, for example, by stimulating expression 
and/or secretion of an endogenous morphogen. 

[0022] As embodied herein, the term “ischemic-reperfu 
sion injury” refers to the initial damage associated With 
oxygen deprivation of a cell and the subsequent damage 
associated With the in?ammatory response When the cell is 
resupplied With oxygen. As embodied herein, the term 
“hyperoxia-induced injury” refers to the tissue damage 
associated With prolonged exposure to lethally high doses of 
oxygen, e.g., greater than 95% 02, including the tissue 
damage associated With the in?ammatory response to the 
initial toxically high oxygen concentration. Accordingly, as 
used herein, “toxic oxygen concentrations” refers to the 
tissue damage associated With the injury induced by both 
lethally loW oxygen concentrations of oxygen (including the 
complete lack of oxygen), and by lethally high oxygen 
concentrations. The expression “alleviating” means the pro 
tection from, reduction of and/or elimination of undesired 
tissue destruction, particularly immune cell-mediated tissue 
destruction. The tissue destruction may be in response to an 
initial tissue injury, Which may be mechanical, chemical or 
immunological in origin. The expression “enhance the 
viability of” tissues or organs, as used herein, means pro 
tection from, reduction of and/or elimination of reduced or 
lost tissue or organ function as a result of tissue death, 
particularly immune cell-mediated tissue death. “Trans 
planted” living tissue includes both tissue transplants, (e.g., 
as in the case of bone marroW transplants, for example), and 
tissue grafts. Finally, a “free oxygen radical inhibiting 
agent” means a molecule capable of inhibiting the release of 
and/or inhibiting the tissue damaging effects of free oxygen 
radicals. 

[0023] In one embodiment of the invention, the invention 
provides methods and compositions for alleviating the 
ischemic-reperfusion injury in mammalian tissue resulting 
from a deprivation of, and subsequent reperfusion of, oxy 
gen to the tissue. In another embodiment, the invention 
provides a method for alleviating the tissue-destructive 
effects associated With hyperoxia. In still another embodi 
ment of the invention, the invention provides methods and 
compositions for maintaining the viability of tissues and 
organs, particularly transplanted tissues and organs, includ 
ing protecting these tissues and organs from ischemia 
reperfusion injury. In still another embodiment, the inven 
tion provides methods for protecting tissues and organs from 
the tissue destructive effects of chronic in?ammatory dis 
eases, such as arthritis, psoriasis, dermatitis, including con 
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tact dermatitis, IBD and other chronic in?ammatory diseases 
of the gastrointestinal tract, as Well as the tissue destructive 
effects associated With other, knoWn autoimmune diseases, 
such as diabetes, multiple sclerosis, amyotrophic lateral 
sclerosis (ALS), and other autoimmune neurodegenerative 
diseases. 

[0024] In one aspect of the invention, the morphogen is 
provided to the damaged tissue folloWing an initial injury to 
the tissue. The morphogen may be provided directly to the 
tissue, as by injection to the damaged tissue site or by topical 
administration, or may be provided indirectly, e.g., systemi 
cally by oral or parenteral means. Alternatively, as described 
above, an agent capable of stimulating endogenous morpho 
gen expression and/or secretion may be administered to the 
mammal. Preferably, the agent can stimulate an endogenous 
morphogen in cells associated With the damaged tissue. 
Alternatively, morphogen expression and/or secretion may 
be stimulated in a distant tissue and the morphogen trans 
ported to the damaged tissue by the circulatory system. 

[0025] In another aspect of the invention, the morphogen 
is provided to tissue at risk of damage due to immune 
cell-mediated tissue destruction. Examples of such tissues 
include tissue grafts and transplanted tissue or organs, as 
Well as any tissue or organ about to undergo a surgical 
procedure or other clinical procedure likely to either inhibit 
blood ?oW to the tissue or otherWise induce an in?ammatory 
response. Here the morphogen or morphogen-stimulating 
agent preferably is provided to the patient prior to induction 
of the injury, e.g., as a prophylactic, to provide a cyto 
protective effect to the tissue at risk. 

[0026] The morphogens described herein are envisioned 
to be useful in enhancing viability of any organ or living 
tissue to be transplanted. The morphogens may be used to 
particular advantage in lung, heart, kidney, liver and pan 
creas transplants, as Well as in transplantation and/or graft 
ing of skin, gastrointestinal mucosa, bone marroW and other 
living tissues. 

[0027] Where the patient suffers from a chronic in?am 
matory disease, such as diabetes, arthritis, psoriasis, IBD, 
and the like, the morphogen or morphogen-stimulating agent 
preferably is administered at regular intervals as a prophy 
lactic, to prevent and/or inhibit the tissue damage normally 
associated With the disease during ?are periods. As above, 
the morphogen or morphogen-stimulating agent may be 
provided directly to the tissue at risk, for example by 
injection or by topical administration, or indirectly, as by 
systemic e.g., oral or parenteral administration. 

[0028] Among the morphogens useful in this invention are 
proteins originally identi?ed as osteogenic proteins, such as 
the OP-1, OP-2 and CBMP2 proteins, as Well as amino acid 
sequence-related proteins such as DPP (from Drosophila), 
Vgl (from Xenopus), Vgr-1 (from mouse, see U.S. Pat. No. 
5,011,691 to Oppermann et al.), GDP-1 (from mouse, see 
Lee (1991) PNAS 88:4250-4254), all of Which are presented 
in Table II and Seq. ID Nos.5-14), and the recently identi?ed 
60A protein (from Drosophila, Seq. ID No. 24, see Wharton 
et al. (1991) PNAS 88:9214-9218.) The members of this 
family, Which include members of the TGF-[3 super-family, 
of proteins, share substantial-amino acid sequence homol 
ogy in their C-terminal regions. The proteins are translated 
as a precursor, having an N-terminal signal peptide 
sequence, typically less than about 30 residues, folloWed by 
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a “pro” domain that is cleaved to yield the mature 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 ((1986) Nucleic Acids Research 
14:4683-4691.) Table I, beloW, describes the various rnor 
phogens identi?ed to date, including their nornenclature as 
used herein, their Seq. ID references, and publication 
sources for the amino acid sequences for the full length 
proteins not included in the Seq. Listing. The disclosure of 
these publications is incorporated herein by reference. 

TABLE I 

“OP-1” Refers generically to the group of 
rnorphogenically active proteins expressed 
from part or all of a DNA sequence 
encoding OP-1 protein, including allelic 
and species variants thereof, e.g., hurnan 
OP-1 (“hOP-1”, Seq. ID No. 5, mature 
protein amino acid sequence), or mouse 
OP-1 (“rnOP-l”, Seq. ID No. 6, mature 
protein amino acid sequence.) The 
conserved seven cysteine skeleton is 
de?ned by residues 38 to 139 of Seq. ID 
Nos. 5 and 6. The cDNA sequences and the 
amino acids encoding the full length 
proteins are provided in Seq. Id Nos. 16 
and 17 (hOP1) and Seq. ID Nos. 18 and 19 
(rnOP1.) The mature proteins are de?ned 
by residues 293-431 (hOP1) and 292-430 
(rnOP1). The “pro” regions of the 
proteins, cleaved to yield the mature, 
rnorphogenically active proteins are 
de?ned essentially by residues 30-292 
(hOP1) and residues 30-291 (rnOP1). 
refers generically to the group of active 
proteins expressed from part or all of a 
DNA sequence encoding OP-2 protein, 
including allelic and species variants 
thereof, e.g., hurnan OP-2 (“hOP-2”, Seq. 
ID No. 7, mature protein amino acid 
sequence) or mouse OP-2 (“rnOP-2”, Seq. ID 
No. 8, mature protein amino acid 
sequence). The conserved seven cysteine 
skeleton is de?ned by residues 38 to 139 
of Seq. ID Nos. 7 and 8. The cDNA 
sequences and the amino acids encoding the 
full length proteins are provided in Seq. 
ID Nos. 20 and 21 (hOP2) and Seq. ID Nos. 
22 and 23 (rnOP2.) The mature proteins are 
de?ned essentially by residues 264-402 
(hOP2) and 261-399 (rnOP2). The “pro” 
regions of the proteins, cleaved to yield 
the mature, rnorphogenically active 
proteins likely are de?ned essentially by 
residues 18-263 (hOP2) and residues 18-260 
(rnOP2). (Another cleavage site also 
occurs 21 residues upstrearn for both OP-2 
proteins.) 
refers generically to the rnorphogenically 
active proteins expressed from a DNA 
sequence encoding the CBMP2 proteins, 
including allelic and species variants 
thereof, e.g., hurnan CBMP2A (“CBMP2A(fx)”, 
Seq ID No. 9) or human CBMP2B DNA 
(“CBMP2B(fx)”, Seq. ID No. 10). The amino 
acid sequence for the full length 
proteins, referred to in the literature as 
BMP2A and BMP2B, or BMP2 and BMP4, appear 
in Wozney, et al. (1988) Science 242: 1528-1534. 
The pro domain for BMP2 (BMP2A) 
likely includes residues 25-248 or 25-282; 
the mature protein, residues 249-396 or 
283-396. The pro domain for BMP4 (BMP2B) 
likely includes residues 25-256 or 25-292; 
the mature protein, residues 257-408 or 
293-408. 
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TABLE I-continued 

refers to protein sequences encoded by the 
Drosophila DPP gene and de?ning the 
conserved seven cysteine skeleton (Seq. ID 
No. 11). The amino acid sequence for the 
full length protein appears in Padgett, et 
al (1987) Nature 325: 81-84. The pro 
dornain likely extends from the signal 
peptide cleavage site to residue 456; the 
mature protein likely is de?ned by 
residues 457-588. 
refers to protein sequences encoded by the 
Xenopus Vgl gene and de?ning the 
conserved seven cysteine skeleton (Seq. ID 
No. 12). The amino acid sequence for the 
full length protein appears in 
Weeks (1987) Cell 51: 861-867. The 
prodornain likely extends from the signal 
peptide cleavage site to residue 246; the 
mature protein likely is de?ned by 
residues 247-360. 
refers to protein sequences encoded by the 
rnurine Vgr-1 gene and de?ning the 
conserved seven cysteine skeleton (Seq. ID 
No. 13). The amino acid sequence for the 
full length protein appears in Lyons, et 
al, (1989) PNAS 86: 4554-4558. The 
prodornain likely extends from the signal 
peptide cleavage site to residue 299; the 
mature protein likely is de?ned by 
residues 300-438. 
refers to protein sequences encoded by the 
human GDP-1 gene and de?ning the 
conserved seven cysteine skeleton (Seq. ID 
No. 14). The cDNA and encoded arnino 
sequence for the full length protein is 
provided in Seq. ID. No. 32. The 
prodornain likely extends from the signal 
peptide clavage site to residue 214; the 
mature protein likely is de?ned by 
residues 215-372. 
refers generically to the rnorphogenically 
active proteins expressed from part or all 
of a DNA sequence (from the Drosophila 60A 
gene) encoding the 60A proteins (see Seq. 
ID No. 24 Wherein the cDNA and encoded 
amino acid sequence for the full length 
protein is provided). “60A(fx)” refers to 
the protein sequences de?ning the 
conserved seven cysteine skeleton 

(residues 354 to 455 of Seq. ID No. 24.) 
The prodornain likely extends from the 
signal peptide cleavage site to residue 
324; the mature protein likely is de?ned 
by residues 325-455. 
refers to protein sequences encoded by the 
human BMP3 gene and de?ning the conserved 
seven cysteine skeleton (Seq. ID No. 26). 
The amino acid sequence for the full 
length protein appears in Wozney et al. 
(1988) Science 242: 1528-1534. The pro 
dornain likely extends from the signal 
peptide cleavage site to residue 290; the 
mature protein likely is de?ned by 
residues 291-472. 

refer to protein sequences encoded by the 
human BMP5 gene and de?ning the conserved 
seven cysteine skeleton (Seq. ID No. 27). 
The amino acid sequence for the full 
length protein appears in Celeste, et al. 
(1991) PNAS 87: 9843-9847. The pro dornain 
likely extends from the signal peptide 
cleavage site to residue 316; the mature 
protein likely is de?ned by residues 
317-454. 
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TABLE I-continued 

“BMP6(fx)” refers to protein sequences encoded by the 
human BMP6 gene and de?ning the conserved 
seven cysteine skeleton (Seq. ID No. 28). 
The amino acid sequence for the full 
length protein appears in Celeste, et al. 
(1990) PNAS 87: 9843-5847. The pro domain 
likely includes extends from the signal 
peptide cleavage site to residue 374; the 
mature sequence likely includes 
residues 375—513. 

[0029] The OP-2 proteins have an additional cysteine 
residue in this region (e.g., see residue 41 of Seq. ID Nos. 
7 and 8), in addition to the conserved cysteine skeleton in 
common With the other proteins in this family. The GDF-l 
protein, has a four amino acid insert Within the conserved 
skeleton (residues 44-47 of Seq. ID No. 14) but this insert 
likely does not interfere With the relationship of the cys 
teines in the folded structure. In addition, the CBMP2 
proteins are missing one amino acid residue Within the 
cysteine skeleton. 

[0030] The morphogens are inactive When reduced, but 
are active as oxidized homodimers and When oxidized in 
combination With other morphogens of this invention (e.g., 
asheterodimers). Thus, as de?ned herein, a morphogen is a 
dimeric protein comprising a pair of polypeptide chains, 
Wherein each polypeptide chain comprises at least the C-ter 
minal six cysteine skeleton de?ned by residues 43-139 of 
Seq. ID No. 5, including functionally equivalent arrange 
ments of these cysteines (e.g., amino acid insertions or 
deletions Which alter the linear arrangement of the cysteines 
in the sequence but not their relationship in the folded 
structure), such that, When the polypeptide chains are folded, 
the dimeric protein species comprising the pair of polypep 
tide chains has the appropriate three-dimensional structure, 
including the appropriate intra-or inter-chain disul?de bonds 
such that the protein is capable of acting as a morphogen as 
de?ned herein. Speci?cally, the morphogens generally are 
capable of all of the folloWing biological functions 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, including the “redifferentiation” of 
transformed cells. In addition, it is also anticipated that these 
morphogens are capable of inducing redifferentiation of 
committed cells under appropriate environmental condi 
tions. 

[0031] In one preferred aspect, the morphogens of this 
invention comprise one of tWo species of generic amino acid 
sequences: Generic Sequence 1 (Seq. ID No. 1) or Generic 
Sequence 2 (Seq. ID No. 2); Where each Xaa indicates one 
of the 20 naturally-occurring L-isomer, ot-amino acids or a 
derivative thereof. Generic Sequence 1 comprises the con 
served six cysteine skeleton and Generic Sequence 2 com 
prises the conserved six cysteine skeleton plus the additional 
cysteine identi?ed in OP-2 (see residue 36, Seq. ID No. 2). 
In another preferred aspect, these sequences further com 
prise the folloWing additional sequence at their N-terminus: 

Cys Xaa Xaa Xaa Xaa 
l 5 

(Seq. ID No. 15) 
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[0032] Preferred amino acid sequences Within the forego 
ing generic sequences include: Generic Sequence 3 (Seq. ID 
No. 3), Generic Sequence 4 (Seq. ID No. 4), Generic 
Sequence 5 (Seq. ID No. 30) and Generic Sequence 6 (Seq. 
ID No. 31), listed beloW. These Generic Sequences accom 
modate the homologies shared among the various preferred 
members of this morphogen family identi?ed in Table II, as 
Well as the amino acid sequence variation among them. 
Speci?cally, Generic Sequences 3 and 4 are composite 
amino acid sequences of the folloWing proteins presented in 
Table II and identi?ed in Seq. ID Nos. 5-14: human OP-1 
(hOP-l, Seq. ID Nos. 5 and 0.16-17), mouse OP-1 (mOP-l, 
Seq. ID Nos. 6 and 18-19), human and mouse OP-2 (Seq. ID 
Nos. 7, 8, and 20-22), CBMP2A (Seq. ID No. 9), CBMP2B 
(Seq. ID No. 10), DPP (from Drosophila, Seq. ID No. 11), 
Vgl, (from Xenopus, Seq. ID No. 12), Vgr-1 (from mouse, 
Seq. ID No. 13), and GDF-l (from mouse, Seq. ID No. 14.) 
The generic sequences include both the amino acid identity 
shared by the sequences in Table II, as Well as alternative 
residues for the variable positions Within the sequence. Note 
that these generic sequences alloW for an additional cysteine 
at position 41 or 46 in Generic Sequences 3 or 4, respec 
tively, providing an appropriate cysteine skeleton Where 
inter- or intramolecular disul?de bonds can form, and con 
tain certain critical amino acids Which in?uence the tertiary 
structure of the proteins. 

Generic Sequence 3 

Leu Tyr Val Xaa Phe 
l 5 

Xaa Xaa Xaa Gly Trp Xaa Xaa Trp Xaa 
l0 

Xaa Ala Pro Xaa Gly Xaa Xaa Ala 
15 20 

Xaa Tyr Cys Xaa Gly Xaa Cys Xaa 
25 30 

Xaa Pro Xaa Xaa Xaa Xaa Xaa 

35 

Xaa Xaa Xaa Asn His Ala Xaa Xaa 

Xaa Xaa Leu Xaa Xaa Xaa Xaa Xaa 

50 

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Cys 
55 60 

Cys Xaa Pro Xaa Xaa Xaa Xaa Xaa 

65 

Xaa Xaa Xaa Leu Xaa Xaa Xaa 

Xaa Xaa Xaa Xaa Val Xaa Leu Xaa 

80 

Xaa Xaa Xaa Xaa Met Xaa Val Xaa 

85 90 

Xaa Cys Gly Cys Xaa 

[0033] Wherein each Xaa is independently selected from a 
group of one or more speci?ed amino acids de?ned as 
folloWs: “Res.” means “residue” and Xaa at res.4=(Ser, Asp 
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-continued 

Generic Sequence 6 

Cys Xaa Pro Xaa Xaa Xaa Xaa Xaa 

70 

Xaa Xaa Xaa Leu Xaa Xaa Xaa 

75 80 

Xaa Xaa Xaa Xaa Val Xaa Leu Xaa 

85 

Xaa Xaa Xaa Xaa Met Xaa Val Xaa 

90 95 

Xaa Cys Xaa Cys Xaa 
100 

[0037] wherein each Xaa is independently selected from a 
group of one or more speci?ed amino acids as de?ned by the 
following: “Res.” means “residue” and 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); Xaa at res.5=(Glu, Ser, His, Gly, 
Arg, Pro, Thr, or Tyr); Xaa at res.7=(Tyr or Lys); Xaa at 
res.8=(Val or Ile); Xaa at res.9=(Ser, Asp or Glu); Xaa at 
res.11=(Arg, Gln, Ser, Lys or Ala); Xaa at res.12=(Asp, Glu, 
or Lys); Xaa at res.13=(Leu, Val or Ile); Xaa at res.16=(Gln, 
Leu, Asp, His, Asn or Ser); Xaa at res.17=(Asp, Arg, Asn or 
Glu); Xaa at res.19 (Ile or Val); Xaa at res.20=(Ile or Val); 
Xaa at res.21=(Ala or Ser); Xaa at res.23=(Glu, Gln, Leu, 
Lys, Pro or Arg); Xaa at res.24=(Gly or Ser); Xaa at 
res.25=(Tyr or Phe); Xaa at res.26=(Ala, Ser, Asp, Met, His, 
Gln, Leu, or Gly); Xaa at res.28=(Tyr, Asn or Phe); Xaa at 
res.31=(Glu, His, Tyr, Asp, Gln or Ser); Xaa at res.33=Glu, 
Lys, Asp, Gln or Ala); Xaa at res.35=(Ala, Ser. Pro, Gln or 
Asn); Xaa at res.36=(Phe, Leu or Tyr); Xaa at res.38=(Leu, 
Val or Met); Xaa at res.39=(Asn, Asp, Ala, Thr or Pro); Xaa 
at res.40=(Ser, Asp, Glu, Leu, Ala or Lys); Xaa at res.41= 
(Tyr, Cys, His, Ser or Ile); Xaa at res.42=(Met, Phe, Gly or 
Leu); Xaa at res.43=(Asn, Ser or Lys); Xaa at res.44=(Ala, 
Ser. Gly or Pro); Xaa at res.45=(Thr, Leu or Ser); Xaa at 
res.49=(Ile, Val or Thr); Xaa at res.50=(Val, Leu or Ile); Xaa 
at res.51=(Gln or Arg); Xaa at res.52=(Thr, Ala or Ser); Xaa 
at res.53=(Leu or Ile); Xaa at res.54=(Val or Met); Xaa at 
res.55=(His, Asn or Arg); Xaa at res.56=(Phe, Leu,Asn, Ser, 
Ala or Val); Xaa at res.57=(Ile, Met, Asn, Ala, Val or Leu); 
Xaa at res.58=(Asn, Lys, Ala, Glu, Gly or Phe); Xaa at 
res.59=(Pro, Ser or Val); Xaa at res.60=(Glu, Asp, Gly, Val 
or Lys); Xaa at res.61=(Thr, Ala, Val, Lys, Asp, Tyr, Ser, Ala, 
Pro or His); Xaa at res.62=(Val, Ala or Ile); Xaa at res.63= 
(Pro or Asp); Xaa at res.64=(Lys, Leu or Glu); Xaa at 
res.65=(Pro or Ala); Xaa at res.68=(Ala or Val); Xaa at 
res.70=(Thr, Ala or Glu); Xaa at res.71=(Gln, Lys, Arg or 
Glu); Xaa at res.72=(Leu, Met or Val); Xaa at res.73=(Asn, 
Ser, Asp or Gly); Xaa at res.74=(Ala, Pro or Ser); Xaa at 
res.75=(Ile, Thr, Val or Leu); Xaa at res.76=(Ser, Ala or Pro); 
Xaa at res.77=(Val, Met or Ile); Xaa at res.79=(Tyr or Phe); 
Xaa at res.80=(Phe, Tyr, Leu or His); Xaa at res.81=(Asp, 
Asn or Leu); Xaa at res.82=(Asp, Glu, Asn or Ser); Xaa at 
res.83=(Ser, Gln, Asn, Tyr or Asp); Xaa at res.84=(Ser, Asn, 
Asp, Glu or Lys); Xaa at res.85=(Asn, Thr or Lys); Xaa at 
res.87=(Ile, Val or Asn); Xaa at res.89=(Lys or Arg); Xaa at 
res.90=(Lys, Asn, Gln, His or Val); Xaa at res.91=(Tyr or 
His); Xaa at res.92=(Arg, Gln, Glu or Pro); Xaa at res.93= 
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(Asn, Glu or Asp); Xaa at res.95=(Val, Thr, Ala or Ile); Xaa 
at res.97-=(Arg, Lys, Val, Asp or Glu); Xaa at res.98=(Ala, 
Gly, Glu or Ser); Xaa at res.100=(Gly or Ala); and Xaa at 
res.102=(His or Arg). 

[0038] Particularly-useful sequences for use as morpho 
gens in this invention include the C-terminal domains, e.g., 
the C-terminal 96-102-amino acid residues of Vgl, Vgr-1, 
DPP, OP-1, OP-2, CBMP-2A, CBMP-2B, GDF-1 (see Table 
II, beloW, and Seq. ID Nos. 5-14), as Well as proteins 
comprising the C-terminal domains of 60A, BMP3, BMP5 
and BMP6 (see Seq. ID Nos. 24-28), all of Which include at 
least the conserved siX or seven cysteine skeleton. In addi 
tion, biosynthetic constructs designed from the generic 
sequences, such as COP-1,3-5, 7, 16; disclosed in US. Pat. 
No. 5,011,691, also are useful. Other sequences include the 
inhibins/activin proteins (see, for example, US. Pat. Nos. 
4,968,590 and 5,011,691). Accordingly, other useful 
sequences are those sharing at least 70% amino acid 
sequence homology or “similarity”, and preferably 80% 
homology or similarity With any of the sequences above. 
These are anticipated to include allelic and species variants 
and mutants, and biosynthetic muteins, as Well as novel 
members of this morphogenic family of proteins. Particu 
larly envisioned in the family of related proteins are those 
proteins exhibiting morphogenic activity and Wherein the 
amino acid changes from the preferred sequences include 
conservative changes, e.g., those as de?ned by Dayoff et al., 
Atlas of Protein Sequence and Structure; vol. 5 Suppl. 3, pp. 
345-362, (M. O. Dayoff, ed., Nat’l BioMed. Research Fdn., 
Washington, DC. 1979). As used herein, potentially useful 
sequences are aligned With a knoWn morphogen sequence 
using the method of Needleman et al. ((1970) J. Mol. Biol. 
48:443-453) and identities calculated by the Align program 
(DNAstar, Inc.). “Homology” or “similarity” as used herein 
includes alloWed conservative changes as de?ned by Dayoff 
et al. 

[0039] The currently most preferred protein sequences 
useful as morphogens in this invention include those having 
greater than 60% identity, preferably greater than 65% 
identity, With the amino acid sequence de?ning the con 
served siX cysteine skeleton of hOP1 (e.g., residues 43-139 
of Seq. ID No. 5). These most preferred sequences include 
both allelic and species variants of the OP-1 and OP-2 
proteins, including the Drosophila 60Aprotein. Accordingly, 
in another preferred aspect of the invention, useful morpho 
gens include active proteins comprising species of polypep 
tide chains having the generic amino acid sequence herein 
referred to as “OPX”, Which accommodates the homologies 
betWeen the various identi?ed species of OP1 and OP2 (Seq. 
ID No. 29). 

[0040] The morphogens useful in the methods, composi 
tion and devices of this invention include proteins compris 
ing any of the polypeptide chains described above, Whether 
isolated from naturally occurring sources, or produced by 
recombinant DNA or other synthetic techniques, and 
includes allelic and species variants of these proteins, natu 
rally occurring or biosynthetic mutants thereof, as Well as 
various truncated and fusion constructs. Deletion or addition 
mutants also are envisioned to be active, including those 
Which may alter the conserved C-terminal cysteine skeleton, 
provided that the alteration does not functionally disrupt the 
relationship of these cysteines in the folded structure. 
Accordingly, such active forms are considered the equiva 
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lent of the speci?cally described constructs disclosed herein. 
The proteins may include forms having varying glycosyla 
tion patterns, varying N-terminal family of related proteins 
having regions of amino acid sequence homology, and active 
truncated or mutated forms of native or biosynthetic pro 
teins, produced by expression of recombinant DNA in host 
cells. 

[0041] The morphogenic proteins can be expressed from 
intact or truncated cDNA or from synthetic DNAs in pro 
caryotic or eucaryotic host cells, and puri?ed, cleaved, 
refolded, and dimeriZed to form morphogenically active 
compositions. Currently preferred host cells include E. coli 
or mammalian cells, such as CHO, COS or BSC cells. A 
detailed description of the morphogens useful in the meth 
ods, compositions and devices of this invention is disclosed 
in copending US. patent application Ser. No. 752,764, ?led 
Aug. 30, 1991, and Ser. No. 667,274, ?led Mar. 11, 1991, the 
disclosure of Which are incorporated herein by reference. 

[0042] Thus, in vieW of this disclosure, skilled genetic 
engineers can isolate genes from cDNA or genomic libraries 
of various different species Which encode appropriate amino 
acid sequences, or construct DNAs from oligonucleotides, 
and then can express them in various types of host cells, 
including both procaryotes and eucaryotes, to produce large 
quantities of active proteins capable of protecting tissues and 
organs from immune cell-mediated tissue destruction, 
including substantially inhibiting such damage and/or regen 
erating the damaged tissue in a variety of mammals, includ 
ing humans. 

[0043] The foregoing and other objects, features and 
advantages of the present invention Will be made more 
apparent from the folloWing detailed description of the 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0044] FIG. 1 shoWs the cardioprotective effects of mor 
phogen (hOPl) in a rat myocardial ischemia-reperfusion 
model, as evidenced by the smaller loss of myocardial 
creatine kinase in hOPl-treated rats; 

[0045] FIG. 2 shoWs the effects of 20 pg of morphogen 
(hOPl given 24 hours prior to isolation of rat heart on 
endothelial-dependent vasorelaxation to acetycholine fol 
loWing induced ischemia-reperfusion injury; 

[0046] FIG. 3 shoWs the effect of morphogen (hOPl) on 
neutrophil adherence to LTB4-stimulated mesenteric artery 
endothelium in neutrophil-activated rats; 

[0047] FIGS. 4(A and B) are schematic representations of 
morphogen inhibition of early mononuclear phagocytic 
multinucleariZation in vivo; 

[0048] FIG. 5 graphs the effect of a morphogen (e.g., 
OP-l) and a placebo control on mucositic lesion formation; 
and 

[0049] FIG. 6(A-D) graphs the effects of a morphogen 
(eg., OP-1, FIGS. 6A and 6C) and TGF-[3 (FIGS. 6B and 
6D) on collagen (6A and 6B) and hyaluronic acid (6C and 
6D) production in primary ?broblast cultures. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0050] It noW has been surprisingly discovered that the 
morphogens de?ned herein are effective agents in alleviating 
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the tissue destructive effects associated With the body’s 
in?ammatory response to tissue injury. In particular, as 
disclosed herein, the morphogens are capable of alleviating 
the necrotic tissue effects associated With the ensuing 
in?ammatory responses that occur folloWing an initial tissue 
injury. 

[0051] When tissue injury occurs, Whether caused by 
bacteria, trauma, chemicals, heat, or any other phenomenon, 
the body’s in?ammatory response is stimulated. In response 
to signals released from the damaged cells (e.g., cytokines), 
extravasculariZation of immune effector cells is induced. 
Under ordinary circumstances these invading immune effec 
tor cells kill the infectious agent and/or infected or damaged 
cells (through the release of killing substances such as 
superoxides, performs, and other antimicrobial agents stored 
in granules), remove the dead tissues and organisms 
(through phagocytosis), release various biological response 
modi?ers that promote rapid healing and covering of the 
Wound (quite often resulting in the formation of ?brotic scar 
tissue), and then, after the area is successfully healed, exit 
from the site of the initial insult. Once the site is perceived 
to be normal, the local release of in?ammatory cytokines 
ceases and the display of adhesion molecules on the vessel 
endothelium returns to basal levels. In some cases, hoWever, 
the Zeal of these interacting signals and cellular systems, 
Which are designed to capture and contain very rapidly 
multiplying infectious agents, act to the detriment of the 
body, killing additional, otherWise healthy, surrounding tis 
sue. This additional unnecessary tissue death further com 
promises organ function and sometimes results in death of 
the individual. In addition, the resulting scar tissue that often 
forms can interfere With normal tissue function as occurs, for 
example, in idiopathic pulmonary ?brosis, IBD and organ 
cirrhosis. 

[0052] The vascular endothelium constitutes the ?rst bar 
rier betWeen circulating immune effector cells and extravas 
cular tissues. Extravasation of these circulating cells 
requires that they bind to the vascular endothelial cells, cross 
the basement membrane, and enter insulted tissues e.g., by 
phagocytosis or protease-mediated extracellular matrix deg 
radation. Without being limited to a particular theory, it is 
believed that the morphogens of this invention may modu 
late the in?ammatory response in part by modulating the 
attachment of immune effector cells to the luminal side of 
the endothelium of blood vessels at or near sites of tissue 
damage and/or in?ammatory lesions. Because the method 
reduces or prevents the attachment of immune effector cells 
at these sites, it also prevents the subsequent release of tissue 
destructive agents by these same immune effector cells at 
sites of tissue damage and/or in?ammatory lesions. Because 
attachment of immune effector cells to the endothelium must 
precede their extravasculariZation, the method also prevents 
the initial or continued entry of these cells into extravascular 
sites of tissue destruction or ongoing in?ammatory lesions. 
Therefore, the invention not only relates to a method to 
reduce or prevent the immune cell-mediated cellular 
destruction at extravascular sites of recent tissue destruction, 
but also relates to a method to prevent or reduce the 
continued entry of immune effector cells into extravascular 
sites of ongoing in?ammatory cascades. As Will be appre 
ciated by those skilled in the art, the morphogens of this 
invention also may be contemplated in mechanisms for 
disrupting the functional interaction of immune effector cells 
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With endothelium Where the adhesion molecules are induced 
by means other than in response to tissue injury. 

[0053] One source of tissue damage follows cell exposure 
to toxic oxygen concentrations, such as the tissue damage 
folloWing ischemic-reperfusion tissue injury (oxygen dep 
rivation), and folloWing hyperoxia injury (lethally high 
oxygen concentrations). Accordingly, the process of the 
present invention provides a method for alleviating the 
tissue damage induced by ischemic-reperfusion injury or 
hyperoxia-induced injury comprising the step of adminis 
tering to the af?icted individual a therapeutic amount of a 
morphogen prior to, during, or after damage to the affected 
tissue. Where the toxic oxygen concentrations may be 
deliberately or unavoidably induced, as by a surgical or 
clinical procedure, the morphogen preferably is adminis 
tered prior to induction. 

[0054] In addition, the morphogens described herein, in 
contrast to ?brogenic groWth factors such as TGF-B, stimu 
late tissue morphogenesis and do not stimulate ?brosis or 
scar tissue formation (see Example 9, beloW.) Accordingly, 
in addition to inhibiting the tissue destructive effects asso 
ciated With the in?ammatory response, the morphogens 
further enhance the viability of damaged tissue and/or 
organs by stimulating the regeneration of the damaged tissue 
and preventing ?brogenesis. 

[0055] The morphogens described herein also can inhibit 
epithelial cell proliferation (see Example 10, beloW.) This 
activity of the morphogens also may be particularly useful in 
the treatment of psoriasis and other in?ammatory diseases 
that involve epithelial cell populations. 

[0056] Provided beloW are detailed descriptions of suit 
able morphogens useful in the methods and compositions of 
this invention, as Well as methods for their administration 
and application, and numerous, nonlimiting examples Which 
1) illustrate the suitability of the morphogens and morpho 
gen-stimulating agents described herein as therapeutic 
agents for protecting tissue from the tissue destructive 
effects associated With the body’s in?ammatory response; 
and 2) provide assays With Which to test candidate morpho 
gens and morphogen-stimulating agents for their ef?cacy. 

[0057] I. Useful Morphogens 

[0058] As de?ned herein a protein is morphogenic if it is 
capable of inducing the developmental cascade of cellular 
and molecular events that culminate in the formation of neW, 
organ-speci?c tissue and comprises at least the conserved 
C-terminal six cysteine skeleton or its functional equivalent 
(see supra). 
[0059] Speci?cally, the morphogens generally are capable 
of all of the folloWing biological functions in a morpho 
genically permissive environment: stimulating proliferation 
of progenitor cells; stimulating the differentiation of pro 
genitor cells; stimulating the proliferation of differentiated 
cells; and supporting the groWth and maintenance of differ 
entiated cells, including the “redifferentiation” of trans 
formed cells. Details of hoW the morphogens useful in the 
method of this invention ?rst Were identi?ed, as Well as a 
description on hoW to make, use and test them for morpho 
genic activity are disclosed in US. Ser. No. 667,274, ?led 
Mar. 11, 1991 and US. Ser. No. 752,764, ?led Aug. 30, 
1991, the disclosures of Which are hereinabove incorporated 
by reference. As disclosed therein, the morphogens may be 
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puri?ed from naturally-sourced material or recombinantly 
produced from procaryotic or eucaryotic host cells, using the 
genetic sequences disclosed therein. Alternatively, novel 
morphogenic sequences may be identi?ed folloWing the 
procedures disclosed therein. 

[0060] Particularly useful proteins include those Which 
comprise the naturally derived sequences disclosed in Table 
II. Other useful sequences include biosynthetic constructs 
such as those disclosed in US. 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). 
[0061] Accordingly, the morphogens useful in the meth 
ods and compositions of this invention also may be 
described by morphogenically active proteins having amino 
acid sequences sharing 70% or, preferably, 80% homology 
(similarity) With any of the sequences described above, 
Where “homology” is as de?ned herein above. 

[0062] The morphogens useful in the method of this 
invention also can be described by any of the 6 generic 
sequences described herein (Generic Sequences 1, 2, 3, 4, 5 
and 6). Generic sequences 1 and 2 also may include, at their 
N-terminus, the sequence 

Cys Xaa Xaa Xaa Xaa 
l 5 

(Seq. ID No. 15) 

[0063] Table II, set forth beloW, compares the amino acid 
sequences of the active regions of native proteins that have 
been identi?ed as morphogens, including human OP-1 
(hOP-1, Seq. ID Nos. 5 and 16-17), mouse OP-1 (mOP-1, 
Seq. ID Nos. 6 and 18-19), human and mouse OP-2 (Seq. ID 
Nos. 7, 8, and 20-23), CBMP2A (Seq. ID No. 9), CBMP2B 
(Seq. ID No. 10), BMP3. (Seq. ID No. 26), DPP (from 
Drosophila, Seq. ID No. 11), Vgl, (from Xenopus, Seq. ID 
No. 12), Vgr-1 (from mouse, Seq. ID No. 13), GDF-1 (from 
mouse, Seq. ID Nos. 14, 32 and 33), 60A protein (from 
Drosophila, Seq. ID Nos. 24 and 25), BMP5 (Seq. ID No. 
27) and BMP6 (Seq. ID No. 28). The sequences are aligned 
essentially folloWing the method of Needleman et al. (1970) 
J. M01. Biol., 48:443-453, calculated using the Align Pro 
gram (DNAstar, Inc.) In the table, three dots indicates that 
the amino acid in that position is the same as the amino acid 
in hOP-1. Three dashes indicates that no amino acid is 
present in that position, and are included for purposes of 
illustrating homologies. For example, amino acid residue 60 
of CBMP-2A and CBMP-2B is “missing”. Of course, both 
these amino acid sequences in this region comprise Asn-Ser 
(residues 58, 59), With CBMP-2A then comprising Lys and 
Ile, Whereas CBMP-2B comprises Ser and Ile. 

TABLE II 

hOP-l Cys Lys Lys His Glu Leu Tyr Val 
mOP-l . . . . . . . . . . . . . . . . . . 

hOP-2 ArgArg . . . . . . . . . . . . 

mOP-2 . . . ArgArg . . . . . . . . . . . . . . . 

DPP ArgArg Ser... . . . . .. 

Vgl ...Lys Arg His... . . . . .. 

Vgr-l . . . . .. Gly .. . . . . .. 

CBMP-2A ...Arg Pro... . . . . .. 

CBMP-2B . . . ArgArg . . . Ser . . . . . . . . 

BMP3 . . . Ala Arg Arg Tyr . . . Lys . . . 
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TABLE II-oontinued TABLE II-oontinued 

GDF-l ArgAla Arg Arg... . . . . .. Vgr-l . . . . .. . . . . . . . . . . .. 

60A ... GlnMet Glu Thr... . . . . .. CBMP-2A ... . . . . .. ... . . . . . . . . . . .. ... 

BMP5 ... . . . . .. ... . . . . . . . . . . .. CBMP-2B ... . . . . .. ... . . . . . . . . . . .. ... 

BMP6 Arg . . . . . . . . . . .. BMP3 Ser . . . . .. Thr Ile Ser Ile 

l 5 GDF-l Leu . . . . . . . . . Val Leu Arg Ala . . . 

60A . . . . . . . . . . . . . . . . . . . . . . . . . . . 

hOP-l Ser PheArg Asp Leu Gly Trp Gln Asp BMP5 . . . . . . . . . . . . . . . . . . . . . . . . . . . 

mOP-l ... . . . . .. ... . . . . . . . . . . .. ... BMP6 ... . . . . .. ... . . . . . . . . . . .. ... 

hOP-2 ...Gln . . . . .. ...Leu 45 50 

mOP-2 Ser . . . . .. . . . . .. ...Leu DPP Asp . . . Ser . . . Val . . . . . . Asp . . . hOP-l Val His Phe Ile Asn Pro Glu Thr Val 

Vgl Glu ...Lys Asn mOP-l . . . . .. . . . . .. Asp... Vgr-l ...Gln hOP-2 HisLeu Met Lys AsnAla CBMP-2A Asp . . . Ser . . . Val . . . . . . Asn . . . mOP-2 . . . His Leu Met Lys . . . AspVal . . . 

CBMP-2B Asp . . . Ser . . . Val . . . . . . Asn . . . DPP . . . AsnAsn Asn . . . . . . GlyLys . . . 

BMP3 Asp ...Ala Ile... ...Ser Glu Vgl ...Ser Glu... ...Asp Ile 

GDF-l . . . . .. Glu Val... ...His Arg Vgr-l ...Val Met . . . . .. ...Tyr 60A Asp . . . Lys . . . . . . . . . . . . His . . . CBMP-2A . . . Asn Ser Val . . . Ser . . . Lys Ile 

BMP5 . . . . .. . . . . . . . . . . .. CBMP-2B AsnSer Val Ser Ser Ile 

BMP6 . . . . . . Gln . . . . . . . . . . . . . . . . . . BMP3 . . . ArgAla** Gly Val Val Pro Gly Ile 

l0 l5 GDF-l Met . . . Ala Ala Ala . . . GlyAla Ala 

60A ...Leu Leu Glu... LysLys hOP-l Trp Ile Ile Ala Pro Glu Gly Tyr Ala BMP5 . . . . . . Leu Met Phe . . . Asp His . . . 

mOP-l . . . . .. . . . . . . . . . . .. BMP6 ...Leu Met . . . . .. ...Tyr 

hOP-2 Val... ...Gln . . . . .. Ser 55 60 

mOP-2 Val... ...Gln . . . . .. Ser 

DPP - - - - - - Val - - - - - - Leu - - - - - - ASP hOP-l Pro Lys Pro Cys Cys Ala Pro Thr Gln 

v91 valm ---G1n - - - - -- Met mOP-l . . . . .. . . . . . . . . . . .. 

V9r—l - - - - - ---LYS - - - - -- -;- hOP-2 ...Ala . . . . . . . . . . .. Lys 

CBMP-2A ...Val ...Pro . . . . .. His mOP_2 ___Ala _ _ _ _ _ _ _ _ _ _ __ Lys 

CBMP-2B ...Val ...Pro . . . . .. Gln DPP ___Ala ___Val _ _ _ _ n 

BMP3 . . . . .. Ser ...Lys SerPhe Asp Vgl Lenn 
n-Val I I I I '- Lys 

GDF-l Val... ...Arg ...Phe Leu 
60A I I I I ' 

I I I I I I I I I I '- Gly Vgr-l . . . . .. . . . . . . . . . . .. Lys 

BMP5 I'- I I I I '- II- I I I I I I I I I I '- II- CBMP-2A ... ...Ala ... ...Val . . . . .. Glu 

BMP6 I'- I I I I '- II- II-LYS I I I I '- II- CBMP-2B ... ...Ala ... ...Val . . . . .. Glu 

20 25 BMP3 Glu... ...Val ...Glu Lys 
GDF-l Asp Leu ...Val ...Ala Arg 

hOP_l Ala Tyr Tyr Cys Ala 60A . . . . . . . . . . . . . . . . . . . . . . . . Arg 

moP_1 _ _ _ _ __ BMP5 . . . . .. . . . . . . . . . . .. Lys 

hOP-2 . . . . .. Ser BMP6 . . . . .. . . . . . . . . . . .. Lys 

mOP-2 . . . . .. 65 7O 

DPP . . . . . . . . . . . . Pro 

V91 - - - Asn - - - - - - Pro hOP-l Leu Asn Ala Ile Ser Val Leu Tyr Phe 

V9r—l Asn-n Ser mOP-l . . . . .. . . . . . . . . . . .. CBMP'2A ' ' ' Phe ' ' ' ' ' ' Pro hOP-2 . . . Ser . . . Thr . . . . . . . . . . . . Tyr 

CBMP-2B ' ' ' Phe ' ' ' ' ' ' Pro mOP-2 . . . Ser . . . Thr . . . . . . . . . . . . Tyr 

BMP3 ' ' ' ' ' ' ' ' ' ' ' ' Gln Vgl Met Ser Pro . . . . . . Met . . . Phe Tyr 

GDF-l Asn... 60A Phe-n Asn Vgr-l Val . . . . .. . . . . . . . . . . .. BMP5 I I I Phe I I I I I I Ser DPP . . . Asp Ser Val Ala Met . . . . . . Leu 

BMP6 Asn-n Ser CBMP-2A Ser... ...Met . . . . .. Leu 

30 35 CBMP-2B Ser... ...Met . . . . .. Leu 

BMP3 Met Ser Ser Leu . . . Ile . . . Phe Tyr 

hOP_l Phe Pro Leu Asn Ser Tyr Met Asn Ala GDF-l . . . Ser Pro . . . . . . . . . . . . Phe . . . 

mOP-l . . . . .. . . . . . . . . . . .. 60A Gly--- L911 Pron- - - - - -- Hi5 

hOP_2 _ _ _ _ __ Asp ___cys _ _ _ _ __ BMP5 . . . . .. . . . . . . . . . . .. 

mOP-2 . . . . .. Asp ...Cys . . . . .. BMP6 . . . . .. . . . . . . . . . . .. 

DPP . . . . . . . . . Ala Asp His Phe . . . Ser 75 80 

Vgl Tyr . . . . . . Thr Glu Ile Leu . . . Gly 

Vgr-l . . . . . . . . . . . . Ala His . . . . . . . . . hQP_1 Asp Asp Ser Ser Asnval 119L911 Lys 

CBMP-2A - - - - - - - - - Ala ASP Hi5 Leu - - - Ser mOP-l . . . . . . . . . . . . . . . . . . . . . . . . . . . 

CBMP-2B . . . . . . . . . Ala Asp His Leu . . . Ser hOP_2 _ _ _ Ser _ _ _ Asn _ _ _ _ _ _ _ _ _ _ _ _ Arg 

GDF-l Leu ' ' ' Val Ala Leu Ser Gly Ser“ ' ' ' mOP-2 . . . Ser . . . Asn . . . . . . . . . . . . Arg 

BMP3 ' ' ' ' ' ' Met Pro Lys s‘ler Leu Lys Pro DPP Asn . . . Gln . . . Thr . . . Val . . . . . . 

60A . . . . .. AlaHis . . . . .. Vgl AsnAsn Asp I I I I '- Valn' Arg 

BMP5 . . . . .. AlaHis Met... V r_l Asn 

BMP6 . . . . .. AlaHis Met... g ' ' ' ' ' ' ' ' ' ' " 

40 CBMP-2A . . . GluAsn Glu Lys . . . Val . . . . . . 

CBMP-2B . . . Glu Tyr Asp Lys . . . Val . . . . . . 

hOP-l Thr Asn His Ala Ile Val Gln Thr Leu BMP3 ' ' ' GluAsn Lys ' ' ' ' ' ' Val ' ' ' ' ' ' 

mOP-l ... . . . . .. ... . . . . . . . . . . .. ... GDF-l "' Asn"' ASP - - - - -- Val--- Arg 

hOP-2 . . . . .. ...Leu ...Ser 60A Leu ASnASP G111 - - - - -- Asn-n 

mOp_2 ___ _ _ _ _ __ ___ ___Leu ___ser ___ BMP5 ... . . . . .. ... . . . . . . . . . . .. ... 

DPP . . . . .. Val... . . . . .. BMP6 ...Asn . . . . . . . . . . .. 

Vgl Ser . . . . .. ...Leu . . . . .. 85 
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TABLE II -continued 

hOP- l Lys Tyr Arg Asn Met Val Val Arg 
mOP-l . . . . . . . . . . . . . . . . . . . . . 

hOP-2 His . . . . .. . Lys 

mOP-2 .. His . . . . .. Lys 

DPP Asn . . . Gln Glu . . . Thr . . . Val 

Vgl His ...Glu ...Ala ...Asp 
Vgr-l . . . . . . . . . . . . . . . . . . . . . . . 

CBMP-2A Asn . . . Gln Asp . . . . . . Glu 

CBMP-2B Asn . . . Gln Glu . . . . . . . . Glu 

BMP3 Val ...Pro ...Thr ...Glu 
GDF-l Gln . . . Glu Asp . . . . . . . . Asp 

60A . . . . .. ...Ile ...Lys 

BMP5 . . . . . . . . . . . . . . . . . . . . . . . . 

BMP6 . . . . . . . . . Trp . . . . . . . . . . . . 

90 95 

hOP-l Ala Cys Gly Cys His 
mOP-l . . . . . . 

hOP-2 . . . . . . 

mOP-2 . . . . .. 

DPP Gly . . . . . . . . . Arg 

Vgl Glu . . . . . . . . . Arg 

Vgr-l . . . . .. 

CBMP-2A Gly . . . . . . . . . Arg 

CBMP-2B Gly . . . . . . . . . Arg 

BMP3 Ser . . . Ala . . . Arg 

GDF-l Glu . . . . . . . . . Arg 

60A Ser . . . . . . . . . 

BMP5 Ser . . . . . . 

BMP6 . . . . . . . . . 

**Between residues 56 and 57 of BMP3 is a Val resi 
due; between residues 43 and 44 of GDF-1 lies the 
amino acid sequence Gly—Gly-Pro—Pro. 

[0064] As is apparent from the foregoing amino acid 
sequence comparisons, signi?cant amino acid changes can 
be made Within the generic sequences While retaining the 
morphogenic activity. For example, While the GDF-1 protein 
sequence depicted in Table II shares only about 50% amino 
acid identity With the hOP1 sequence described therein, the 
GDF-1 sequence shares greater than 70% amino acid 
sequence homology (or “similarity”) With the hOP1 
sequence, Where “homology” or “similarity” includes 
alloWed conservative amino acid changes Within the 
sequence as de?ned by Dayoff, et al., Atlas of Protein 
Sequence and Structure vol.5, supp.3, pp. 345-362, (M. O. 
Dayoff, ed., Nat’l BioMed. Res. Fd’n, Washington DC. 
1979.) 
[0065] The currently most preferred protein sequences 
useful as morphogens in this invention include those having 
greater than 60% identity, preferably greater than 65% 
identity, With the amino acid sequence de?ning the con 
served siX cysteine skeleton of hOP1 (e.g., residues 43-139 
of Seq. ID No. 5). These most preferred sequences include 
both allelic and species variants of the OP-1 and OP-2 
proteins, including the Drosophila 60Aprotein. Accordingly, 
in still another preferred aspect, the invention includes 
morphogens comprising species of polypeptide chains hav 
ing the generic amino acid sequence referred to herein as 
“OPX”, Which de?nes the seven cysteine skeleton and 
accommodates the identities betWeen the various identi?ed 
mouse and human OP1 and OP2 proteins. OPX is presented 
in Seq. ID No. 29. As described therein, each Xaa at a given 
position independently is selected from the residues occur 
ring at the corresponding position in the C-terminal 
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sequence of mouse or human OP1 or OP2 (see Seq. ID Nos. 
5-8 and/or Seq. ID Nos. 16-23). 

[0066] II. Formulations and Methods for Administering 
Therapeutic Agents 

[0067] The morphogens may be provided to an individual 
by any suitable means, preferably directly (e.g., locally, as 
by injection or topical administration to a tissue locus) or 
systemically (e.g., parenterally or orally). Where the mor 
phogen is to be provided parenterally, such as by intrave 
nous, subcutaneous, intramuscular, intraorbital, ophthalmic, 
intraventricular, intracranial, intracapsular, intraspinal, intra 
cisternal, intraperitoneal, buccal, rectal, vaginal, intranasal 
or by aerosol administration, the morphogen preferably 
comprises part of an aqueous solution. The solution is 
physiologically acceptable so that in addition to delivery of 
the desired morphogen to the patient, the solution does not 
otherWise adversely affect the patient’s electrolyte and vol 
ume balance. The aqueous medium for the morphogen thus 
may comprise normal physiologic saline (9.85% NaCl, 
0.15M), pH 7-7.4. The aqueous solution containing the 
morphogen can be made, for eXample, by dissolving the 
protein in 50% ethanol containing acetonitrile in 0.1% 
tri?uoroacetic acid (TFA) or 0.1% HCl, or equivalent sol 
vents. 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). The resultant solution preferably is vorteXed eXten 
sively. If desired, a given morphogen may be made more 
soluble by association With a suitable molecule. For 
eXample, association of the mature dimer With the pro 
domain of the morphogen keeps the morphogen soluble in 
physiological buffers. In fact, the endogenous protein is 
thought to be transported in this form. 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 also may be useful. 

[0068] Useful solutions for parenteral administration may 
be prepared by any of the methods Well knoWn in the 
pharmaceutical art, described, for eXample, in Remington ’s 
Pharmaceutical Sciences (Gennaro, A., ed.), Mack Pub., 
1990. Formulations may include, for eXample, polyalkylene 
glycols such as polyethylene glycol, oils of vegetable origin, 
hydrogenated naphthalenes, and the like. Formulations for 
direct administration, in particular, may include glycerol and 
other compositions of high viscosity to help maintain the 
morphogen at the desired locus. Biocompatible, preferably 
bioresorbable, polymers, including, for example, hyaluronic 
acid, collagen, tricalcium phosphate, polybutyrate, lactide, 
and glycolide polymers and lactide/glycolide copolymers, 
may be useful eXcipients to control the release of the 
morphogen in vivo. Other potentially useful parenteral 
delivery systems for these morphogens include ethylene 
vinyl acetate copolymer particles, osmotic pumps, implant 
able infusion systems, and liposomes. Formulations for 
inhalation administration contain as eXcipients, for eXample, 
lactose, or may be aqueous solutions containing, for 
eXample, polyoXyethylene-9-lauryl ether, glycocholate and 
deoXycholate, 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 
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glycocholate for buccal administration, methoxysalicylate 
for rectal administration, or cutric acid for vaginal admin 
istration. 

[0069] Suppositories for rectal administration also may be 
prepared by mixing the morphogen or morphogen-stimulat 
ing agent With a non-irritating excipient such as cocoa butter 
or other compositions Which are-solid at room temperature 
and liquid at body temperatures. 

[0070] Formulations for topical administration to the skin 
surface may be prepared by dispersing the morphogen or 
morphogen-stimulating agent With a dermatologically 
acceptable carrier such as a lotion, cream, ointment or soap. 
Particularly useful are carriers capable of forming a ?lm or 
layer over the skin to localiZe application and inhibit 
removal. For topical administration to internal tissue sur 
faces, the morphogen may be dispersed in a liquid tissue 
adhesive or other substance knoWn to enhance adsorption’to 
a tissue surface. For example, hydroxypropylcellulose or 
?brinogen/thrombin solutions may be used to advantage. 
Alternatively, tissue-coating solutions, such as pectin-con 
taining formulations may be used. 

[0071] Alternatively, the morphogens described herein 
may be administered orally. Oral administration of proteins 
as therapeutics 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, US. Pat. No. 4,968,590.) In addition, at least 
one morphogen, OP-l, has been identi?ed in mammary 
gland extract, colostrum and 57-day milk. Moreover, the 
OP-l puri?ed from mammary gland extract is morphogeni 
cally active. Speci?cally, this protein induces endochondral 
bone formation in mammals When implanted subcutane 
ously in association With a suitable matrix material, using a 
standard in vivo bone assay, such as is disclosed in US. Pat. 
No. 4,968,590. Moreover, the morphogen also is detected in 
the bloodstream. Finally, soluble form morphogen, e.g., 
mature morphogen associated With the pro domain, is mor 
phogenically active. These ?ndings indicate that oral and 
parenteral administration are viable means for administering 
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 intact 
sequence and/or by association With one or more milk 
components. Accordingly, the compounds provided herein 
also may be associated With molecules capable of enhancing 
their solubility in vitro or in vivo. 

[0072] The compounds provided herein also may be asso 
ciated With molecules capable of targeting the morphogen or 
morphogen-stimulating agent to the desired tissue. For 
example, an antibody, antibody fragment, or other binding 
protein that interacts speci?cally 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, for example, in US. 
Pat. No. 5,091,513. 

[0073] As described above, the morphogens provided 
herein share signi?cant sequence homology in the C-termi 
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nal active domains. By contrast, the sequences typically 
diverge signi?cantly in the sequences Which de?ne the pro 
domain. Accordingly, the pro domain is thought to be 
morphogen-speci?c. As described above, it is also knoWn 
that the various morphogens identi?ed to date are differen 
tially expressed in the different tissues. Accordingly, Without 
being limited to any given theory, it is likely that, under 
natural conditions in the body, selected morphogens typi 
cally act on a given tissue. Accordingly, part or all of the pro 
domains Which have been identi?ed associated With the 
active form of the morphogen in solution, may serve as 
targeting molecules for the morphogens described herein. 
For example, the pro domains may interact speci?cally With 
one or more molecules at the target tissue to direct the 
morphogen associated With the pro domain to that tissue. 
Accordingly, another useful targeting molecule for targeting 
morphogen to a tissue of interest is part or all of a morpho 
gen pro domain. For example, part or all of the pro domain 
of GDF-1, may be used to target a morphogen to nerve 
tissue. Alternatively, part or all of the pro domains of OP-l 
or CBMP2 may be used to target a morphogen to bone 
tissue, both of Which proteins are found naturally associated 
With bone tissue. 

[0074] The morphogens described herein are useful for 
providing neuroprotective effects to alleviate neural path 
Way damage associated With the body’s immune/in?amma 
tory response to an initial injury to nerve tissue. As used 
herein, a “neural pathWay” describes a nerve circuit for the 
passage of electric signals from a source to a target cell site 
and includes both the central nervous system (CNS) and 
peripheral nervous system (PNS). The pathWay includes the 
neurons through Which the electric impulse is transported, 
including groups of interconnecting neurons, the nerve 
?bers formed by bundled neuronal axons, and the glial cells 
surrounding and associated With the neurons. An in?amma 
tory response to nerve tissue injury may folloW trauma to 
nerve tissue, caused, for example, by an autoimmune 
(including autoantibody) dysfunction, neoplastic lesion, 
infection, chemical or mechanical trauma, or other disease. 
An exemplary nerve-related in?ammatory disease is mul 
tiple sclerosis. Neural pathWay damage also can result from 
a reduction or interruption, e.g., occlusion, of a neural blood 
supply, as in an embolic stroke, (e.g. ischemia or hypoxia 
induced injury), or by other trauma to the nerve or surround 
ing material. In addition, at least part of the damage asso 
ciated With a number of primary brain tumors also appears 
to be immunologically related. Application of the morpho 
gen directly to the cells to be treated, or providing the 
morphogen to the mammal systemically, for example, intra 
venously or indirectly by oral administration, may be used 
to 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, also may 
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 neuraprotective effect to the nerve tissue, at risk. 

[0075] Where the morphogen is intended for use as a 
therapeutic to alleviate tissue damage associated With an 
immune/in?ammatory condition of the central nervous sys 
tem (CNS) an additional problem must be addressed: over 
coming the so-called “blood-brain barrier”, the brain capil 
lary Wall structure that effectively screens out all but selected 




















































































