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(57) ABSTRACT 

Provided are methods and compositions using one or more 
CD40 agonists, such as CD40 ligands and/or agonistic 
anti-CD40 antibodies, to reduce or prevent cell death, or 
apoptosis, in bone cells. Methods of treating or preventing 
bone loss, including osteoporosis, as Well as methods of 
reducing or eliminating the bone loss associated With steroid 
administration are particularly provided. Further disclosed 
are a variety of therapeutic kits and cocktails. 
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CD40 LIGAND AND CD40 AGONIST 
COMPOSITIONS AND METHODS OF USE 

BACKGROUND OF THE INVENTION 

[0001] The present application claims priority to US. 
provisional application Serial No. 60/151,250, ?led Aug. 27, 
1999, the entire teXt, ?gures and sequences of Which appli 
cation is incorporated herein by reference Without dis 
claimer. 

[0002] 1. Field of the Invention 

[0003] The present invention relates generally to the ?elds 
of cell biology and bone metabolism. More particularly, it 
concerns the use of compositions containing one or more 
CD40 agonists, such as CD40 ligands and/or agonistic 
anti-CD40 antibodies, to reduce or prevent cell death or 
apoptosis, in bone cells, such as osteocytes and osteoblasts. 
Methods of treating or preventing bone loss, including 
osteoporosis, and methods of reducing or eliminating the 
bone loss associated With steroid administration are also 
included. Further provided are a variety of therapeutic kits 
and cocktails. 

[0004] 2. Description of Related Art 

[0005] In the body, bone is remodeled continuously 
through the process of resorption by osteoclasts, folloWed by 
bone formation by osteoblasts. Normally, the activity of 
these tWo types of cells is balanced through the action of 
hormones and other signaling mechanisms. During the 
resorption phase, sites for remodeling are targeted by osteo 
clasts that form pits in bone, releasing organic matriX and 
minerals into the circulation. Resorption at a single site can 
last as long as about three Weeks. As resorption progresses, 
osteoblasts begin ?lling in the resorbed region With neW 
mineraliZed bone. 

[0006] Peak bone mass is reached at about age 30. After 
peak bone mass is reached, there is a gradual age-related loss 
of bone mass in both males and females due to a slight 
imbalance in resorption and formation. HoWever, as estro 
gen production declines in Women around the time of 
menopause, bone resorption increases dramatically, Which 
can lead to rapid bone loss. Premenopausal Women have 
been shoWn to turnover bone at a rate of about one-third to 
one-half gram of bone per day, While the turnover is double 
to triple that in early postmenopausal Women. Although 
bone loss can be especially elevated in the ?ve to seven 
years immediately folloWing menopause, this process con 
tinues throughout life. The rate of bone loss can vary 
dramatically from Woman to Woman. 

[0007] Several studies have documented this dramatic 
increase in bone turnover levels at menopause (Ebeling et 
al., 1996; Garnero et al., 1996; PrestWood et al., 1994). The 
results shoWed that the increase in both the mean and the 
range of bone resorption values stayed high for more than 20 
years beyond menopause, a pattern consistent With bone 
mass changes over a Woman’s lifetime. These studies dem 
onstrated an inverse correlation betWeen bone turnover and 
bone mass, With high turnover associated With loW bone 
mass. 

[0008] Postmenopausal bone loss may be due to increased 
production of cytokines such as TNFO. and interleukin 1 
and/or increased osteocyte apoptosis. Estrogen has been 
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shoWn to be a viability factor for osteocytes in both humans 
and rats (Tomkinson et al., 1997, 1998). Human bone 
removed from female patients being treated With gonadot 
ropin releasing hormone shoWed a higher increase in the 
proportion of dead osteocytes compared to controls. The 
same Was shoWn to be true for ovariectamiZed rates com 

pared to controls (Rickard et al., 1992). Estrogen has been 
reported to modulate TNFO. production by human osteoblast 
and peripheral monocytes from Women Who have undergone 
ovariectomy and produce increased levels of TNFO. (Paci?ci 
et al., 1991). Delivering both IL-1 receptor antagonist and 
the soluble TNF receptor completely blocked bone loss due 
to ovariectomy in mice (Kimble et al., 1995). Therefore, a 
lack of estrogen can lead to increased production of cytok 
ines responsible for bone loss (LorenZo, 1996). 

[0009] In addition to bone loss due to aging and estrogen 
de?ciency, patients of all ages, both seXes, and all races are 
susceptible to steroid-induced bone loss. Administration of 
glucocorticoids and steroids is the third most common cause 
of osteoporosis. Steroid-induced bone loss usually affects 
the cortical and cancellous bone of the aXial skeleton. 
BetWeen 30% and 50% of individuals taking steroids for 
more than 6 months Will develop osteoporosis. The rate of 
bone loss is very rapid in the initial year of therapy, With as 
much as 20% of the bone lost in the ?rst year. Doses 
exceeding 7.5 mg/day of prednisone can cause signi?cant 
loss of trabecular bone in most people. 

[0010] Studies in mice administered glucocorticoids sug 
gests that steroid-induced bone loss is due to decreased bone 
formation Which results from higher numbers of apoptotic/ 
dead osteoclasts and osteoblasts. Lesser numbers of these 
cells could account for changes seen With glucocorticoid 
induced bone disease. Adecrease in osteoblast and osteocyte 
cell number due to death/apoptosis has also been demon 
strated in patients Who have glucocorticoid-induced 
osteoporosis (Weinstein et al., 1998). 
[0011] Despite the current understanding and the consid 
erable amount of research in this area, bone loss and 
osteoporosis remain signi?cant medical and economic prob 
lems. Therefore, methods of reducing or preventing bone 
loss, for eXample by reducing or preventing apoptosis of 
osteocytes and osteoblasts, Would represent a signi?cant 
advance in the art. 

SUMMARY OF THE INVENTION 

[0012] The present invention overcomes one or more of 
these and other shortcomings in the art by providing a range 
of neW treatments by Which to reduce bone cell death and 
bone loss. The invention is broadly based upon the surpris 
ing ?nding that CD40 is expressed on bone cells and that 
CD40 agonists dramatically reduce bone cell death. The 
invention thus provides methods, compositions and uses of 
one or more CD40 agonists, such as CD40 ligands and/or 
agonistic anti-CD40 antibodies, to reduce or prevent bone 
cell death or apoptosis, thereby providing neW treatments for 
bone loss associated With a variety of diseases and clinical 
conditions. 

[0013] The invention therefore provides methods, compo 
sitions and uses in reducing or preventing bone cell death 
and/or apoptosis, comprising contacting a bone cell, a popu 
lation of bone cells or a cell population comprising bone 
cells, With a biologically effective amount of at least a ?rst 
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composition comprising at least a ?rst CD40 agonist, such 
as a CD40 ligand and/or agonistic anti-CD40 antibody. 

[0014] The bone cells to be treated by the invention 
include, but are not limited to, osteoblasts and osteocytes. 
The CD40 ligands and/or agonists may induce the apoptosis 
of osteoclasts, inhibit the apoptosis of osteoclasts, or exert 
no detectable effects on osteoclasts, so long as the overall 
effect of the CD40 ligand and/or agonist inhibits the apop 
tosis of osteocytes and/or osteoblasts to a greater extent than 
osteoclasts, or otherWise produces a net bene?cial effect on 
bone mass, bone density, bone cell number or other param 
eter indicative of health bone tissue. 

[0015] All CD40 agonists are suitable for use in the 
invention, so long as they bind to and activate one or more 
CD40 receptors on a bone cell. A CD40 agonist that “binds 
to and activates” a CD40 receptor a bone cell is a biological 
or chemical component or agent that stimulates cell signal 
ing via CD40 in such cells. “Cell signaling” via a CD40 
receptor is indicated by the capacity to “transduce” a signal, 
i.e., transmit a biological effect, to the intracellular environ 
ment by binding of an agent to an extracellular portion of the 
receptor. Most preferably, CD40 agonists bind to and acti 
vate a CD40 receptor on a bone cell, thereby creating a cell 
signal that reduces cell death and/or apoptosis in the cell. 

[0016] Agents that “stimulate” cell signaling via CD40 
receptors may do so directly or indirectly. Although agents 
that act directly are generally preferred, agents that indi 
rectly stimulate or activate CD40 receptors may be used, 
including accessory signaling molecules, co-stimulators and 
the like, and agents that remove, inactivate or doWnregulate 
inhibitors of the CD40 signaling process. Included Within 
this group of CD40 agonists are agents that stimulate or 
“upregulate” the expression of the CD40 receptor on bone 
cells. Such components Will therefore increase the amount 
of the receptor expressed at the cell surface and available for 
binding to the natural biological ligand counterpart or exog 
enously added CD40 ligands. 

[0017] CD40 agonists that directly stimulate or activate 
CD40 receptors include the biological ligand counterparts to 
the receptor. Therefore, in preferred embodiments, the at 
least a ?rst composition comprises at least a ?rst CD40 
ligand. As used herein, the term “CD40 ligand” Will be 
understood to include any peptide, polypeptide or protein, or 
a nucleic acid encoding a peptide, polypeptide or protein, 
that can bind to and activate one or more CD40 receptors on 

a bone cell. Thus, CD40 ligands for use in the present 
invention include, but are not limited to, gp39 peptides, 
polypeptides, proteins or nucleic acids. 

[0018] Although human CD40 ligands Will be preferred 
for use in human therapy, CD40 ligands from any species 
may be used in the invention. For use in other animal 
species, such as in veterinary embodiments, a species of 
CD40 ligand matched to the animal being treated Will be 
preferred. Therefore, among the gp39 peptides, polypep 
tides, proteins or nucleic acids contemplated for use in the 
present invention are the human, murine, canine, bovine, 
feline and rat gp39 sequences, as Well as other CD40 binding 
proteins, knoWn in the art and disclosed herein. Exemplary 
CD40 ligands are those of SEQ ID NO: 2, as encoded by 
SEQ ID NO: 1 and the related nucleic acid sequence of SEQ 
ID NO: 5; and those of SEQ ID NO: 7, as encoded by SEQ 
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ID NO: 6. In preferred aspects of the invention, the at least 
a ?rst CD40 ligand is at least a ?rst human gp39 peptide, 
protein or nucleic acid. 

[0019] A CD40 ligand “protein, polypeptide or peptide”, 
as used herein, refers to a proteinaceous CD40 ligand 
component that has suf?cient biological activity to be bio 
logically effective. Accordingly, “CD40 ligands” include 
full-length CD40 ligand proteins and polypeptides and also 
CD40 ligands that have been subject to non-native process 
ing or biological modi?cation. Such modi?cations include 
truncations, extensions, active domains or fragments, fusion 
proteins, mutants With substantial or suf?cient biological 
activity, peptidomimetics and the like. 

[0020] Any form of CD40 ligand may be used in the 
invention, including those isolated and puri?ed from natural 
sources. CD40 ligands prepared by recombinant expression 
Will often be preferred, i.e., those obtained by expressing a 
CD40 ligand nucleic acid in a recombinant host cell and 
collecting the expressed CD40 ligand protein. CD40 ligands 
prepared by automated peptide synthesis are also included. 

[0021] In certain embodiments, the CD40 ligand is a 
soluble gp39 peptide, polypeptide or protein, or at least a 
?rst nucleic acid encoding a soluble gp39 peptide, polypep 
tide or protein. In preferred embodiments, the at least a ?rst 
CD40 ligand is at least a ?rst soluble gp39 protein that 
comprises all, substantially all or most of the extracellular 
domain. In particular aspects, the extracellular domain of the 
gp39 protein comprises the human sequence from betWeen 
about amino acid 47-50 to about amino acid 261 of SEQ ID 
NO: 2 or the corresponding bovine sequence. Sequences of 
from betWeen about amino acid 47-50 to about amino acid 
260 of the corresponding murine, canine, feline or rat 
sequences may be used, as disclosed in US. provisional 
application Serial No. 60/151,250, ?led Aug. 27, 1999, 
incorporated herein by reference. As used herein, the term 
“betWeen about amino acid 47-50 to about amino acid 260 
or 261” Will be understood to include sequences betWeen 
amino acid 45, 46, 48, 49, 51 and 52 or so to about amino 
acid 257, 258, 259, 260 and 261 or so. 

[0022] “CD40 ligand nucleic acids” are DNA or RNA 
coding regions that encode, and under conditions appropri 
ate for expression, encode and express any one or more of 
the biologically active CD40 ligand protein- and polypep 
tide-based components described above, including full 
length proteins and polypeptides, and active variants, frag 
ments and fusions thereof. Recombinant vectors, viral 
vectors and recombinant viruses are preferred for use in 
various embodiments, as described in detail herein. 

[0023] Therefore, in certain aspects of the invention, the at 
least a ?rst soluble gp39 protein is encoded by the sequence 
from betWeen about nucleotide 160-169 to about nucleotide 
804 of SEQ ID NO: 1. Sequences of from betWeen about 
nucleotide 151-160 to about nucleotide 792 of the corre 
sponding murine sequence; betWeen about nucleotide 153 
162 to about nucleotide 797 of the corresponding bovine 
sequence; betWeen about nucleotide 143-152 to about nucle 
otide 784 of the corresponding canine sequence; betWeen 
about nucleotide 143-152 to about nucleotide 784 of the 
corresponding feline sequence; or betWeen about nucleotide 
139-148 to about nucleotide 780 of the corresponding rat 
sequence; may be used, as disclosed in US. provisional 
application Serial No. 60/151,250, ?led Aug. 27, 1999, 
incorporated herein by reference. 
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[0024] In other aspects of the present invention, the meth 
ods, compositions and uses provide the CD40 ligand to the 
target bone cells via cell-based delivery. As such, the meth 
ods, compositions and uses of the invention include recom 
binant host cells expressing at least a ?rst CD40 ligand or 
agonist on the surface of the cell. 

[0025] Particularly preferred embodiments of the inven 
tion are those Wherein the at least a ?rst CD40 ligand is a 
gp39 peptide or protein oligomer, including naturally form 
ing gp39 peptide, polypeptide or protein oligomers, as Well 
as gp39 peptides, polypeptides, proteins (and encoding 
nucleic acids) that comprise an oligomeriZation sequence. 
While oligomers such as dimers, trimers and tetramers are 
preferred in certain aspects of he invention, in other aspects 
of the invention larger oligomeric structures are contem 
plated for use, so long as the oligomeric structure retains the 
ability to bind to and activate one or more CD40 receptor(s) 
on a bone cell. Exemplary oligomeriZation sequences 
include, but are not limited to, leucine Zipper or lung 
surfactant protein D sequences. In preferred aspects of the 
invention, the oligomeriZation sequence has the amino acid 
sequence of SEQ ID NO: 3 or SEQ ID NO: 4, With SEQ ID 
NO: 3 being particularly preferred. 
[0026] In further aspects of the invention, the at least a ?rst 
CD40 ligand is at least a ?rst gp39 peptide, protein or 
nucleic acid that comprises a distinct antigenic sequence, 
exempli?ed by, but not limited to, antigenic sequences for 
detection, such as FLAG sequences. Fusion proteins com 
prising CD40 ligand sequences may also be used. 

[0027] Other preferred embodiments are those Wherein the 
CD40 agonist is a component other than one based upon the 
natural, biological ligand. As used herein, the term “CD40 
agonist” thus includes proteins, polypeptides, peptides, anti 
bodies, small molecules and other agents that bind to and 
activate a CD40 receptor on a bone cell. Thus, CD40 
“agonists” are operationally similar to CD40 “ligands”, 
although the agonists are not limited to derivatives of CD40 
ligands, but rather include all operative species irrespective 
of the underlying molecular structure. Suitable CD40 ago 
nists are knoWn in the art and can noW readily be identi?ed 
in light of the functional assays provided in the present 
disclosure. 

[0028] In certain preferred aspects, the “CD40 agonist” is 
at least a ?rst agonistic anti-CD40 antibody, or antigen 
binding fragment thereof, including, but not limited to, at 
least a ?rst scFv, Fv, Fab‘, Fab or F(ab‘)2 antigen-binding 
region of an anti-CD40 antibody. In certain aspects of the 
invention, the at least a ?rst CD40 agonist is at least a ?rst 
human, humaniZed or part-human chimeric anti-CD40 anti 
body or antigen-binding fragment thereof. In other aspects, 
the at least a ?rst CD40 agonist is at least a ?rst anti-CD40 
monoclonal antibody, including, but not limited to, the 
G28-5, mAb89, EA-S or S2C6 monoclonal antibody, or an 
antigen-binding fragment thereof. 
[0029] In light of the present discoveries, one or more 
CD40 agonists may noW be used in all in vitro and in vivo 
methods of reducing or preventing bone cell death and/or 
apoptosis. All that is required is to contact a composition 
comprising bone cells With a biologically effective amount 
of at least a ?rst composition comprising at least a ?rst CD40 
agonist. 
[0030] Such methods and uses include the addition of the 
CD40 agonist composition to bone cells in vitro. Accord 
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ingly, the invention provides methods and uses in culturing 
bone cells in vitro and in generating arti?cial bone tissue ex 
vivo. The methods and uses generally comprise providing a 
biologically effective amount of at least a ?rst composition 
comprising at least a ?rst CD40 agonist to an in vitro or ex 
vivo biological sample that contains a population of bone 
cells. 

[0031] Preferred methods, uses and medicaments of the 
invention are those in Which the CD40 agonist compositions 
are provided to bone cells in vivo, simply by administering 
the composition to an animal or patient. The invention thus 
provides methods and uses of reducing or preventing bone 
cell death and/or apoptosis, reducing or preventing bone loss 
or mass and, generally, treating animals and patients With 
various forms of diseases and conditions associated With 
adverse effects on bone. 

[0032] These methods and uses of the invention comprise 
providing to an animal or patient at least a ?rst composition 
that comprises at least a ?rst CD40 agonist in an amount 
effective to reduce or prevent bone cell death and/or apop 
tosis or reduce or prevent bone loss in the animal or patient. 
This is the meaning of the terms “biologically and thera 
peutically effective amounts”, as used herein, i.e., amounts 
effective to reduce or prevent bone cell death and/or apop 
tosis or to reduce or prevent bone loss or mass When 
administered to an animal or patient. 

[0033] The in vivo treatment methods of the invention 
generally require the administration of pharmaceutically or 
pharmacologically acceptable formulations of CD40 agonist 
proteins, nucleic acids, vectors or antibodies. Systemic 
administration, including intravenous administration, is suit 
able for use in the invention. More localiZed delivery to the 
bone is also contemplated. 

[0034] Whether CD40 ligands, agonists or antibodies, or 
combinations thereof, are employed in the methods and uses 
of the invention, the CD40 agonists may be used alone or in 
combination. Accordingly, the invention encompasses the 
use of one, tWo, three, four, ?ve, six or more CD40 agonists, 
including a plurality of CD40 agonists. Different CD40 
ligands, agonists and/or antibodies may be formulated in 
combination or separately and used simultaneously or 
sequentially. One time and repeated uses are contemplated. 

[0035] The one or more CD40 agonists may also be used 
in combination With other therapeutic agents. Such combi 
nation therapy aspects of the invention generally include the 
formulation, fabrication and/or use of “biologically or thera 
peutically combined effective amounts” of CD40 agonists 
and one or more other therapeutic agents. One, tWo, three, 
four, ?ve, six or more other therapeutic agents may be used, 
including a plurality thereof. Depending on the therapeutic 
objective, the CD40 agonists and other therapeutic agent(s) 
may be formulated in combination or separately and admin 
istered simultaneously or separately, including in any order 
of administration. 

[0036] Exemplary combined therapeutic embodiments 
include CD40 agonists combined for use With a biologically 
effective amount of at least a ?rst cytokine, such as IL-4 
and/or IL-6. In further embodiments, the CD40 agonists are 
combined With a biologically effective amount of at least a 
second, distinct agent used to treat or prevent bone cell 
death, including second, distinct anti-apoptosis agents. One, 
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tWo, three, four, ?ve, six or more of such agents may be 
used, including a plurality thereof. 

[0037] Second, distinct anti-bone loss agents include anti 
apoptosis agents, exempli?ed by, but not limited to, one or 
more of transforming groWth factor beta (TGF-B), IL-6, 
estrogen, a bisphosphonate and an agent listed in Table 4. 
Other second, distinct anti-bone loss agents are anti-os 
teoporosis agents, exempli?ed by, but not limited to, selec 
tive estrogen receptor modulators, such as tamoxifen or 
raloxifene, alendronate, calcitonin, calcium, ?uoride and/or 
vitamin D. 

[0038] AWide range of diseases, disorders and conditions 
associated With bone loss or damage may be treated by the 
compositions, kits, formulations, methods, uses and medi 
caments of the present invention. These include both the 
treatment and prevention of bone loss in animals and 
patients, Wherein the CD40 agonist compositions adminis 
tered are given in therapeutically and prophylactically effec 
tive amounts, respectively. 

[0039] In certain aspects of the invention, the bone loss is 
associated With and/or caused by a disease, including, but 
not limited to, osteoporosis, osteonecrosis or in?ammatory 
arthritis. In other aspects of the invention, the bone loss is 
caused by aging, estrogen loss or is associated With surgical 
intervention. The ability to treat or prevent osteoporosis in 
animals and patients is a particularly important aspect of the 
invention, Whether using CD40 agonists alone or combina 
tion therapy. 

[0040] As the present invention is generally based upon 
the surprising ?nding of CD40 expression on bone cells, the 
use of CD40 agonists can noW be intelligently applied to 
neW group of animals and patients. Accordingly, the inven 
tion includes the selection, pre-selection or identi?cation of 
certain animal or patient groups, such as selecting an animal 
or patient having or at risk for developing bone cell death or 
apoptosis, or a disease or condition associated With bone 
loss. Although con?ned to only one area of treatment, the 
identi?cation of an animal or patient not suffering from 
cancer forms one aspect of the invention. Certain of the 
selection criteria therefore include the identi?cation of an 
animal or patient not previously provided With a CD40 
agonist for another purpose. 

[0041] In further aspects of the invention, the bone loss is 
associated With and/or caused by steroid therapy, i.e., the 
administration of at least a ?rst steroid to an animal or 

patient. Animals and patients may again be selected, pre 
selected or identi?ed on the basis of having or at being in 
need of steroid therapy or steroid therapy associated With 
bone loss. Steroid therapy may be administered to treat a 
condition or disease in the animal or patient, exempli?ed by, 
but not limited to, post-menopausal estrogen loss, estrogen 
loss due to ovariectomy or total hysterectomy, lupus nephri 
tis, Takayasu’s arteritis, Wegeners granulomatosis, anti 
glomerular basement membrane nephritis, myositis, sclero 
derma, idiopathic autoimmune thrombocytopenia, asthma, a 
chronic obstructive lung disease, nephrotic/nephritic syn 
drome or even cancer. Steroid therapy may also be used in 
conjunction With an organ or tissue transplant, such as a 
bone marroW transplant or a multiple organ transplant. In 
certain aspects of the invention, the at least a ?rst steroid is 
administered at a high dose and/or over a long period of 
time. 
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[0042] The invention thus also provides compositions, 
kits, formulations, methods, uses and medicaments for 
application in improved steroid therapy and reduced osteo 
detrimental steroid therapy. The animal or patient undergo 
ing or in need of steroid therapy is provided With a thera 
peutically or prophylactically effective amount of at least a 
?rst composition comprising at least a ?rst CD40 agonist 
effective to counteract the side-effects of the steroid, such as 
reducing the osteodetrimental effects of the steroid. This 
provides steroid therapy With reduced bone loss, Wherein the 
compositions of the invention are administered in amounts 
effective to reduce the bone loss associated With the steroid 
or steroid therapy. The CD40 agonists may be administered 
before, during or after steroid therapy. When given together 
With steroids, administration may be sequential or substan 
tially simultaneous. 

[0043] The present invention is applicable to all animals, 
particularly humans and valuable or valued animals, such as 
race horses, pedigree animals, domestic pets, and animals 
used to produce food for human consumption. In addition to 
human treatment, exemplary embodiments of the invention 
therefore include the treatment of horses, dogs, cats and the 
like; the treatment of coWs, pigs, boar, sheep, goat, buffalo, 
bison, llama, deer, elk, and other large animals, as Well as 
their young, including calves and lambs. The treatment of 
smaller animals, such as rabbits and hares, is also included. 
The invention encompasses the treatment of birds, particu 
larly those used to produce food for human consumption, 
such as chicken, turkey, duck, goose, ostrich, emus, dove, 
quail, and the like. Bone loss in chickens is a notable 
economic concern. 

[0044] Still further embodiments of the invention concern 
therapeutic kits. The kits comprise, in at least a ?rst suitable 
container, one or more CD40 agonists in conjunction With 
Written instructions for use in reducing or preventing bone 
cell death and/or apoptosis or treating bone loss. Pharma 
ceutical compositions of CD40 agonists are preferred. 

[0045] Combination therapy kits are also provided, Which 
comprise a combined biologically effective amount of at 
least a ?rst composition, preferably a pharmaceutically 
acceptable composition, comprising at least a ?rst CD40 
agonist and at least a second, distinct therapeutic agent, such 
as an anti-bone loss agent or a steroid. In preferred embodi 
ments, the at least a second, distinct anti-bone loss agent is 
an anti-apoptosis or anti-osteoporosis agent. 

[0046] In certain aspects, the at least a ?rst CD40 agonist 
composition and the at least a second, distinct therapeutic 
agent are comprised Within a single composition, preferably 
a pharmaceutical composition. Exemplary combinations are 
thus therapeutic cocktails comprising CD40 agonists and/or 
steroids or distinct anti-bone loss agents. In other embodi 
ments, the CD40 agonist and distinct therapeutic agent 
compositions are comprised Within distinct compositions, 
preferably pharmaceutical compositions. The kits may also 
comprise at least a third, fourth, ?fth, sixth or a plurality of 
distinct therapeutic agents, such as steroids or anti-bone loss 
agents. Combinations of CD40 agonists, distinct anti-apop 
tosis agents and distinct anti-osteoporosis agents are par 
ticularly preferred. 

[0047] Yet further provided by the present invention is a 
kit comprising, in at least a ?rst suitable container, a 
biologically effective amount at least a ?rst steroid and at 
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least a ?rst composition comprising at least a ?rst CD40 
agonist. The CD40 agonist is preferably provided in an 
amount effective to reduce or prevent bone loss associated 
With administration of the steroid to an animal or patient. 
Such kits may also comprise at least a second, distinct 
therapeutic agent, such as another steroid or anti-bone loss 
agent. 

[0048] Finally, the invention provides for the use of the 
CD40 agonist compositions in accordance hereWith in the 
preparation of a variety of medicaments for treating one or 
more conditions associated With bone loss. Such medica 
ments include the range of CD40 agonist compositions and 
combinations described above for the treatment of any such 
disease, disorder or condition. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0049] The folloWing draWings form part of the present 
speci?cation and are included to further demonstrate certain 
aspects of the present invention. The invention may be better 
understood by reference to one or more of these draWings in 
combination With the detailed description of speci?c 
embodiments presented herein. 

[0050] FIG. 1A and FIG. 1B. MLO-Y4 cells do not share 
antigen-presenting function With dendritic cells (DC). 
Increasing numbers of antigen presenting cells (dendritic 
cells or MLO-Y4 cells) Were cultured With T cells, and 
thymidine incorporation assessed at the end of a 72 h culture 
as described herein. Unstimulated (FIG. 1A) and stimulated 
(FIG. 1B) MLO-Y4 cells, either alone, or in the presence of 
TNF or LPS, Were unable to induce T lymphocytes to 
proliferate as measured by increased thymidine incorpora 
tion. 

[0051] FIG. 2. Effect of CD40L on apoptosis induced by 
different agents on MLO-Y4 osteocytic cell line, as mea 
sured by trypan blue uptake. Cells Were pretreated With PBS, 
CD40L (0.5-1.5 pig/ml), folloWed by no treatment control 
(C), dexamethasone (D) at 10_6M (10'7 M in initial studies), 
TNFO. at 1 ng/ml or etoposide at 50 pM. The 
percentage of apoptotic cells is shoWn on the Y-axis. In each 
treatment, the percentage of apoptotic cells Was signi?cantly 
loWer in cells that had been pretreated With CD40L (*p<0.05 
signi?cantly different from controls one Way anova). Con 
trols included no treatment, CD40L alone, dexamethasone at 
10_6M (10_7M), TNFO. at 1 ng/ml and etoposide at 50 pM 
alone. 

DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

[0052] Physiological cell death that occurs during normal 
homeostasis, fails to initiate an in?ammatory response, and 
has unique morphological features is termed apoptosis 
(Thompson, 1999). Apoptosis is a form of cellular suicide in 
Which the dying cell initiates its oWn death by activation of 
endogenous proteases (Raff, 1998). This leads to disruption 
of structural integrity of the cell cytoskeleton, loss of mito 
chondrial function and the cytoplasm begins to round and 
shrink. The membrane of the cell begins to bleb, and there 
is loss of asymmetry of plasma membrane and exposure of 
phospholipid (phosphatidylserine) to the outside of the 
membrane. The nucleus becomes shrunken and pyknotic as 
a result of DNA degradation. 
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[0053] The phenomenon of apoptosis is a common Way to 
regulate the immune system that involves differentiation, 
proliferation, selection and survival of the unique immune 
cells Which help in recognition of foreign invading patho 
gens (Cosman, 1994; Cosulich and Clarke, 1996; Laytra 
goon-LeWin, 1998; Raff, 1998; Schattner and Friedman, 
1996; Scott et al., 1996; Wallach, 1996; Ware et al., 1996; 
Wekerle et al., 1998; Wiley and Harmsen, 1999). Apoptotic 
cell death can be triggered once the cell has performed its 
physiological function, outlived its usefulness during devel 
opment or become senescent. Examples in vivo include T 
cells that fail to undergo positive or negative selection in the 
thymus, B cells With loW affinity for antigen deleted in the 
germinal centre during interaction With follicular dendritic 
cells, and senescent neutrophils and eosinophils. 

[0054] Most White blood cells in circulation can be 
divided into the innate arm (neutrophils and macrophages 
and dendritic cells) and the adaptive arm (T and B lympho 
cytes). The cells of the innate arm can eliminate and process 
invading foreign microorganisms into small antigen pep 
tides, and present the antigens of the foreign protein to the 
adaptive arm. Thus, these cells are often referred to as 
antigen presenting cells. The adaptive arm has acquired a 
memory against foreign antigens during development or 
during previous exposure to the foreign microorganism. The 
vast majority of peripheral B and T cells in circulation are 
in a quiescent or resting stage. They continue to receive 
survival signals from their stromal environment and through 
the receptor that recogniZes the antigen. If they fail to 
migrate to an appropriate environment or do not have an 
antigen receptor binding an antigen, they undergo apoptosis 
(Laytragoon-LeWin, 1998; Schattner and Friedman, 1996; 
Kehry, 1996; Tsubata, 1997; Mayumi, 1995, 1996; Osorio 
and Aguilar-Santelises, 1998). 

[0055] Once the antigen receptor on the B cell is activated 
by binding/recognition of the antigen presented by the 
antigen-presenting cell, it undergoes cell division and 
groWth. This results in large number of the same kind of 
cells (clonal expansion) that can recogniZe the same antigen. 
This part of expansion of the immune system is regulated by 
cytokine receptors. HoWever, not all the expanded B cells 
have the same af?nity for the antigen, and only the cells With 
the highest affinity survive. 

[0056] In multicellular organisms, apoptosis is not limited 
to T and B cells; various cells are programmed to commit 
suicide if survival signals are not received from their envi 
ronment. These survival signals can be provided by the 
neighboring cells, extracellular matrix or groWth factors 
(Cosman, 1994; Cosulich and Clarke, 1996; Laytragoon 
LeWin, 1998; Raff, 1998; Wallach, 1996; Ware et al., 1996). 
In the absence of these survival signals, the cells undergo 
apoptosis, Which occurs in the absence of neW protein 
synthesis. This suggests that the proteins required to elicit 
apoptosis are already present in all cells, and to maintain cell 
viability apoptosis must be actively suppressed. 

[0057] Apoptosis can be initiated through a number of 
receptors present on the surface of the cell. These receptors, 
called cell death receptors, are members of the tumor 
necrosis factor receptor family. In certain cell types, these 
receptors include those for TNFot, Fas, CD30 and CD40 
(Cosman, 1994; Bachmann et al., 1999; Baker and Reddy, 
1998). Conditions of stress, cell regeneration, expansion or 
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selection result in induction of these “cell death” receptors. 
Receptors from this family act as receptor/ligand pairs in 
conjunction With ligands such as TNF, Fas ligand, CD30 
ligand and CD40 ligand (Cosman, 1994; Bachmann et al., 
1999; Inoue, 1997; Akagi et al., 1998; Baker and Reddy, 
1998; Banchereau et al., 1997; Buske et al., 1997b; Choi, 
1997; Clark and Hynes, 1997; Defrance et al., 1997). 

[0058] The decision to undergo cell death can be regulated 
by a number of extrinsic and intrinsic cellular events. 
Intrinsic factors that can initiate cell death/apoptosis include 
intracellular events, such as DNA damage or metabolic or 
cell cycle perturbations caused by stress; or extracellular 
changes, such as WithdraWal of survival signals provided by 
neighboring cells, groWth factors or extracellular matrix, or 
activation of death receptors by binding their cognate ligand. 
An exogenous factor that may initiate apoptosis in one cell 
type may block apoptosis in another cell type. For example, 
estrogen prevents apoptosis of osteoblastic cells, but induces 
apoptosis of the bone resorbing cell—the osteoclast (Wein 
stein et al., 1998; Hughes et al., 1996). 

[0059] The signaling pathWays that folloW the activation 
of the TNF related receptors converge at a common step 
involving proteases, such as caspases, Which upon activation 
cleave proteins after every aspartic residue, leading to all the 
morphological features associated With apoptosis (Raff, 
1998). The rate at Which apoptosis progresses is regulated by 
a member of the Bcl-2 family of related proteins. They alter 
the apoptotic cell threshold or sensitivity of the cell to 
apoptosis. 

[0060] CD40 is 50 Kd glycoprotein expressed on the 
surface of B cells, dendritic cells, normal epithelium and 
some epithelial carcinomas (Cosman, 1994; Laytragoon 
LeWin, 1998; Gordon et al., 1994; Jabara et al., 1998; Kehry, 
1996; Klaus et al., 1997; Laman et al., 1996; Mach et al., 
1997a, 1998a, 1999; SempoWski et al., 1997; TeWari and 
Dixit, 1996; Tong and Stone, 1996; Briscoe et al., 1998). The 
ligand for CD40, CD40L, is expressed on activated T 
lymphocytes, human dendritic cells, human vascular endot 
helial cells, smooth muscle cells, and macrophages. CD40L 
exists on such cells as a trimeric structure, Which induces 
oligomeriZation of its receptor upon binding. 

[0061] In common With estrogen, CD40L prevents apop 
tosis in some cells and induces apoptosis in others. Speci? 
cally, CD40L induces apoptosis in transformed cells, but has 
the opposite effect on dendritic cells. Thus, depending on 
cell types or the stage of differentiation, these receptor 
ligand signaling pathWays may promote cell survival or cell 
death. 

[0062] The CD40 receptor then signals by binding to one 
or more TNF receptor associated factors (TRAF). In the case 
of CD40, TRAF 2 and TRAF 6 appear to activate the NFKB 
transcription factor. NFKB can inhibit or promote cell death, 
depending on cell type (Thompson, 1999). In addition to its 
anti-apoptotic role, it regulates numerous genes such as 
cytokines and adhesion molecules that are critical in initi 
ating, maintaining and resolving an immune/in?ammatory 
response. 

[0063] Apoptosis is prevented in B lymphocytes With high 
antigen af?nity as these cells express CD40, Which binds 
T-helper CD4+T lymphocytes expressing CD40L. The 
mechanism by Which CD40 promotes cell survival is by 
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speci?c and transient upregulation of the Bcl-2-related pro 
tein Bcl-Xl (Josien et al., 1999). Lack of CD40 receptor 
engagement promotes cell death. Co-stimulatory receptors 
such as CD28 on T lymphocyte, or CD40 receptors on B 
lymphocytes, promote cell proliferation and play a very 
important role in preventing cell death in response to groWth 
factor limitation or death receptor signal transduction. HoW 
ever, none of these pathWays are dominant and the net 
survival of the cell in vivo depends on signals integrated 
from all these signaling pathWays. 

[0064] Dendritic cells are the most potent antigen present 
ing cells knoWn and initiate the adaptive immune response 
by interacting With naive T cells. Various members of the 
TNF receptor ligand family have been identi?ed that serve 
as cell speci?c survival factors or anti-apoptotic factors for 
dendritic cells. These include TNFot, CD40L and TRANCE 
(tumor necrosis factor-related activation associated cytok 
ine). TRANCE, also knoWn as RANK ligand (RANKL, 
receptor activator of NFKB ligand), Was originally described 
as a dendritic cell speci?c survival factor expressed by T 
lymphocytes (Bachmann et al., 1999; Mayumi et al., 1996; 
Josien et al., 1999; Fuller et al., 1998; MatsuZaki et al., 1998; 
NakagaWa et al., 1998; Yasuda et al., 1998a,b). 

[0065] Increasing evidence supports the involvement of 
CD40/CD40L in autoimmune diseases and atherosclerosis 
(Durie et al., 1993; Elkon and Marshak-Rothstein, 1996; 
Mach et al., 1997; 1998a; 1998b; Levy et al., 1997). Block 
ing of CD40L by using an anti-CD40L antibody limits 
experimental autoimmune diseases, such as collagen-in 
duced arthritis, lupus nephritis, graft vs. host disease, mul 
tiple sclerosis and-thyroiditis (Callard et al., 1993; Durie et 
al., 1993; Ferrans et al., 1997; Flores-Romo et al., 1997; 
Funakoshi et al., 1997; Hackett and Dickler, 1999; Illei and 
Klippel, 1998; Lei et al., 1998; Liossis et al., 1997; Mach et 
al., 1998b; Maloney et al., 1999). CD40/CD40L are con 
nected With the production of in?ammatory cytokines, such 
as TNFot, and related cytokines, such as interleukin 1, Which 
are elevated in conditions such as in?ammatory arthritis. 

[0066] Mutations in the extracellular domain of CD40L in 
humans results in X-linked hyper IgM syndrome, Which is 
associated With absent IgG, IgA, and IgD immunoglobulin 
production. The patients Who suffer from these mutations are 
susceptible to recurrent bacterial infections (Levy et al., 
1997). CD40L or CD40 de?cient mice, or mice treated With 
anti-CD40L antibodies, shoW an absence of germinal center 
formation and impaired development of B cell memory to T 
dependent antigens. In human keratinocytes, ligation of 
CD40 inhibits proliferation and induces differentiation. 

[0067] Aberrant expression of CD40L and CD40 occurs in 
human atherosclerotic lesions but not normal arterial tissue. 
Inhibition of CD40 signaling using anti-CD40L antibody in 
mice susceptible to atherosclerosis (high cholesterol diet fed 
to mice lacking the loW density lipoprotein receptor) 
resulted in a decrease in atherosclerotic lesions. 

[0068] Recently an osteocyte-like cell line has been estab 
lished With the characteristics of primary osteocytes (Kato et 
al., 1997). The cell line is designated MLO-Y4 (for murine 
long bone osteocyte) and Was established from transgenic 
mice created using the osteocalcin promoter to drive the 
large T antigen expression. The cell line has extensive 
dendritic processes, the morphological feature of osteocytes 
in bones. They are similar to osteocytes in phenotype such 
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as loW expression of collagen type I and alkaline phos 
phatase and high expression of the bone speci?c protein, 
osteocalcin. Interestingly, this cell line does not express an 
antigen speci?cally found on early osteoblast progenitors, 
knoWn as osteoblast speci?c factor 2 (OSF-2)—or more 
recently as “periostin” (Takeshita et al., 1993; Horiuchi et 
al., 1999). It is shoWn herein that although MLO-Y4 cells 
have a morphology similar to dendritic cells, they do not 
function as dendritic cells. 

[0069] Prior to the present invention, the expression of 
CD40, the receptor for CD40L, Was thought to be limited to 
B cells, follicular dendritic cells, epithelial cells, hemato 
poietic progenitor cells and some carcinomas. HoWever, the 
present inventors have demonstrated for the ?rst time that 
CD40 is expressed abundantly on bone cells, such as osteo 
blasts and osteocytes, as exempli?ed by the presence of 
CD40 on primary osteoblasts (PRI OBI), osteoblast cell 
lines (MC3T3, OCT-1 and 2T3) and an osteocyte cell line 
(MLO-Y4). The inventors also shoW that the addition of 
CD40L prevents glucocorticoid and TNFO. induced apopto 
sis in these cells. These data have important implications in 
bone biology and treatment of disease, particularly in the 
treatment and prevention of steroid induced osteoporosis 

[0070] The present discoveries have also alloWed the 
inventors to deduce the function of CD40 in bone physiol 
ogy based on the present ?nding of CD40 expression on 
osteoblasts and osteocytes and, in part, from the function of 
CD40 as described in other cell types. They have also 
alloWed a better understanding of the role of apoptosis in 
osteoporosis. 
[0071] Apoptosis plays an important role in glucocorti 
coid/steroid-induced osteoporosis, the third most common 
cause of osteoporosis. This kind of bone loss usually affects 
the cortical and cancellous bone of the axial skeleton and is 
believed to be due to decreased bone formation, resulting 
from higher numbers of apoptotic/dead osteoblasts and 
osteocytes. Osteoblasts upon becoming embedded in min 
eraliZed matrix differentiate into osteocytes. FeWer numbers 
of these can account for changes seen With glucocorticoid 
induced bone disease, as is observed due to death/apoptosis 
in patients With glucocorticoid-induced osteoporosis (Wein 
stein et al., 1998). 

[0072] The most common form of osteoporosis is post 
menopausal, due to a lack of estrogen. Estrogen has been 
shoWn to be a viability factor for osteocytes in both humans 
and rodents (Tomkinson et al., 1997; Tomkinson et al., 
1998). Estrogen has been reported to decrease bone resorb 
ing cytokines, such as TNFO. and Interleukin (IL- 1) (Paci?ci 
et al., 1991; Rickard et al., 1992). Delivery of both the 
soluble TNF receptor and an IL-1 receptor antagonist com 
pletely blocked bone loss due to ovariectomy in mice 
(Kimble et al., 1995), shoWing that a lack of estrogen leads 
to the increased production of cytokines responsible for 
bone loss. 

[0073] Osteocytes are proposed to be the sensory cells in 
bone that sense and respond to mechanical strain. In addition 
to glucocorticoid treatment and post-menopausal osteoporo 
sis, osteocyte apoptosis has been described in conditions of 
bone loss due to immobiliZation (Noble et al., 1997). 
Clearly, bone accomodates or responds to strain—as Was 
?rst stated by Julius Wolff in 1892. As With other cell types, 
osteocytes appear to undergo apoptosis during groWth and 
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during remodeling. HoWever, mechanical loading appears to 
affect the number and distribution of apoptotic osteocytes. In 
cortical bone, Nobel and coWorkers found that loading Was 
associated With a reduction in numbers of apoptotic osteo 
cytes (Noble et al., 1997). Therefore, mechanical strain may 
be important in maintaining osteocyte viability. 

[0074] The present invention thus delineates the functions 
of CD40 in bone physiology as including a role in survival/ 
cell death or apoptosis of osteocytes and osteoblasts; a role 
in groWth and differentiation of osteoblasts to osteocytes; 
and a role in bone formation and modeling, by inducing 
matrix degrading enZymes such as metalloproteinases. The 
third role is supported by the fact that ligation of CD40 in 
human vascular smooth muscle cells induces the production 
of matrix degradation enZymes, such as interstitial collage 
nase (MMP-1), stromelysin (MMP-3), gelatinase B (MMP 
9) and gelatinase A(MMP-2) (Mach et al., 1997a,b, 1998a,b, 
1999)). 
[0075] A fourth role of CD40 is in osteoclast formation, 
shoWn by the relationship of CD40 to TRANCE/RANKL, a 
molecule necessary for osteoclast formation (Josien et al., 
1999), and in the connection betWeen TRANCE/RANKL 
and NFKB. TRAN CE/RANKL, initially described as a den 
dritic cell speci?c survival factor, has independently been 
reported to act as an osteoclast differentiation factor (Bach 
mann et al., 1999; Mayumi et al., 1996; Josien et al., 1999; 
Fuller et al., 1998; MatsuZaki et al., 1998; NakagaWa et al., 
1998; Yasuda et al., 1998a,b). Osteoclasts are multinucleated 
cells that reabsorb bone and develop from hematopoietic 
cells of monocyte/macrophage lineage. Osteoclast forma 
tion is inhibited by osteoprotegerin (member of TNF recep 
tor family) and their differentiation from osteoclast progeni 
tors is induced by TRANCE/RANKL (Fuller et al., 1998; 
Yasuda et al., 1998a,b). NFKB, involved in the apoptosis 
pathWay, has been reported to regulate genes involved in 
stimulating bone resorption (Thompson, 1999). Mice that 
have mutations in NFKB1, NFKB2 and M-CSF develop 
osteopetrosis because of defects in osteoclast differentiation. 

[0076] CD40 and TRANCE/RANKL both belong to the 
TNF receptor/ligand family. The data of the present inven 
tion shoWs the expression of TRAN CE/RANKL to be sev 
eral log fold loWer than CD40 expression in the MLO-Y4 
cells. The fact that MLO-Y4 cells support osteoclast forma 
tion and express abundant CD40 suggests that CD40 plays 
an important role in osteoclast formation. It has also been 
shoWn that osteoprotogerin, an inhibitor of osteoclast for 
mation is increased B cells and dendritic cells by CD40 
stimulation (Yun et al., 1998). 

[0077] The discovery by the inventors of CD40 expression 
on osteoblasts and osteocytes leads to a number of clinical 
applications. The administration of one or more of CD40 
ligand or CD40 agonist for use in the amelioration or 
prevention of bone diseases, such as osteoporosis and 
osteonecrosis in patients Who receive high doses of steroids, 
is noW possible. As the administration of glucocorticoids/ 
steroids is the third most common cause of osteoporosis, the 
neW treatment made possible by the present invention is a 
much sought after development. 

[0078] All individuals are susceptible to steroid induced 
bone loss. All patients of all ages, both sexes and all races 
are susceptible. The rate of bone loss can be rapid and the net 
loss signi?cant. Such bone loss is due to decreased bone 
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formation that results from higher numbers of apoptotic/ 
dead osteoblasts. Thus, prevention of apoptosis or cell death 
of the osteoblast and osteocytes, according to the present 
invention, Will ameliorate the bone loss seen With glucocor 
ticoid administration. 

[0079] The treatment methods of the invention encompass 
patients With autoimmune diseases, such as lupus nephritis, 
Takayasu’s arteritis Wegeners granulomatosis, anti-glom 
erular basement membrane nephritis, myositis, scleroderma 
and idiopathic autoimmune thrombocytopenia. Further indi 
cations are in organ transplantation, including bone marroW 
transplantation, Where the use of prednisone and cyclosporin 
administered together causes rapid bone loss, chemotherapy 
regimens containing steroids for hematological and solid 
organ malignancies, and chronic use of steroids in asthma 
and chronic obstructive lung diseases. Additionally, the 
compositions and methods of the present invention can be 
used in the treatment or prevention of bone diseases and 
groWth retardation in children Who are treated With long 
term steroids. This includes children With those conditions 
listed above, as Well as children With nephrotic/nephritic 
syndrome. 

[0080] Osteoporosis occurs most commonly in post 
menopausal Women and elderly patients. Such individuals 
are prime candidates for treatment With CD40 ligands and/or 
agonists according to this invention, thereby counteracting 
postmenopausal bone loss and bone loss in the elderly. Post 
menopausal bone loss may be due to increased cytokine 
production and/or increased osteocyte apoptosis. Estrogen 
has been shoWn to be a viability factor for osteocytes in 
humans. The prevention of osteoblast/osteocyte cell death 
by CD40L according to the present invention Will reduce 
and/or abrogate the effects of a lack of estrogen. Thus, the 
invention provides neW treatments for the most prevalent 
forms of osteoporosis. 

[0081] I. Bone Cells 

[0082] The three major types of bone cells are osteocytes, 
osteoblasts and osteoclasts. Osteocytes are by far the most 
abundant type of bone cells, With approximately ten times 
more osteocytes than osteoblasts (Par?tt, 1977), and With 
osteoblasts far more abundant than osteoclasts. Each of 
these different types of bone cell has a different phenotype, 
morphology and function. The present invention utiliZes the 
discovery by the inventors that the CD40 receptor is present 
on cells such as osteocytes and osteoblasts to provide, in a 
general sense, methods of preventing osteocyte and osteo 
blast cell apoptosis using CD40 ligands and/or agonists. 

[0083] A. Osteocytes 

[0084] Osteocytes are the most abundant cell type in bone 
(NijWeide et al., 1996). Osteocytes are localiZed Within the 
mineral matrix at regular intervals, and arise from osteo 
blasts. During their transition from osteoblasts, osteocytes 
maintain certain osteoblastic features, but acquire several 
osteocyte-speci?c characteristics. 

[0085] Mature osteocytes are stellate shaped or dendritic 
cells enclosed Within the lacuno-canalicular netWork of 
bone. Long, slender cytoplasmic processes radiate from the 
central cell body, With most of the processes perpendicular 
to the bone surface. The processes connect the osteocyte to 
neighboring osteocytes and to the cells lining the bone 
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surface. This is consistent With the currently postulated role 
of osteocyte netWork as the main sensor and communication 
system in bone. 

[0086] Due to their location in bone, embedded in the 
mineral matrix, osteocytes Were long resistant to isolation 
and analysis. Van der Plas and NijWeide (1992) Were among 
the ?rst tc isolate and characteriZe osteocytes. HoWever, 
recently, a number of osteocyte markers have been identi 
?ed. Among the best markers for osteocytes in vitro are their 
stellate morphology, Which they reacquire in culture (Van 
der Plas and NijWeide, 1992), and their reaction With osteo 
cyte-speci?c monoclonal antibodies. A number of mono 
clonal antibodies speci?c for avian osteocytes have been 
described, including OB7.3, OB37.11 and SBS (NijWeide 
and Mulder, 1986; NijWeide et al., 1988; Bruder and Caplan, 
1990), but the antigen(s) for these antibodies has not been 
identi?ed, and none of these antibodies cross-react With 
mammalian cells. 

[0087] A monoclonal antibody (OB/M) has been reported 
that reacts With neWly embedded human osteocytes, but not 
With osteocytes present in the heavy-mineraliZed matrix 
(Walsh et al., 1994). The antigen for this antibody has not yet 
been identi?ed, but is knoWn to be intracellular. Markers 
identi?ed on human osteocytes include CD44, a trans 
membrane glycoprotein With cell-cell and cell-matrix adhe 
sion functions (Hughes et al., 1994; Nakamura et al., 1995), 
integrins, and the parathyroid hormone (PTH), 1,25-dihy 
droxy vitamin D3 and prostaglandin receptors (Van der Plas 
et al., 1994; Boivin et al., 1987; Lean et al., 1995). 

[0088] B. Osteoblasts 

[0089] Osteoblasts are the skeletal cells responsible for 
bone formation, and thus synthesiZe and regulate the depo 
sition and mineraliZation of the extracellular matrix of bone 
(Aubin and Liu, 1996). Four maturational stages have been 
identi?ed in osteoblast development, preosteoblast, osteo 
blast, osteocyte and bone lining cell. Osteoblasts are post 
proliferative, cuboidal, strongly alkaline phosphatase posi 
tive cells the line the bone matrix at sites of active matrix 
production. Osteoblasts also synthesiZe a number of pheno 
type-speci?c or phenotype-associated macromolecules, 
including bone matrix proteins, hormone receptors, cytok 
ines and groWth factors. 

[0090] A number of different markers have been identi?ed 
in preosteoblasts, osteoblasts and bone lining cells, mainly 
in rat, mouse and human (Aubin and Liu, 1996). Markers 
identi?ed in rat include collagen type I, osteopontin, bone 
sialoprotein, osteocalcin, insulin-like groWth factor I, epi 
dermal groWth factor receptor, parathyroid hormone recep 
tor, E11 antigen and c-fos. Markers identi?ed in mice 
include insulin-like groWth factor I, insulin-like groWth 
factor II, insulin-like groWth factor I receptor, insulin-like 
groWth factor II receptor, bone morphogenetic protein type 
I receptor, 1,25-dihydroxyvitamin D3 receptor, human 
X-box-binding protein 1 and TIMP. Markers identi?ed in 
human include collagen type I, collagen type III, bone 
sialoprotein, osteocalcin, IL-1[3, IL-6, insulin-like groWth 
factor I, insulin-like groWth factor II, insulin-like groWth 
factor I receptor, integrins, including (x4, (xv, (x561 and [3365, 
thrombospondin, ?bronectin, vitronectin, biglycan, decorin 
and c-fos. To date, no antibodies speci?c for osteoblasts 
have been reported, With the exception of the osteocyte 
antibodies discussed in the previous section. 



US 2003/0099644 A1 

[0091] C. Osteoclasts 

[0092] Osteoclasts are multinucleated giant cells With 
resorbing activity of mineraliZed bone (Suda et al., 1996). 
Osteoclast progenitor cells are hemopoietic in origin, trav 
eling to bone from tissues such as bone marroW through the 
circulating blood. There, the progenitor cells proliferate and 
differentiate into osteoclasts through cell-cell interaction 
With osteoblastic stromal cells. The importance of the inter 
action of the osteoclast progenitor cells With stromal cells 
Was suggested by studies of congenital osteopetrotic mice. 
While bone disorders in certain congenital mutants can be 
cured by transplantation of hemopoeitic cells, osteopetrotic 
(op/op; Marks et al., 1984) and osteosclerotic (oc/oc; Seifert 
and Marks, 1985) mice cannot be cured by hemopoeitic cells 
transplantation, implicating osteoblastic stromal cells in 
osteoclast development. 

[0093] Signals involved in osteoclast development include 
1ot,25-dihydroxy vitamin D3 and cAMP mediated signals, 
and gp 130 mediated signals by cytokines such as IL-11, 
oncostatin M and leukemia inhibitory factor. Macrophage 
colony-stimulating factor (M-CSF) and the third component 
of complement (C3) have also been reported to have a role 
in osteoclast development. Estrogen also may play a role in 
the development of osteoclasts. 

[0094] A number of markers of osteoclasts have been 
reported (Suda et al., 1996), including tartrate-resistant acid 
phosphatase (TRAP) and calcitonin receptors, carbonic 
anhydrase II, ot- and [3-subunits of vitronectin receptors, 
vacuolar proton ATPase, p60°'“°, (M33 integrin, matrix met 
alloproteinase 9, an osteoclast-speci?c cysteine protease 
(OC-2) and protein phosphatase 6. 

[0095] D. Bone Cell Lines 

[0096] The development of bone cell lines has helped to 
elucidate the function and phenotype of osteoblasts and 
osteocytes. A number of osteoblast cell lines are knoWn, 
including MC3T3-E1, Which Was established from normal 
mouse calvaria (Franceschi and Iyer, 1992), OCT-1, Which 
Was established from osteocalcin promoter driven T-antigen 
transgenic mouse calvaria (Chen et al., 1995), 2T3 (Ghosh 
Choudhury et al., 1996), UMR201 (Ng et al., 1988), RCT1 
(Heath et al., 1989), UMR106, ROS 17/2.8, SaOS-2 and 
MG-63 (Aubin and Liu, 1996). 

[0097] In addition to the osteoblast cell lines that have 
been described, an osteocyte cell line, MLO-Y4, has 
recently been developed (Kato et al., 1997; BoneWald, 1999; 
each speci?cally incorporated herein by reference). To date, 
this is the only knoWn osteocyte cell line. 

[0098] 
[0099] A. CD40 Ligand (gp39) Compositions 

II. CD40 Ligand and Agonist Compositions 

[0100] CD40 ligand (CD40-L or gp39) is a type II mem 
brane polypeptide having an extracellular region at its 
C-terminus, a transmembrane region and an intracellular 
region at its N-terminus. To date, the CD40 ligand has been 
cloned and sequenced, and nucleic acid and amino acid 
sequences have been reported from human (GenBank acces 
sion numbers Z15017/S49392, D31793-7, X96710, L07414 
and X67878/S50586), murine (GenBank accession number 
X65453), bovine (GenBank accession number Z48469), 
canine (GenBank accession number AF08671 1), feline 
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(GenBank accession number AF079105) and rat (GenBank 
Accession Numbers AF116582, AF013985). 

[0101] Additional CD40 ligand nucleic acid and amino 
acid sequences are disclosed in U.S. Pat. Nos. 5,565,321 and 
5,540,926, incorporated herein by reference, and mutant 
CD40 ligand sequences are disclosed in U.S. Pat. No. 
5,716,805 and U.S. patent applications Ser. Nos. 08/484,624 
and 09/088,913, each of Which is incorporated herein by 
reference. A preferred mutation is a cysteine to tryptophan 
mutation at position 194 of SEQ ID NO: 1. In other species, 
this mutation is the same in the bovine sequence; and is at 
position 193 in the canine and feline sequences. Also con 
templated for use in certain aspects of the invention are the 
human cartilage gp39-like gene, disclosed in U.S. Pat. No. 
5,811,535, incorporated herein by reference, the human 
CD40 binding protein, disclosed in Hu et al. (1994; Gen 
Bank Accession Number U15637), and high density, mem 
brane bound CD40 ligand, disclosed in U.S. Pat. No. 5,817, 
516 (incorporated herein by reference). Exemplary CD40 
ligand (gp39), CD40 ligand-like and CD40 binding protein 
nucleic acid and amino acid sequences are listed in Table 1 
beloW. Each of the CD40 ligand nucleic acid and amino acid 
compositions disclosed herein are contemplated for use in 
all aspects of the present invention. 

TABLE 1 

CD40 Ligand Compositions 

Composition Source Location 

CD40 Ligand Human GenBank Accession Numbers 
Z15017/S49392, B31793, B31794, 
B31795, B31796, B31797, X96710, 
LO7414, X67878/S50586 

CD40 Ligand Murine GenBank Accession Number X65453 
CD40 Ligand Bovine GenBank Accession Number Z48469 
CD40 Ligand Canine GenBank Accession Number AF086711 
CD40 Ligand Feline GenBank Accession Number AF079105 
CD40 Ligand Rat GenBank Accession Numbers AF116582, 

AF013985 
CD40 Ligand and Human U.S. Pat. No. 5,565,321 
Mutations in 
CD40 Ligand 
CD40 Ligand Human U.S. Pat. No. 5,540,926 
CD40 Ligand and Human, U.S. Pat. No. 5,716,805 
Mutations in Murine 
CD40 Ligand 
Cartilage Human U.S. Pat. No. 5,811,535 
gp39-Like Gene 
CD40 Binding 
Protein 

Human GenBank Accession Number U15637 

[0102] The protein sequence of the full length human 
CD40 ligand extends from betWeen about amino acid 1 and 
about amino acid 261 in SEQ ID NO: 2, and is encoded by 
the nucleic acid sequence betWeen about nucleotide 22 to 
about nucleotide 804 of SEQ ID NO: 1. The full length 
protein and encoding nucleic acid sequences of the murine, 
bovine, canine, feline and rat counterparts of the CD40 
ligand extend from betWeen about amino acid 1 to about 
amino acid 260, encoded by the nucleic acid sequence 
betWeen about nucleotide 13 to about nucleotide 792; from 
betWeen about amino acid 1 to about amino acid 261, 
encoded by the nucleic acid sequence betWeen about nucle 
otide 15 to about nucleotide 797; from betWeen about amino 
acid 1 to about amino acid 260, encoded by the nucleic acid 
sequence betWeen about nucleotide 5 to about nucleotide 
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784; from between about amino acid 1 to about amino acid 
260, encoded by the nucleic acid sequence betWeen about 
nucleotide 5 to about nucleotide 784; and from betWeen 
about amino acid 1 to about amino acid 260, encoded by the 
nucleic acid sequence betWeen about nucleotide 1 to about 
nucleotide 780, respectively. Such murine, bovine, canine, 
feline and rat sequences are also disclosed in US. provi 
sional application Serial No. 60/151,250, ?led Aug. 27, 
1999, incorporated herein by reference. 

[0103] Soluble versions of CD40 ligand can be made from 
the extracellular region, or a fragment thereof, and a soluble 
CD40 ligand has been found in culture supernatants from 
cells that express a membrane-bound version of CD40 
ligand, such as EL-4 cells. The protein sequence of the 
extracellular region of human CD40 ligand extends from 
betWeen about amino acid 47-50 to about amino acid 261 in 
SEQ ID NO: 2, and is encoded by the nucleic acid sequence 
betWeen about nucleotide 160-169 to about nucleotide 804 
of SEQ ID NO: 1. The protein sequence of the extracellular 
region of murine, bovine, canine, feline and rat CD40 ligand 
extends from betWeen about amino acid 47-50 to about 
amino acid 260 or 261 in each case, Which are encoded by 
the nucleic acid sequences of from betWeen about nucleotide 
151-160 to about nucleotide 792; about nucleotide 153-162 
to about nucleotide 797; about nucleotide 143-152 to about 
nucleotide 784; about nucleotide 143-152 to about nucle 
otide 784; and from about nucleotide 139-148 to about 
nucleotide 780, respectively. Such murine, bovine, canine, 
feline and rat sequences are also disclosed in US. provi 
sional application Serial No. 60/151,250, ?led Aug. 27, 
1999, incorporated herein by reference. 

[0104] Additional soluble versions of the CD40 ligand are 
contemplated for use in the present invention. For example, 
a soluble version comprising the extracellular region of 
human CD40 ligand extending from betWeen about amino 
acid 113-120 to about amino acid 261 in SEQ ID NO: 2, 
encoded by the nucleic acid sequence betWeen about nucle 
otide 358-379 to about nucleotide 804 of SEQ ID NO: 1. The 
counterpart protein sequences of the murine, bovine, canine, 
feline and rat CD40 ligands also extend from betWeen about 
amino acid 113-120 to about amino acid 260 or 261 in each 
case and are encoded by the nucleic acid sequences from 
betWeen about nucleotide 349-370 to about nucleotide 792, 
about nucleotide 351-372 to about nucleotide 797, about 
nucleotide 341-362 to about nucleotide 784, about nucle 
otide 341-362 to about nucleotide 784, and about nucleotide 
337-358 to about nucleotide 780, respectively. These 
murine, bovine, canine, feline and rat sequences are also 
disclosed in US. provisional application Serial No. 60/151, 
250, ?led Aug. 27, 1999, incorporated herein by reference. 

[0105] The soluble CD40 ligand compositions of the 
present invention are preferably operatively linked together 
to form oligomers, including, but not limited to, dimers, 
trimers, tetramers, and even larger oligomers, as long as the 
anti-apoptotic effect of the CD40 ligand oligomer on bone 
cells is maintained Without signi?cant impairment. The 
anti-apoptotic effect of the CD40 ligand oligomers on bone 
cells such as osteocytes and/or osteoblasts can be assessed 
using any of the apoptosis assays described in detail herein. 

[0106] The soluble CD40 ligand monomers may be joined 
using recombinant DNA techniques or synthetic chemistry 
techniques. Each of these techniques are routinely employed 
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and Well knoWn to those of skill in the art, and are further 
exempli?ed in Example 1 and by the details set forth beloW. 

[0107] 1. Recombinant Fusion Proteins 

[0108] In certain embodiments of the present invention, 
the soluble CD40 ligand compositions of the invention are 
fusion proteins prepared by molecular biological techniques. 
Fusion proteins are polypeptides that comprise tWo or more 
regions derived from different, or heterologous, proteins or 
peptides. The use of recombinant DNA techniques to 
achieve such ends is noW standard practice to those of skill 
in the art. These methods include, for example, in vitro 
recombinant DNA techniques, synthetic techniques and in 
vivo recombination/genetic recombination. DNA and RNA 
synthesis may, additionally, be performed using an auto 
mated synthesiZers. Fusion proteins can comprise several 
sequences, including a leader (or signal peptide) sequence, 
a linker sequence, an oligomer-forming sequence, such as a 
leucine Zipper sequence (SEQ ID NO: 3), the lung surfactant 
protein D (SPD) trimeriZation domain (Hoppe et al., 1994; 
SEQ ID NO: 4), a linker sequence, such as one comprising 
four glycines, a serine, ?ve glycines and a serine, or any of 
the linker sequences disclosed in US. Pat. No. 5,073,627 
(incorporated herein by reference), and sequences encoding 
highly antigenic moieties that provide a means for facile 
puri?cation or rapid detection of a fusion protein. CD40 
ligand-leucine Zipper fusion proteins, and methods for mak 
ing these fusion proteins, are described in detail in US. Pat. 
No. 5,716,805, incorporated herein by reference. 

[0109] In general, to prepare a fusion protein, one Would 
join at least a ?rst DNA coding region, such as a gene or 
cDNA, encoding at least a ?rst peptide or polypeptide to at 
least a second DNA coding region (i.e., gene or cDNA) 
encoding at least a second peptide or polypeptide. This 
typically involves preparing an expression vector that com 
prises, in the same reading frame, a ?rst DNA segment 
encoding the ?rst peptide or polypeptide operatively linked 
to a second DNA segment encoding the second peptide or 
polypeptide. The sequences are attached in a manner such 
that translation of the total nucleic acid yields the desired 
fusion proteins of the invention. Expression vectors contain 
one or more promoters upstream of the inserted DNA 
regions that act to promote transcription of the DNA and to 
thus promote expression of the encoded recombinant pro 
tein. This is the meaning of “recombinant expression”. 

[0110] When produced via recombinant DNA techniques, 
the soluble CD40 ligand compounds of the invention that are 
capable of self-oligomeriZation are referred to as “fusion 
proteins”. It is to be understood that such fusion proteins 
contain, at least, a soluble CD40 ligand sequence and an 
oligomer-forming sequence as de?ned in this invention, and 
that these sequences are operatively attached. The fusion 
proteins may also include additional peptide sequences, such 
as leader sequences, involved in the secretion of proteins 
from cells, antigenic sequences, involved in the identi?ca 
tion and/or puri?cation of the fusion protein, or peptide 
spacers, Which operatively attach the soluble CD40 ligand 
and oligomer-forming sequences, so long as such additional 
sequences do not appreciably affect the activities of the 
resultant fusion protein. 

[0111] An exemplary signal peptide is the amino terminal 
25 amino acids of the leader sequence of murine interleu 
kin-7 (IL-7; Namen et al., 1988). Other signal peptides may 
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also be employed furthermore, certain nucleotides in the 
IL-7 leader sequence can be altered Without altering the 
amino acid sequence. Additionally, amino acid changes that 
do not affect the ability of the IL-7 sequence to act as a 
leader sequence can be made. 

[0112] An exemplary antigenic sequence is the Flag® 
octapeptide (Hopp et al., 1988, speci?cally incorporated 
herein by reference), Which does not alter the biological 
activity of fusion proteins, is highly antigenic and provides 
an epitope reversibly bound by a speci?c monoclonal anti 
body, enabling rapid detection and facile puri?cation of the 
expressed fusion protein. The Flag® sequence is also spe 
ci?cally cleaved by bovine mucosal enterokinase at the 
residue immediately folloWing the Asp-Lys pairing. Fusion 
proteins capped With this peptide may also be resistant to 
intracellular degradation in E. coli. A murine monoclonal 
antibody that binds the Flag® sequence has been deposited 
With the ATCC under accession number HB 9259; methods 
of using the antibody in puri?cation of fusion proteins 
comprising the Flag® sequence are described in US. Pat. 
No. 5,011,912, incorporated herein by reference. 

[0113] Non-cleavable peptide linker sequences may be 
provided to operatively attach the tWo peptide or polypep 
tide sequences, if desired. Equally, peptides With unique 
cleavage sites could be inserted betWeen the tWo sequences. 
One advantage of recombinant expression is that the linking 
regions can be readily manipulated so that, e.g., their length 
and/or amino acid composition is readily variable. Suitable 
linker sequences (1) Will adopt a ?exible extended confor 
mation, (2) Will not exhibit a propensity for developing an 
ordered secondary structure Which could interact With the 
functional domains of fusion proteins, and (3) Will have 
minimal hydrophobic or charged character Which could 
promote interaction With the functional protein domains. 
Typical surface amino acids in ?exible protein regions 
include Gly, Asn and Ser. Virtually any permutation of 
amino acid sequences containing Gly, Asn and Ser Would be 
expected to satisfy the above criteria for a linker sequence. 
Other near neutral amino acids, such as Thr and Ala, may 
also be used in the linker sequence. The length of the linker 
sequence may vary Without signi?cantly affecting the bio 
logical activity of the fusion protein. Linker sequences are 
unnecessary Where the proteins being fused have non 
essential N- or C-terminal amino acid regions that can be 
used to separate the functional domains and prevent steric 
interference. Exemplary linker sequences are described in 
US. Pat. Nos. 5,073,627 and 5,108,910, the disclosures of 
Which are incorporated by reference herein. 

[0114] It Will be understood that the recombinant fusion 
proteins may differ from those oligomeric constructs gen 
erated by chemically cross-linking the so-called naturally 
produced proteins or peptides. In particular, the degree of 
post-translational modi?cations, such as, for example, gly 
cosylation and phosphorylation may be different betWeen 
recombinant fusions and chemical fusions of the same tWo 
proteins. This is not contemplated to be a problem, hoWever, 
as those of skill in the art Will knoW to con?rm that a 
recombinant fusion protein functions as intended before use 
in a clinical setting. 

[0115] When an oligomeric fusion protein is formed from 
the extracellular portion of a transmembrane protein, a DNA 
sequence encoding an oligomer-forming domain, such as a 
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leucine Zipper domain, is fused to a DNA sequence encoding 
an extracellular region of the transmembrane protein. The 
members of the fusion protein are joined such that the 
oligomer-forming domain of the fusion protein is located in 
the same orientation relative to the fusion protein as the 
transmembrane and intracytoplasmic reigns of the native 
transmembrane protein. An oligomeric fusion protein Will be 
stabiliZed by the coiled-coil interaction of the leucine Zipper 
domain. Thus, in one example, in a fusion protein compris 
ing an extracellular region derived from the CD40 ligand, a 
type II transmembrane protein, the oligomer-forming 
domain, a leucine Zipper sequence, is fused to the amino 
proximal end of the extracellular region. In a fusion protein 
derived from a type I transmembrane protein, the oligomer 
forming domain Would be fused to the carboxy-proximal 
end of the extracellular region of the type I transmembrane 
protein. Other transmembrane proteins traverse the cell 
membrane more than once. Such transmembrane proteins 
Will have tWo or more different extracellular regions. 
Soluble, oligomeric fusion proteins may also be prepared 
from tWo or more of such different extracellular regions 
from the same transmembrane protein. 

[0116] 2. Zipper Domains 

[0117] Leucine Zippers Were originally identi?ed in sev 
eral DNA-binding proteins (LandschulZ et al., 1988). Zipper 
domain is a term used to refer to a conserved peptide domain 
present in these (and other) proteins, Which is responsible for 
oligomeriZation of the proteins. The Zipper domain (also 
referred to herein as an oligomeriZing, or oligomer-forming, 
domain) comprises a repetitive heptad repeat, often With 
four or ?ve leucine residues interspersed With other amino 
acids. Examples of Zipper domains are those found in the 
yeast transcription factor GCN4, a heat-stable DNA-binding 
protein found in rat liver (C/EBP; LandschulZ et al., 1989), 
and the sterol regulatory element binding protein (SREBP; 
US. Pat. Nos. 5,498,696 and 5,527,690). TWo nuclear 
transforming proteins, fos and jun, also contain Zipper 
domains, as does the gene product of the murine proto 
oncogene, c-myc (LandschulZ et al., 1988). The products of 
the nuclear oncogenes fos and jun comprise Zipper domains 
and preferentially form a heterodimer (O’Shea et al., 1989; 
Turner and Tjian, 1989). The Zipper domain is necessary for 
biological activity (DNA binding) in these proteins. 

[0118] The fusogenic proteins of several different viruses, 
including paramyxovirus, coronavirus, measles virus and 
many retroviruses, also possess Zipper domains (Buckland 
and Wild, 1989; Britton, 1991; DelWart and Mosialos, 
1990). The Zipper domains in these fusogenic viral proteins 
are near the transmembrane region of the proteins, and it has 
been suggested that the Zipper domains could contribute to 
the oligomeric structure of the fusogenic proteins. Oligo 
meriZation of fusogenic viral proteins is involved in fusion 
pore formation (Spruce et al, 1991). Zipper domains have 
also been recently reported to play a role in oligomeriZation 
of heat-shock transcription factors (Rabindran et al., 1993). 

[0119] Zipper domains fold as short, parallel coiled coils 
(O’Shea et al., 1991). The general architecture of the parallel 
coiled coil has been Well characteriZed, With a “knobs-into 
holes” packing as proposed by Crick in 1953. The dimer 
formed by a Zipper domain is stabiliZed by the heptad repeat, 
designated (abcdefg)n according to the notation of 
McLachlan and SteWart (1975), in Which residues a and d 
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are generally hydrophobic residues that line up on the same 
face of a helix, With d being a leucine. Oppositely-charged 
residues commonly occur at positions g and e. Thus, in a 
parallel coiled coil formed from tWo helical Zipper domains, 
the “knobs” formed by the hydrophobic side chains of the 
?rst helix are packed into the “holes” formed betWeen the 
side chains of the second helix. 

[0120] The residues at position d (often leucine) contribute 
large hydrophobic stabiliZation energies, and are important 
for oligomer formation (Krystek et al., 1991). The synthesis 
of a triple-stranded ot-helical bundle has recently been 
reported (Lovejoy et al., 1993), in Which the helices run 
up-up-doWn. Studies on this structure con?rmed that hydro 
phobic stabiliZation energy provides the main driving force 
for the formation of coiled coils from helical monomers. 
These studies also indicate that electrostatic interactions 
contribute to the stoichiometry and geometry of coiled coils. 

[0121] Several studies have indicated that conservative 
amino acids may be substituted for individual leucine resi 
dues With minimal decrease in the ability to dimeriZe; 
multiple changes, hoWever, usually result in loss of this 
ability (LandschulZ et al., 1989; Turner and Tjian, 1989; Hu 
et al., 1990). Additional studies have reported that a number 
of different amino residues can be substituted for the leucine 
residues in the Zipper domain of GCN4, and further found 
that some GCN4 proteins containing tWo leucine substitu 
tions Were Weakly active (van Heeckeren et al., 1992). 
Mutation of the ?rst and second heptadic leucines of the 
Zipper domain of the measles virus fusion protein (MVF) did 
not affect syncytium formation (a measure of virally-in 
duced cell fusion); hoWever, mutation of all four leucine 
residues prevented fusion completely (Buckland et al., 
1992). None of the mutations affected the ability of MVF to 
form a tetramer. 

[0122] Recently, amino acid substitutions in the a and d 
residues of a synthetic peptide representing the GCN4 Zipper 
domain have been found to change the oligomeriZation 
properties of the Zipper domain. When all residues at posi 
tion a are changed to isoleucine, the Zipper still forms a 
parallel dimer. When, in addition to this change, all leucine 
residues at position d are also changed to isoleucine, the 
resultant peptide spontaneously forms a trimeric parallel 
coiled coil in solution. Substituting all amino acids at 
position d With isoleucine and at position a With leucine 
results in a peptide that tetrameriZes. Peptides containing 
these substitutions are still referred to as Zipper domains 
since the mechanism of oligomer formation is believed to be 
the same as that for traditional leucine Zipper domains such 
as those described above. 

[0123] 3. Biochemical Cross-linkers 

[0124] Cross-linking reagents can also be used to form 
molecular bridges that tie together functional groups of tWo 
different peptides or polypeptides. To link tWo different 
peptides or proteins in a step-Wise manner, heterobifunc 
tional cross-linkers, such as those disclosed in Ji (1983) and 
Srinivasachar and Neville (1989), as Well as those shoWn 
beloW in Table 2, can be used. 
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TABLE 2 

Heterobifunctional Cross-Linkers 

Spacer Arm 
Reactive Advantages Length After 

Linker ToWard and Applications Cross-Linking 

SMPT Primary amines Greater stability 11.2 Sulfhydryls 

SPDP Primary amines Thiolation; Cleavable cross- 6.8 Sulfhydryls linking 

LC-SPDP Primary amines Extended spacer arm 15.6 Sulfhydryls 

Sulfo- Primary amines Extended spacer arm; 15.6 LC-SPDP Sulfhydryls Water-soluble 

SMCC Primary amines Stable maleimide 11.6 Sulfhydryls reactive group; 

Enzyme-antibody 
conjugation; 
Hapten-carrier 
protein conjugation 

Sulfo- Primary amines Stable maleimide 11.6 SMCC Sulfhydryls reactive group; 

Water-soluble; 
Enzyme-antibody 
conjugation 

MBS Primary amines Enzyme-antibody 9.9 Sulfhydryls conjugation; 

Hapten-carrier 
protein conjugation 

Sulfo- Primary amines Water-soluble 9.9 MBS Sulfhydryls 

SIAB Primary amines Enzyme-antibody 10.6 Sulfhydryls conjugation 

Sulfo- Primary amines Water-soluble 10.6 SIAB Sulfhydryls 

SMPB Primary amines Extended spacer arm; 14.5 Sulfhydryls Enzyme-antibody 

conjugation 
Sulfo- Primary amines Extended spacer arm; 14.5 SMPB Sulfhydryls Water-soluble 

EDC/Sulf Primary amines Hapten-Carrier conjugation O 
o-NHS Carboxyl 

groups 

ABH Carbohydrates Reacts With sugar groups 11.9 Nonselective 

[0125] An exemplary heterobifunctional cross-linker con 
tains tWo reactive groups: one reacting With primary amine 
group (e.g., N-hydroxy succinimide) and the other reacting 
With a thiol group (e.g., pyridyl disul?de, maleimides, 
halogens, etc.). Through the primary amine reactive group, 
the cross-linker may react With the lysine residue(s) of one 
protein or peptide and through the thiol reactive group, the 
cross-linker, already tied up to the ?rst protein or peptide, 
reacts With the cysteine residue (free sulfhydryl group) of 
the other protein or peptide. 

[0126] It can therefore be seen that the preferred CD40 
ligand polypeptides Will generally have, or be derivatiZed to 
have, a functional group available for cross-linking pur 
poses. This requirement is not considered to be limiting in 
that a Wide variety of groups can be used in this manner. For 
example, primary or secondary amine groups, hydraZide or 
hydraZine groups, carboxyl alcohol, phosphate, or alkylating 
groups may be used for binding or cross-linking. 

[0127] The spacer arm betWeen the tWo reactive groups of 
a cross-linker may have various length and chemical com 
positions. A longer spacer arm alloWs for better ?exibility of 
the conjugate components, While some particular compo 
nents in the bridge (e.g., benZene group) may lend extra 
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stability to the reactive group or an increased resistance of 
the chemical link to the action of various agents (e.g., 
disul?de bond resistant to reducing agents). The use of 
peptide spacers, such as L-Leu-L-Ala-L-Leu-L-Ala, is also 
contemplated. 
[0128] It is preferred that a cross-linker having reasonable 
stability in blood Will be employed. Nurnerous types of 
disul?de-bond containing linkers are knoWn that can be 
successfully employed to conjugate CD40 ligand polypep 
tides and oligorneriZation sequences. Linkers that contain a 
disul?de bond that is sterically hindered may prove to give 
greater stability in vivo, preventing dissociation of the CD40 
ligand oligorner prior to binding at the site of action. These 
linkers are thus one preferred group of linking agents. 

[0129] A preferred cross-linking reagent is SMPT, Which 
is a bifunctional cross-linker that can be used in the present 
invention. SMPT contains a disul?de bond that is “sterically 
hindered” by an adjacent benZene ring and methyl groups. It 
is believed that steric hindrance of the disul?de bond serves 
a function of protecting the bond from attack by thiolate 
anions, such as glutathione, Which can be present in tissues 
and blood, and thereby help in preventing dissociation of the 
CD40 ligand oligorner prior to the delivery to bone cells. 

[0130] The SMPT cross-linking reagent, as With many 
other knoWn cross-linking reagents, lends the ability to 
cross-link functional groups such as the SH of cysteine or 
primary arnines (e.g., the epsilon amino group of lysine). 
Another possible type of cross-linker includes the heterobi 
functional photoreactive phenylaZides containing a cleav 
able disul?de bond such as sulfosuccinirnidyl-2-(p-aZido 
salicylarnido) ethyl-1,3‘-dithiopropionate. The N-hydroxy 
succinirnidyl group reacts with primary amino groups and 
the phenylaZide (upon photolysis) reacts non-selectively 
With any amino acid residue. 

[0131] In addition to hindered cross-linkers, non-hindered 
linkers can also be employed in accordance hereWith. Other 
useful cross-linkers, not considered to contain or generate a 
protected disul?de, include SATA, SPDP and 2-irninothi 
olane. The use of such cross-linkers is Well understood in the 
art. 

[0132] Once conjugated, the CD40 ligand oligorner Will 
generally be puri?ed to separate the conjugate frorn uncon 
jugated molecules and from other contaminants. A large a 
number of puri?cation techniques are available for use in 
providing conjugates of a suf?cient degree of purity to 
render them clinically useful. Puri?cation methods based 
upon siZe separation, such as gel ?ltration, gel permeation or 
high performance liquid chromatography, Will generally be 
of most use. 

[0133] B. CD40 Agonists 

[0134] Anti-CD40 antibodies have been shoWn to bind to 
and activate CD40, in certain aspects in the presence of IL-4 
or IL-6 (Clark, 1990), thus preventing apoptosis. In addition 
to the HM40-3, 3/23 monoclonal antibody described herein 
beloW, exernplary anti-CD40 antibodies conternplated for 
use in the present invention include, but are not limited to, 
the anti-CD40 monoclonal antibodies rnAb89 and EA-5 
(Buske et al., 1997a), 17:40 and S2C6 (Bjorck et al., 1994), 
G28-5 (Ledbetter et al., 1994), G28-5 sFv (Ledbetter et al., 
1997), as Well as those disclosed in Us. Pat. Nos. 5,801,227, 
5,677,165 and 5,874,082, each incorporated herein by ref 
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erence. A number of these antibodies are also commercially 
available, from sources such as Alexis Corporation (San 
Diego, Calif.) and Pharrningen (San Diego, Calif.). 
[0135] Other anti-CD40 antibodies can be made, using all 
or a portion of the human CD40 amino acid sequence, 
disclosed in US. Pat. No. 5,849,898 (incorporated herein by 
reference), the mouse CD40 amino acid sequence (GenBank 
Accession number M83312), or the bovine CD40 amino 
acid sequence (GenBank Accession number U57745), using 
the techniques described in detail herein beloW. 

[0136] 
[0137] Cornpositions for use in the present invention 
include isolated DNA segments and recombinant vectors 
encoding CD40 ligand and/or CD40 agonist proteins, such 
as gp39 proteins, and recombinant host cells that express 
CD40 ligand and/or CD40 agonist proteins, using the 
nucleic acid sequences disclosed herein. DNA segrnents, 
recornbinant vectors, recornbinant host cells and expression 
rnethods involving the CD40 ligand and/or CD40 agonist 
sequences are thus provided. Each of the nucleic acid 
sequences listed in Table 1 are included Within all aspects of 
the folloWing description. 

III. Nucleic Acid Cornpositions 

[0138] The present invention concerns the use of DNA 
segrnents, isolatable frorn eukaryotic cells, that are free from 
total genomic DNA and that are capable of expressing a 
CD40 ligand and/or CD40 agonist protein or polypeptide. 
As used herein, the term “DNA segment” refers to a DNA 
molecule that has been isolated free of total genomic DNA 
of a particular species. Therefore, for example, a DNA 
segment encoding a gp39 protein refers to a DNA segment 
that contains gp39 coding sequences yet is isolated away 
from, or puri?ed free from, total genomic DNA. Included 
Within the term “DNA segment”, are DNA segments and 
smaller fragments of such segments, and also recornbinant 
vectors, including, for example, plasrnids, cosrnids, phage, 
viruses, and the like. 

[0139] Similarly, a DNA segment comprising an isolated 
or puri?ed CD40 ligand and/or CD40 agonist gene refers to 
a DNA segment including Wild-type, polyrnorphic or mutant 
CD40 ligand and/or CD40 agonist coding sequences and, in 
certain aspects, regulatory sequences, isolated substantially 
away from other naturally occurring genes or protein encod 
ing sequences. In this respect, the term “gene” is used for 
simplicity to refer to a functional protein, polypeptide or 
peptide encoding unit. As Will be understood by those in the 
art, this functional term includes both genomic sequences, 
cDNA sequences and smaller engineered gene segments that 
express, or may be adapted to express, proteins, polypep 
tides, dornains, peptides, fusion proteins and mutants. 

[0140] “Isolated substantially away from other coding 
sequences” means that the gene of interest, for example a 
CD40 ligand and/or CD40 agonist gene, forms the signi? 
cant part of the coding region of the DNA segment, and that 
the DNA segment does not contain large portions of natu 
rally-occurring coding DNA, such as large chromosomal 
fragments or other functional genes or protein coding 
regions. Of course, this refers to the DNA segment as 
originally isolated, and does not exclude genes or coding 
regions later added to the segment by the hand of man. 

[0141] In particular embodiments, the invention concerns 
the use of isolated DNA segments and recombinant vectors 
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incorporating DNA sequences that encode, for example, a 
CD40 ligand and/or CD40 agonist protein or peptide, that 
includes Within its amino acid sequence a contiguous amino 
acid sequence in accordance With, or essentially as set forth 
in, the amino acid sequences disclosed herein. 

[0142] The term “a sequence essentially as set forth in” 
means that the sequence substantially corresponds to a 
portion of the disclosed amino acid sequence, and has 
relatively feW amino acids that are not identical to, or a 
biologically functional equivalent of, the amino acids of the 
disclosed amino acid sequence. 

[0143] The term “biologically functional equivalent” is 
Well understood in the art and is further de?ned in detail 
herein. Accordingly, sequences that have betWeen about 
70% and about 80%; or more preferably, betWeen about 81% 
and about 90%; or even more preferably, betWeen about 
91% and about 99%; of amino acids that are identical or 
functionally equivalent to the amino acids of the disclosed 
sequences Will be sequences that are “essentially as set forth 
in” the disclosed amino acid sequences, provided the bio 
logical activity of the protein is maintained. 

[0144] In certain other embodiments, the invention con 
cerns the use of isolated DNA segments and recombinant 
vectors that include Within their sequence a nucleic acid 
sequence essentially as set forth in the nucleic acid 
sequences disclosed herein. The term “essentially as set 
forth in” is used in the same sense as described above and 
means that the nucleic acid sequence substantially corre 
sponds to a portion of the disclosed nucleic acid sequence 
and has relatively feW codons that are not identical, or 
functionally equivalent, to the codons of the disclosed 
nucleic acid sequence. 

[0145] The term “functionally equivalent codon” is used 
herein to refer to codons that encode the same amino acid, 
such as the six codons for arginine or serine, and also refers 
to codons that encode biologically equivalent amino acids 
(see Table 3). 
[0146] It Will also be understood that amino acid and 
nucleic acid sequences may include additional residues, 
such as additional N- or C-terminal amino acids or 5‘ or 3‘ 
sequences, and yet still be essentially as set forth in one of 
the sequences disclosed herein, so long as the sequence 
meets the criteria set forth above, including the maintenance 
of biological protein activity Where protein expression is 
concerned. The addition of terminal sequences particularly 
applies to nucleic acid sequences that may, for example, 
include various non-coding sequences ?anking either of the 
5‘ or 3‘ portions of the coding region or may include various 
internal sequences, i.e., introns, Which are knoWn to occur 
Within genes. 

[0147] Excepting ?anking regions, and alloWing for the 
degeneracy of the genetic code, sequences that have betWeen 
about 70% and about 79%; or more preferably, betWeen 
about 80% and about 89%; or even more preferably, 
betWeen about 90% and about 99%; of nucleotides that are 
identical to the nucleotides of the disclosed nucleic acid 
sequences Will be sequences that are “essentially as set forth 
in” these sequences. 

[0148] Sequences that are essentially the same as those set 
forth in the disclosed nucleic acid sequences may also be 
functionally de?ned as sequences that are capable of hybrid 
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iZing to a nucleic acid segment containing the complement 
of the disclosed nucleic acid sequences under relatively 
stringent conditions. 
[0149] For applications requiring high selectivity, one Will 
typically desire to employ relatively stringent conditions to 
form the hybrids, e.g., one Will select relatively loW salt 
and/or high temperature conditions, such as provided by 
about 0.02 M to about 0.10 M NaCl at temperatures of about 
50° C. to about 70° C. Such high stringency conditions 
tolerate little, if any, mismatch betWeen the probe and the 
template or target strand, and Would be particularly suitable 
for isolating speci?c genes or detecting speci?c mRNA 
transcripts. It is generally appreciated that conditions can be 
rendered more stringent by the addition of increasing 
amounts of formamide. 

[0150] For certain applications, for example, substitution 
of nucleotides by site-directed mutagenesis, it is appreciated 
that loWer stringency conditions are required. Under these 
conditions, hybridiZation may occur even though the 
sequences of probe and target strand are not perfectly 
complementary, but are mismatched at one or more posi 
tions. Conditions may be rendered less stringent by increas 
ing salt concentration and decreasing temperature. For 
example, a medium stringency condition could be provided 
by about 0.1 to 0.25 M NaCl at temperatures of about 37° C. 
to about 55° C., While a loW stringency condition could be 
provided by about 0.15 M to about 0.9 M salt, at tempera 
tures ranging from about 20° C. to about 55° C. Thus, 
hybridiZation conditions can be readily manipulated depend 
ing on the desired results. 

[0151] In other embodiments, hybridiZation may be 
achieved under conditions of, for example, 50 mM Tris-HCl 
(pH 8.3), 75 mM KCl, 3 mM MgCl2, 1.0 mM dithiothreitol, 
at temperatures betWeen approximately 20° C. to about 37° 
C. Other hybridiZation conditions utiliZed could include 
approximately 10 mM Tris-HCl (pH 8.3), 50 mM KCl, 1.5 
mM MgCl2, at temperatures ranging from approximately 
40° C. to about 72° C. Another exemplary, but not limiting, 
standard hybridiZation is incubated at 42° C. in 50% for 
mamide solution containing dextran sulfate for 48 hours and 
subjected to a ?nal Wash in 0.5><SSC, 0.1% SDS at 65° C. 

[0152] The nucleic acid segments for use in the present 
invention, regardless of the length of the coding sequence 
itself, may be combined With other DNA sequences, such as 
promoters, polyadenylation signals, additional restriction 
enZyme sites, multiple cloning sites, other coding segments, 
and the like, such that their overall length may vary con 
siderably. It is therefore contemplated that a nucleic acid 
fragment of almost any length may be employed, With the 
total length preferably being limited by the ease of prepa 
ration and use in the intended recombinant DNA protocol. 

[0153] It Will also be understood that this invention is not 
limited to the use of the particular disclosed nucleic acid and 
amino acid sequences. Recombinant vectors and isolated 
DNA segments for use in the present invention may there 
fore variously include these coding regions themselves, 
coding regions bearing selected alterations or modi?cations 
in the basic coding region, or they may encode larger 
polypeptides that nevertheless include such coding regions 
or may encode biologically functional equivalent proteins or 
peptides that have variant amino acids sequences. 

[0154] Certain of the DNA segments for use in the present 
invention encompass biologically functional equivalent pro 
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teins and peptides. Such sequences may arise as a conse 
quence of codon redundancy and functional equivalency that 
are known to occur naturally Within nucleic acid sequences 
and the proteins thus encoded. Alternatively, functionally 
equivalent proteins or peptides may be created via the 
application of recombinant DNA technology, in Which 
changes in the protein structure may be engineered, based on 
considerations of the properties of the amino acids being 
exchanged. Changes designed by man may be introduced 
through the application of site-directed mutagenesis tech 
niques, e. g., to introduce improvements to the antigenicity of 
the protein or to test mutants in order to examine DNA 
binding activity at the molecular level. 

[0155] One may also prepare fusion proteins and peptides, 
e.g., Where the protein coding regions are aligned Within the 
same expression unit With other proteins or peptides having 
desired functions, such as for puri?cation or immunodetec 
tion purposes (e.g., proteins that may be puri?ed by affinity 
chromatography and enZyme label coding regions, respec 
tively). 
[0156] Encompassed by the invention are DNA segments 
encoding relatively small peptides, such as, for example, 
peptides of from about 15 to about 50 amino acids in length, 
and more preferably, of from about 15 to about 30 amino 
acids in length; and also larger polypeptides up to and 
including proteins corresponding to the full-length amino 
acid sequences as set forth in herein. 

[0157] 
[0158] Compositions for use in the present invention also 
include puri?ed, and in preferred embodiments, substan 
tially puri?ed, CD40 ligand and/or CD40 agonist proteins, 
polypeptides 20 and peptides, for example gp39 proteins and 
peptides. The term “puri?ed CD40 ligand and/or CD40 
agonist protein or peptide”, for example “puri?ed gp39 
protein or peptide” as used herein, is intended to refer to, for 
example, a Wild-type, polymorphic or mutant CD40 ligand 
and/or CD40 agonist proteinaceous composition, isolatable 
from mammalian cells or recombinant host cells, Wherein 
the Wild-type, polymorphic or mutant CD40 ligand and/or 
25 CD40 agonist protein or peptide is puri?ed to any degree 
relative to its naturally-obtainable state, i.e., relative to its 
purity Within a cellular extract. A puri?ed CD40 ligand 
and/or CD40 agonist protein or peptide therefore also refers 
to a CD40 ligand and/or CD40 agonist protein or peptide 
free from the environment in Which it naturally occurs. 

IV. Protein and Polypeptide Compositions 

[0159] Proteins for use in the present invention may be 
full-length proteins, While in certain aspects of the invention 
they may also be less then full-length proteins, such as 
individual domains, regions or even epitopic peptides. 
Where less than full-length proteins are concerned the most 
preferred Will be those containing predicted immunogenic 
sites and those containing the functional domains identi?ed 
herein. 

[0160] Generally, “puri?ed” Will refer to, for example, a 
CD40 ligand and/or CD40 agonist protein or peptide com 
position that has been subjected to fractionation to remove 
various non-Wild-type, polymorphic or mutant CD40 ligand 
and/or CD40 agonist protein or peptide components, and 
Which composition substantially retains its CD40 activation 
and/or anti-apoptotic activity. 
[0161] Where the term “substantially puri?ed” is used, 
this Will refer to a composition in Which the protein or 
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peptide forms the major component of the composition, such 
as constituting about 50% of the proteins in the composition 
or more. In preferred embodiments, a substantially puri?ed 
protein Will constitute more than 60%, 70%, 80%, 90%, 
95%, 99% or even more of the proteins in the composition. 

[0162] Apolypeptide or protein that is “puri?ed to homo 
geneity,” as applied to the present invention, means that the 
polypeptide or protein has a level of purity Where the 
polypeptide or protein is substantially free from other pro 
teins and biological components. For example, a puri?ed 
polypeptide or protein Will often be suf?ciently free of other 
protein components so that degradative sequencing may be 
performed successfully. 
[0163] Various methods for quantifying the degree of 
puri?cation the disclosed proteins or peptides Will be knoWn 
to those of skill in the art in light of the present disclosure. 
These include, for example, determining the number of 
polypeptides Within a fraction by gel electrophoresis. 
Assessing the number of polypeptides Within a fraction by 
SDS/PAGE analysis Will often be preferred in the context of 
the present invention as this is straightforWard. 

[0164] To purify a protein or peptide, such as a CD40 
ligand and/or CD40 agonist protein or peptide, a natural or 
recombinant composition comprising at least some CD40 
ligand and/or CD40 agonist proteins or peptides Will be 
subjected to fractionation to remove various non-CD40 
ligand and/or CD40 agonist protein or peptide components 
from the composition. Various techniques suitable for use in 
protein puri?cation Will be Well knoWn to those of skill in 
the art. These include, for example, precipitation With 
ammonium sulfate, PEG, antibodies and the like or by heat 
denaturation, folloWed by centrifugation; chromatography 
steps such as ion exchange, gel ?ltration, reverse phase, 
hydroxylapatite, and affinity chromatography; isoelectric 
focusing; gel electrophoresis; and combinations of such and 
other techniques. 

[0165] Another example is the puri?cation of a fusion 
protein using a speci?c binding partner. Such puri?cation 
methods are routine in the art. This is currently exempli?ed 
by the generation of a glutathione S-transferase fusion 
protein, expression in E. coli, and isolation to homogeneity 
using af?nity chromatography on glutathione-agarose. 

[0166] Although preferred for use in certain embodiments, 
there is no general requirement that the disclosed proteins or 
peptides alWays be provided in their most puri?ed state. 
Indeed, it is contemplated that less substantially puri?ed 
proteins or peptides, Which are nonetheless enriched in, for 
example, CD40 ligand and/or CD40 agonist protein or 
peptide compositions, relative to the natural state, Will have 
utility in certain embodiments. Methods exhibiting a loWer 
degree of relative puri?cation may have advantages in total 
recovery of protein product, or in maintaining the activity of 
an expressed protein. Inactive products also have utility in 
certain embodiments, such as, e.g., in antibody generation. 

[0167] V. Expression Constructs and Recombinant Host 
Cells 

[0168] Recombinant vectors are also contemplated for use 
in certain aspects of the present invention. Particularly 
useful vectors are contemplated to be those vectors in Which 
the coding portion of a CD40 ligand and/or CD40 agonist 
DNA segment, Whether encoding a full length protein or 
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smaller peptide, is positioned under the control of a pro 
moter. For expression in this manner, one Would position the 
coding sequences adjacent to and under the control of the 
promoter. It is understood in the art that to bring a coding 
sequence under the control of a promoter, one positions the 
5 ‘ end of the transcription initiation site of the transcriptional 
reading frame of the protein betWeen about 1 and about 50 
nucleotides “downstream” of (i.e., 3‘ of) the chosen pro 
moter. 

[0169] The promoter may be in the form of the promoter 
that is naturally associated With a particular CD40 ligand 
and/or CD40 agonist gene, as may be obtained by isolating 
the 5‘ non-coding sequences located upstream of the coding 
segment, for example, using recombinant cloning and/or 
PCRTM technology, in connection With the compositions 
disclosed herein. Direct ampli?cation of nucleic acids using 
the PCRTM technology of US. Pat. Nos. 4,683,195 and 
4,683,202 (herein incorporated by reference) are particularly 
contemplated to be useful in such methodologies. 

[0170] In other embodiments, it is contemplated that cer 
tain advantages Will be gained by positioning the coding 
DNA segment under the control of a recombinant, or het 
erologous, promoter. As used herein, a recombinant or 
heterologous promoter is intended to refer to a promoter that 
is not normally associated With a particular CD40 ligand 
and/or CD40 agonist gene in its natural environment. Such 
promoters may include promoters normally associated With 
other genes, and/or promoters isolated from any bacterial, 
viral, eukaryotic, or mammalian cell. Naturally, it Will be 
important to employ a promoter that effectively directs the 
expression of the CD40 ligand and/or CD40 agonist DNA 
segment in the cell type organism, or even animal, chosen 
for expression. The use of promoter and cell type combina 
tions for protein expression is generally knoWn to those of 
skill in the art of molecular biology, for example, see 
Sambrook et al., 1989. The promoters employed may be 
constitutive, or inducible, and can be used under the appro 
priate conditions to direct high level expression of the 
introduced DNA segment, such as is advantageous in the 
large-scale production of recombinant proteins or peptides. 

[0171] It Will, of course, be understood that one or more 
than one genes encoding CD40 ligand and/or CD40 agonist 
proteins and/or or peptides may be used in the methods and 
compositions of the invention. The nucleic acid composi 
tions and methods disclosed herein may entail the adminis 
tration of one, tWo, three, or more, genes or gene segments. 
The maximum number of genes that may be used is limited 
only by practical considerations, such as the effort involved 
in simultaneously preparing a large number of gene con 
structs or even the possibility of eliciting a signi?cant 
adverse cytotoxic effect. 

[0172] In using multiple genes, they may be combined on 
a single genetic construct under control of one or more 
promoters, or they may be prepared as separate constructs of 
the same of different types. Thus, an almost endless com 
bination of different genes and genetic constructs may be 
employed. Certain gene combinations may be designed to, 
or their use may otherWise result in, achieving synergistic 
effects on formation of an immune response, or the devel 
opment of antibodies to gene products encoded by such 
nucleic acid segments, or in the production of treatment 
protocols for bone loss, and in particular, bone loss associ 
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ated With estrogen depletion, aging and/or steroid therapy. 
Any and all such combinations are intended to fall Within the 
scope of the present invention. 

[0173] Prokaryotic expression of nucleic acid segments of 
the present invention may be performed using methods 
knoWn to those of skill in the art, and Will likely comprise 
expression vectors and promoter sequences such as those 
provided by tac, trp, lac, lacUV5 or T7. Those promoters 
most commonly used in recombinant DNA construction 
include the [3-lactamase (penicillinase) and lactose promoter 
systems (Chang et al., 1978; Itakura et al., 1977; Goeddel et 
al., 1979) or the tryptophan (trp) promoter system (Goeddel 
et al., 1980). 

[0174] When expression of the recombinant CD40 ligand 
and/or CD40 agonist proteins is desired in eukaryotic cells, 
a number of expression systems are available and knoWn to 
those of skill in the art. For eukaryotic expression, preferred 
promoters include those such as CMV, RSV LTR, the SV40 
promoter alone, and the SV40 promoter in combination With 
the SV40 enhancer. Another eukaryotic system contem 
plated for use in high-level expression is the Pichia expres 
sion vector system (Pharmacia LKB Biotechnology). Where 
eukaryotic expression is contemplated, one Will also typi 
cally desire to incorporate into the transcriptional unit an 
appropriate polyadenylation site (e.g., 5‘-AATAAA-3‘) if 
one Was not contained Within the original cloned segment. 
Typically, the poly-A addition site is placed about 30 to 2000 
nucleotides “downstream” of the termination site of the 
protein at a position prior to transcription termination. 

[0175] In connection With expression embodiments to 
prepare recombinant CD40 ligand and/or CD40 agonist 
proteins and peptides, it is contemplated that longer DNA 
segments Will most often be used, With DNA segments 
encoding the entire protein or functional domains, epitopes, 
ligand binding domains, subunits, etc. being most preferred. 
HoWever, it Will be appreciated that the use of shorter DNA 
segments to direct the expression of peptides or epitopic 
core regions, such as may be used to generate antibodies 
against a selected CD40, CD40 ligand and/or CD40 agonist 
proteins or peptides, also falls Within the scope of the 
invention. DNA segments that encode peptide antigens from 
about 15 to about 100 amino acids in length, or more 
preferably, from about 15 to about 50 amino acids in length 
are contemplated to be particularly useful. 

[0176] It is contemplated that virtually any recombinant 
host cell may be employed for expression of CD40 ligand 
and/or CD40 agonist gene(s), but certain advantages may be 
found in using a bacterial host cell such as E. coli, S. 
typhimurium, B. subtilis, or others. Examples of preferred 
prokaryotic hosts are E. coli, and in particular, E. coli strains 
ATCC69791, BL21(DE3), JM101, XLl-BlueTM, RR1, 
LE392, B, X1776 (ATCC No. 31537), and W3110 (F‘, )C, 
prototrophic, ATCC273325). Alternatively, other Enterobac 
teriaceae species such as Salmonella typhimurium and Ser 
ratia marcescens, or even other Gram-negative hosts includ 
ing various Pseudomonas species may be used in the 
recombinant expression of the genetic constructs disclosed 
herein. 

[0177] In general, plasmid vectors containing replicon and 
control sequences that are derived from species compatible 
With the host cell are used in connection With these hosts. 
The vector ordinarily carries a replication site, as Well as 
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marking sequences that are capable of providing phenotypic 
selection in transformed cells. For example, E. coli may be 
typically transformed using vectors such as pBR322, or any 
of its derivatives (Bolivar et al., 1977). pBR322 contains 
genes for ampicillin and tetracycline resistance and thus 
provides easy means for identifying transformed cells. 
pBR322, its derivatives, or other microbial plasmids or 
bacteriophage may also contain, or be modi?ed to contain, 
promoters Which can be used by the microbial organism for 
expression of endogenous proteins. Preferred vectors for 
cloning the CD40 ligand and/or CD40 agonist constructs, 
are pBlueScriptTM, and vectors based on the pET vector 
series (Novagen, Inc., Madison, Wis.; US. Pat. No. 4,952, 
496, incorporated herein by reference). 

[0178] In addition, phage vectors containing replicon and 
control sequences that are compatible With the host micro 
organism can be used as transforming vectors in connection 
With these hosts. For example, bacteriophage such as 
)tGEMTM-ll may be utiliZed in making a recombinant 
vector that can be used to transform susceptible host cells 
such as E. coli LE392. 

[0179] As used herein, the term “engineered” or “recom 
binant” cell is intended to refer to a cell into Which a 
recombinant gene, such as a gene encoding a CD40 ligand 
and/or CD40 agonist protein or peptide, has been intro 
duced. Therefore, engineered cells are distinguishable from 
naturally occurring cells that do not contain a recombinantly 
introduced gene. Engineered cells are thus cells having a 
gene or genes introduced through the hand of man. Recom 
binantly introduced genes Will either be in the form of a 
single structural gene, an entire genomic clone comprising a 
structural gene and ?anking DNA, or an operon or other 
functional nucleic acid segment Which may also include 
genes positioned either upstream and/or doWnstream of the 
promoter, regulatory elements, or structural gene itself, or 
even genes not naturally associated With the particular 
structural gene of interest. 

[0180] Expression in eukaryotic cells is also contemplated 
such as those derived from yeast, insect, or mammalian cell 
lines. Saccharomyces cerevisiae, or common bakers’ yeast is 
the most commonly used among eukaryotic microorgan 
isms, although a number of other species may also be 
employed for such eukaryotic expression systems. For 
expression in Saccharomyces, the plasmid YRp7, for 
example, is commonly used (Stinchcomb et al., 1979; 
Kingsman et al., 1979; Tschumper et al., 1980). This plasmid 
already contains the trp gene Which provides a selection 
marker for a mutant strain of yeast lacking the ability to 
groW in tryptophan, for example ATCC No. 44076 or 
PEP4-1 (Jones, 1977). The presence of the trp lesion as a 
characteristic of the yeast host cell genome then provides an 
effective environment for detecting transformation by 
groWth in the absence of tryptophan. 

[0181] Suitable promoting sequences in yeast vectors 
include the promoters for 3-phosphoglycerate kinase (HitZe 
man et al., 1980) or other glycolytic enZymes (Hess et al., 
1968; Holland et al., 1978), such as enolase, glyceraldehyde 
3-phosphate dehydrogenase, hexokinase, pyruvate decar 
boxylase, phosphofructokinase, glucose-6-phosphate 
isomerase, 3-phosphoglycerate mutase, pyruvate kinase, tri 
osephosphate isomerase, phosphoglucose isomerase, and 
glucokinase. In constructing suitable expression plasmids, 
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the termination sequences associated With these genes are 
also ligated into the expression vector 3‘ of the sequence 
desired to be expressed to provide polyadenylation of the 
mRNA and termination. Other promoters, Which have the 
additional advantage of transcription controlled by groWth 
conditions are the promoter region for alcohol dehydroge 
nase 2, isocytochrome C, acid phosphatase, degradative 
enZymes associated With nitrogen metabolism, and the 
aforementioned glyceraldehyde-3-phosphate dehydroge 
nase, and enZymes responsible for maltose and galactose 
utiliZation. Any plasmid vector containing a yeast-compat 
ible promoter, an origin of replication, and termination 
sequences is suitable. 

[0182] In addition to microorganisms, cultures of cells 
derived from multicellular organisms may also be used as 
hosts in the routine practice of the disclosed methods. In 
principle, any such cell culture is Workable, Whether from 
vertebrate or invertebrate culture. HoWever, interest has 
been greatest in vertebrate cells, and propagation of verte 
brate cells in culture (tissue culture) has become a routine 
procedure in recent years. Examples of such useful host cell 
lines are VERO and HeLa cells, Chinese hamster ovary 
(CHO) cell lines, and W138, BHK, COS-7, 293 and MDCK 
cell lines. Expression vectors for such cells ordinarily 
include (if necessary) an origin of replication, a promoter 
located in front of the gene to be expressed, along With any 
necessary ribosome binding sites, RNA splice sites, poly 
adenylation site, and transcriptional terminator sequences. 

[0183] For use in mammalian cells, the control functions 
on the expression vectors are often provided by viral mate 
rial. For example, commonly used promoters are derived 
from polyoma, Adenovirus 2, and most frequently Simian 
Virus 40 (SV40). The early and late promoters of SV40 virus 
are particularly useful because both are obtained easily from 
the virus as a fragment that also contains the SV40 viral 
origin of replication (Fiers et al., 1978). Smaller or larger 
SV40 fragments may also be used, provided there is 
included the approximately 250 bp sequence extending from 
the HindIII site toWard the BglI site located in the viral 
origin of replication. Further, it is also possible, and often 
desirable, to utiliZe promoter or control sequences normally 
associated With the desired gene sequence, provided such 
control sequences are compatible With the host cell systems. 
The origin of replication may be provided either by con 
struction of the vector to include an exogenous origin, such 
as may be derived from SV40 or other viral (e.g., Polyoma, 
Adeno, VSV, BPV) source, or may be provided by the host 
cell chromosomal replication mechanism. If the vector is 
integrated into the host cell chromosome, the latter is often 
suf?cient. 

[0184] These recombinant host cells may be employed in 
connection With “overexpressing” CD40 ligand and/or 
CD40 agonist proteins, that is, increasing the level of 
expression over that found naturally in mammalian cells. 
Many such vectors and host cells are readily available, one 
particular example of a suitable vector for expression in 
mammalian cells is that described in US. Pat. No. 5,168, 
050, incorporated herein by reference. HoWever, there is no 
requirement that a highly puri?ed vector be used, so long as 
the coding segment employed encodes a protein or peptide 
of interest, and does not include any coding or regulatory 
sequences that Would have an adverse effect on cells. 
Therefore, it Will also be understood that useful nucleic acid 






































































