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(57) ABSTRACT 

Methods of expressing LIM mineralization protein in non 
osseous mammalian cells, such as stem cells or intervertebral 

disc cells (e.g., cells of the annulus ?brosus, or cells of the 
nucleus pulposus) are described. The methods involve trans 
fecting the cells With an isolated nucleic acid comprising a 
nucleotide sequence encoding a LIM mineralization protein 
operably linked to a promoter. Transfection may be accom 
plished ex vivo or in vivo by direct injection of virus or naked 
DNA, or by a nonviral vector such as a plasmid. Expression of 
the LIM mineralization protein can stimulate proteoglycan 
and/or collagen production in cells capable of producing pro 
teoglycyan and/ or collagen. Methods for treating disc disease 
associated With trauma or disc degeneration are also 
described. 
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METHODS OF EXPRESSING LIM 
MINERALIZATION PROTEIN IN NON-OSSEOUS 

CELLS 

[0001] This application claims priority from Us. Provi 
sional Application Serial No. 60/331,321 ?led Nov. 14, 2001. 
The entirety of that provisional application is incorporated 
herein by reference. 

[0002] This application is related to Us. patent application 
Ser. No. 09/124,238, ?led Jul. 29, 1988, noW U.S. Pat. No. 
6,300,127, and Us. patent application Ser. No. 09/959,578, 
?led Apr. 28, 2000, pending. Each of these applications is 
incorporated by reference herein in its entirety. 

BACKGROUND OF THE INVENTION 

[0003] 1. Field of the Invention 

[0004] The ?eld of the invention relates generally to meth 
ods for expressing LIM mineralization proteins in non-os 
seous cells such as intervertebral disc cells or cells of the 
nucleus pulposus. More speci?cally, the ?eld of the invention 
relates to transfecting non-osseous cells such as intervertebral 
disc cells With a nucleic acid encoding a LIM mineralization 
protein. 

[0005] 2. Background of the Technology 

[0006] Osteoblasts are thought to differentiate from pluri 
potent mesenchymal stem cells. The maturation of an osteo 
blast results in the secretion of an extracellular matrix Which 
can mineraliZe and form bone. The regulation of this complex 
process is not Well understood but is thought to involve a 
group of signaling glycoproteins knoWn as bone morphoge 
netic proteins (BMPs). These proteins have been shoWn to be 
involved With embryonic dorsal -ventral patterning, limb bud 
development, and fracture repair in adult animals. B. L. 
Hogan, Genes & Develop., 10, 1580 (1996). This group of 
transforming groWth factor-beta superfamily secreted pro 
teins has a spectrum of activities in a variety of cell types at 
different stages of differentiation; differences in physiologi 
cal activity betWeen these closely related molecules have not 
been clari?ed. D. M. Kingsley, Trends Genet., 10, 16 (1994). 

[0007] To better discern the unique physiological role of 
different BMP signaling proteins, We recently compared the 
potency of BMP-6 With that of BMP-2 and BMP-4, for induc 
ing rat calvarial osteoblast differentiation. Boden, et al., 
Endocrinology, 137, 3401 (1996). We studied this process in 
?rst passage (secondary) cultures of fetal rat calvaria that 
require BMP or glucocorticoid for initiation of differentia 
tion. In this model of membranous bone formation, glucocor 
ticoid (GC) or a BMP Will initiate differentiation to mineral 
iZed bone nodules capable of secreting osteocalcin, the 
osteoblast-speci?c protein. This secondary culture system is 
distinct from primary rat osteoblast cultures Which undergo 
spontaneous differentiation. In this secondary system, gluco 
corticoid resulted in a ten-fold induction of BMP-6 mRNA 
and protein expression Which Was responsible for the 
enhancement of osteoblast differentiation. Boden, et al., 
Endocrinology, 138, 2920 (1997). 

[0008] In addition to extracellular signals, such as the 
BMPs, intracellular signals or regulatory molecules may also 
play a role in the cascade of events leading to formation of 
neW bone. One broad class of intracellular regulatory mol 
ecules are the LIM proteins, Which are so named because they 
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possess a characteristic structural motif knoWn as the LIM 
domain. The LIM domain is a cysteine-rich structural motif 
composed of tWo special Zinc ?ngers that are joined by a 
2-amino acid spacer. Some proteins have only LIM domains, 
While others contain a variety of additional functional 
domains. LIM proteins form a diverse group, Which includes 
transcription factors and cytoskeletal proteins. The primary 
role of LIM domains appears to be in mediating protein 
protein interactions, through the formation of dimers With 
identical or different LIM domains, or by binding distinct 
proteins. 

[0009] In LIM homeodomain proteins, that is, proteins hav 
ing both LIM domains and a homeodomain sequence, the 
LIM domains function as negative regulatory elements. LIM 
homeodomain proteins are involved in the control of cell 
lineage determination and the regulation of differentiation, 
although LIM-only proteins may have similar roles. LIM 
only proteins are also implicated in the control of cell prolif 
eration since several genes encoding such proteins are asso 
ciated With oncogenic chromosome translocations. 

[0010] Humans and other mammalian species are prone to 
diseases or injuries that require the processes of bone repair 
and/or regeneration. For example, treatment of fractures 
Would be improved by neW treatment regimens that could 
stimulate the natural bone repair mechanisms, thereby reduc 
ing the time required for the fractured bone to heal. In another 
example, individuals afflicted with systemic bone disorders, 
such as osteoporosis, Would bene?t from treatment regimens 
that Would results in systemic formation of neW bone. Such 
treatment regimens Would reduce the incidence of fractures 
arising from the loss of bone mass that is a characteristic of 
this disease. 

[0011] For at least these reasons, extracellular factors, such 
as the BMPs, have been investigated for the purpose of using 
them to stimulate formation of neW bone in vivo. Despite the 
early successes achieved With BMPs and other extracellular 
signalling molecules, their use entails a number of disadvan 
tages. For example, relatively large doses of puri?ed BMPs 
are required to enhance the production of neW bone, thereby 
increasing the expense of such treatment methods. Further 
more, extracellular proteins are susceptible to degradation 
folloWing their introduction into a host animal. In addition, 
because they are typically immunogenic, the possibility of 
stimulating an immune response to the administered proteins 
is ever present. 

[0012] Due to such concerns, it Would be desirable to have 
available treatment regimens that use an intracellular signal 
ing molecule to induce neW bone formation. Advances in the 
?eld of gene therapy noW make it possible to introduce into 
osteogenic precursor cells, that is, cells involved in bone 
formation, or peripheral blood leukocytes, nucleotide frag 
ments encoding intracellular signals that form part of the 
bone formation process. Gene therapy for bone formation 
offers a number of potential advantages: (1) loWer production 
costs; (2) greater ef?cacy, compared to extracellular treat 
ment regiments, due to the ability to achieve prolonged 
expression of the intracellular signal; (3) it Would by-pass the 
possibility that treatment With extracellular signals might be 
hampered due to the presence of limiting numbers of recep 
tors for those signals; (4) it permits the delivery of transfected 
potential osteoprogenitor cells directly to the site Where local 
iZed bone formation is required; and (5) it Would permit 
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systemic bone formation, thereby providing a treatment regi 
men for osteoporosis and other metabolic bone diseases. 

[0013] In addition to diseases of the bone, humans and 
other mammalian species are also subject to intervertebral 
disc degeneration, Which is associated With, among other 
things, loW back pain, disc hemiations, and spinal stenosis. 
Disc degeneration is associated With a progressive loss of 
proteoglycan matrix. This may cause the disc to be more 
susceptible to bio-mechanical injury and degeneration. 
Accordingly, it Would be desirable to have a method of stimu 
lating proteoglycan and/or collagen synthesis by the appro 
priate cells, such as, for example, cells of the nucleous pul 
posus, cells of the annulus ?brosus, and cells of the 
intervertebral disc. 

SUMMARY OF THE INVENTION 

[0014] According to a ?rst aspect of the invention, a method 
of expressing a LIM mineralization protein in a non-osseous 
mammalian cell is provided. According to this aspect of the 
invention, the method comprises transfecting the cell With an 
isolated nucleic acid comprising a nucleotide sequence 
encoding the LIM mineralization protein operably linked to a 
promoter. The cell can be a cell capable of producing pro 
teoglycan and/or collagen such that the expression of the LIM 
mineralization protein stimulates proteoglycan and/or col 
lagen synthesis in the cell. The isolated nucleic acid accord 
ing to this aspect of the invention can be a nucleic acid Which 
can hybridize under standard conditions to a nucleic acid 
molecule complementary to the full length of SEQ. ID NO: 
25; and/or a nucleic acid molecule Which can hybridize under 
highly stringent conditions to a nucleic acid molecule 
complementary to the full length of SEQ. ID NO: 26. The cell 
can be a stem cell, an intervertebral disc cell, a cell of the 
annulus ?brosus, or a cell of the nucleus pulposus. 

[0015] According to a second aspect of the invention, a 
non-osseous mammalian cell comprising an isolated nucleic 
acid sequence encoding a LIM mineralization protein is pro 
vided. According to this aspect of the invention, the cell can 
be a stem cell, a cell of the nucleus pulposus, a cell of the 
annulus ?brosus, or an intervertebral disc cell. 

[0016] According to a third aspect of the invention, a 
method of treating intervertebral disc injury or disease is 
provided. According to this aspect of the invention, the 
method comprises transfecting an isolated nucleic acid into a 
mammalian cell capable of producing proteoglycan and/or 
collagen. The isolated nucleic acid comprises a nucleotide 
sequence encoding a LIM mineralization protein operably 
linked to a promoter. The LIM mineralization protein stimu 
lates proteoglycan and/or collagen synthesis in the cell. 

[0017] According to a fourth aspect of the invention, an 
intervertebral disc implant is provided. According to this 
aspect of the invention, the implant comprises a carrier mate 
rial and a plurality of mammalian cells comprising an isolated 
nucleic acid sequence encoding a LIM mineralization pro 
tein. Also according to this aspect of the invention, the carrier 
material comprises a porous matrix of biocompatible material 
and the mammalian cells are incorporated into the carrier 
material. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] The present invention may be better understood 
With reference to the accompanying draWings in Which: 
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[0019] FIG. 1 is a graph shoWing the production of sulfated 
glycosaminoglycan (sGAG) after expression of HLMP-l by 
rat intervertebral disc cells transfected With different MOIs; 

[0020] FIG. 2 is a chart shoWing the dose response of rat 
intervertebral disc cells six days after infection With different 
MOI of AdHLMP-l; 

[0021] FIG. 3 is a chart shoWing the expression ofAggrecan 
and BMP-2 mRNA by AdHLMP-l transfected rat interverte 
bral disc cells six days folloWing transfection With an MOI of 
250 virions/ cell; 

[0022] FIG. 4A is a chart shoWing HLMP-l mRNA expres 
sion 12 hours after infection With Ad-hLMP-l at different 

MOIs; 
[0023] FIG. 4B is a chart shoWing the production of sGAG 
in medium from 3 to 6 days after infection; 

[0024] FIG. 5 is a chart shoWing time course changes of the 
production of sGAG; 

[0025] FIG. 6A is a chart shoWing gene response to LMP-l 
over-expression in rat annulus ?brosus cells for aggrecan 

[0026] FIG. 6B is a chart shoWing gene response to LMP-l 
over-expression in rat annulus ?brosus cells for BMP-2; 

[0027] FIG. 7 is a graph shoWing the time course of 
HLMP-l mRNA levels in rat annulus ?brosus cells after 
infection With AdLMP-l at MOI of 25; 

[0028] FIG. 8 is a chart showing changes in mRNA levels of 
BMPs and aggrecan in response to HLMP-l over-expression; 

[0029] FIG. 9 is a graph shoWing the time course of sGAG 
production enhancement in response to HLMP-l expression; 

[0030] FIG. 10 is a chart shoWing that the LMP-l mediated 
increase in sGAG production is blocked by noggin; and 

[0031] FIG. 11 is a graph shoWing the effect of LMP-l on 
sGAG in media after day 6 of culture in monolayer. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0032] The present invention relates to the transfection of 
non-osseous cells With nucleic acids encoding LIM mineral 
ization proteins. The present inventors have discovered that 
transfection of non-osseous cells such as intervertebral disc 
cells With nucleic acids encoding LIM mineralization pro 
teins can result in the increased synthesis of proteoglycan, 
collagen and other intervertebral disc components and tissue. 
The present invention also provides a method for treating 
intervertebral disc disease associated With the loss of pro 
teoglycan, collagen, or other intervertebral disc components. 

[0033] It is to be understood that both the foregoing general 
description and the folloWing detailed description are exem 
plary and explanatory and are intended to provide further 
explanation of the invention as claimed. 

ABBREVIATIONS AND DEFINITIONS 

BMP Bone Morphogenetic Protein 
HLMP-l Human LMP-l, also designated as Human LIM 

Protein or HLMP 

HLMP-ls Human LMP-l Short (truncated) protein 
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-continued 

ABBREVIATIONS AND DEFINITIONS 

HLMPU Human LIM Protein Unique Region 
LMP LIM mineralization protein 
MEM Minimal essential medium 
Trm Triamcinolone 
[5-GlyP Beta-glycerolphosphate 
RACE Rapid Ampli?cation of cDNA Ends 
RLMP Rat LIM mineralization protein, also designated 

as RLMP-l 

RLMPU Rat LIM Protein Unique Region 
RNAsin RNase inhibitor 
ROB Rat Osteoblast 
10-4 Clone containing cDNA sequence for RLMP 

(SEQ ID NO: 2) 
UTR Untranslated Region 
HLMP-2 Human LMP Splice Variant 2 
HLMP-3 Human LMP Splice Variant 3 
MOI multiplicity of infection 
sGAG sulfated glycosaminoglycan 
AdHLMP-l Recombinant Type 5 Adenovirus comprising 

nucleotide sequence encoding HLMP-l 

[0034] A LIM gene (10-4/RLMP) has been isolated from 
stimulated rat calvarial osteoblast cultures (SEQ. ID NO: 1, 
SEQ. ID NO: 2). See US. Pat. No. 6,300,127. This gene has 
been cloned, sequenced and assayed for its ability to enhance 
the ef?cacy of bone mineralization in vitro. The protein 
RLMP has been found to affect the mineralization of bone 
matrix as well as the differentiation of cells into the osteoblast 
lineage. Unlike other known cytokines (e.g., BMPs), RLMP 
is not a secreted protein, but is instead an intracellular signal 
ing molecule. This feature has the advantage of providing 
intracellular signaling ampli?cation as well as easier assess 
ment of transfected cells. It is also suitable for more e?icient 
and speci?c in vivo applications. Suitable clinical applica 
tions include enhancement of bone repair in fractures, bone 
defects, bone grafting, and normal homeostasis in patients 
presenting with osteoporosis. 

[0035] The amino acid sequence of a corresponding human 
protein, named human LMP-1 (“HLMPI”), has also been 
cloned, sequenced and deduced. See US. Pat. No. 6,300,127. 
The human protein has been found to demonstrate enhanced 
e?icacy of bone mineralization in vitro and in vivo. 

[0036] Additionally, a truncated (short) version of HLMP 
1, termed HLMP-ls, has been characterized. See US. Pat. 
No. 6,300,127. This short version resulted from a point muta 
tion in one source of a cDNA clone, providing a stop codon 
which truncates the protein. HLMP-ls has been found to be 
fully functional when expressed in cell culture and in vivo. 

[0037] Using PCR analysis of human heart cDNA library, 
two alternative splice variants (referred to as HLMP-2 and 
HLMP-3) have been identi?ed that differ from HLMP-l in a 
region between base pairs 325 and 444 in the nucleotide 
sequence encoding HLMP-l . See US. patent application Ser. 
No. 09/959,578, ?led Apr. 28, 2000, pending. The HLMP-2 
sequence has a 119 base pair deletion and an insertion of 17 
base pairs in this region. Compared to HLMP-l, the nucle 
otide sequence encoding HLMP-3 has no deletions, but it 
does have the same 17 base pairs as HLMP-2, which are 
inserted at position 444 in the HLMP-l sequence. 

[0038] LMP is a pluripotent molecule, which regulates or 
in?uences a number of biological processes. The different 
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splice variants of LMP are expected to have different biologi 
cal functions in mammals. They may play a role in the growth, 
differentiation, and/or regeneration of various tissues. For 
example, some form of LMP is expressed not only in bone, 
but also in muscle, tendons, ligaments, spinal cord, peripheral 
nerves, and cartilage. 

[0039] According to one aspect, the present invention 
relates to a method of stimulating proteoglycan and/or col 
lagen synthesis in a mammalian cell by providing an isolated 
nucleic acid comprising a nucleotide sequence encoding LIM 
mineralization protein operably linked to a promoter; trans 
fecting said isolated nucleic acid sequence into a mammalian 
cell capable of producing proteoglycan; and expressing said 
nucleotide sequence encoding LIM mineralization protein, 
whereby proteoglycan synthesis is stimulated. The mamma 
lian cell may be a non-osseous cell, such as an intervertebral 
disc cell, a cell ofthe annulus ?brosus, or a cell ofthe nucleus 
pulposus. Transfection may occur either ex vivo or in vivo by 
direct injection of virus or naked DNA, such as, for example, 
a plasmid. In certain embodiments, the virus is a recombinant 
adenovirus, preferably AdHLMP-l . 

[0040] Another embodiment of the invention comprises a 
non-osseous mammalian cell comprising an isolated nucleic 
acid sequence encoding a LIM mineralization protein. The 
non-osseous mammalian cell may be a stem cell (e.g., a 
pluripotential stem cell or a mesenchymal stem cell) or an 
intervertebral disc cell, preferably a cell of the nucleus pul 
posus or a cell of the annulus ?brosus. 

[0041] In a different aspect, the invention is directed to a 
method of expressing an isolated nucleotide sequence encod 
ing LIM mineralization protein in a non-osseous mammalian 
cell, comprising providing an isolated nucleic acid compris 
ing a nucleotide sequence encoding LIM mineralization pro 
tein operably linked to a promoter; transfecting said isolated 
nucleic acid sequence into a non-osseous mammalian cell; 
and expressing said nucleotide sequence encoding LIM min 
eralization protein. The non-osseous mammalian cell may be 
a stem cell or an intervertebral disc cell (e.g., a cell of the 
nucleus pulposus or annulus ?brosus). Transfection may 
occur either ex vivo or in vivo by direct injection of virus or 
naked DNA, such as, for example, a plasmid. The virus can be 
a recombinant adenovirus, preferably AdHLMP-l. 

[0042] In yet another embodiment, the invention is directed 
to a method of treating intervertebral disc disease by revers 
ing, retarding or slowing disc degeneration, comprising pro 
viding an isolated nucleic acid comprising a nucleotide 
sequence encoding LIM mineralization protein operably 
linked to a promoter; transfecting said isolated nucleic acid 
sequence into a mammalian cell capable of producing pro 
teoglycan; and stimulating proteoglycan synthesis in said cell 
by expressing said nucleotide sequence encoding LIM min 
eralization protein, whereby disc degeneration is reversed, 
halted or slowed. The disc disease may involve lower back 
pain, disc herniation, or spinal stenosis. The mammalian cell 
may be a non-osseous cell, such as a stem cell or an interver 

tebral disc cell (e.g., a cell of the annulus ?brosus, or a cell of 
the nucleus pulposus). 
[0043] Transfection may occur either ex vivo or in vivo by 
direct injection of virus or naked DNA, such as, for example, 
a plasmid. In certain embodiments, the virus is a recombinant 
adenovirus, preferably AdHLMP-l . 

[0044] The present invention relates to novel mammalian 
LIM proteins, herein designated LIM mineralization pro 



US 2010/0239545 A9 

teins, or LMPs. The invention relates more particularly to 
human LMP, known as HLMP or HLMP-l, or alternative 
splice variants of human LMP, which are known as HLMP-2 
or HLMP-3. The Applicants have discovered that these pro 
teins enhance bone mineralization in mammalian cells grown 
in vitro. When produced in mammals, LMP also induces bone 
formation in vivo. 

[0045] Ex vivo transfection of bone marrow cells, osteo 
genic precursor cells, peripheral blood cells, and stem cells 
(e.g., pluripotential stem cells or mesenchymal stem cells) 
with nucleic acid that encodes a LIM mineralization protein 
(e.g., LMP or HLMP), followed by reimplantation of the 
transfected cells in the donor, is suitable for treating a variety 
of bone-related disorders or injuries. For example, one can 
use this method to: augment long bone fracture repair; gen 
erate bone in segmental defects; provide a bone graft substi 
tute for fractures; facilitate tumor reconstruction or spine 
fusion; and provide a local treatment (by injection) for weak 
or osteoporotic bone, such as in osteoporosis of the hip, 
vertebrae, or wrist. Transfection with LMP or HLMP-encod 
ing nucleic acid is also useful in: the percutaneous injection of 
transfected marrow cells to accelerate the repair of fractured 
long bones; treatment of delayed union or non-unions of long 
bone fractures or pseudoarthrosis of spine fusions; and for 
inducing new bone formation in avascular necrosis of the hip 
or knee. 

[0046] In addition to ex vivo methods of gene therapy, 
transfection of a recombinant DNA vector comprising a 
nucleic acid sequence that encodes LMP or HLMP can be 
accomplished in vivo. When a DNA fragment that encodes 
LMP or HLMP is inserted into an appropriate viral vector, for 
example, an adenovirus vector, the viral construct can be 
injected directly into a body site were endochondral bone 
formation is desired. By using a direct, percutaneous injec 
tion to introduce the LMP or HLMP sequence stimulation of 
bone formation can be accomplished without the need for 
surgical intervention either to obtain bone marrow cells (to 
transfect ex vivo) or to reimplant them into the patient at the 
site where new bone is required. Alden, et al., Neurosurgical 
Focus (1998), have demonstrated the utility of a direct inj ec 
tion method of gene therapy using a cDNA that encodes 
BMP-2, which was cloned into an adenovirus vector. 

[0047] It is also possible to carry out in vivo gene therapy by 
directly injecting into an appropriate body site, a naked, that 
is, unencapsulated, recombinant plasmid comprising a 
nucleic acid sequence that encodes HLMP. In this embodi 
ment of the invention, transfection occurs when the naked 
plasmid DNA is taken up, or internalized, by the appropriate 
target cells, which have been described. As in the case of in 
vivo gene therapy using a viral construct, direct injection of 
naked plasmid DNA offers the advantage that little or no 
surgical intervention is required. Direct gene therapy, using 
naked plasmid DNA that encodes the endothelial cell mitogen 
VEGF (vascular endothelial growth factor), has been suc 
cessfully demonstrated in human patients. Baumgartner, et 
al., Circulation, 97, 12, 1114-1123 (1998). 

[0048] For intervertebral disc applications, ex vivo trans 
fection may be accomplished by harvesting cells from an 
intervertebral disc, transfecting the cells with nucleic acid 
encoding LMP in vitro, followed by introduction of the cells 
into an intervertebral disc. The cells may be harvested from or 
introduced back into the intervertebral disc using any means 
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known to those of skill in the art, such as, for example, any 
surgical techniques appropriate for use on the spine. In one 
embodiment, the cells are introduced into the intervertebral 
disc by injection. 

[0049] Also according to the invention, stem cells (e.g., 
pluripotential stem cells or mesenchymal stem cells) can be 
transfected with nucleic acid encoding a LIM Mineralization 
Protein ex vivo and introduced into the intervertebral disc 
(e.g., by injection). 

[0050] The cells transfected ex vivo can also be combined 
with a carrier to form an intervertebral disc implant. The 
carrier comprising the transfected cells can then be implanted 
into the intervertebral disc of a subject. Suitable carrier mate 
rials are disclosed in Helm, et al., “Bone Graft Substitutes for 
the Promotion of Spinal Arthrodesis”, Neurosurg Focus, Vol. 
10 (4): April 2001. The carrier preferably comprises a bio 
compatible porous matrix such as a demineralized bone 
matrix (DBM), a biocompatible synthetic polymer matrix or 
a protein matrix. Suitable proteins include extracellular 
matrix proteins such as collagen. The cells transfected with 
the LMP ex vivo can be incorporated into the carrier (i.e., into 
the pores of the porous matrix) prior to implantation. 

[0051] Similarly, for intervertebral disc applications where 
the cells are transfected in vivo, the DNA may be introduced 
into the intevertebral disc using any suitable method known to 
those of skill in the art. In one embodiment, the nucleic acid 
is directly injected into the intervertebral space. 

[0052] By using an adenovirus vector to deliver LMP into 
osteogenic cells, transient expression of LMP is achieved. 
This occurs because adenovirus does not incorporate into the 
genome of target cells that are transfected. Transient expres 
sion of LMP, that is, expression that occurs during the lifetime 
of the transfected target cells, is su?icient to achieve the 
objects of the invention. Stable expression of LMP, however, 
can occur when a vector that incorporates into the genome of 
the target cell is used as a delivery vehicle. Retrovirus-based 
vectors, for example, are suitable for this purpose. 

[0053] Stable expression of LMP is particularly useful for 
treating various systemic bone-related disorders, such as 
osteoporosis and osteogenesis imperfecta. For this embodi 
ment of the invention, in addition to using a vector that inte 
grates into the genome of the target cell to deliver an LMP 
encoding nucleotide sequence into target cells, LMP 
expression can be placed under the control of a regulatable 
promoter. For example, a promoter that is turned on by expo 
sure to an exogenous inducing agent, such as tetracycline, is 
suitable. 

[0054] Using this approach, one can stimulate formation of 
new bone on a systemic basis by administering an effective 
amount of the exogenous inducing agent. Once a suf?cient 
quantity of bone mass is achieved, administration of the exog 
enous inducing agent can be discontinued. This process may 
be repeated as needed to replace bone mass lost, for example, 
as a consequence of osteoporosis. Antibodies speci?c for 
HLMP are particularly suitable for use in methods for assay 
ing the osteoinductive, that is, bone-forming, potential of 
patient cells. In this way one can identify patients at risk for 
slow or poor healing of bone repair. Also, HLMP-speci?c 
antibodies are suitable for use in marker assays to identify risk 
factors in bone degenerative diseases, such as, for example, 
osteoporosis. 
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[0055] Following Well known and conventional methods, 
the genes of the present invention are prepared by ligation of 
nucleic acid segments that encode LMP to other nucleic acid 
sequences, such as cloning and/ or expression vectors. Meth 
ods needed to construct and analyze these recombinant vec 
tors, for example, restriction endonuclease digests, cloning 
protocols, mutagenesis, organic synthesis of oligonucleotides 
and DNA sequencing, have been described. For DNA 
sequencing DNA, the dieoxyterminator method is the pre 
ferred. 

[0056] Many treatises on recombinant DNA methods have 
been published, including Sambrook, et al., Molecular Clon 
ing: A Laboratory Manual, 2ndl edition, Cold Spring Harbor 
Press, (1988), Davis. et al., Basic Methods in Molecular Biol 
ogy, Elsevier (1986), andAusubel, et al., Current Protocols in 
Molecular Biology, Wiley Interscience (1988). These refer 
ence manuals are speci?cally incorporated by reference 
herein. 

[0057] Primer-directed ampli?cation of DNA or cDNA is a 
common step in the expression of the genes of this invention. 
It is typically performed by the polymerase chain reaction 
(PCR). PCR is described in US. Pat. No. 4,800,159 to Mullis, 
et al. and other published sources. The basic principle of PCR 
is the exponential replication of a DNA sequence by succes 
sive cycles of primer extension. The extension products of 
one primer, When hybridized to another primer, becomes a 
template for the synthesis of another nucleic acid molecule. 
The primer-template complexes act as substrate for DNA 
polymerase, Which in performing its replication function, 
extends the primers. The conventional enzyme for PCR appli 
cations is the thermostable DNA polymerase isolated from 
T hermus aqualicus, or Taq DNA polymerase. 

[0058] Numerous variations of the basic PCR method exist, 
and a particular procedure of choice in any given step needed 
to construct the recombinant vectors of this invention is 
readily performed by a skilled artisan. For example, to mea 
sure cellular expression of 10-4/RLMP, RNA is extracted and 
reverse transcribed under standard and Well knoWn proce 
dures. The resulting cDNA is then analyzed for the appropri 
ate mRNA sequence by PCR. 

[0059] The gene encoding the UM mineralization protein 
is expressed in an expression vector in a recombinant expres 
sion system. Of course, the constructed sequence need not be 
the same as the original, or its complimentary sequence, but 
instead may be any sequence determined by the degeneracy 
of the DNA code that nonetheless expresses an LMP having 
bone forming activity. Conservative amino acid substitutions, 
or other modi?cations, such as the occurrence of an amino 
terminal methionine residue, may also be employed. 

[0060] A ribosome binding site active in the host expres 
sion system of choice is ligated to the 5' end of the chimeric 
LMP coding sequence, forming a synthetic gene. The syn 
thetic gene can be inserted into any one of a large variety of 
vectors for expression by ligating to an appropriately linear 
ized plasmid. A regulatable promoter, for example, the E. coli 
lac promoter, is also suitable for the expression of the chi 
meric coding sequences. Other suitable regulatable promot 
ers include trp, tac, recA, T7 and lambda promoters. 

[0061] DNA encoding LMP is transfected into recipient 
cells by one of several standard published procedures, for 
example, calcium phosphate precipitation, DEAE-Dextran, 
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electroporation or protoplast fusion, to form stable transfor 
mants. Calcium phosphate precipitation is preferred, particu 
larly When performed as folloWs. 

[0062] DNAs are coprecipitated With calcium phosphate 
according to the method of Graham and Van Der, Virology, 
52, 456 (1973), before transfer into cells. An aliquot of40-50 
pg of DNA, With salmon sperm or calf thymus DNA as a 
carrier, is used for 0.5><106 cells plated on a 100 mm dish. The 
DNA is mixed With 0.5 ml of 2x Hepes solution (280 mM 
NaCl, 50 mM Hepes and 1.5 mM Na2HPO4, pH 7.0), to 
Which an equal volume of 2x CaCl2 (250 mM CaCl2 and 10 
mM Hepes, pH 7.0) is added. A White granular precipitate, 
appearing after 30-40 minutes, is evenly distributed dropWise 
on the cells, Which are alloWed to incubate for 4-16 hours at 
37° C. The medium is removed and the cells shocked With 
15% glycerol in PBS for 3 minutes. After removing the glyc 
erol, the cells are fed With Dulbecco’s Minimal Essential 
Medium (DMEM) containing 10% fetal bovine serum. 

[0063] DNA can also be transfected using: the DEAE-Dex 
tran methods of Kimura, et al., Virology, 491394 (1972) and 
Sompayrac et al., Proc. Natl. Acad. Sci. USA, 78, 7575 
(1981); the electroporation method of Potter, Proc. Natl. 
Acad. Sci. USA, 81, 7161 (1984); and the protoplast fusion 
method of Sandri-Goddin et al., Molec. Cell. Biol., 1, 743 
(1981). 
[0064] Phosphoramidite chemistry in solid phase is the pre 
ferred method for the organic synthesis of oligodeoxynucle 
otides and polydeoxynucleotides. In addition, many other 
organic synthesis methods are available. Those methods are 
readily adapted by those skilled in the art to the particular 
sequences of the invention. 

[0065] The present invention also includes nucleic acid 
molecules that hybridize under standard conditions to any of 
the nucleic acid sequences encoding the UM mineralization 
proteins of the invention. “Standard hybridization condi 
tions” Will vary With the size of the probe, the background and 
the concentration of the nucleic acid reagents, as Well as the 
type of hybridization, for example, in situ, Southern blot, or 
hybrization of DNA-RNA hybrids (Northern blot). The deter 
mination of “standard hybridization conditions” is Within the 
level of skill in the art. For example, see US. Pat. No. 5,580, 
775 to Fremeau, et al., herein incorporated by reference for 
this purpose. See also, Southern, J. Mol. Biol., 98:503 (1975), 
AlWine, et al., Meth. Enzymol., 68:220 (1979), and Sam 
brook, et al., Molecular Cloning: A Laboratory Manual, 2nd 
edition, Cold Spring Harbor Press, 7.19-7.50 (1989). 

[0066] One preferred set of standard hybrization conditions 
involves a blot that is prehybridized at 42° C. for 2 hours in 
50% formamide, 5><SSPE (150 nM NaCl, 10 mM Na H2PO4 
[pH 7.4], 1 mM EDTA [pH 8.0])l 5>< Denhardt’s solution (20 
mg Ficoll, 20 mg polyvinylpyrrolidone and 20 mg BSA per 
100 ml Water), 10% dextran sulphate, 1% SDS and 100 ug/ml 
salmon sperm DNA. A 32P-labeled cDNA probe is added, and 
hybridization is continued for 14 hours. AfterWard, the blot is 
Washed tWice With 2><SSPE, 0.1% SDS for 20 minutes at 22° 
C., folloWed by a 1 hour Wash at 65° C. in 0.1><SSPE, 0.1% 
SDS. The blot is then dried and exposed to x-ray ?lm for 5 
days in the presence of an intensifying screen. 

[0067] Under “highly stringent conditions,” a probe Will 
hybridize to its target sequence if those tWo sequences are 
substantially identical. As in the case of standard hybridiza 
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tion conditions, one of skill in the art can, given the level of 
skill in the art and the nature of the particular experiment, 
determine the conditions under Which only susbstantially 
identical sequences Will hybridize. 

[0068] According to one aspect of the present invention, an 
isolated nucleic acid molecule comprising a nucleic acid 
sequence encoding a LIM mineralization protein is provided. 
The nucleic acid molecule according to the invention can be 
a molecule Which hybridizes under standard conditions to a 
nucleic acid molecule complementary to the full length of 
SEQ. ID NO: 25 and/ or Which hybridizes under highly strin 
gent conditions to a nucleic acid molecule complementary to 
the full length of SEQ. ID NO: 26. More speci?cally, the 
isolated nucleic acid molecule according to the invention can 
encode HLMP-l, HLMP-ls, RLMP, HLMP-2, or HLMP-3. 

[0069] Another aspect of the invention includes the pro 
teins encoded by the nucleic acid sequences. In still another 
embodiment, the invention relates to the identi?cation of such 
proteins based on anti-LMP antibodies. In this embodiment, 
protein samples are prepared for Western blot analysis by 
lysing cells and separating the proteins by SDS-PAGE. The 
proteins are transferred to nitrocellulose by electroblo?ing as 
described by Ausubel, et al., Current Protocols in Molecular 
Biology, John Wiley and Sons (1 987).Afterblocking the ?lter 
With instant nonfat dry milk (1 gm in 100 ml PBS), anti-LMP 
antibody is added to the ?lter and incubated for 1 hour at room 
temperature. The ?lter is Washed thoroughly With phosphate 
buffered saline (PBS) and incubated With horseradish peroxi 
dase (HRPO)-antibody conjugate for 1 hour at room tempera 
ture. The ?lter is again Washed thoroughly With PBS and the 
antigen bands are identi?ed by adding diaminobenzidine 
(DAB). 
[0070] Monospeci?c antibodies are the reagent of choice in 
the present invention, and are speci?cally used to analyze 
patient cells for speci?c characteristics associated With the 
expression of LMP. “Monospeci?c antibody” as used herein 
is de?ned as a single antibody species or multiple antibody 
species With homogenous binding characteristics for LMP. 
“Homogeneous binding” as used herein refers to the ability of 
the antibody species to bind to a speci?c antigen or epitope, 
such as those associated With LMP, as described above. 
Monospeci?c antibodies to LMP are puri?ed from mamma 
lian antisera containing antibodies reactive against LMP or 
are prepared as monoclonal antibodies reactive With LMP 
using the technique of Kohler and Milstein. Kohler et al., 
Nature, 256, 495-497 (1975). The LMP speci?c antibodies 
are raised by immunizing animals such as, for example, mice, 
rats, guinea pigs, rabbits, goats or horses, With an appropriate 
concentration of LMP either With or Without an immune 
adjuvant. 

[0071] In this process, pre-immune serum is collected prior 
to the ?rst immunization. Each animal receives betWeen 
about 0.1 mg and about 1000 mg of LMP associated With an 
acceptable immune adjuvant, if desired. Such acceptable 
adjuvants include, but are not limited to, Freund’s complete, 
Freund’s incomplete, alum-precipitate, Water in oil emulsion 
containing Corynebaclerium parvum and tRNA adjuvants. 
The initial immunization consists of LMP in, preferably, Fre 
und’s complete adjuvant injected at multiple sites either sub 
cutaneously (SC), intraperitoneally (IP) or both. Each animal 
is bled at regular intervals, preferably Weekly, to determine 
antibody titer. The animals may or may not receive booster 
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injections folloWing the initial immunization. Those animals 
receiving booster injections are generally given an equal 
amount of the antigen in Freund’s incomplete adjuvant by the 
same route. Booster injections are given at about three Week 
intervals until maximal titers are obtained. At about 7 days 
after each booster immunization or about Weekly after a 
single immunization, the animals are bled, the serum col 
lected, and aliquots are stored at about —200 C. 

[0072] Monoclonal antibodies (mAb) reactive With LMP 
are prepared by immunizing inbred mice, preferably Balb/c 
mice, With LMP. The mice are immunized by the IP or SC 
route With about 0.1 mg to about 10 mg, preferably about 1 
mg, of LMP in about 0.5 ml buffer or saline incorporated in an 
equal volume of an acceptable adjuvant, as discussed above. 
Freund’s complete adjuvant is preferred. The mice receive an 
initial immunization on day 0 and are rested for about 3-30 
Weeks. Immunized mice are given one or more booster immu 
nizations of about 0.1 to about 10 mg of LMP in a buffer 
solution such as phosphate buffered saline by the intravenous 
(IV) route. Lymphocytes from antibody-positive mice, pref 
erably splenic lymphocytes, are obtained by removing the 
spleens from immunized mice by standard procedures knoWn 
in the art. Hybridoma cells are produced by mixing the 
splenic lymphocytes With an appropriate fusion partner, pref 
erably myeloma cells, under conditions Which Will alloW the 
formation of stable hybridomas. Fusion partners may include, 
but are not limited to: mouse myelomas P3/NSl/Ag 4-1; 
MPC-l 1; S-1 94 and Sp 2/0, With Sp 2/0 being preferred. The 
antibody producing cells and myeloma cells are fused in 
polyethylene glycol, about 1,000 mol. Wt., at concentrations 
from about 30% to about 50%. Fused hybridoma cells are 
selected by groWth in hypoxanthine, thymidine and aminop 
terin in supplemented Dulbecco’s Modi?ed Eagles Medium 
(DMEM) by procedures knoWn in the art. Supernatant ?uids 
are collected from groWth positive Wells on about days l4, l8, 
and 21 , and are screened for antibody production by an immu 
noassay such as solid phase immunoradioassay (SPIRA) 
using LMP as the antigen. The culture ?uids are also tested in 
the Ouchterlony precipitation assay to determine the isotype 
of the mAb. Hybridoma cells from antibody positive Wells are 
cloned by a technique such as the soft agar technique of 
MacPherson, “Soft Agar Techniques: Tissue Culture Meth 
ods and Applications”, Kruse and Paterson (eds.), Academic 
Press (1973). See, also, HarloW, et al., Antibodies: A Labo 
ratory Manual, Cold Spring Laboratory (1988). 

[0073] Monoclonal antibodies may also be produced in 
vivo by injection of pristane-primed Balb/c mice, approxi 
mately 0.5 ml per mouse, With about 2><l06 to about 6><l06 
hybridoma cells about 4 days after priming. Ascites ?uid is 
collected at approximately 8-12 days after cell transfer and 
the monoclonal antibodies are puri?ed by techniques knoWn 
in the art. 

[0074] In vitro production in anti-LMP mAb is carried out 
by groWing the hydridoma cell line in DMEM containing 
about 2% fetal calf serum to obtain su?icient quantities of the 
speci?c mAb. The mAb are puri?ed by techniques knoWn in 
the art. 

[0075] Antibody titers of ascites or hybridoma culture ?u 
ids are determined by various serological or immunological 
assays, Which include, but are not limited to, precipitation, 
passive agglutination, enzyme-linked immunosorbent anti 
body (ELISA) technique and radioimmunoassay (RIA) tech 
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niques. Similar assays are used to detect the presence of the 
LMP in body ?uids or tissue and cell extracts. 

[0076] It is readily apparent to those skilled in the art that 
the above described methods for producing monospeci?c 
antibodies may be utiliZed to produce antibodies speci?c for 
polypeptide fragments of LMP, full-length nascent LMP 
polypeptide, or variants or alleles thereof. 

[0077] In another embodiment, the invention is directed to 
alternative splice variants of HLMP-l. PCR analysis of 
human heart cDNA revealed mRNA for tWo HLMP alterna 
tive splice variants, named HLMP-2 and HLMP-3, that differ 
from HLMP-l in a region betWeen base pairs 325 and 444 in 
the HLMP-l sequence. The HLMP-2 sequence has a 1 19 base 
pair deletion and an insertion of 17 base pairs in this region. 
These changes preserve the reading frame, resulting in a 423 
amino acid protein, Which compared to HLMP-l, has a net 
loss of 34 amino acids (40 amino acids deleted plus 6 inserted 
amino acids). HLMP-2 contains the c-ter'minal LIM domains 
that are present in HLMP-l. 

[0078] Compared to HLMP-l, HLMP-3 has no deletions, 
but it does have the same 17 base pair insertion at position 
444. This insertion shifts the reading frame, causing a stop 
codon at base pairs 459-461 . As a result, HLMP-3 encodes a 
protein of 153 amino acids. This protein lacks the c-ter'minal 
LIM domains that are present in HLMP-l and HLMP-2. The 
predicted siZe of the proteins encoded by HLMP-2 and 
HLMP-3 Was con?rmed by Western blot analysis. 

[0079] PCR analysis of the tissue distribution of the three 
splice variants revealed that they are differentially expressed, 
With speci?c isoforms predominating in different tissues. 
HLMP-l is apparently the predominant form expressed in 
leukocytes, spleen, lung, placenta, and fetal liver. HLMP-2 
appears to be the predominant isoform in skeletal muscle, 
bone marroW, and heart tissue. HLMP-3, hoWever, Was not 
the predominant isoform in any tissue examined. 

[0080] Over-expression of HLMP-3 in secondary rat osteo 
blast cultures induced bone nodule formation (287156) simi 
lar to the effect seen for glucicorticoid (27217) and HLMP-l 
(2321200). Since HLMP-3 lacks the C-terminal LIM 
domains, there regions are not required for osteoinductive 
activity. 

[0081] Over-expression of HLMP-2, hoWever, did not 
induce nodule formation (1113). These data suggest that the 
amino acids encoded by the deleted 119 base pairs are nec 
essary for osteoinduction. The data also suggest that the dis 
tribution of HLMP splice variants may be important for tis 
sue-speci?c function. Surprisingly, We have shoWn that 
HLMP-2 inhibits steroid-induced osteoblast formation in 
secondary rat osteoblast cultures. Therefore, HLMP-2 may 
have therapeutic utility in clinical situations Where bone for 
mation is not desirable. 

[0082] On Jul. 22, 1997, a sample of 1 0-4/RLMP in a vector 
designated pCMV2/RLMP (Which is vector pRc/CMV2 With 
insert 10-4 clone/RLMP) Was deposited With the American 
Type Culture Collection (ATCC), 12301 ParklaWn Drive, 
Rockville, Md. 20852. The culture accession number for that 
deposit is 209153. On Mar. 19, 1998, a sample of the vector 
pHis-A With insert HLPM-l s Was deposited at the American 
Type Culture Collection (“ATCC”). The culture accession 
number for that deposit is 209698. On Apr. 14, 2000, samples 
of plasmids pHAhLMP-2 (vector pHisA With cDNA insert 
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derived from human heart muscle cDNA With HLMP-2) and 
pHAhLMP-3 (vector pHisA With cDNA insert derived from 
human heart muscle cDNA With HLMP-3) Were deposited 
With the ATCC, 10801 University Blvd., Manassas, Va., 
20110-2209, USA, under the conditions of the Budapest 
treaty. The accession numbers for these deposits are PTA 
1698 and PTA-1699, respectively. These deposits, as required 
by the Budapest Treaty, Will be maintained in the ATCC for at 
least 30 years and Will be made available to the public upon 
the grant of a patent disclosing them. It should be understood 
that the availability of a deposit does not constitute a license 
to practice the subject invention in derogation of patent rights 
granted by government action. 

[0083] In assessing the nucleic acids, proteins, or antibod 
ies of the invention, enZyme assays, protein puri?cation, and 
other conventional biochemical methods are employed. DNA 
and RNA are analyZed by Southern blotting and Northern 
blotting techniques, respectively. Typically, the samples ana 
lyZed are siZe fractionated by gel electrophoresis. The DNA 
or RNA in the gels are then transferred to nitrocellulose or 
nylon membranes. The blots, Which are replicas of sample 
patterns in the gels, Were then hybridiZed With probes. Typi 
cally, the probes are radio-labeled, preferably With 32F, 
although one could label the probes With other signal-gener 
ating molecules knoWn to those in the art. Speci?c bands of 
interest can then be visualiZed by detection systems, such as 
autoradiography. 
[0084] For purposes of illustrating preferred embodiments 
of the present invention, the folloWing, non-limiting 
examples are included. These results demonstrate the feasi 
bility of inducing or enhancing the formation of bone using 
the LIM mineraliZation proteins of the invention, and the 
isolated nucleic acid molecules encoding those proteins. 

EXAMPLE 1 

Calvarial Cell Culture 

[0085] Rat calvarial cells, also knoWn as rat osteoblasts 
(“ROB”), Were obtained from 20-day pre-parturition rats as 
previously described. Boden. et al., Endocrinology, 137, 8, 
3401-3407 (1996). Primary cultures Were groWn to con?u 
ence 7 days), trypsiniZed, and passed into 6-Well plates 
(1 x10 cells/ 35 mmWell) as ?rst subculture cells. The subcul 
ture cells, Which Were con?uent at day 0, Were groWn for an 
additional 7 days. Beginning on day 0, media Were changed 
and treatments (Trm and/or BMPs) Were applied, under a 
laminar ?oW hood, every 3 or 4 days. The standard culture 
protocol Was as folloWs: days 1-7, MEM, 10% PBS, 50 ug/ml 
ascorbic acid, :stimulus; days 8-14, BGJb medium, 10% 
PBS, 5 mM [3-GlyP (as a source of inorganic phosphate to 
permit mineralization). Endpoint analysis of bone nodule 
formation and osteocalcin secretion Was performed at day 14. 
The dose of BMP Was chosen as 50 ng/ml based on pilot 
experiments in this system that demonstrated a mid-range 
effect on the dose-response curve for all BMPs studied. 

EXAMPLE 2 

Antisense Treatment and Cell Culture 

[0086] To explore the potential functional role of LMP-1 
during membranous bone formation, We synthesiZed an anti 
sense oligonucleotide to block LMP-1 mRNA translation and 
treated secondary osteoblast cultures that Were undergoing 
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differentiation initiated by glucocorticoid. Inhibition of 
RLMP expression Was accomplished With a highly speci?c 
antisense oligonucleotide (having no signi?cant homologies 
to knoWn rat sequences) corresponding to a 25 bp sequence 
spanning the putative translational start site (SEQ. ID NO: 
42). Control cultures either did not receive oligonucleotide or 
they received sense oligonucleotide. Experiments Were per 
formed in the presence (preincubation) and absence of lipo 
fectamine. Brie?y, 22 pg of sense or antisense RLMP oligo 
nucleotide Was incubated in MEM for 45 minutes at room 
temperature. FolloWing that incubation, either more MEM or 
pre-incubated lipofectamine/MEM (7% v/v; incubated 45 
minutes at room temperature) Was added to achieve an oligo 
nucleotide concentration of 0.2 pM. The resulting mixture 
Was incubated for 15 minutes at room temperature. Oligo 
nucleotide mixtures Were then mixed With the appropriate 
medium, that is, MEM/Ascorbate/iTrm, to achieve a ?nal 
oligonucleotide concentration of 0.1 pM. 

[0087] Cells Were incubated With the appropriate medium 
(:stimulus) in the presence or absence of the appropriate 
oligonucleotides. Cultures originally incubated With lipo 
fectamine Were re-fed after 4 hours of incubation (370 C.; 5% 
CO2) With media containing neither lipofectamine nor oligo 
nucleotide. All cultures, especially cultures receiving oligo 
nucleotide, Were re-fed every 24 hours to maintain oligo 
nucleotide levels. 

[0088] LMP-1 antisense oligonucleotide inhibited miner 
alized nodule formation and osteocalcin secretion in a dose 
dependent manner, similar to the effect of BMP-6 oligonucle 
otide. The LMP-1 antisense block in osteoblast 
differentiation could not be rescued by addition of exogenous 
BMP-6, While the BMP-6 antisense oligonucleotide inhibi 
tion Was reversed With addition of BMP-6. This experiment 
further con?rmed the upstream position of LMP-1 relative to 
BMP-6 in the osteoblast differentiation pathWay. LMP-1 anti 
sense oligonucleotide also inhibited spontaneous osteoblast 
differentiation in primary rat osteoblast cultures. 

EXAMPLE 3 

Quantitation of Mineralized Bone Nodule Formation 

[0089] Cultures of ROBs prepared according to Examples 1 
and 2 Were ?xed overnight in 70% ethanol and stained With 
von Kossa silver stain. A semi-automated computerized video 
image analysis system Was used to quantitate nodule count 
and nodule area in each Well. Boden. et al., Endocrinology, 
137, 8, 3401-3407 (1996). These values Were then divided to 
calculate the area per nodule values. This automated process 
Was validated against a manual counting technique and dem 
onstrated a correlation coe?icient of 0.92 (p<0.000001). All 
data are expressed as the meanistandard error of the mean 
(S.E.M.) calculated from 5 or 6 Wells at each condition. Each 
experiment Was con?rmed at least tWice using cells from 
different calvarial preparations. 

EXAMPLE 4 

Quantitation of Osteocalcin Secretion 

[0090] Osteocalcin levels in the culture media Were mea 
sured using a competitive radioimmunoassay With a mono 
speci?c polygonal antibody (Pab) raised in our laboratory 
against the C-terminal nonapeptide of rat osteocalcin as 
described in Nanes. et al., Endocrinology, 127:588 (1990). 

Sep. 23, 2010 

Brie?y, 1 pg of nonapeptide Was iodinated With 1 mCi 125I-Na 
by the lactoperoxidase method. Tubes containing 200 gl of 
assay buffer (0.02 M sodium phosphate, 1 mM EDTA, 
0.001% thimerosal, 0.025% BSA) received media taken from 
cell cultures or osteocalcin standards (0-12,000 fmole) at 100 
gl/tube in assay buffer. The Pab (1 :40,000; 100 pl) Was then 
added, folloWed by the iodinated peptide (12,000 cpm; 100 
pl). Samples tested for non-speci?c binding Were prepared 
similarly but contained no antibody. 

[0091] Bound and free PAbs Were separated by the addition 
of 700 pl goat antirabbit IgG, folloWed by incubation for 18 
hours at 40 C. After samples Were centrifuged at 1200 rpm for 
45 minutes, the supematants Were decanted and the precipi 
tates counted in a gamma counter. Osteocalcin values Were 
reported in fmole/100 pl, Which Was then converted to pmole/ 
ml medium (3-day production) by dividing those values by 
100. Values Were expressed as the mean:S.E.M. of triplicate 
determinations for 5-6 Wells for each condition. Each experi 
ment Was con?rmed at least tWo times using cells from dif 
ferent calvarial preparations. 

EXAMPLE 5 

Effect of Trm and RLMP on Mineralization In Vitro 

[0092] There Was little apparent effect of either the sense or 
antisense oligonucleotides on the overall production of bone 
nodules in the non-stimulated cell culture system. When 
ROBs Were stimulated With Trm, hoWever, the antisense oli 
gonucleotide to RLMP inhibited mineralization of nodules 
by>95%. The addition of exogenous BMP-6 to the oligo 
nucleotide-treated cultures did not rescue the mineralization 
of RLMP-antisense-treated nodules. 

[0093] Osteocalcin has long been synonymous With bone 
mineralization, and osteocalcin levels have been correlated 
With nodule production and mineralization. The RLMP-anti 
sense oligonucleotide signi?cantly decreases osteocalcin 
production, but the nodule count in antisense-treated cultures 
does not change signi?cantly. In this case, the addition of 
exogenous BMP-6 only rescued the production of osteocalcin 
in RLMP-antisense-treated cultures by 10-15%. This sug 
gests that the action of RLMP is doWnstream of, and more 
speci?c than, BMP-6. 

EXAMPLE 6 

Harvest and Puri?cation of RNA 

[0094] Cellular RNA from duplicate Wells of ROBs (pre 
pared according to Examples 1 and 2 in 6-Well culture dishes) 
Was harvested using 4M guanidine isothiocyanate (GIT) solu 
tion to yield statistical triplicates. Brie?y, culture supernatant 
Was aspirated from the Wells, Which Were then overlayed With 
0.6 ml of GIT solution per duplicate Well harvest. After add 
ing the GIT solution, the plates Were sWirled for 5-10 seconds 
(being as consistent as possible). Samples Were saved at —70° 
C. for up to 7 days before further processing. 

[0095] RNA Was puri?ed by a slight modi?cation of stan 
dard methods according to Sambrook, et al. Molecular Clon 
ing: a Laboratory Manual, Chapter 7.19, 2”“1 Edition, Cold 
Spring Harbor Press (1989). Brie?y, thaWed samples received 
60 pl 2.0 M sodium acetate (pH 4.0), 550 pl phenol (Water 
saturated) and 150 pl chloroformzisoamyl alcohol (49:1). 
After vortexing, the samples Were centrifuged (10000><g; 20 






















































































